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CHAPTER EIGHT 
 

INTERCHANGES  
 
 The information contained in this chapter pertains to the design of ramp connections 
only.  The designer should be familiar with Chapter 10 of the 2011. "A Policy on Geometric 
Design of Highways and Streets" before beginning the design of any interchange. 
 
 The configuration of an interchange should allow all movements to operate at an 
acceptable level of service as defined in the 1998 "Highway Capacity Manual".  The Project 
Engineer should approve a preliminary design of the interchange before final surveys begin. 
 
 
 
 
CONTROL OF ACCESS AT INTERCHANGES 
 
Control of access along Y lines at interchanges is needed for a minimum of 1000′ beyond 
the ramp intersections. If for some reason this is not practical, we should provide full 
control of  access for 350′ and then use a raised island to eliminate left turns for the 
remaining 650′. 
 
 
 
 
 
LOOP DESIGN 8-1 
 
 
TYPICAL SECTION: 
 
 2′-6″ curb and gutter is placed on the inside of all loops.  Pavement widths should be 
designed to meet Design Widths of Pavements for Turning Roadways see 8-1 Figure 1. 
Case II (Provision for passing a stalled vehicle). 
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LOOP DESIGN (continued) 8-1 
 
DESIGN WIDTHS OF PAVEMENTS FOR TURNING ROADWAYS  _         ___  _8 - 1 

F - 1 
 
                        
  

 Design Widths of Pavements for Turning Roadways 
  

    
    

  US Customary   
  

 
Pavement Width (ft)   

  
 

Case I Case II Case III   

  

Radius 
on inner 
edge of 

pavement 

One-lane, one-way operation-
-no provision for passing a 

stalled vehicle 

One-lane, one-way operation-
-with provision for passing a 

stalled vehicle 

Two-lane operation--either 
one way or two way 

  
   Design traffic conditions   
  R (ft) A B C A B C A B C   
  50 18 18 23 20 26 30 31 36 45   
  75 16 17 20 19 23 27 29 33 38   
  100 15 16 18 18 22 25 28 31 35   
  150 14 15 17 18 21 23 26 29 32   
  200 13 15 16 17 20 22 26 28 30   
  300 13 15 15 17 20 22 25 28 29   
  400 13 15 15 17 19 21 25 27 28   
  500 12 15 15 17 19 21 25 27 28   
  Tangent 12 14 14 17 18 20 24 26 26   
  Width modification regarding edge treatment   
  No stabilized 

shoulder 
None 

 
None 

 
None   

  
        

  
  

          
  

  Sloping curb None 
 

None 
 

None   
  

          
  

  Vertical curb: 
        

  
  one side Add 1 ft 

 
None 

 
Add 1 ft   

  two sides Add 2 ft 
 

Add 1 ft 
 

Add 2 ft   
  

          
  

  Stabilized 
shoulder, one or 
both sides 

Lane width for 
conditions B & C 
on tangent may 
be reduced to 12 
ft where shoulder 
is 4 ft or wider 

 
Deduct shoulder 
width; minimum 
pavement width 
as under Case I 

 
Deduct 2 ft 
where shoulder 
is 4 ft or wider 

  
  

  
  

  
  

  
  

    
  

  
      

  
                    

            
 

Note: A = predominantly P vehicles, but some condiseration for SU trucks. 
 

  
B = sufficent SU vehicles to govern design, but some consideration for 

semitrailer combination trucks  
     
  

C = sufficent bus and combination-trucks to govern design 
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LOOP DESIGN (Continued) 8-1 
 
 
 
SHOULDERS: 
 
 See Chapter 1-4D of this manual for width of usable shoulder on outside of loops. 
 
ALIGNMENT: 
 

Freeways -   150′ to 250′ radii unless conditions warrant  otherwise.  On interstate, 
loops should be designed for a 30 mph design speed where feasible. 

     (230′ radii minimum for 30 mph design speed). 
 
Expressways - A 150′ radius is acceptable on highways with a 50 mph or less design 

speed. 
 
