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Abstract

The Dutch Turbo Roundabout is still a novel design concept for reducing minor crashes in multi-lane
roundabouts in the United States. The Dutch Turbo Roundabout design allows for better safety and operation at
multi-lane roundabouts through use of raised lane dividers between lanes essentially throughout the roundabout
to control lane usage and prevent unsafe lane changes in the circulating roadway of the roundabout. California’s
first Turbo Roundabout, at the junction of Routes 25 and 156 near Hollister, California was completed in March
2024 and has been in operation at a busy junction between regional highways with heavy commute traffic on
Route 25 and high volumes of semi-trucks on Route 156. The largest Turbo Roundabout design, known as the
Rotor Turbo type, was selected for the intersection based on forecast traffic demand characteristics. This large
footprint roundabout has three entry lanes and two exiting lanes for every approach to the four-leg intersection
with a new spiral lane being added for each approach. Applying the Turbo Roundabout to the American context
required several design adaptations to the configuration of lane dividers as well as signing and striping to
accommodate American design vehicles and comply with US design practice. With the Rotor Turbo in
operation, this paper provides preliminary findings about the operation of the roundabout in practice including
field observations and operational analysis.
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Introduction

Being the first to build a new geometric design comes with many challenges, but also the potential to find key
solutions. Traditional multi-lane roundabouts have proven to be an imperfect solution that is challenging for
drivers to negotiate often resulting in a higher frequency of minor crashes (/). Multi-lane roundabouts are very
difficult to design especially when trying to balance the need for features that reduce crash rates against the need
to control entry speeds (2). Therefore, more solutions are needed, and the international experience with Turbo
Roundabout design has shown that it could be one such solution to providing improved operations and safety
through the use of design elements such as raised dividers between lanes to force drivers to comply with lane
usage (3). Turbo Roundabouts may work in Europe, but how does the Turbo Roundabout perform in California,
with Californian drivers?

California’s first Turbo Roundabout is located at the Junction of Routes 25 and 156 near Hollister, California.
This roundabout is actually a Rotor Turbo, which is the largest and most complex type of Turbo Roundabout
design which also allows for the highest capacity (Figure 1). The roundabout opened in March 2024 and has
been in operation for a little over a year at time of writing. This paper attempts to provide an overview of how
the roundabout is performing and includes anecdotes and observations from the field on how traffic is
navigating the roundabout. The roundabout is still new and, while it is possible to draw some preliminary
conclusions about the roundabout’s effectiveness in operation, there are significant limitations to the data
currently available. In particular, traffic data from the first few months of operation does not necessarily reflect
typical driver behavior as drivers were still learning how to drive through the roundabout.

Basics of Turbo Roundabouts
Turbo Roundabouts offer a solution to many of the safety and operational challenges common to multi-lane
roundabouts. The key design innovation that allows a Turbo Roundabout to improve lane keeping throughout
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the roundabout is the addition of mountable raised concrete lane divider curbs. These lane dividers start in
advance of the entry to the roundabout and continue through to their respective exits with short gaps along the
circulatory roadway to allow for side street access. The lanes are laid out in a spiral pattern with each lane
starting at one entry and then spiraling outward to exit at a downstream leg (/, 3, 4). The Turbo Roundabout
design concept originated in the Netherlands as a solution to the safety and operational challenges present at
multi-lane roundabouts in the Netherlands (7).

The use of raised lane dividers at Turbo Roundabouts also allow for simplified fastest path speed control as the
raised lane dividers discourage drivers from cutting across lanes through the roundabout (2, 3). Another
significant design variation is that Dutch Turbo Roundabouts place the entries at right angles (radial) to the
circulatory roadway. Engineers from the Netherlands note that this design concept improves yielding behaviors
and allows for excellent view angles at the entries. The improved view angles with the Dutch radial entry
design makes it easier for drivers to see oncoming traffic and find a gap—especially for drivers in the rightmost
lanes where it appears to help increase the capacity of the roundabout (/, 3). Extensive signage is used to alert
drivers to the roundabout and assist drivers in selecting the appropriate lane ahead of the entry. Correct lane
choice in advance of the roundabout is crucial as drivers are not easily able to change lanes in the roundabout
due to the presence of raised lane dividers (7).

