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ODOT  standard  horizontal  alignments  use  transition  spirals.  Appendix  J  presents  basic 
information on the ODOT Standard Highway Spiral and solutions to common situations that 
arise  in  applying  them.  The  information  on  Pages  J‐5  thru  J‐19  is  taken  directly  from  the 
August 1973 version of the “Standard Highway Spiral” book.  

Appendix J also contains numerous Tables, Formulas, and Figures to aid in fitting horizontal 
and vertical alignments, and  information on  intersection design.  In addition, ODOT design 
staff  have  developed  an  Excel  spreadsheet  named  “Espiral  2011”  tool  to  aid  in  solving 
alignments. 

For assistance on using this tool, contact the Interchange Engineer at (503) 986‐3560.  

The example solutions for exit and entrance ramps on curves cover the most common cases 
that  occur  in  new  construction  and  retrofit  situations.  They  are  intended  to  serve  as  a 
template  for how  to approach  individual conditions, not as absolute standards. Standards 
for spiral length are located in HDM Chapter 3 and Chapter 9 (for ramps). 

Since  it  is  not  possible  to  cover  every  potential  situation  in  this Appendix,  designers  are 
strongly encouraged  to contact  the Roadway Unit  for assistance  in applying any of  these 
helps.   

Contact Information: 

Oregon Department of Transportation 
Traffic/Roadway Section 
4040 Fairview Industrial Drive SE 
Salem, OR 97302‐1142 
Roadway Engineering Contact Us 
 

ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011 HDM Rewrite/ESpiral 2011.XLS�
http://www.oregon.gov/ODOT/HWY/ENGSERVICES/contact_us.shtml�


 

i 

TABLE OF CONTENTS 
CIRCULAR CURVE DEFINITIONS................................................................................................................ J‐1 

SPIRAL CURVE DEFINITIONS AND NOMENCLATURE..............................................................................J‐2 

BASIC FORMULAS......................................................................................................................................J‐5 

STANDARD SPIRAL NOTES........................................................................................................................J‐7 

TYPICAL SPIRAL CURVE SOLUTIONS....................................................................................................... J‐8 

Example I:   Solution of spiral elements and deflection angle‐  
(Curve with spirals of equal length) ............................................................................. J‐8 

Example II:   Intermediate setup on spiral with deflections............................................................. J‐9 
Example III: Deflections to spiral from the P.S.C. or the P.C.S........................................................ J‐10 
Example IV:  Fitting a spiral between two parts of a compound curve with spiral transitions at 

each end.........................................................................................................................J‐11 
Example V:  Semi‐tangents for curve with spirals of unequal length ............................................ J‐12 
Example VI:  Fitting existing circular curve alignment with spiral curves requiring  

a minimum shift of alignment...................................................................................... J‐13 
Example VII: Offsets from circular curve alignments to spiraled alignment using same radius  

 of curve and original tangents .................................................................................... J‐14 
Example VIII: Standard method of showing alignment on maps ................................................... J‐15 
Example IX: Method Of Computing Semi‐tangents of curve with spiral at one end only.............J‐16 
Example X: Fitting compound curve with three spirals .................................................................. J‐17 
Example XI: Determining U, V and C distances for segment of a spiral ......................................... J‐18 
Example XII: Computing offset spirals ............................................................................................. J‐19 
Example XIII: Solution Of Offset spiral intersecting with property line ........................................ J‐20 

VERTICAL CURVE......................................................................................................................................J‐22 

HORIZONTAL CURVES .............................................................................................................................J‐24 

Parallel Tangents – Equal Length Reversing Curve .........................................................................J‐24 
Parallel Tangents – Unequal Length Reversing Curves...................................................................J‐25 
Two‐Centered Corner Radii Graphical Solution .............................................................................. J‐26 
Two‐Centered Corner Radii Mathematical Solution........................................................................J‐27 
Ramp Fitting Data ‐ One Lane Ramps – 70 mph Highway.............................................................. J‐28 



 

ii 

Ramp Fitting Data ‐ One Lane Ramps – 60 mph Highway ............................................................. J‐29 
Ramp Curve Fitting Details .............................................................................................................. J‐30 
Loop Ramp Fitting Details ‐ Single Lane Loops................................................................................ J‐31 
Loop Ramp Fitting Details ‐ Two Lane Loops ..................................................................................J‐32 
Minimum AASHTO Acceleration & Deceleration Lengths for Ramps ............................................J‐33 
Truck Deceleration ........................................................................................................................... J‐34 
Single Point Interchanges Preferred Intersection Details...............................................................J‐35 
Single Point Interchanges Minimum ............................................................................................... J‐36 
Cross Slope Development at Gores ‐(Exit and Entrance)................................................................J‐37 
AASHTO Basic Freeway Lane Drop Hierarchy................................................................................. J‐38 
Establishing Local Tangent On Horizontal Curves.......................................................................... J‐39 
Establishing Ramp Takeoff/Touchdown Points And Ramp Angles From Local Tangent ............. J‐40 
Using Spiral Segment in Compound Horizontal Curve Situations .................................................. J‐41 
Establishing Spiral Segment Control Points (in conjunction with ESpiral 2011 spreadsheet.........J‐42 
Example of Spiral Segment in a Mainline Alignment Situation ..................................................... J‐43 