 
 
 Appropriate deceleration and acceleration lanes should be provided for all loops. See Part 
1, Section 8-7, Table 1 of this manual. For additional information, see A POLICY ON 
GEOMETRIC DESIGN OF HIGHWAYS AND STREETS (2011), ch. 10, for acceleration 
and deceleration lane lengths. 
 
RAMP DESIGN 8-2 
 
TYPICAL SECTION: 
 
 Pavement width is normally 14 feet, but where traffic volumes or truck percentages are 
high, the designer should consider using a width of 16 feet.  On the interstate system, the 
pavement width should be 16 feet. 
 
SHOULDERS: 
 
 See Chapter 1-4E of this manual for width of usable shoulder.  Paved shoulders are 
required on both sides. 
 
ALIGNMENT: 
 Ramp alignments should be designed to provide room for future loop placement in the 
quadrants where loops could be placed to eliminate left turns from the Y line onto the 
ramp. Use a minimum of 170′ to 250′ radii for the future loop. Accommodate for the future 
loop lane under the bridge as well. 
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RAMP DESIGN (continued) 8-2 
 
       Ramp design speeds should approximate the low volume running speed on the 
intersecting highways.  This design speed is not always practicable and lower design speeds 
may be necessary. 
 
GUIDE VALUES FOR  RAMP DESIGN SPEED                                                          8-3 
 

  GUIDE VALUES FOR 
RAMP DESIGN SPEED AS RELATED TO HIGHWAY DESIGN SPEED 

 
Highway design speed (mph) 30 35 40 45 50 55 60 65 70 75 

           
Ramp design speed (mph)           

Upper range (85%) 25 30 35 40 45 48 50 55 60 65 
Middle range (70%) 20 25 30 33 35 40 45 45 50 55 
Lower range (50%) 15 18 20 23 25 28 30 30 35 40 

           
Corresponding minimum 

radius (feet) 
   See charts 8-3 

C-1 Thru C-5 
      

 
NOTE: Ramp design speeds above 30 mph seldom are applicable to loops.  For highway 

design speeds of more than 50 mph, the loop design speed should not be less than 
25 mph (150′ radius).  For additional information, see A POLICY ON 
GEOMETRIC DESIGN OF HIGHWAYS AND STREETS (2011), ch. 10. 

 
Desirable curvatures for normal 50 mph design speeds in the vicinity of the gore 
areas are as follows: 
 

     Rural Exit 3 to 5 degrees 
     Rural Entrance 3 to 5 degrees 
     Urban Exit 4 to 6 degrees 
     Urban Entrance 3 to 6 degrees 
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GUIDE VALUES FOR  RAMP DESIGN SPEED  (continued)                                     8-3 
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GUIDE VALUES FOR  RAMP DESIGN SPEED  (continued)                                     8-3 
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GUIDE VALUES FOR  RAMP DESIGN SPEED  (continued)                                     8-3 
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MAXIMUM RAMP GRADES 8-4 
 
1) Desirable ramp grades shall not exceed 5% for a 50 mph design speed, or 6% for a 40 

mph design speed, and should not exceed 5% in areas subject to snow and ice. 
 
2) Where the ramp is to be used by a high volume of heavy trucks, up grades should be 

limited to 4%. 
 
3) In exceptional cases, as with loops and urban area ramps, grades may be as steep as 

10%.  However, grades this steep should usually be limited to minor ramps with low 
volumes.  A steep grade on a ramp is not objectionable if the gradient aids acceleration 
on entrance ramps or deceleration on exit ramps. 

 
4) Ramps with high design speeds or those joining high-speed highways generally should 

have flatter grades than ramps with low design speeds or minor, light-volume ramps.  
 
5) Grade should be limited on ramps with sharp horizontal curvature on downgrades as the 

high rate of superelevation in conjunction with a steep downgrade makes steering 
difficult. 

 
6) If a ramp gradient does not aid the acceleration on entrance ramps or deceleration on exit 

ramps, care should be taken to provide the appropriate length for speed change. 
 
7) Avoid use of Sag Vertical Curves in Cut Sections when possible. 
 
