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Chapter 43: Horizontal Alignment



Chapter 43 -Summary of Revisions
• Horizontal Alignment Practices

• Minimum Length of Curve
• Broken-Back Curves
• Maximum Deflection without Horizontal Curve
• Revision to Maximum Superelevation Rate for interchanges in Urban Areas

• Clean up Tables
• Elimination of some figures and replaced with Tables

• Horizontal Sightline Offset Revision
• Current Figures and Tables
• NCHRP Report 910

• Superelevation Runoff Changes
• Figures no longer incorporated 2018 AASHTO GB
• Revisions to the distribution of the transition.
• New range for maximum gradient
• New Policy for using minimum superelevation runoff  length



Section 43-2.05 Minimum Length of Curve

AASHTO since 1954 has not deviated from the following:

“For small deflections angles, curves should be sufficiently 
long to avoid the appearance of a kink.  Curves should be
at least 500 ft long for a central angle of 5 degrees, and 
the minimum length should be increased 100 ft for each 
1-degree decrease in the central angle.”

Presenter
Presentation Notes
How many people use this figure???   There is no documentation to support this figure..  Click  This is the verbage in AASHTO datN. Dakota, Minnesota use the same language.,



Maximum Centerline Deflection without a Curve

Ohio DOT Washington State DOT

Presenter
Presentation Notes
Current policy for urban is 1 degree or less. 0.50 degrees or less for rural.  Several DOTs including Ohio, Washington, Wisconsin, Florida have more relaxed policies than INDOT’s.  These are based on the merge taper formulas : <45 = arctan(60/Vsquared) or arctan(1/V) for 45 mph or greater.  Florida basically has 2 values…one for  high speed and one for low speed



Figure 43-3C Superelevation Rate for Low Speed

Presenter
Presentation Notes
This figure is being deleting and converting to a table…interpreting this graph is not very accurate compared to calculated values,



Figure 43-3C Superelevation Rate for Low Speed



Horizontal Sight Distance
(HSD)



Components for Determining HSD

Presenter
Presentation Notes
This is the typical view shown in AASHTO…roadway centerline, radius of travel lane centerline, sight line, offset, etc



Figure 43-4A-Horizontal Sightline Offset

The Figure 43-4A  and Equation 43-4.1, come from the Green Book. 
The Green Book fails to note that both the figure and equation only
apply directly to horizontal curves that are longer than the stopping 
sight distance (S). If the horizontal curve is shorter than the S, 
the horizontal sightline offset (HSO) needed is always less than the 
HSO determined with the above equation or figure.

Presenter
Presentation Notes
These are from the IDM manual…The formula is called out correctly in the text stating that it is applicable when the length of curve is greater than the SSD.  However the figure is not…and is only applicable when the length of curve is greater than the SSD



Existing Figure 43-4C

Presenter
Presentation Notes
This figure is used in the Illinois, Connecticut, Mississippi DOT design manuals…there may be others…however there is no documentation and not supported by AASHTO.  In the other DOT manuals there is a companion figure



Companion Figure not Included in IDM

For L > S

Presenter
Presentation Notes
This figure is in the manuals of the forementioned DOTs…however it did not make it into INDOTs,…Again there is no documentation anywhere to support this schematic.



Horizontal Sightline Offset

From NCHRP Report No. 910, Design Guidelines for Horizontal Sightline Offsets, 2019

Presenter
Presentation Notes
(See print out) This figure is from the NCHRP Report 910, Design Guidelines for Horizontal Sightline Offsets, 2019.  This clearly provides what the sight line envelopes should be for each scenario.



Superelevation Runoff

Presenter
Presentation Notes
The revisions to the superelevation section are quite significant…and several consultants have already been advised to implement these changes into their design.  



Superelevation Runoff

The 2001 AASHTO revised the methodology for superelevation based on the 
NCHRP Report 439, Superelevation Distribution Methods and Transition Designs, 
2000:
In summary:
• Stated theoretically “that values for the proportion of runoff length on the 

tangent in the range of 70 to 90 percent offer the best operating conditions”. 
This was to reduce the effects lateral acceleration.