Site Specific Challenges

The Junction of Routes 25 and 156 operated as a traffic signal prior to conversion to the present Rotor Turbo
design (Figure 1). The former signalized intersection was identified for conversion to a roundabout to improve
safety as a result of crashes caused by drivers running a red light—often resulting in severe injuries and some
fatalities. Because the original intersection was built with a 50-degree skew angle, a traditional multi-lane
roundabout would have been very problematic to design and build as the high skew angle would result in
significant path overlap concerns and realigning the highway was not practical. Therefore, the Turbo
Roundabout design concept was preferred as it provides an effective solution that would allow a roundabout to
be built within the existing Right of Way and operate at lower speeds without path overlaps.

This intersection sees heavy traffic volumes on both highways with most traffic passing straight through the
intersection. Route 25 is a major commuter corridor for the region while Route 156 is a significant inter-
regional freight corridor with traffic forecasted to grow at 1-2% per year for both highways. Because of the
current traffic demands and expected future growth, traffic studies identified that the larger and more complex
Rotor Turbo roundabout design would be necessary at this location based on the available Dutch capacity
models and microsimulation models (5, 6). The Rotor Turbo roundabout has three entry lanes and two exiting
lanes on every approach to the intersection with a new spiral lane being added at each approach.

Applying the Turbo Roundabout Design in California

Designing and building a Turbo Roundabout in California presented a number of concerns and challenges to
overcome, including the added challenge of having to design the more complex Rotor Turbo. The primary
challenge was adjusting the design to accommodate American design vehicles. Being situated on a key inter-
regional freight corridor, this roundabout was designed to accommodate the standard interstate truck as defined
by the Surface Transportation Assistance Act of 1982 (STAA). This is the typical design vehicle seen on freight
corridors but requires more space than typical European design vehicles. The decision to design the roundabout
to have vehicles staying within their respective lane was based on multiple reasons—the foremost being that it is
typical of Dutch design practice, but also that it would reduce driver confusion. Having trucks stay in their
respective lane would reduce the potential for sideswipe crashes and would reduce wear and tear on lane
dividers.
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Figure 1. Before (top) and After (bottom) Views of the Route 25-Route 156 Intersection

The design team opted to follow Dutch design guidance and incorporated the radial entry design typical of
Dutch Turbo Roundabouts to maximize the safety and operational benefits of the design based on Dutch
research (3). Routes 25 and 156 have posted speed limits of 55 mph in the vicinity of the intersection. Chicanes
were considered for the approaches to the roundabout, but right-of-way constraints made it impractical to build
chicanes. Therefore, the design incorporated features to increase the conspicuity of the roundabout and
encourage drivers to reduce their speed on approach including lengthening the splitter islands to create a median
on each approach as well as increased illumination at night. The design of the roundabout also creates a break
in sight lines and paths of travel for traffic through the intersection which, when combined with the raised lane
dividers and spiral roadway, strongly encourages traffic to slow down as they discern how to negotiate the
roundabout and find a gap in circulating traffic.
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There are a few additional design and constructability challenges that are unique to building a Rotor Turbo
roundabout that would not be applicable to a typical Turbo Roundabout. There was no easy way during
construction to provide space to build the raised lane dividers while maintaining traffic flow due to how the
Rotor Turbo design both adds and removes a lane at each approach. During construction, the contractor
typically kept only the middle lane open with both the left- and right-most lanes closed as part of their
construction zone. The issue for the Rotor Turbo was that because the middle circulating lane spirals outward to
become the outside circulating lane at every approach, the contractor had to direct traffic to change lanes within
the circulatory roadway. This led to driver confusion for the first month after opening with drivers changing
lanes because drivers had essentially been trained during construction to drive it incorrectly