 
 
PROCEDURE FOR ESTABLISHING RAMP GRADES WITH  
CONTROL POINTS 8-5 
 
GIVEN: 
 

1) Mainline alignment, stationing, grade, pavement width, and superelevation. 
 
2) Ramp alignment, stationing, pavement width, superelevation, and nose station.  

 
FIND:  Ramp grade in the area adjacent to the mainline at the exit or entrance point.  

 
PROCEDURE: 
 
 (1)  Establish a series of control point elevations along the ramp survey line (or grade 

point) for the ramp grade to pass thru in order to provide a smooth, driveable 
pavement surface at the exit or entrance gore. 
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PROCEDURE FOR ESTABLISHING RAMP GRADES WITH  
CONTROL POINTS (continued) 8-5 

 
A) Using a plan sheet with completed horizontal alignment, layout a series of 

cross-section lines at approximately 25′ to 50′ intervals at pertinent points 
along the ramp and mainline alignment.  A section should be placed at the 
beginning station and nose station on the ramp.  Sections between these points 
can be placed at random locations in order to adequately cover the pavement. 
A section should also be placed 200′ to 300′ beyond the nose station to check 
the proposed ditch slopes between the ramp and mainline. See Sketch No. 1 for 
an example layout.  

 
B) Using the mainline grade, pavement width, and superelevation, calculate the 

mainline edge of pavement elevations adjacent to the ramp at those mainline 
stations selected with the cross-section layout.  

 
 

C) Establish a maximum, minimum, and desirable elevation at each ramp station 
selected with the cross-section layout.  The maximum and minimum range is 
obtained by applying various superelevation rates on the pavement in the 
"wedge area" between the mainline and ramp edges of pavement.  The various 
rates of superelevation in the "wedge area" are selected by applying a 
maximum 0.05 "roll-over" at the mainline edge of pavement and then at the 
ramp edge of pavement adjacent to the wedge area.  See Sketch No. 2 for an 
example.  It should be noted that the 0.05 roll-over limit is to be used with 
discretion in each case so that the resultant superelevation does not create an 
impractical or awkward section in the wedge area.  After selecting a range of 
superelevation and scaling the width of the "wedge area", calculate the 
maximum and minimum elevation adjustments, due to the wedge 
superelevation, at each cross section.  An additional superelevation adjustment 
calculation is made for the area from the ramp edge of pavement to the ramp 
centerline (4′ or 2′ width for a single lane ramp).  Also a desirable or ideal 
elevation adjustment is of value in computing the ramp grade.  This is 
calculated by assigning the ideal or most comfortable superelevation in the 
wedge area.  This desirable elevation adjustment will obviously fall within the 
maximum and minimum range as described above.  

 

    At this point, the maximum, minimum, and desirable elevation adjustments are 
applied to the mainline edge of pavement elevations at each set of stations to 
provide a series of elevations on the ramp centerline thru which the proposed 
ramp grade must pass.  It is helpful to prepare a chart for listing the various 
stations and their respective superelevation and elevation adjustments in 
calculating the maximum, minimum and desirable elevations.  
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PROCEDURE FOR ESTABLISHING RAMP GRADES WITH  
CONTROL POINTS (continued) 8-5 
 

 (2)  Compute a ramp grade which passes between these calculated elevations.  
 

a) Plot a profile with the ramp stationing and the corresponding maximum, 
minimum and desirable elevation.  

 

b) Compute ramp grade with tangents and/or vertical curves to pass thru the 
desirable elevations with a tolerance of ± 0.04 ft. if possible.  If a grade thru 
the desirable points is not attainable, the maximum- minimum range can be 
utilized as the limits for the proposed grade.  When using the 
maximum-minimum range, the designer must be careful to avoid using the 
minimum elevation at a particular station and the maximum elevation at an 
adjacent station.  This situation can result in undesirable random  

        superelevation across the wedge area.  When using the maximum-minimum 
         range, the grade should consistently be in the minimum area or in the 
         maximum area to insure uniformity in the wedge area superelevation.  
 

c) After the ramp grade is computed thru the gore area, a check of the 
superelevation "built into" the wedge should be made to insure a uniform 
pavement.  

