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ABSTRACT  

Congestion at a freeway interchange is often a critical bottleneck for an arterial corridor.  The 
most common design – the diamond interchange – has a limited capacity at the ramp terminal 
intersections, especially when the intersections are close together and the turning volumes are 
high.  To address these problems, traffic engineers have developed the following innovative 
diamond interchange designs:  the single-point interchange, roundabouts at the ramp terminal 
intersections, and the diverging diamond interchange. 

The single point interchange combines the two ramp terminal intersections for a standard 
diamond interchange into a single intersection that is located typically at the freeway 
overcrossing or undercrossing.  Modern roundabouts with yield control reduce the need for left-
turn storage at the ramp terminal intersections.  The diverging diamond interchange provides a 
crossover for the local street through traffic so that both left and right turns onto the freeway on-
ramps do not cross opposing through traffic.  With these three designs, the interchange would 
nearly maintain its existing footprint so that the right-of-way impact is reduced compared to 
typical high volume configurations such as the partial cloverleaf interchange or interchanges 
with direct connector ramps.  

This paper compares and contrasts the advantages and disadvantages of the three innovative 
diamond interchange designs according to traffic operations, traffic safety, and construction 
cost.  Using a case study, the three innovative designs are applied to demonstrate these 
advantages and disadvantages. 

 

INTRODUCTION 

Congestion at a freeway interchange is often a critical bottleneck for an arterial corridor.  The 
desired signal spacing for an arterial is ¼ to ½ mile, but a freeway interchange often disrupts 
this spacing with closely spaced ramp terminal intersections and sometimes closely spaced 
adjacent intersections.  The interchange design can help to mitigate the impact to signal 
progression through careful consideration of the ramp terminal intersection design and location. 

The most common interchange design in North America is the diamond interchange (Leisch, 
2005).  The diamond interchange has a single freeway entrance and exit in each direction.  
Figure 1 shows a tight diamond interchange, which is used in urban or suburban areas where 
right-of-way is limited since it has a relatively small footprint. 
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  Source:  California Department of Transportation 

Figure 1 – Tight Diamond Interchange 

Compared to other interchanges designs (such as partial cloverleaf or directional interchanges), 
the diamond interchange has a limited capacity at the ramp terminal intersections, especially 
when the ramp terminal intersections are close together and the left turning volumes are high.  
To address these problems, traffic engineers have developed the following innovative diamond 
interchange designs. 

·  Single Point Diamond 

·  Roundabout Diamond 

·  Diverging Diamond  

Each of these variations is described below.  Then, a case study is presented to demonstrate an 
evaluation of these innovative diamond interchanges. 

INNOVATIVE DESIGNS 

This section describes and compares the three diamond interchange designs. 

Single Point Diamond 

As shown in Figure 2, the single point diamond intersection has one ramp terminal intersection, 
rather than two, that controls the left turns to and from the ramps as well as the cross street 
through movements.  Compared to a tight diamond interchange, the single, central intersection 
reduces delay by simplifying signal phasing and improving the ability to coordinate signals on 
the cross street.  Depending on traffic volumes and lane configuration, the right-turns to and 
from the ramps may be “free” or have yield, stop, or signal control. 

Of the three innovative diamond interchange designs discussed here, the single point diamond 
has the most numerous constructed examples.  They have been built in many states and are a 
frequent interchange design along State Route 51 in Phoenix, Arizona, and along Interstate 15 
in Salt Lake City, Utah.   
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  Source:  California Department of Transportation 

Figure 2 – Single Point Diamond Interchange 

Figure 3, which shows the single point diamond at Interstate 680 and Monument Boulevard in 
Pleasant Hill, California, demonstrates some of the characteristics of this interchange design. 

 
  Aerial Imagery Source:  Google Maps 

Figure 3 – I-680/Monument Boulevard Interchange, Pl easant Hill, CA 

·  Closely Spaced Intersections – The arterial to the west is closely spaced (about 400 
feet) to the interchange.  The single-point design allows for increased storage between 
intersections than a tight diamond design. 

·  Longer Structure – The freeway overcrossing bridge is much longer and, therefore, more 
expensive to construct, than a similar bridge for a tight diamond.  In the case where the 
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local street crosses over the freeway, the bridge must be constructed wider than 
otherwise to provide for the left-turn movements to and from the ramps. 