Traffic Data

The intersection operates well with minimal queuing despite heavy traffic loads. The intersection regularly
handles over 50,000 Average Daily Traffic (ADT) on most days with some weekends seeing 55,000 ADT. The
intersection sees a significant proportion of freight traffic with trucks and heavy vehicles accounting for 9.5% of
daily traffic on a typical weekday. Most of the freight traffic is on Route 156 with trucks accounting for 13% of
traffic on Route 156 versus 6.2% of traffic on Route 25. Most traffic passes straight through on both routes
(82%) with only 8.9% of traffic making left turns and 9.1% turning right. Traffic is split fairly evenly between
the two highways with Route 25 typically carrying about 26,000 ADT and Route 156 about 24,000 ADT.
During peak hours the intersection handles hourly volumes over 3,600 vehicles per hour (vph) typically with
trucks accounting for 6.1% of peak hour traffic. Given the minimal queuing and observed delays, there does
appear to be significant slack capacity available at the roundabout, indicating that it should be able to effectively
handle increased traffic demands over time.

Speeds are typically low throughout the intersection even for circulating and exiting traffic due to the raised lane
dividers which restrict a driver’s fastest path. Traffic tends to follow the fastest path within their respective
lanes which limits their speed to about 19-20 mph. This is reflected in the data where circulating traffic speeds
are typically about 20.6 mph although there is some variance between highways. Circulating speeds for Route
25 traffic are typically about 18.8 mph while Route 156 traffic circulates at about 22.4 mph near the Route 25
entries which is likely due to the high skew angle of the intersection which results in very little separation (less
than 100 feet) between the Route 156 entry and the downstream Route 25 entry. Entry fastest path speeds are
limited to about 19-23 mph due to the raised lane dividers, although entry speeds are typically lower during
daytime operations with entry speeds being about 17 mph on average. The combination of low entry and low
circulating speeds results in a minimal speed differential between entering and circulating traffic streams making
it easier for traffic to identify and accept gaps.

Gap Acceptance

A gap acceptance analysis was performed for the intersection using recorded video data to estimate the critical
gap for traffic entering the roundabout. This analysis focused on collecting data on gaps which is useful for
calibrating microsimulation models such as VISSIM since microsimulation tools are more practical at this time
for modelling Turbo Roundabouts due to limited data for Turbo Roundabouts in operation in the US.
Additionally, the high proportion of trucks and large vehicles passing through the intersection makes it much
more practical to model actual driver behavior based on gap, especially since the headway between an 80-foot-
long semi-truck and the next trailing vehicle may be 10 seconds but the gap between vehicles is only 3 seconds.
This differs slightly from the HCM methodology by focusing on the gap or the time difference between the back
of the leading vehicle and the front of the trailing vehicle in the same traffic stream as shown in Figure 2 (7,

8). This is also more reflective of actual driver behavior, as drivers typically make decisions based on the actual
gap between vehicles rather than based on the headway. Note that microsimulation tools use car-following
models to determine the follow-up headway and queuing behaviors (7, §).
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Figure 2. Headway vs. Gap Comparison

gap

In general, drivers in the #2 and #3 lane tend to accept shorter gaps and it was observed on several occasions
where a vehicle in the #1 lane will wait while a vehicle in the adjacent lanes will accept the gap and enter the
roundabout. As shown in Table 1, the critical gap for traffic in the #1 lane is about 3.79 seconds while the
critical gap for the #2 lane is about 3.61 seconds. There is a trend where lanes further to the right at an entry
have shorter critical gaps where the critical gap reduces by about 0.2 seconds for each lane further to the right.