RAMPS ON CURVED ALIGNMENTS........................................................................................................ J‐44 

Exit Ramp on the Inside of Curve – Takeoff Point located along Circular Curve .......................... J‐44 
Typical Treatment For Exit Ramp on the Inside of Circular Curve Takeoff Point located along 
Circular Curve when 415’ or less from PCS of Highway alignment ................................................ J‐45 
Typical Treatment for Exit Ramp on the Inside of Curve  Takeoff Point  
located along leading Spiral............................................................................................................. J‐46 
Exit Ramp on the Inside of Curve Takeoff Point located along Trailing Spiral ............................. J‐47 
Exit Ramp on the Outside of Curve – Takeoff Point located along Circular Curve....................... J‐48 
Typical Treatment for Exit Ramp on the Outside of Curve Takeoff Point 
 located along leading Spiral............................................................................................................ J‐49 
Typical Treatment for Exit Ramp on the Outside of Curve Takeoff Point 
 located along Trailing Spiral............................................................................................................ J‐50 
Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point  
located along Circular Curve ............................................................................................................. J‐51 
Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point  
located along leading Spiral..............................................................................................................J‐52 
Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point  
located along Trailing Spiral..............................................................................................................J‐53 
Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point  
located along Circular Curve ............................................................................................................ J‐54 



 

iii 

Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point located along 
leading Spiral .....................................................................................................................................J‐55 
Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point located along 
Trailing Spiral .................................................................................................................................... J‐56 



 

iv 

TABLE OF FIGURES 
Figure J‐1: Parallel Tangents – Equal Length Reversing Curve .............................................................................. J‐24 
Figure J‐2: Parallel Tangents – Unequal Length Reversing Curves ....................................................................... J‐25 
Figure J‐3: Two‐Centered Corner Radii Graphical Solution.................................................................................... J‐26 
Figure J‐4: Two‐Centered Corner Radii Mathematical Solution ............................................................................ J‐27 
Figure J‐5: Ramp Fitting Data ‐ One Lane Ramps – 70 mph Highway ................................................................... J‐28 
Figure J‐6: Ramp Fitting Data ‐ One Lane Ramps – 60 mph Highway................................................................... J‐29 
Figure J‐7: Ramp Curve Fitting Details .................................................................................................................... J‐30 
Figure J‐8: Loop Ramp Fitting Details ‐ Single Lane Loops.....................................................................................J‐31 
Figure J‐9: Loop Ramp Fitting Details ‐ Two Lane Loops....................................................................................... J‐32 
Figure J‐10: Minimum AASHTO Acceleration & Deceleration Lengths for Ramps ............................................... J‐33 
Figure J‐11: Truck Deceleration................................................................................................................................ J‐34 
Figure J‐12: Preferred Design Values For Single Point Interchanges..................................................................... J‐35 
Figure J‐13: Minimum Design Value For Single Point Intersection Design ............................................................ J‐36 
Figure J‐14: Cross Slope Development at Gores ‐ (Exit and Entrance).................................................................. J‐37 
Figure J‐15: AASHTO Basic Freeway Lane Drop Hierarchy..................................................................................... J‐38 
Figure J‐16: Establishing Local Tangent on Horizontal Curves .............................................................................. J‐39 
Figure J‐17: Establishing Ramp Takeoff/Touchdown Points And Ramp Angles From Local Tangent .................J‐40 
Figure J‐18: Using Spiral Segment in Compound Horizontal Curve Situations ......................................................J‐41 
Figure J‐19: Establishing Spiral Segment Control Points  (in conjunction with ESpiral 2011 spreadsheet).......... J‐42 
Figure J‐20: Example of Spiral Segment in a Mainline Alignment Situation ......................................................... J‐43 
Figure J‐21: Typical Treatment For Exit Ramp on the Inside of Circular Curve .....................................................J‐44 
Figure J‐22: Typical Treatment For Exit Ramp on the Inside of Circular Curve Takeoff Point located along Circular 

