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1.0 INTRODUCTION

As Michigan marks its 100th year of auto manufacturing, it should also be noted
that the freeways in the Detroit area have been in servi;:e since 1942. The first 11 kilometers
(7 miles) Qere constructed in 1942 to get workers from Detroit to the World War IT bomber
plant at Willow Run. On Dec 19, 1960, Michigan claimed to have the longest freeway (322
kilometers or 200 miles) in the nation. Many of these early interchanges preceded the
Interstate system and, thus, Interstate design standards. The Michigan Department of
Transportation (MDOT) is considering the much needed rehabilitation and upgrading of
many of these and other interchanges located in the urban environments. MDOT and
Michigan State University (MSU) have undertaken a joint effort to evaluate the
appfopriateness of an urban interchange geometric configuration, the Single Point Urban
Interchange (SPUI) (Figures 1 and 2), as an alternative design to those presently us¢d by
MDOT. In particular, the Michigan Urban Dia:hond Interchange (MUDI) (Figure 3) and the

traditional diamond (Figure 4) were investigated.

Most of the pre;interstate freeway interchanges in the city of Detroit and its environs
are directional, partial cloverleaf and diamond interchanges. Directional interchanges are
4 normally used to allow a ﬁeéway to interchange with another freeway. Conversely, partial
cloverleaf interchanges are often ﬁsed when a freeway interchanges traﬂic with a major
arterial, such as a state trunkline. The loop ramps of the parﬁal cloverleaf accommodate the
left-tuming movements, thus reducing conflict on the major arterial. Finally, the simplest and

perhaps most common interchange used is the urban diamond. Diamond interchanges
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are used to accommodate traffic from major city streets and for freeways with parallel frontage

roads.

The configuration shown in Figure 4 is an example of an urban diamond interchange
with a city street, freeway and parallel frontage roads. The frontage roads usually are one-way
streets and run in ﬂle same direction as the juxté.posed freeway lanes. The at-grade
intersections of the frontage roads with the crossroad usually have stop-and-go traffic signals.
If the freeway is below grade and the crossroad is at grade, then traffic exiting the freeway is
going uphill and traffic entering the freeway is going downhill which is beneficial for both
movements. Also, the design of the diamond interchange allows traffic entering and exiting
the freeway to do so at relatively high speeds. Moreover, if the freeway is depressed, the at-
grade intersections have no sight restrictions typically created by freeway structures or
differences in grades. Unfortunately, this configuration has relatively low capacity because all
of the turning movements occur af the interséctions and left-turning vehiclés have to yield to

-on coming traffic. Thus, there are several areas where traffic spillback may exceed the storage

space.

The Michigan Department of Transportation (MDOT), borrowing from its indirect
left-turn strat'eéy implemented for most at-grade urban boulevards, modified the traditional
urban diamond in an effort to increase the design’s capacity. This mt;djﬁed diamond
interchange configuration will be referred to as the Micbigan Urban Diamond Interchange |
(MUDI) (Figure 3). This configuration evolved during the designrand construction of

freeways in the early and mid 1960s.
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There are no SPUIs in Michigan and most of the known SPUIs a¥e located in
southern states. As a result, the first step was to determine the state of the practice for
SPUIs. Next, a field review was conducted in 6 states. In Michigan, three areas of concem
were raised before the field reviews commenced. These areas are: a need to rely heavily on
traffic lane markings, the ability to progress traffic on the cross-road, and, the impact of
continuous frontage roads on the overall operation. The field review also concentrated on
collecting information about the geometric design, signal operation, pedestrian control,
pavement markings, and land use/landscaping ‘of SPUIs. Finally, all three interchange
configurations were  computer modeled to examine their respective operational

characteristics.

2.0 OPERATION AND DESIGN OF THE MICHIGAN URBAN

DIAMOND INTERCHANGE (MUDI)

An example of a MUDI is shown in Figure 3. This configuration is an urban diamond
ﬁm left-turning vehicles being routed through separate left-turn structures known as
directional cross-overs. Thus, left-tuming movements are prohibited at the intersection. As an
example, a driver traveling from bbttom to top along the arterial wanting to access the left
entrance ramp to the freeway, which in the case of a standard diamond interchange, would
make a direct left-turning maneuver. For the MUDI, the driver would turn right at the first
frontage road, travel to the directional cross over, make a U-turn through the cross over, travel
from right to left to the arterial, cross the arterial and access the entrance ramp, thus

completing the desired left tum. Similarly, a driver desiring to access a business adjacent to
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the service road in the opposite direction would use the cross-overs to change direction and
gain access. Evident in these maneuvers is the associated increased travel distance to complete

them.