• Added table to determine the portion of runoff length on tangent based on 
speed and number of lanes.

• Introduced the bw factor to determine minimum runoff lengths…which 
significantly reduce runoff lengths depending on the number of rotated lanes. 

Presenter
Presentation Notes
Being a conspiracy enthusiast…



Superelevation Runoff

Presenter
Presentation Notes
These are the existing table in the manual. The relative longitudinal slopes chart has been in AASHTO for several iterations.  Figure 43-3F was brought from the revisions of the 2001 AASHTO.



Superelevation Runoff

In the 2018 AASHTO GB, based on NCHRP Report No. 774, Superelevation Criteria 
for Sharp Horizontal Curves on Steep Grades, 2013, the superelevation transition 
runoff distribution was revised again.
• It was found that “placing too great a proportion of the runoff length on the 

approach tangent develops excessive superelevation prior to the PC and results 
in negative side friction through much of the transition.  With negative side 
friction, drivers are required to correctively steer uphill against the developing 
superelevation in order to maintain position in their lane.”

• To achieve a balance between the lateral acceleration and negative side friction, 
it was proposed to place 50 to 80 percent of the runoff on the tangent. Most 
agencies are using 67%.



Figures no Longer in the 2018 AASHTO

Presenter
Presentation Notes
Figure 



Superelevation Runoff
INDOT Proposed Policy:
• The 2018 AASHTO eliminated the table gradients that had been in previous 

Green Books and defers to the text in the Chapter which mirrors the values from 
50 mph and lower, however it capped the maximum gradient at 0.50% for 50 
mph and greater.

• INDOT is proposing that the 67% of the runoff length to be on the tangent.
• Due to the fact that INDOT facilities are consider a higher type facilities, the 

maximum gradient has been raised for speeds greater than 50 mph, and that 
the distribution on the tangent is reduced, the adjustment factor table has been 
revised such that bw = 1 for INDOT facilities.



Superelevation Runoff - Revised Tables

Presenter
Presentation Notes
These are the revised tables.



Superelevation Runoff
Concerns with using the bw factor <1 are due to the fact that it reduces the actual 
gradient substantially.  See below:
Assume Design speed 70 mph, and rotating 3-lanes with an e = 8%. 
Percent of the runoff on the tangent from Figure 43-3F is 85%.
Gr is the resultant gradient for the calculated runoff length.

V 70
bw 0.67
n 3
w 12
e 8.00%
G 0.50%

Lr Lr x 0.85 Gr DS (mph)
386 328 0.75 < 20

Lr Lr x 0.67 Gr
386 259 0.75 < 20

L L x 0.67 Gr
576 386 0.5 ≥ 50

Presenter
Presentation Notes
In using a bw factor of 0.67 to 1.  The length of transition on the tangent is very close in length to what the existing  method is.  However the resultant G value is significantly less using the existing method vs the proposed.



Superelevation Runoff- The effects of  bw on G

Number of Lanes Rotated

1.5(0.83) 2(0.75) 2.5(0.70) 3(0.67)

Design Speed G Gr V Gr V Gr V Gr V

15 0.78 0.94 <15 1.04 <15 1.11 <15 1.16 <15

20 0.74 0.89 <15 0.99 <15 1.06 <15 1.10 <15

25 0.70 0.84 <15 0.93 <15 1.00 <15 1.04 <15

30 0.66 0.80 <15 0.88 <15 0.94 <15 0.99 <15

35 0.62 0.75 19 0.83 <15 0.89 <15 0.93 <15

40 0.58 0.70 25 0.77 16 0.83 <15 0.87 <15

45 0.54 0.65 31 0.72 23 0.77 16 0.81 <15

≥50 0.50 0.60 37 0.67 29 0.71 24 0.75 19

Presenter
Presentation Notes
Explain table Comparing all speed ranges with the bw factors.  The bw factors are in parenthesis. Why is a 2-lane roadway held to a higher threshold than a multi-lane freeway???