Curve when 415’ or less from PCS of Highway alignment ................................................................. J‐45 
Figure J‐23: Typical Treatment for Exit Ramp on the Inside of Curve  Takeoff Point  

located along leading Spiral ................................................................................................................J‐46 
Figure J‐24: Typical Treatment for Exit Ramp on the Inside of Curve Takeoff Point  

located along Trailing Spiral................................................................................................................ J‐47 
Figure J‐25: Typical Treatment for Exit Ramp on the Outside of Curve Takeoff Point  

located along Circular Curve ...............................................................................................................J‐48 
Figure J‐26: Typical Treatment for Exit Ramp on the Outside of Curve Takeoff Point  

located along leading Spiral ................................................................................................................J‐49 
Figure J‐27: Typical Treatment for Exit Ramp on the Outside of Curve Takeoff Point  

located along Trailing Spiral................................................................................................................ J‐50 
Figure J‐28: Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point  

located along Circular Curve ................................................................................................................J‐51 
Figure J‐29: Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point located along 

leading Spiral ....................................................................................................................................... J‐52 
Figure J‐30: Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point located along 

Trailing Spiral ....................................................................................................................................... J‐53 
Figure J‐31: Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point located along 

Circular Curve....................................................................................................................................... J‐54 
Figure J‐32: Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point located along 

leading Spiral ....................................................................................................................................... J‐55 
Figure J‐33: Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point located along 

Trailing Spiral ....................................................................................................................................... J‐56 
 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Circular Curve Definitions J-1 

 

 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Spiral Curve Definitions J-2 

 

 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Spiral Curve Definitions J-3 

 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Spiral Curve Definitions J-4 

 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Basic Formulas J-5 

 

 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Basic Formulas J-6 

 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Standard Spiral Notes J-7 

 STANDARD SPIRAL NOTES 

All curves of one degree or sharper shall be spiraled, using an approximation of the Talbot 
Spiral based on the arc definition for radius of the curve. Standard lengths for spirals are found 
in HDM Chapter 3, Tables 3-2, 3-3 and 3-4. Standard spiral lengths are based on the number of 
lanes being rotated and the super rate for the curve. Standard spirals for ramp alignments are 
found in Figures 9-11 and 9-12 (HDM Chapter 9) 

Design exceptions are required when using spirals that are less than standard. Using longer 
spirals than standard does not require an exception. Using unequal spiral lengths is not an 
exception if both meet or exceed standards. This arrangement is most commonly found on 
ramps. Designers always need to consider potential operational effects and the roadway context 
in making alignment decisions. 

Prior versions of design standards were based on using inside edge super rotation. Current 
standards allow for using other rotation points when developing superelevation.  

Ramp profile grades are typically carried at the ramp alignment and rotated about that point. 

It's common for ramp alignments in the "terminal area"  (where the ramp meets the crossroad) 
to have a spiral on one end only. The portion of the curve closest to the crossroad typically has 
to have reduced or no super in order to get intersection grades to work. A spiraled alignment in 
this situation isn't usually too beneficial. EXAMPLE IX on Page J-16 and HDM Figure 9-19 
illustrates this condition. An exception is not required for this situation. 

ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%203%20Elements%20of%20Design.pdf
ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%203%20Elements%20of%20Design.pdf#page=12
ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%203%20Elements%20of%20Design.pdf#page=13
ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%203%20Elements%20of%20Design.pdf#page=14
ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%209%20Grade%20Separations%20And%20Interchanges.pdf
ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%209%20Grade%20Separations%20And%20Interchanges.pdf#page=30
ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%209%20Grade%20Separations%20And%20Interchanges.pdf#page=31
ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%209%20Grade%20Separations%20And%20Interchanges.pdf#page=43
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EXAMPLE III 
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EXAMPLE IV 
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EXAMPLE V 
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EXAMPLE VI 
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EXAMPLE VII 
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EXAMPLE VIII  
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EXAMPLE IX 
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EXAMPLE X  
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EXAMPLE XI 

 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Typical Spiral Curve Solutions J-19 

EXAMPLE XII 
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EXAMPLE XIII  
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 VERTICAL CURVES 
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 HORIZONTAL CURVES 

 
Figure J‐1: Parallel Tangents – Equal Length Reversing Curve  
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Figure J‐2: Parallel Tangents – Unequal Length Reversing Curves 
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Figure J‐3: Two‐Centered Corner Radii Graphical Solution 
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Figure J‐4: Two‐Centered Corner Radii Mathematical Solution
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Figure J‐5: Ramp Fitting Data ‐ One Lane Ramps – 70 mph Highway 
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Figure J‐6: Ramp Fitting Data ‐ One Lane Ramps – 60 mph Highway 
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Figure J‐7: Ramp Curve Fitting Details 
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Figure J‐8: Loop Ramp Fitting Details ‐ Single Lane Loops 
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Figure J‐9: Loop Ramp Fitting Details ‐ Two Lane Loops
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Figure J‐10: Minimum AASHTO Acceleration & Deceleration Lengths for Ramps
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       Truck Deceleration Length "L" (in feet) 
   For Design Speed of Exit Curve, V' (mph) 
 