 

d) After the grade is established in the gore area, it can be continued to the “Y” 
line with normal grade design procedures. 

 

 
Note: Also see Chapter 8-11 for additional information on the layout of deceleration and 
acceleration lanes. 
 

See the Roadway Standard Drawings for the Standard Deceleration and Acceleration lanes. 
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SIGHT DISTANCE AT DIAMOND RAMP TERMINALS 8-6 
 
 See the sight line and geometric measurements. For additional information, see A 
POLICY ON GEOMETRIC DESIGN OF HIGHWAYS AND STREETS (2011), ch. 5. 
Detail of Measurement of Sight Distance at Ramp Terminals.  
 .  
 With reduced handrail offsets specified in the Bridge Policy (see Chapter 6-1 of this 
Manual), horizontal sight distance has become a more critical element of interchange 
design.  The more narrow bridge restricts the horizontal sight line, so that now the ramp 
terminal location, Y-line grade, and handrail offset must be considered in combination to 
attain the required sight distance across the bridge.  Each interchange design must be 
individually studied to achieve the most cost effective combination of bridge width, ramp 
terminal location, and Y-line grade.  A 6′ minimum handrail offset will be used on 
interchange bridges.  
 There are four basic options available to the designer for providing the required 
horizontal sight distances.  
 
1. Design the Y-line grade to enable the driver to see over the bridge handrail and guardrail 

if present. (Chapter 8-7, Table 1 provides K values for Y-Line grades that will enable the 
ramp vehicle driver to see over the bridge handrail.) 

 
2. Increase the bridge handrail offset and allow the horizontal sight line to fall inside the 

handrail. (Chapter 8-7, Table 1 provides K values for Y-Line grades that will allow a 
clear  sight line inside  the bridge handrail.) 

 
3. Use the minimum handrail offset required by the Bridge Policy (see Chapter 6-1 of this 

Manual) and locate the ramp terminal a sufficient distance from the bridge end to 
provide the required sight distance. ( The grade on Chapter 8-7, Table 2 shows the 
distance required from the end of bridge to ramp terminal that provides required 
horizontal sight distance with various bridge handrail offset distances. Conversely, this 
graph can show the available horizontal sight distance with set ramp terminals and 
handrail offset distances. This graph may also be use to derive combinations of handrail 
offsets and ramp terminal locations that may be necessary in an economic analysis of the 
interchange layout.)  

 
4. Consider designing grades with the mainline carried over the Y-line.   
This design may be cost effective with a narrow median on the mainline and a multilane 
Y-line.  Earthwork costs are usually the critical cost elements in this option.  
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SIGHT DISTANCE AT DIAMOND RAMP TERMINALS (continued)                     8-6 
 

 Some of the variables that must be considered in the economic evaluation of sight 
distance design options include grades, horizontal alignment, guardrail, skew, earthwork 
cost, right of way cost, handrail offset and bridge cost.  
 Another design element of importance is stopping sight distance from ramps (loops) that 
exit the mainline from beneath a bridge.  The reduced offset from edge of pavement to piers 
and/or end bent fill slopes may restrict the stopping sight distance in these cases.  The 
proper combination of pier location and ramp alignment should be designed to provide a 
minimum stopping sight distance of 350 feet.  
 
 The same attention should be given a ramp (loop) that exits the mainline immediately 
after crossing a bridge.  The proper combination of handrail offset and ramp alignment 
should be designed so that the handrail does not restrict the required stopping sight distance 
for the ramp.  These sight lines should be checked graphically by the designer. 
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ARRANGEMENT FOR SUCCESSIVE RAMP TERMINALS 8-8 
 
FIGURE 1                                                                                                                       8 – 8 

RECOMMENDED MINIMUM RAMP TERMINAL SPACING              F - 1 

 
ARRANGEMENT FOR SUCCESSIVE RAMP TERMINALS                                    
 
 
 
 
 
 
 
 
 
FUTURE GUIDELINES   8-9 
 (This section has been reserved for future guidelines.) 
 