·  Wide Intersection – The design creates a wide signalized intersection, which requires 
longer clearance times (yellow and all-red) than standard-sized intersections.  
Additionally, signing and striping is needed to direct drivers through the wide 
intersections due to the longer crossing distances. 

·  Secondary Signal – In this example, an additional signal controls the merging between 
the eastbound left-turn and westbound right-turn movements due to high volumes. 

Roundabout Diamond 

The roundabout diamond interchange has roundabouts at the ramp terminal intersections, as 
shown in Figure 4.  For balanced turning movement volumes, the modern roundabout with yield 
control on entry can provide similar (or better) intersection capacity as signalized intersections 
that have left-turn pockets. 

 

Figure 4 – Roundabout Diamond Interchange 

Roundabout diamond interchanges have been constructed in several states.  Most notably, 
Colorado has roundabout interchanges on Interstate 70 in Avon and Vail.  Figure 5 shows the 
Interstate 80 at State Route 89 South interchange in Truckee, California.  This example shows 
the following features of the roundabout diamond. 

·  Shorter Structure – The four-lane cross street can be accommodated at the freeway with 
the same size overcrossing structure as the tight diamond since left-turn lanes are not 
needed for storage. 

·  Spiral Striping – The four-lane cross street intersects with one- or two-lane ramps.  
Spiral striping, along with appropriate signing, is used within the circulatory roadway to 
direct drivers to the appropriate exit (the striping is difficult to see at the scale shown in 
Figure 5). 

·  Right-turn Bypass Lane (Future) – Right-of-way is available if a right-turn bypass lane 
were needed in the future.  The bypass lane would reduce demand volume in the 
circulatory roadway to increase intersection capacity.   
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·  No Closely Spaced Signalized Intersection – The roundabouts are located far from 
adjacent signalized intersections.  Queues from an adjacent signalized intersection could 
potentially block all movements at a roundabout. 

 
  Aerial Imagery Source:  Google Maps 

Figure 5 – I-80/SR-89 South Interchange in Truckee,  CA 

Diverging Diamond 

The diverging diamond interchange directs the cross street traffic into the opposite side of the 
road between the ramp terminal intersections.  The crossover is accomplished using signals to 
control vehicle movements.  This design allows both right and left turns to the on-ramps to be 
virtually unopposed.  Higher-capacity two-phase signal phasing can be used at the ramp 
terminal intersections.  Figure 6 shows the layout for a diverging diamond. 
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Figure 6 – Diverging Diamond Interchange 

The only diverging diamond interchange in operation is at the A-13/RD-182 interchange in 
Versailles, France (Urban Transportation Monitor, 2006).  However, one is currently under 
construction at Interstate 435 and Front Street in Kansas City, Missouri (scheduled for 
completion in fall 2007).  This design is also an alternative in ongoing studies in Colorado, New 
Mexico, and Oregon. 

Figure 7 shows the diverging diamond alternative for the Interstate 40 at San Mateo Boulevard 
interchange project in Albuquerque, New Mexico.  The features of this design are discussed 
below. 

 
  Source:  New Mexico Department of Transportation 

Figure 7 – I-40/San Mateo Boulevard Interchange in Albuquerque, NM 

·  Crossover Intersections – The cross street through movements cross at the ramp 
terminal intersections so that the movements are on the opposite side of the road 
between the ramps. 

·  Unopposed Left Turns – With the traffic on the opposite side of the road, the left-turn 
movement from the cross street to the on-ramp is uncontrolled. 

·  Closely Spaced Intersections – This alternative allows for signalized intersections with 
full movements allowed at relatively close-spacing to the ramp terminal intersections.  
Under other alternatives, turn prohibitions and elimination of the adjacent intersection 
are proposed to improve operations. 
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·  Separate Overcrossing – To provide a larger radius on the approaches to the crossover 
intersections, this alternative proposes a new overcrossing structure to the east to serve 
the southbound movement.   

Comparison 

Table 1 compares the four diamond interchange designs described above using typical design 
evaluation criteria.  The discussion above focused on the effect of the interchange design on 
intersection capacity and adjacent intersection spacing.  The remaining design issues are 
discussed in the following section. 