The distance that the directional cross over structure is placed from the crossroad is a
function of the cycle length of the traffic signals and the speed of the movement. Properly
designed, if the left-tuming maneuver described abo;e began from the start of green, it should
receive a green indication at both the cross over and the arterial. Thus, it does not have to stop

and the total travel time for this indirect left turn would equal approximately one-half of the

cycle length.

In urban areas, access to property abutting the freeway is often of such importance
as to require parallel frontage roads. In addition, Inteliigent Transportation System (ITS)
strategies, such as ramp metering, function better with continuous frontage roads. However,
the intersections of the ﬁontaée roads with tﬁe cross-road usually require the use of traffic
signals. "l;hese closely spaced traffic signals may have a significant negative impact upon
the operation and capacity of the cross-road. This impact may also be influenced by the

cross-section (divided multilane vs. non-divided multilane) of the cross-road.

The addition of U-turn lanes to the cross over structures, as shown in Figure 3, is cost-
effective when there is a major development or other large attractor of traffic located in the tob
left or bottom right quadrants of the interchange. For exa;nple, freeway traffic traveling from
left to right destined for a development in the top left quadrant would exit normally at the

ramp to the arterial but immediately use the U-turn structure to access the top frontage road
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and, thus, the abutting property. This traffic never enters the intersection with the arterial and,

consequently, this strategy can significantly increase the capacity of the intersection.

3.0 OPERATION AND DESIGN OF THE SINGLE POINT URBAN

INTERCHANGE (SPUI)

An example of a SPUI without frontage roads is shown in Figure 1. Although this
interchange design has been ‘a:o‘und for over 25 years, 1t has only recently become more
prominent dué to claims of its efficient operation. However, the benefits of the SPUI have
been the subject of some debate. The first SPUI was completed in Clearwater, Florida on
February 25, 1974 and was designed by Greiner Engineering. Since that time several other
states have adopted the design and have SPUI. intércha.nges in place. |

The primary feature of the SPUI is that all through and left-turﬂ maneuvers
converge aic one gignalized intersection area as opposed to‘two separate, closely spaced
signals as with the traditional diamond. In addition, opposing left-turn movements operate
to the left of each other, contrary to the rigﬁt-hand rule. This allows for a; relatively simple
phasing sequence to be used to-control conflicting movements. This lphasing sequence
typically qonsists of three phasés accommodating: both crossroad tiuough movements, both
off-ramp left-tum movements, and- both crossroad left-turn movements. The right-turn
movements are usuaily allowed to free-flow. However, if frontage roads are present (Figure
2), there is a need to add a fourth phase, resulting in a reduction in capécity of the other

phases. In addition, because of the physical size of many of the SPUIs, a relatively long

clearance interval is required between the phases.
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A limitation in the SPUI design is that the close physical relationship of the bridge

abutments, roadway cross-sections, and offset left-turn paths constrain the ability to easily
(

upgrade the design in the future. In addition, these limitations make it difficult to utilize this

design in an area where the crossroad and freeway intersect at a skew. Furthermore, the

horizontal alignment of the left-turn paths can affect the amount of right-of-way needed.

4.0 STATE OF THE PRACTICE

To determine the state of the 'practice with respect to Single Pqint Urban _
Interchanges, a literature review, AASHTO e-mail survey and telephone survey were
conducted. |
4.1 Literature Review

Much éf the published literamré on the design and operatioﬂ of single point
interchanges was generated from research efforts by Bonneson, et. al., at the Texas
Transportation Institute (TTI)(1). The obj ective‘ of that study was to evaluate the design of a
Single Point Urban ‘Interchange (SPUI) with that -of other interchange geometric
configurations. The preliminary results indicated a concern for pedestrians and the lack ofa
protected pedestrian phase. Also, a concern that with the additidn of continuous frontage
roads the capacity o_fw the interchanée would be reduced was expressed. Moreover, it was
found that SPUIs appear to have a relatively large number of reaf-end accidents.