MEDIAN DESIGNS IN INTERCHANGE AREAS 8-10 
 
 The median width of a facility should not be reduced through an interchange on either the 
mainline or the intersecting highway (-Y- Line), if the median is continuous.  (See Chapter 
1-6 in Part I of this manual.) 
 Traffic islands on -Y- Lines within the interchange should be provided for highways with 
four or more lanes.  On facilities with three lanes, a 4 foot painted island should be 
provided.  The justification of a left turn lane on the -Y- Line is discussed in 8-15 of this 
Chapter. 
 
 

NOTES:    FDR – FREEWAY DISTRIBUTOR  EN - ENTRANCE 
    CDR – COLLECTOR DISTRIBUTOR  EX – EXIT 
 
THE RECOMMENDATIONS ARE BASED ON OPERATIONAL EXPERIENCE AND NEED FOR FLEXIBILITY AND ADEQUATE SIGNING.  THEY SHOULD BE CHECKED IN 
ACCORDANCE WITH THE PROCEDURE OUTLINED IN THE HIGHWAY CAPACITY MANUAL (4) AND THE LARGER OF THE VALUES IS SUGGESTED FOR USE. ALSO, A 
PROCEDURE FOR MEASURING THE LENGTH OF THE WEAVING SECTION IS GIVEN IN CHAPTER 24 OF THE 2000 HIGHAY CAPACITY MANUAL (4) THE “L” 
DISTANCES NOTED IN THE FIGURES ABOVE ARE BETWEEN LIKE POINTS, NOT NECESSARILY “PHYSICAL” GORES.  A MINMUM DISTANCE OF 270 FT IS 
RECOMMENDED BETWEEN THE END OF THE TAPER FOR THE FIRST ON RAMP AND THE THEROETICAL GORE FOR THE SUCCEDING ON RAMP FOR THE EN-EN ( 
SIMILAR FOR EX-EN ) 
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ACCELERATION AND DECELERATION LANES 8-11  
 
 Typically on new facilities angular type exit and parallel type entrance ramps should be 
utilized.  When adding or reconstructing an interchange on an existing facility, the designer 
should maintain the exit and entrance type if a definite pattern has been established on the 
freeway segment. 
 
 Parallel type entrance lanes should be used in locations where existing interchanges 
facilities are being up-graded and where right of way is at a premium.  See Chapter 8-11, 
Figures 1-2 of this manual for sample deceleration and acceleration lanes.  For additional 
information see Roadway Standard Drawings, Std. No. 225.03. 
 
 The designer should provide sufficient length to enable a driver to make the necessary 
change between the speed of operation on the highway and the speed on the turning 
roadway in a safe and comfortable manner.  The following Figures and Tables show the 
appropriate method for obtaining the desirable length of a speed change lane, and how the 
AASHTO values should be applied to the standard entrance and exit types.   
 

CHART 1 
MINIMUM ACCELERATION LENGTHS FOR ENTRANCE TERMINALS 
WITH FLAT GRADES OF TWO PERCENT OR LESS                     C-1 

US Customary 
Acceleration length, L (ft) for design speed of exit curve VN (mph) 

Highway 
design 

speed, V 
(mph) 

Speed 
reached, 
Va (mph) 

Stop condition 15 20 25 30 35 40 45 50 
For average running speed on exit curve, V'a (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 43 960 900 810 780 670 550 320 150 − 
60 47 1200 1140 1100 1020 910 800 550 420 180 
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 

V = design speed of highway (mph)          
Va = average running speed on highway (mph)      

VN = design speed of exit curve (mph)       

V'a = average running speed on exit curve (mph)         
NOTE: Uniform 50:1 to 70:1 tapers are recommended where lengths of acceleration lanes exceed 1,300 ft. 
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ACCELERATION AND DECELERATION LANES (continued) 8-11  
 
 

CHART 2 
MINIMUM DECELERATION LENGTHS FOR EXIT TERMINALS WITH 
FLAT GRADES OF TWO PERCENT OR LESS                      C-2 