TABLE 1 – DIAMOND INTERCHANGE COMPARISON 

 Diamond Interchange Design 

Evaluation Criteria Tight Single Point Roundabout D iverging 

Intersection Capacity Medium High Medium/High High 

Adjacent Intersection Spacing Medium High Low High 

Cross Street Vehicle Progression Medium High Low Low 

Traffic Safety Medium Low/Medium High Medium 

Pedestrian/Bicycle Accommodation High Low Medium/High Medium 

Construction Cost Medium High Low Low/High 

Right-of-Way Cost Low Low Medium Low/Medium 

The single point diamond can provide improved signal progression, and therefore higher 
throughput, for the cross street traffic than the tight diamond.  The single point has one fewer 
signal and provides a longer distance to adjacent signals that provide increased vehicle queue 
storage.  The roundabout diamond does not facilitate cross street progression since it does not 
use signals.  For the diverging diamond, the signal phasing for the crossover intersections (for 
example, northbound through with off-ramp right and southbound through with off-ramp left) 
limits signal coordination to one direction on the cross street. 

The lack of driver familiarity heavily influences traffic safety at an innovative design.  Since 
many states already have single point and roundabout diamond interchanges, these designs 
would have an advantage over the diverging diamond.  However, all three innovative designs 
reduce the number of conflict points compared to the tight diamond, with the roundabout 
diamond having the fewest conflict points.  One concern with the diverging diamond is the 
potential for wrong-way movements, especially at the cross street crossover.   

Pedestrians and bicycles can be accommodated through conventional tight diamonds using 
controlled crossings and bicycle lanes.  For the single point diamond, the curved on-ramp 
approaches make pedestrian crossings longer and potentially less visible, and the wide 
intersections are difficult for bicycles to cross within the signal clearance time.  Roundabouts 
provide slower speeds for vehicles conflicting with pedestrians or bicycles although the 
pedestrian paths through the interchange become longer (see Figure 5 for an example).  Similar 
to the tight diamond, the diverging diamond can provide controlled pedestrian crossings; 
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however, the preferred route for bicycles (either a separate path or adjacent to vehicle lanes) is 
unclear. 

The construction cost for a tight diamond interchange often involves widening the freeway 
under/overcrossing to provide left-turn pocket storage.  The single point diamond would have a 
significantly higher cost for the longer or wider structure needed to span the wide central 
intersection.  The roundabout and diverging diamond may avoid this cost since left-turn capacity 
is higher with these designs.  The diverging diamond may require widening at the 
over/undercrossing if larger radius curves (as shown in Figure 7) and higher through speeds are 
desired.  However, right-of way costs would be lower with the single point diamond since most 
of the widening is towards the center of the interchange.  The roundabout and diverging 
diamond may require some additional right-of-way near the ramp terminal intersections to 
accommodate either the circulatory roadway or approach flaring for the crossover intersection, 
respectively. 

CASE STUDY 

The interchange designs described above are applied in a case study. 

Project Description 

The U.S. Highway 50 at Cameron Park Drive interchange in Cameron Park, California, will be 
improved to reduce existing congestion and accommodate future growth.  Cameron Park is a 
primarily residential suburb located east of Sacramento.  Residential neighborhoods lie north 
and west of the interchange, and regional, highway, and neighborhood retail development exists 
adjacent to the interchange.   

Figure 8 shows the existing interchange configuration:  a diamond interchange design for the 
eastbound ramps and a partial cloverleaf design for the westbound ramps.  This design is also 
known as a single-loop partial cloverleaf interchange. 

The current configuration has the following deficiencies. 

·  Northbound at Palmer Drive – The northbound peak-hour through movement demand 
volume exceeds the capacity of the one provided through lane, which results in queues 
extending to the westbound ramps. 

·  Southbound at Country Club Drive – The peak-hour demand volume for southbound 
through movement exceeds the approach capacity, which result in queues that extend to 
the Palmer Drive intersection.  (An interim improvement project will construct a 
southbound through/right-turn pocket at Country Club Drive and a short southbound 
right-turn lane between Country Club Drive and the westbound on-ramp to improve 
capacity for the southbound to eastbound movement at the interchange.) 

·  Eastbound off-ramp – The peak hour demand volume exceeds the approach capacity, 
which results in queues that extend more than half the distance to the freeway mainline.  
Due to limited sight distance (the narrow undercrossing restricts the view of southbound 
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through vehicles), right turn on red is prohibited for the eastbound approach, which 
further reduces capacity. 