Superelevation Runoff
𝑒𝑒
100

< 2.15
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𝑔𝑔𝑔𝑔

𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑡𝑡𝑡𝑡 - proportion of the maximum superelevation attained at the PC of the horizontal 
curve.                 

When designing for above minimum radius curves for specific design speeds, 
the curve-radius/design-superelevation-rate combinations may produce margins
of safety against skidding or rollover that are lower on the approach tangent than 
within the limits of the horizontal curve. The above formula checks this condition.
If condition is not met the designer should reduce the proportion of the 
maximum superelevation attained at the PC.

e – superelevation at PC 

Presenter
Presentation Notes
AASHTO provides an equation to check if the length transition is not compromising the safety of the facility.  If the numbers work , the transition is good…if not adjust the length of the transition.  I have ran some numbers on my own found when the e max is greater than 8% there are issues.



Chapter 46 At Grade Intersections



Restricted Crossing U-Turns (RCUT)



Restricted Crossing U-Turn (RCUT)
Three Types of RCUT Intersections

• Signalized 
• Stop Control
• Yield Control

Disadvantages:
• Longer travel distance for crossing minor road traffic.
• Longer pedestrian travel

Advantages:
• Total conflicts reduced from a conventional intersection from 32 to 18.
• Ideal for high speed rural median divided facilities
• Reduces conflicts for pedestrians
• Reduces crashes
• Low cost



Restricted Crossing U-Turn (RCUT)



Design Elements
• The recommended design speed for RCUT intersections in rural areas is 60 mph.
• The length of all auxiliary turn lanes should be in compliance with Figure 46-4D.
• Minimum median width for a U-Turn with out a loon is 60 feet.
• The islands in the intersection and the approaches must be offset at least the 

width of the adjacent shoulders.
• All islands must be traversable for emergency vehicles.
• The median U-turn must be offset a minimum of 75 feet from the beginning of 

the taper of the left turn lane.



Design Elements -continued
• Design Vehicles for rural area should be a WB-67.  In urban areas use a WB-40.
• Lane widths should be 12 feet.  11 feet may be considered if lane widening is 

not possible.
• Usable shoulder on loons should be 5 feet, 4 feet paved.
• Exclusive  U-turn lanes for median u-turn crossovers should have a minimum 

length of 250 feet with a 100 feet taper.  No drives should be with in 100 feet of 
the entrance of said turn lane to avoid merging issues.

• Spacings between the J-turn intersection and the median U-turn less than 500
feet in an urban area or greater than 800 feet in a rural area will need approval 
from the INDOT District Traffic Engineer.

• Intersection sight distance for the J-turn intersection, both approaches and both 
MUT crossovers must be in compliance with IDM Sections 46-10 and 46-14.



RCUT Layout

75-ft*

(min.)

Length of Auxiliary Lanes Lt. & Rt. 

Comply with Figure 46-4D

800-ft Rural (max.), 500 ft Urban (min.)

Design Speed: Rural - 60 mph

250-ft (min.) 100-ft

<60-ft 
Truck Loon 
Required

* Left–Turn Auxiliary Lane Only

Design Vehicles:
Rural: WB-67
Urban: WB-40



“J-Turn” Intersection

*
*

*Match Shoulder Offset 
(2-ft. Min.)

W

“W” Minimum Width of 
Island is 6-ft.



Truck Loon Layout



ROUNDABOUTS



• Roundabouts are a Traffic Calming intersection treatment.
• Reduces point of conflicts and provides more efficient traffic 

flow.
• Accommodates pedestrian and bicycle users.
• Reduces the severity of crashes.
• Expensive intersection treatment.

• INDOT experience in review of some RABs:
• High exit speeds
• Too many circulating lanes and unwarranted use of bypass 

lanes.
• High Level of Service at Horizon year analysis
• Speed inconsistency

Roundabout Section Review



RAB Operational Analysis Parameters



RAB Design Parameters

Presenter
Presentation Notes
Ohio has minimum 150/180  Oregon has 180/200…Plan to update the RAB checklist when the Chapter becomes available.