US Customary 
Deceleration length, L (ft) for design speed of exit curve VN (mph) 

Highway 
design 

speed, V 
(mph) 

Speed 
reached, Va 

(mph) 

Stop condition 15 20 25 30 35 40 45 50 
For average running speed on exit curve, V'a (mph) 

          
0 14 18 22 26 30 36 40 44 

30 28 235 200 170 140 − − − − − 
35 32 280 250 210 185 − − − − − 
40 36 320 295 265 235 185 155 − − − 
45 40 385 350 325 295 250 220 − − − 
50 44 435 405 385 355 315 2852 225 175 − 
55 48 480 455 440 410 380 350 285 235 − 
60 52 530 500 480 460 430 405 350 300 240 
65 55 570 540 520 500 470 440 390 340 280 
70 58 615 590 570 550 520 490 440 390 340 
75 61 660 635 620 600 575 535 490 440 390 

V = 
design speed of highway 
(mph)             

Va = 
average running speed on highway 
(mph)       

VN = design speed of exit curve (mph)       

V'a = average running speed on exit curve (mph)         
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GRADING AT INTERCHANGES 8-12  
 
 Slopes should be flattened to 4:1 or flatter where feasible within the interchange. This 
provides better sight distance, eliminates the need for guardrail, and allows for landscaping 
and mowing. 
 
 The designer should provide sight distance on all entrance ramps to allow time for the 
motorist to adjust their speed to the available gaps in traffic flow.  The area beyond the exit 
gore should provide a traversable safety zone as well as a safe transition to the standard 
typical section. 
 
 For slope transition at bridge endbents, see Roadway Standard Drawings, Std. No’s. 
225.07 and 225.09. 
 
EARTH BERM MEDIAN PIER PROTECTION 8-13  
 
 See Roadway Standard Drawings, Std. No. 225.08. 
 
RAMP TERMINALS 8-14  
 
 All ramp terminals should be designed to handle the appropriate design vehicle.  See 
Chapter 9 of this manual for additional information. 
 
 The designer should pay special attention at ramp terminals to discourage wrong-way 
entry.  At locations with unusual ramp termini configurations, a raised median on 
the -Y- line may be warranted. 
 
  On half-clover type interchanges, the left turning vehicles should be given a 
recovery area (turning Lane), as shown in Figure 1. 
  Figure 2 shows designs for ramp terminal radii that will provide safe ingress 
movements for speeds between 20 and 25 mph.  In designing ramps, these designs shall be 
used as an absolute minimum.  Flatter radii may be provided if the designer feels the 
conditions warrant their use. 
 
 -Y- line approach to ramp terminals Figure 3 and 4 show a typical transition for 
pavement widening at interchange ramp terminals. 
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JUSTIFICATION OF LEFT TURN LANES ON TWO-LANE HIGHWAYS 8-15  
 
 The need for a left turn lane on an interchange -Y- line should be carefully evaluated by 
the designer, since it affects the width of the interchange bridge.  The need for a left turn 
lane is determined by traffic volumes, speed, and safety benefits. 
 
 The method for determining the warrants for left turn lanes at unsignalized at-grade 
intersections (applicable to interchange ramp terminals) is addressed in the attached 
nomograph.  The method utilizes a nomograph based on opposing volumes, left turn 
volumes, and through volumes.  The time delays and queuing characteristics of the traffic 
volumes are the criteria utilized in establishing these nomographs.   
 
 The elements to be used in entering the appropriate nomograph are: 
 

− Operating speed (see A POLICY ON GEOMETRIC DESIGN OF HIGHWAYS 
AND STREETS (2011), ch. 2. 

 
− V/o, opposing traffic volume 

 
− VL, left turning volume(VPH) 
 
− Va, advancing traffic volume, including through, left turning, and right turning 

vehicles (design hour volume). 
 
− VR, right turning volume(VPH) 

 
− S, storage length required 

 
 If the intercept of V and Va falls right of the applicable S line, that is the amount of 
storage warranted. 
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