·  Eastbound Coach Lane – To minimize southbound queues at this intersection from 
extending into the interchange, the green time for the eastbound approach is shortened, 
which results in long queues. 

 

Figure 8 – US-50/Cameron Park Drive Interchange 
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Analysis Methodology   

As a first step to determine potential project alternatives, alternate interchange configurations 
were developed using the preliminary design-year peak hour volumes shown in Figure 9.  The 
potential alternatives were analyzed using a combination of the Synchro and VISSIM traffic 
analysis software programs.  Synchro was used to develop optimized signal timings based on 
preliminary lane configurations.  These designs were then refined in the VISSIM traffic 
simulation model to evaluate the effects of signal coordination, origin-destination flows, and 
queues on intersection operations.  The goal was to develop alternatives that would provide 
Level of Service D operations at the study intersections. 

Although not described here, the alternatives developed from this step will be analyzed in more 
detail using updated traffic demand forecast volumes and refined geometric designs. 

To simplify the interchange comparison presented here, all potential alternatives include the 
relocation of the frontage road (Country Club Drive) that intersects the northern ramp terminal 
intersection.  The roadway is assumed to be realigned to create a four-leg intersection with the 
frontage road in the northeast quadrant (Palmer Drive).  Some of the interchange configurations 
could maintain this connection, which would add another factor to consider when evaluating the 
alternatives. 

Typical Interchange Designs 

The following typical interchange designs were considered as potential project alternatives.   

Single-loop Partial Cloverleaf 

The existing configuration is a viable alternative.  An additional through lane in the northbound 
and southbound directions and widening the eastbound off-ramp would provide more capacity.  
Figure 10 shows the single-loop partial cloverleaf alternative. 

Partial Cloverleaf 

Figure 11 shows the (double-loop) partial cloverleaf alternative.  To provide the southbound to 
eastbound loop ramp, the west leg of the frontage road to the south (Coach Lane) would need 
to be relocated.  To accommodate this design, right-of-way would need to be acquired from a 
recently built grocery store, a motel, and a gas station, plus other retail parcels for the frontage 
road realignment. 

The partial cloverleaf design, which is common in the Sacramento metropolitan area, allows for 
two-phase signal operations at the ramp terminal intersections to provide higher capacity 
compared to the three-phase signal operations for standard diamond interchanges.  The on-
ramps from the cross street are always on the right side and the turn movement to the on-ramp 
is unopposed except for pedestrians or bicycles.  If a local street is included at the ramp 
terminal intersection (for example, the southern ramp terminal intersection in Figure 11), these 
advantages may not exist. 

 



11 

 

 



12 

  

 Figure 10 – Single-loop Partial Figure 11 – Partia l Cloverleaf Alternative 
 Cloverleaf Alternative 

Tight Diamond 

Figure 12 shows a tight diamond design.  To provide sufficient capacity, the undercrossing 
would be widened to eight lanes with two left-turn and two through lanes in each direction.  One 
of the left-turn lanes would be a “trap” lane, and the other would begin as a pocket upstream of 
the adjacent ramp terminal intersection to provide additional storage.  A diamond interchange 
would have a smaller footprint than a partial cloverleaf design, which would provide surplus land 
for redevelopment or open space.   

Innovative Diamond Interchange Designs 

The three innovative diamond interchange designs were also considered as potential project 
alternatives.   

Single Point Diamond 

Figure 13 shows the single point diamond alternative.  The single ramp terminal intersection at 
the center of the undercrossing provides more storage between the interchange and the 
southern frontage road (Coach Lane).  The relatively high conflicting flows would likely require a 
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secondary signal for the westbound on-ramp to control the southbound right and northbound left 
turns.  Also, the eastbound right-turn movement would likely need to be signal-controlled to 
facilitate vehicles turning left at Coach Lane. 