   Stop 
Condition 15 20 25 30 35 40 45 50 55 

   For Average Running Speed on Exit Curve, V'a (mph) 

Highway 
Design 
Speed, 

V  
(mph) 

Average 
Running 
Speed 

Va 
(mph) 

 0 14 18 22 26 30 36 40 44 48 

 
30 28 270 230 200 165 - - - - - - 
35 32 340 295 270 230 - - - - - - 
40 36 415 370 340 305 265 215 - - - - 
45 40 495 455 425 390 345 295 - - - - 
50 44 585 540 515 480 435 385 295 - - - 
55 48 680 640 610 575 530 480 395 325 - - 
60 52 785 470 715 675 635 585 495 430 355 - 
65 55 865 825 795 760 715 665 580 510 435 355 
70 58 955 910 880 845 800 750 665 595 520 440 
75 61 

 

1045 1000 970 935 890 845 755 685 610 530 

 V = Design Speed of Highway 

 Va = Average Running Speed on Highway 

 V' = Design Speed of Exit Curve 

 V'a = Average Running Speed on Exit Curve 

Note: 
Consider using these lengths whenever truck volumes are 6 or more per hour. 
See HDM Figure 9-12 "EXIT RAMP DETAILS" for geometry details at ramps. This 
information has been incorporated into that Figure. 
Recommendation based on anticipated operational effects of trucks. 
DATA Source: "Improving truck Safety at Interchanges" US DOT Publication #FHWA-
ip-89-024 - Pg. 20, September 1989 

Figure J‐11: Truck Deceleration 

ftp://ftp.odot.state.or.us/techserv/roadway/web_drawings/HDM/2011%20HDM%20Rewrite/2012%20Chapter%209%20Grade%20Separations%20And%20Interchanges.pdf#page=31
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Figure J‐12: Preferred Design Values For Single Point Interchanges 
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Figure J‐13: Minimum Design Value For Single Point Intersection Design 
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Figure J‐14: Cross Slope Development at Gores ‐ (Exit and Entrance) 



 

 

 
Figure J‐15: AASHTO Basic Freeway Lane Drop Hierarchy 
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Figure J‐16: Establishing Local Tangent on Horizontal Curves 



2012 ODOT Highway Design Manual Appendix J - Alignment Guide and Design Aids 

§ Horizontal Curves J-40 

 
Figure J‐17: Establishing Ramp Takeoff/Touchdown Points And Ramp Angles From Local Tangent
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Figure J‐18: Using Spiral Segment in Compound Horizontal Curve Situations 
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Figure J‐19: Establishing Spiral Segment Control Points  

(in conjunction with ESpiral 2011 spreadsheet) 
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Figure J‐20: Example of Spiral Segment in a Mainline Alignment Situation
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Figure J‐21: Typical Treatment For Exit Ramp on the Inside of Circular Curve  
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Figure J‐22: Typical Treatment For Exit Ramp on the Inside of Circular Curve Takeoff Point located 

along Circular Curve when 415’ or less from PCS of Highway alignment 
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Figure J‐23: Typical Treatment for Exit Ramp on the Inside of Curve  Takeoff Point located along 

leading Spiral 
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Figure J‐24: Typical Treatment for Exit Ramp on the Inside of Curve 

  Takeoff Point located along Trailing Spiral 
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Figure J‐25: Typical Treatment for Exit Ramp on the Outside of Curve 

Takeoff Point located along Circular Curve 
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Figure J‐26: Typical Treatment for Exit Ramp on the Outside of Curve Takeoff Point located along 

leading Spiral 
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Figure J‐27: Typical Treatment for Exit Ramp on the Outside of Curve Takeoff Point located along 

Trailing Spiral 
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Figure J‐28: Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point located 

along Circular Curve 
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Figure J‐29: Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point located 

along leading Spiral 
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§ Ramps on Curved Alignments Example Solutions J-53 

 
Figure J‐30: Typical Treatment for Entrance Ramp on the Inside of Curve Touchdown Point located 

along Trailing Spiral 
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§ Ramps on Curved Alignments Example Solutions J-54 

 
Figure J‐31: Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point located 

along Circular Curve 
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§ Ramps on Curved Alignments Example Solutions J-55 

 
Figure J‐32: Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point 

located along leading Spiral 
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§ Ramps on Curved Alignments Example Solutions J-56 

 
Figure J‐33: Typical Treatment for Entrance Ramp on the Outside of Curve Touchdown Point 

located along Trailing Spiral 
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