The final report from the TTI ‘projéct endorsed the SPUI as a safe and efficient
design altemnative to a Tigﬁt Urban Diamond Interchange (TUDI) in restricted urban

conditions. However, there was still a concern for pedestrian safety and it was determined
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that SPUIs cost more than TUDIs. It was concluded that "motorist's driving skills at SPUIs
are expected to improve with time" (2). It was also stated that "the tight urban interchange
is a viable alternative to all other interchange forms...." (2). While, the capacity analyses
determined that a simple SPUI is slightly more efficient than a TUDI, but the advantage

diminishes as the size of the SPUI becomes larger. It was concluded that the SPUIs with a

four-phase signal operation "clearly does not have as efficient lane capacities" (2).

Other authors have also stated a concern for pedestrian safety with SPUIs. In
addition, a concern for vehicle traffic violations was expressed. Due to the SPUT's relatively
unusual design, several authors have expressed a need for excellent sight lines and a heavy
reliance on guide signs, pavement markings and lane use signing. A concemn for the
impacts resulting from a skewed intersection was also found in the literature. Fowler (3)
concluded that as the directional split of the cross street through volumes increases, the
performance of a TUDI improves with respect to that of a SPUIL

Leisch, et.al. (4), stated in two publications that a SPUI is an effective design.
However, it was also stated that it has little potential for expansion and any possible
advantage diminishes as the clearance intervals increase. No conclusive observation of
safety differences between the two configurations was found and it was stated that the
potential exists for higher accident rates with a SPUI In addition, an accident analyses of
the accident rate of three SPUIs was compared to the rate of three Compressed Diamond
Interchanges (CDI) by the Utah DOT (5). UD‘OT found that the SPUI had an accident rate
that was 1/3 to 1/2 that of a CDI. However, the sample size available is to small which

could bias these results.
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4.2 AASHTO E-Mail Survey

A survey was submitted :by e-mail to each of the other 49 state departments of
tIanspQrtation. The survey requested fundamental information on the design and operation
of Single Point Urban Interchanges (SPUI). Although the survey was as sﬁccinct as
possible (i.e. only 11 questions), only 14 state DOTSs responded. The responding states

were: Arkansas, California, Indiana, Iowa, Missouri, New Mexico, New York, North

Dakota, Oklaho?na, Pennsylvania, Texas, Vermont, West Virgim'a and Wyoming. Of these,
only California, Indiana, Missouri, and New Mexico have operating SPUIs. In addition,
New York is presently designing their first SPUI. None of the respbnding states with
existing SPUISs reported having frontage roads as part of the design. As expected, the state
DOTs did not necessarily respoﬁd to each question.

Generally, the respondents reported that the xﬁajor advantages of a SPUI
configuration with respect to other geometric configurations are: that it requires the same or
less Right-of-Way, has less delay and user costs, is adaptable to frontage roads, requires
fewer signals, is easier to coordinate the traffic signals with the suﬁounding system, costs
less, has fewer conflict points, allows for U-turn movements, and, has superior aesthetics.
The responciing states also stated that the major disadvantages of a SPUI configuration with
respect to other interchange designsi are: it is ﬁot an optimé.l solution if ‘adequatevRight-of-
Waﬁf is available, it costs more, it has long or special bridge structﬁres, signals are difficult
to mount, it has long clearance intervals, it has unbalanced traffic flows from the off ramps,
it is tough on pedestrians, it should not be conside;ed where the Right-of-Way allows for

the construction of a Partial-Cloverleaf interchange, it has less capacity than a Partial-
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Cloverleaf, the downstreafn intersections may control the flow, left-turn storage capacity on
the cross-road is critical, and, sight distance shall always be a concern.

The responses received from different states varied widely. With respect to delay,
one state reported that delay decreased and another reported no noticeable increase in delay.
Accident rates were reported to Ee similar tc; diamond interchanges or having no noticeable
increase in accidents. bne state reported that signing was more difficult and two other
states reported that they used conventional signing. One state reported that they used
conventional pavement markings, another state reported that pavement‘markings may be a
problém, and a third state reported that there is a ﬁeed for extensive pavement markings. A
SPUI wés reported to cost $2 to 4 million more than a conventional diamond, $8 to 12
milli;)n for converting an existing diamond, a.nd, the same as 2 conventional diamond.
Finally, the Right-of-Way requirements were reported to be similar to a tight diamond, to
depend upon the use of retaining walls, and, to be less thaﬁ a conventional diarmond.