   

 Figure 12 – Tight Diamond Alternative Figure 13 – Single Point Diamond Alternative 

Roundabout Diamond 

Figure 14 shows the roundabout diamond alternative.  This alternative would have only six 
lanes at the undercrossing, which would be fewer lanes than the previous alternatives.  Right-
turn bypasses can be used on the northern ramp terminal intersection to facilitate the high-
volume movements.  The closely spaced intersection at the southern frontage road (Coach 
Lane) prevents the use of right-turn bypass lanes since they would shorten weaving distances 
between the intersections. The close intersection spacing also would cause queues that back 
into the adjacent roundabout and block the eastbound left-turn movement.  As a result, 
acceptable intersection operations were not attained for the southern roundabout even with four 
lanes for some sections of the circulatory roadway. 

The roundabout diamond may still be a viable alternative if the southern frontage road 
intersection were also reconstructed as a roundabout, but this would require more right-of-way.  
A grade between the two intersections further complicates the roundabout design. 
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Diverging Diamond 

Figure 15 shows the diverging diamond alternative.  Unlike the example shown in Figure 7, the 
cross street directions between the ramps are adjacent so that this alternative also has only six 
lanes at the undercrossing.  The uncontrolled turns to the on-ramps provide enough capacity 
such that left-turn-only lanes are not needed.  The spacing to the southern frontage road and 
right-of-way footprint are similar to the tight diamond.  However, cross street progression using 
signal coordination is limited to one direction since both northbound and southbound through 
movements cannot have the green simultaneously at the ramp terminal intersections. 

  

 Figure 14 – Roundabout Diamond Alternative Figure 15 – Diverging Diamond Alternative 

Comparison 

Table 2 summarizes the comparison of interchange designs for the case study. 
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TABLE 2 – CASE STUDY INTERCHANGE COMPARISON 

 Partial Cloverleaf Diamond 

Issue Single Loop  Double Loop  Tight Single Point  Roundabout  Diverging 

Intersection 
Capacity o + + + - + 

Adjacent 
Intersection 
Spacing 

o + o + o o 

Cross Street 
Vehicle 
Progression 

o + o + - - 

Traffic Safety o o o o + o 
Pedestrian/Bicycle 
Accommodation o o o - + o 

Construction Cost + o - - + + 
Right-of-Way Cost + - + + o + 

Recommended for 
Further Analysis x   x  x 

Note:  Qualitative scale of + (good), o (acceptable), and - (poor). 

The following three alternatives are recommended for further study. 

·  Single-loop Partial Cloverleaf – Although this alternative would have lower capacity, the 
lower construction cost may be the decisive factor. 

·  Single Point Diamond – This alternative would have a higher construction cost, but it 
would provide more local street through capacity. 

·  Diverging Diamond – Although cross street progression would be poor, the construction 
cost would be low for the improvement in intersection capacity. 

CONCLUSION 

Diamond interchanges are often used where turning volumes are low, such as in rural areas.  
However, with the population growth over the last 30 years, previously rural areas have become 
suburban and many diamond interchanges have seen dramatic increases in traffic volumes.  
Replacing the diamond interchange with a partial cloverleaf interchange would provide higher 
capacity, but built-up areas adjacent to the existing diamond interchange often make right-of-
way too expensive to obtain (financially and/or politically).  The three innovative diamond 
interchanges described in this paper can provide higher capacity in about the same footprint as 
a tight diamond interchange. 
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The following summarizes when to consider using one of the innovative interchange designs. 

Single Point Diamond  

·  High left-turn volumes (> 300 vehicles per hour) at ramp terminal intersections 

·  Signal progression on the cross street is important 

·  Adjacent signalized intersections are closely-spaced 

Roundabout Diamond 

·  Low left-turn volumes (< 300 vehicles per hour) at ramp terminal intersections 

·  Structure widening costs should be minimized 

·  Pedestrian and bicycle accommodation is important 

·  Adjacent signalized intersections are not closely-spaced 

Diverging Diamond 

·  High left-turn volumes (> 300 vehicles per hour) at ramp terminal intersections 

·  Structure widening costs should be minimized (potentially) 

·  Signal progression on the cross street is not critical 

The interchange designs compared here are not an exhaustive list.  Many other interchange 
configurations exist.  For any interchange reconstruction project, the author recommends that a 
thorough review of interchange designs be conducted using references such as the design 
manual from the state transportation department, the American Association of State Highway 
and Transportation Officials’ A Policy on Geometric Design of Highway and Streets, and the 
Institute of Transportation Engineers’ Freeway and Interchange Geometric Design Handbook 
(Leisch, 2005). 
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