Table 1. Critical Gap by Entry Lane for Passenger Cars.
Cars Only #1lane #2lane #3Llane

Critical Gap (s) 3.79 3.61 3.41

Data was also collected for the behaviors of freight vehicles. Data for heavy vehicles using the #1 and #3 lane is
very limited as trucks typically use the #2 lane, therefore, the data presented in Table 2 is only for traffic in the
#2 lane. Drivers of cars towing trailers tended to have a gap acceptance behavior similar to that of single-unit
trucks, with both needing gaps of about 3.8 seconds. The drivers of semi-trucks tended to need longer gaps with
a critical gap of 4.7 seconds. However, in a manner of speaking the drivers of semi-trucks tend to “force” a gap
in the circulating traffic stream by causing circulating traffic to slow or stop while the rear portion of the semi-
truck clears the entry of the roundabout. Essentially, drivers of semi-trucks would accept gaps that are long
enough for circulating traffic to see and react to the truck, but not necessarily long enough for the truck to fully
clear the entry. This behavior appears to allow traffic to keep flowing through the roundabout but does
occasionally result in circulating traffic stopping very briefly to wait for a truck to clear before moving again.

Table 2. Critical Gaps for Heavy Vehicles by Type for the #2 (middle) Entry Lane.

Vehicle Type Critical Gap (s)
Car Towing a 3.78
Trailer

Single-Unit Truck 3.86
Semi-Truck 4.70

Observations from the Field

California’s first Turbo Roundabout has been in operation for a little over a year at time of writing making it
possible to provide some anecdotal observations on the operation of the roundabout. While it is possible to
draw some conclusions about the roundabout’s effectiveness in operation, it is still too early to adequately draw
conclusions about the safety performance of this roundabout design in comparison to other roundabouts as data
is still limited and some drivers are likely still learning how to drive through the roundabout with some
encountering the roundabout for the first time. Typical practice for safety evaluations is to wait until at least 3
years of collision data is available. This allows the safety analysis to draw more realistic conclusions about
typical operations and avoid having the driver learning period in the first few months after opening skew the
results.

Driver Behavior
A public information campaign was conducted when the roundabout opened including outreach via local news
outlets and providing a tutorial video on how to navigate through the roundabout, nonetheless, it is useful to see
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how well drivers can understand and navigate through the roundabout in practice. In general, drivers observe
the lane-change restriction and do not cross over the raised lane divers when present. However, drivers will
occasionally change lanes in front of the entries to the roundabout where it is not possible to have a raised lane
divider. This is most likely due to the lane striping in front of the entries as the striping used there closely
resembles the permissible lane change striping commonly seen on multilane streets and highways. While
drivers do occasionally make lane changes where there are short gaps in the raised lane dividers, this does not
appear to lead to any crashes and drivers appear to watch out for traffic in adjacent lanes. This is very different
from more traditional multi-lane roundabout designs where drivers frequently encroach on adjacent lanes
leading to lane-change crashes. For comparison, a more traditional multilane roundabout nearby at the junction
of Routes 1 and 68 sees such a high frequency of errant lane changes and crashes in the circulatory roadway
during peak hours that traffic rarely uses the left lane even to avoid waiting in a queue. Drivers at the Rotor
Turbo are willing to make use of both through lanes at the roundabout with traffic distribution between lanes
being close to even during peak hours helping to maximize throughput and minimize delay.

Radial Entries

The Rotor Turbo does deviate slightly from Dutch design practice and introduces a small amount of deflection
at the entries (see Figure 4). Anecdotal evidence seems to indicate no concerns with the Dutch-style right-angle
entry configuration for the entries to the roundabout, although it is still too soon to draw clear conclusions on the
efficacy of this design approach. Radial entry design is different from traditional modern roundabout design
practice where entry deflection is strongly preferred, although some researchers have indicated that reducing the
phi angle and “squaring up” the entries at roundabouts can improve compliance and yielding behavior (9, 10).
Having the entry lane enter the roundabout at a right-angle to the circulating lane significantly shortens the
crossing distance for the entry meaning that entering traffic requires less time to clear the circulatory roadway.
The raised lane dividers limit circulating speeds to about 20 mph on average resulting in a very low speed
differential between entering and circulating traffic thereby making it easier to observe and accept gaps. The
current evidence in the field seems to agree with the findings of researchers from the Netherlands (3).