The limited number of responses to the survey restricted its usefulness for
comparison to the conditions found in Michigan. While maintenance of a SPUI was not a
problem for one state and was "little" problem for another state, snow pléwing was not
considered, as none of the responding states with SPUIs are considered to be in a climate
wilere snow plowing would be anticipated to be a problem. In addition, Michigan tries to
progress traffic on most of its cross-roads. However, only one state responded ﬂ1at they had
a cross-road with good progression. The other states did not address this issue.

4.3 Telephone Survey
The review of the literature and the response to the e-mail survey, while helpful, had

significant inconsistencies and lacked of information in key areas. A telephone survey was
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subsequently conducted with some of the e-mail states and with several additional states’
Departments of Transportation. The states called in the telephone survéy were: Indiana,
Illinois, Minnesota, Florida, Arizona, Missouri, and, Texas. The objective of the phoﬂe
survey, in addition to collecting more information, was to locate the.most appropriate sites
for a field reviéw. Specifically, it was delsiréd to observe the operation of SPUIs with
frontage roads, the progression of the cross-road, and, the operation of SPUIs under winter-
time conditions.

The individuals having the greatest knowledge of the operations of the SPUIs were
sought out. Thus, most of the phone bonversations were with the district traffic engineers.
Of the seven state DOTs teleghoned, four gave strong favorable recommendations on the
positive aspects of a SPUI. One state DOT could not recall its operation and had ambivalent
feelings. The remaining two state DOTs had very unfavorable opinions.

Of the favorable comments, one engineer responded that their operation was
"wonderful” and another responded that the SPUI was his preferred design. However, one
of the stgte engineers responded that the SPUI did not have a single advantage‘ with respect
to the design and operation of a conventional tight diamond. Also on a negative note,
another state traffic engineer responded ’that when their first SPUI was open to traffic it was
like a "zoo" with the first six months of operation being “total chaos™.

 When attempting t6 narrow the search for appropriate field review sites, it was
discovered that only two of the states had any experience operatin,c;r a SPUI with frontage
I'O«":ldS. Surprisingly, only two of the state traffic engineers reported that they progressed the
traffic on the cross-road arterial. Most of the states reported that they rely solely on traffic

actuated signalization. One state engineer repoi'ted that it is difficult to progress the cross-
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road traffic because the SPUI requires too long of a cycle length. Another engineer
responded tha‘F the older and smaller désigns were much easier to operate.

The comments of the Minnesota DOT were of special interest since they have a
similar climate. The district traffic engineer in Duluth believed theﬁ a SPUI was easier to
operate than a conventional diamond interchange. In addition, he reported that pedestrians

—

did not have a problem and he knew of no winter tﬁne difficulties.

5.0 FIELD REVIEW OF THE SPUI

Based on information gathered through the e-mail and telephone‘ surveys, sites were
selected in several states for inclusion in the field review. These sites were located in
Indiana, Illinois, Minnesota, Florida, Missouri and Arizona. Without exception, the various
state DOTs and county Road Commissions were ve1:y cooperative and their representatives
a pleasure to meet with.

During a tjpical field ‘review, the _Jengineers and technicians responsible for the
operation of the SPUI interchange being studied were interviewed. These interviews
included a visit to the site where the actual operation of the SPUI was discussed. If possible,
plan view drawings, signing plans, aerial photographs, signal timings, traffic volumes, in-
house studies, and, economic data pertaining to the SPUI 111 question were collected. In the
field, extensive photographs and video of the interchange were taken.

Based on the field review conducted between J/anuary 1996 through May 1996, |
subjective observations can be made about the design a.nd operation of a SPUI These

observations can best be presented by grouping them into several topic areas including:
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geometric design, signal operation, pedestrian control, pavement markings, and, land
use/landscaping. .
5.1 Geometric Design

The geométric features of the SPUIs varied greatly from state to state. The
difference in designs was much greater than anticipated and this d?fference may explain
some of the inconsistencies in the responses fo the e-mail and phone surveys.

