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What is an Interchange?
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Types of Interchanges and How to Choose

1. Traffic Forecast and Capacity Analysis

2. Available Right of Way and Existing Topography

3. Constructability and Maintenance of Traffic

4. Cost
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Additional Guidance

Selecting Optimum Intersection or Interchange Alternatives

Guidance for the staff and consultants of the
Congestion Management Section

Mobility and Safety Division
North Carolina Department of Transportation

By Joseph E. Hummer, PhD, PE
State Traffic Management Engineer

Updated January 2024
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Innovative Designs ’
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Design Resources

NORTH CAROLINA DEPARTMENT OF TRANSPORTATION

A PO”CV on ROADWAY DESIGN MANUAL
Geometric Design of
Highways and Streets

2018

7th Edition

For questions, feedback, and
to sign up for notifications to

the Roadway Design Manual.
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Common Design Challenges
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Common Design Challenges

* High-side Superelevation Ties
o Low-speed Loop Connections
« Complex Weave Locations
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High-side Superelevation Ties
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High-side Superelevation Ties
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High-side Superelevation Ties

Horizontal alignment and superelevation
distribution are not independent design elements.
If superelevation cannot be properly distributed,
changes to the horizontal alignment are needed.
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Low-speed Loop Connections

Table 10-4. Minimum Acceleration Lane Lengths for Entrance Terminals with Flat Grades of

Less Than 3 Percent

U.S. Customary
Acceleration Lane Length, L, (ft) for Design Speed of Controlling Feature on Ramp, V*(mph)
. Stop
Highway . 15 20 A 30 35 40 45 50
Condition
Design | Merge Average Running Speed (i.e., Initial Speed) at Controlling Feature on Ramp, “
Speed, | Speed, V' (mph)
V(mph) | V, (mph) 0 14 18 22 26 30 36 40 44
30 23 180 140 — — — — —
35 27 280 220 160 — — — — — —
40 31 360 300 270 210 120 — — — —
45 35 560 490 440 380 280 160 — — —
50 39 720 660 610 550 450 350 130 — —
55 43 Q60 %00 810 780 670 550 320 150 —
60 47 1200 1140 1100 1020 210 800 550 420 180
65 50 1410 1350 1310 1220 1120 1000 770 600 370
70 53 1620 1560 1520 1420 1350 1230 1000 820 580
75 55 1790 1730 1630 1580 1510 1420 1160 1040 780
80 57 1900 1800
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Loop Connections
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Low-speed Loop Connections

Provide a minimum length of 300 feet for spirals used on loops transitioning on or off a high-
speed facility for new construction and where reconstruction allows, to help mitigate for the

speed differential.

Aviation Parkway and [-440, NC ”
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Complex Weave Locations

Simple Weave

I-440 and 140 west of Raleigh, NC
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Complex Weave Locations

|-65 North of Louisville, KY

16
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West Side of Interchange

Complex Weave Locations Collector-Distributor
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West Side of Interchange
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Interchange Improvement Example

19
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2004 - 1-4 an US-192 Orlando, FL

v




ncdot.gov Interchange Design Lunch and Learn

2007 (Current) - 1-4 and US-192 Orlando, FL
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Additional Design Considerations

24
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Additional Design Considerations

| ane Balance
Ramp Intersection Skew
-ree Flow Ramps

Merge vs Yield Geometry
Wrong Way Driver Mitigation
False Cut

INnterchange and ramp spacing
Vertical Clearance

Signage

Interchange Design Lunch and Learn

25
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Lane Balance

10.9.5.9 Coordination of Lane Balance and Basic Number of Lanes

1. At entrances, the number of lanes beyond the merging of two trafhic streams should not be

less than the sum of all trafhic lanes on the merging roadways minus one, but may be equal

to the sum of all traffic lanes on the merging roadways (see Figure 10-52).




ncdot.gov Interchange Design Lunch and Learn

Lane Balance

10.9.5.9 Coordination of Lane Balance and Basic Number of Lanes

1. At entrances, the number of lanes beyond the merging of two traffic streams should not be
less than the sum of all trafhic lanes on the merging roadways minus one, but may be equal

to the sum of all traffic lanes on the merging roadways (see Figure 10-52).