Signs and Pavement Markings

A major consideration for Turbo roundabouts is signage and pavement markings as they help drivers quickly
assess how they need to negotiate the roundabout. The inclusion of raised lane dividers makes it essential for
drivers to choose the appropriate lane when approaching the intersection. Therefore, overhead guide signs were
added on each approach to the roundabout with additional route shield pavement markings installed at key
decision points within the roundabout to assist drivers in selecting the correct lane for their desired path of travel
as shown in Figures 3 and 4 (/, 3).
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Figure 3. Configuration of Overhead Signs Installed at the Rotor Turbo.

Because the overhead sign structures were placed upstream of the start of the #3 lane on every approach, the
designers decided to only provide signage for the #1 and #2 lanes as can be seen in Figure 3. This design
decision appears to contribute to driver confusion as some drivers occasionally enter the right-turn only #3 lane
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when they intended to proceed straight and therefore have to change lanes to the #2 lane. Evidence in the field
indicates that it is much more important to include signage about all lanes at the entry on the overhead sign
structure to minimize driver confusion.

Figure 4. Overhead view of the avement markings at the roundabout.

Pavement markings are a blend of Dutch and MUTCD pavement markings, including some of the optional
pavement markings from the MUTCD while also omitting some mandatory MUTCD markings for multi-lane
roundabouts. For example, the Rotor Turbo only provides the “shark teeth” yield line markings on the entry but
not the circulating edge line extension. Observations in the field seem to indicate that drivers at the Rotor Turbo
do not understand that the “shark teeth” denote the point where drivers are supposed to wait when yielding to
circulating traffic. Instead, drivers frequently encroach on the circulatory roadway when yielding to traffic with
some drivers appearing to mistake the lane line extensions within the circulatory roadway for the point of
yielding. The installation of a circulating edge line combined with the “YIELD” word pavement marking would
most likely be more effective at communicating to drivers where they should wait when yielding to traffic.

The dashed white pavement markings installed at the entries to denote the lane line extensions between the ends
of the raised lane dividers are much closer in appearance to the permissible lane change striping typical of multi-
lane roadways in California instead of lane line extensions in an intersection (Figure 4). This appears to
contribute to driver confusion with some drivers mistaking the markings for lane change zones while others
occasionally confuse the lane line extensions for yield/limit lines. This sometimes results in drivers in both the
circulatory roadway and the entry lanes occasionally stopping at the dashed lane line extensions to yield to
traffic.

The roundabout also does not provide the lane use arrow pavement markings within the circulatory roadway,
which does not help unfamiliar drivers discern which direction of travel is intended within the circulatory
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roadway. There have been a few instances, especially at opening, where confused left-turning drivers would
make their left turn at the entry to the roundabout and proceed to go the wrong way in the circulatory roadway.
The inclusion of directional arrows within the circulatory roadway most likely would reduce or prevent the
occurrence of these errant maneuvers. Updating the roundabout signage based on MUTCD 11 edition
guidance and switching out the R6-4b chevron arrow signs for R6-1 “ONE WAY” signs most likely would
further reduce driver confusion (72). It should be noted that errant left-turn maneuvers have also been observed
by the author at modern roundabouts despite the significant deflection at the entry to modern roundabouts
sometimes resulting in head-on crashes indicating that increasing deflection at entry would not address this
issue.

Conclusion

The Turbo Roundabout design promises the potential for significant advantages over more traditional multi-lane
roundabout designs. Preliminary analysis of California’s first Turbo Roundabout in operation indicates that the
design can operate effectively even under very heavy traffic loads with over 50,000 ADT and 3,600 vph during
the peak hour. The raised lane dividers and spiral lane configuration of Rotor Turbo is effective at reducing
vehicle speeds throughout the intersection and improving lane keeping—reducing the occurrence of errant
maneuvers within the circulatory roadway. The raised lane dividers also appear to encourage drivers to make
use of all available lanes due to the good lane keeping behavior which helps to increase the capacity of the Rotor
Turbo roundabout relative to a more traditional multi-lane roundabout. Being the first to build a Rotor Turbo in
California came with numerous design details to resolve and based on field observations there is potentially
room for some improvements to the signage and markings at the roundabout, nonetheless, the data shows that
the roundabout is meeting its intended goals of improving operations and safety.
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