Conflict Points in Intersections

2-Lane RABConventional Intersection Single Lane RAB

32 8 24

https://www.google.com/imgres?imgurl=x-raw-image:///a80470eefd970cfd5b3e5e9c195510a9885b7cff22374db4e59f6394cb0f540b&imgrefurl=https://pdfs.semanticscholar.org/19ff/a5f0d0be7b5417bdb20167cbd279b892f917.pdf&tbnid=_QyX_e5wBKiBKM&vet=10CB0QMyieA2oXChMIsMjVl5j55QIVAAAAAB0AAAAAEAU..i&docid=19ACohD-Ub6VMM&w=475&h=442&q=multi-lane%20roundabout%20with%20bypass%20lane'&hl=en-US&ved=0CB0QMyieA2oXChMIsMjVl5j55QIVAAAAAB0AAAAAEAU
https://www.google.com/imgres?imgurl=x-raw-image:///a80470eefd970cfd5b3e5e9c195510a9885b7cff22374db4e59f6394cb0f540b&imgrefurl=https://pdfs.semanticscholar.org/19ff/a5f0d0be7b5417bdb20167cbd279b892f917.pdf&tbnid=_QyX_e5wBKiBKM&vet=10CB0QMyieA2oXChMIsMjVl5j55QIVAAAAAB0AAAAAEAU..i&docid=19ACohD-Ub6VMM&w=475&h=442&q=multi-lane%20roundabout%20with%20bypass%20lane'&hl=en-US&ved=0CB0QMyieA2oXChMIsMjVl5j55QIVAAAAAB0AAAAAEAU


Fastest Path Criteria



Calculating V3, Exit Speed

d23



Typical RAB Configuration Tear Drop

Yielding Approach Non-yielding Approach

Intersection Sight Distance



Common Design Flaws
Common Design Flaws
1. Splitter curb offset
2. Width of approaches are wider than circulating roadway (Single lane RAB)
3. Exit speed ( V3) calculated incorrectly…high exit speeds
4. Entry angle < than 20 degrees
5. Approach alignment is right of center of RAB



OS-OW Vehicles
OS-OW Vehicles need to be considered on 

State Routes.
• Inscribed diameter, curb height on center islands 

and truck apron widths should be carefully 
evaluated if OS-OW vehicles are present. A paper 
titled “Low-Clearance Truck’s Vertical Clearance 
Requirements of Roundabouts”, by Godavarthey and 
Russell is a good resource for design considerations 
for OS-OW vehicles.  

• Some low-boy trailers and large towing vehicles have 
issues with curb height higher than 3 inches.

• In summary the paper suggests that the maximum 
curb height on truck apron for single lane RABs 
should be  no more than 2 inches, for multilane no 
more than 3 inches.



Roundabout Design Criteria Summary
• For INDOT Facilities:

• Minimum Inscribed Diameter: 
• Single lane: 150-ft
• Multilane (2-lane): 180-ft

• Minimum Circulating Roadway Width: 20-feet
• Minimum Truck Apron Width: 12-feet.

• General Design Criteria:
• Exit Speeds no higher than 30 mph (25 mph in school zones) at crosswalks locations.
• R3, the exit radius is to be located into the exit as stated in the NCHRP Report 672 on 

page 6-53.
• The Fastest Path Hierarchy is: R1>R2<R3, where R1<R3 and R1>R4.
• Speed consistency between the R1, R2, R3, R4 and R5 components is a maximum of 12 

mph.
• Time gap for ISD for approaches with yielding traffic to the left tgap=5 seconds.
• Time gap for ISD for approaches with non-yielding traffic (Tear Drop Roundabout)         

tgap = 6.5 seconds.



Questions?

Disclaimer: The Items discussed in this 
presentation are currently under review 

and are subject to change.

Contact Information:
Mark Orton   Standards and Policy Division

morton@indot.in.gov
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