AUXILIARY LANE EXTENDED FOR EFFECTIVE DISTANCE BEYOND ENTRANCE

2500 ft Min [750 m Min] Auxiliary Lane

Parallel Design (Preferred) 27
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Lane Balance

4
4 5 \2 B — 5
Merging Diverging \ /2
_12/__,__ 2 2 _\21_
-~ ~ Compliance with Both Lane Balance and Basic Number of Lanes
—_3 3 3 33— J— C —_
-1 <
—a 4 4 4— Figure 10-53. Coordination of Lane Balance and Basic Number of Lanes
~1 <

10.9.5.9 Coordination of Lane Balance and Basic Number of Lanes

Lane Balance Not Met

2. At exits, the number of approach lanes on the highway should be equal to the number of Between Poole Road and 1-87

lanes on the highway beyond the exit, plus the number of lanes on the exit, minus one. NB 28
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Stop/Yield Controlled Ramp Termini Skew

14-18 mph,
good visibility

Interchange Design Lunch and Learn

High speed,
low visibility,
head turner

29
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Stop/Yield Controlled Ramp Termini Skew
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Free Flow Ramps
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Merge vs Yield Geometry

Interchange Design Lunch and Learn

32
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Merge vs Yield Geometry

33
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Wrong-Way Driver Considerations

34
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Wrong-Way Driver Considerations

b

DV

35

RDM Figure 9-7
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Wrong-Way Driver Considerations
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False Cut

Interchange Design Lunch and Learn

GENERAL NOTES:
USE THIS GRADING GUIDE AT GRADE
SEPARATIONS WITH FALSE CUT APPROACH.

IF STRUCTURE HAS OUTSIDE PIERS, ELIMINATE
THE 6’ VERTICAL CURVE.

D - TYPICAL DITCH WIDTH
* - SEE ROADWAY TYPICAL SECTIONS FOR NORMAL

SHOULDER WIDTHS, SHOULDER SLOPES, AND DITCH WIDTHS.

** - SEE ROADWAY PLANS AND/OR STRUCTURE PLANS
FOR VARIABLE OFFSET.
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False Cut

NCDOT is currently evaluating
our underpass guidance. If you
have guestions or comments,
please contact us.

| Contact
Form
For questions, feedback, and
to sign up for notifications to

the Roadway Design Manual.

38
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Interchange and Ramp Spacing

Interchange Design Lunch and Learn

All Roadways Interstate Highways

Relevant AASHTO Policy

A Policy on Geometric A Policy on Design
Design of Highways and Standards Interstate

/— PAINTED TIP

PAINTED TIP —\

|
‘\\

— = = =\ =

"RAMP SPACING"

DIMENSION

|

|

Streets (4) System (14)
Minimum Recommended Urban 1 mile 1 mile
Interchange Spacing
Minimum Recommended Rural 2 miles 3 miles

Interchange Spacing

"INTERCHANGE"
SPACING DIMENSION

e

39
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Signing

e Dontoverload drivers!

« Advance signage for
ex|ts

e |ocation is critical to

allowing drivers to make
decisions

40
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Vertical Clearance
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Interchange Design Best Practices

42
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Best Practices

 Route Continuity

» Side slopes near gores

» Parallel vs taper ramp entrances and exits
* Lane drops

* Y-line control of access at interchanges

* Y-line desirable to go over mainline

« Adjacent intersection considerations

43
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Route Continuity

44
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Side Slopes Near Gores
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Parallel vs Taper Ramp Entrances

[Thfough Lanes __ Nose Width 2 — 10 ft [0.6 — 3.0 m]

Typ.12 ft [ 3.6 m]

Y

300 ft [90 m] Min

-

|

A

Parallel Design

_B-

-

Interchange Design Lunch and Learn

46
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Parallel vs Taper Ramp Exits

12 t [3.6 m]

Adjustments in Table 10-5

L_ as Shown in Table 10-6 with ‘

2° to 5° Divergence Typical ®

Tapered Design — Tangent

—A-— - T = = = — — — OO
12 ft [3.6 m]/ \
250 ft L, as Shown in Table 10-6 with ‘
T 1
[75m] Adjustments in Table 10-5 ®

Parallel Design
-C-—
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-Y- Line Desirable to go over -L-

Interchange Design Lunch and Learn

49
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-Y- Line Control of Access at Interchanges

ncdot.gov
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Adjacent Intersection Considerations
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Questions?

Interchange Design Practices continue to evolve
as new data is gathered, and designs are
implemented around the world.

Please share with us in the industry any success
stories, challenges, experiences and opportunities
for innovation and improvement on our highway
system.

52



Contact Us

Michael Lindgren, PE

Mmdlindgren@ncdot.gov
919-707-6207

= ncdot.gov

X @NCDOT ncdotcom ° NCDOTcommunications @ ncdotcom

) ancDot @) ~coor B \cDOTcommunications 3= View All Channels


https://twitter.com/ncdot
https://www.facebook.com/NCDOT
https://www.linkedin.com/company/ncdot
https://www.instagram.com/ncdotcom/
https://www.youtube.com/ncdotcommunications
https://www.flickr.com/photos/ncdot/albums
https://www.threads.net/%40ncdotcom
https://www.youtube.com/ncdotcommunications
https://www.ncdot.gov/news/social-media/Pages/default.aspx
mailto:Mdlindgren@ncdot.gov

Thank you!
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