The most significant observed differeﬁce in design is between a SPUI with the
cross-road going over the freeway and a SPUI with the freeway going over the cross-road.
The SPUIs with the cross-rdad going over the freeway were found to be a preferred design-
(Figure 5). The resulting single-point intersection looks and operates more like a
conventional signalized intersectio;x. Because of this, driver confusion is greatly reduced.
Conversely, significant driver confusior; was observed at interchanges utilizing the cross-
road under the freeway design. At times, vehicles became trapped in the intersection due t;)
driver confusion, creating a dangerous situation (Figure 6). An engineer in one state that had
recently opened a new SPUI of this design referred to “mass coﬁfusion when opened.” In
addition, routing the freeway over the cross-rdad exposes the freeway and major traffic
volume to differential icing in cold weather climates.'

Another significant differenge in design is related to the physical size of the
interchange. Some of the newer SPUI designs include the provision of a dedicated U-tun
lane to permit a U-turn maneuver from the exit raxﬁp back onto the entrance ramp (Figure
7). These dedicated structures Qere located under the tailspans requiring the tailspans to be

much longer than normal. While the smaller designs can provide for most U-turns, this

dedicated lane is necessary to accommodate large trucks and to increase the speed of the
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* Figure 7: U-turn lane accommodates large trucks
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maneuver. Even at interchanges where this maneuver was prohibited, it was still observed
to occur regularly. However, the smaller designs were observed to function ‘better than the
larger designs. In addition, the Right-of-Way requirements are obviously much less with the
smaller design. |
The design of the structures varied from state to state. They are generally much
longef than those of conventi;)nal diamond interchanges. For example, some of the spans
measured were found to be greater than 146 metérs (480 feet) in length. Often there are
three spans of nearly equal lengths. Some of the structures were very noisy and the resulting
booms could be heard for several kilometers. This noise was the source of almost constant
residéntial complaints. Because of the large widths and lengths, the road under the
structures were dark. Lightihg was often provided under the structures during the day and.
visibility at locations that utilized light color bridge paints (e.g. sand or concrete) were
noticeably better than those with dark color bridge paints. These undesirable characteristics
were not evident when the cross-roéd went ovér the freéway.
The impact of continuous frontage roads on the overall operation of a SPUI was a
.key area of interest. It was explicitly 'desired to observe the operation of a SPUI with
parallel frontage roads whose intersections with the cross-road are signalized and
‘ acconﬁnodate significant through traffic. Two of the states visited were anticipated to have
these type of frontage roads based on responses from the e-mail and telephone sﬁrveys.
However, these frontage roads did not satisfy Michigan’s requifementﬁ. One of the state's
frontage roads are what would be considered to be ramps with private driveways. The other
state had a frontage road that was a two-way road which did not appear to generate the

desired through traffic. Several of the district traffic engineers expressed strong opinions
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that providing for continuous fronfage roads with a SPUI is‘a poor design and counteracts
the advantages of a SPUI.

The geométry of the exit ramps often ﬂa:ed from one lane to three at the ramp
terminus. Of these three lanes, two were for left-turning traffic and ;ne for right-tumning
traffic. The right- and left-turning lanes are separated by a large channelized island. The
dual left-turning traffic on the off-ramp often backs up dpring peak periods. This blocks
right-tumning traffic from exiting and iocks up the ramp (Figure 8). In the case whére the
freeway goes over the cross-road, sight distance is a concern.

The geometry of the on-ramps normally consisted of two left-turn lanes, under
signal control, and a free-flow right-turn lane. These lanes merge down to one lane before
entering the freeway. This geometry causes a “race track” effect on the on-ramp as vehicles
vie for position to merge. This effect, along with the short distance aliowed for the merge to
occur, results in a sideswipe crash problem. However, in at least one state, the crash
reporting system is structured in such a way that these sideswibe crashes are not referenced
to the interchange. Thus, it is difficult to get a clear picture of the crash experience of the
interchange.

Most of the SPUI designs, regardless of state, added several additional lanes to the
cross-road basic laneage at the interchange. A typical désign would have a 6 lane cross-road
being widened to nine lanés at the intefchange. The additional lanes are typically a night-
furn bay and provision for dual lefi-turn lanes for the on-ramp. In addition to the auxiliary
lanes, most of the cross-roads had raised, concfete medians r;.nging in width from 1.2

‘meters (4 feet) to 3.6 meters (12 feet).
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Figure 8: Duél left-turning traffic is backing up, blocking right-turning traffic
5.2 Signal Operation
The operation and placement of traffic signals were of special interest. Each state's
practice differed significantly.- The cycle lengths varied from 80 seconds to 180 seconds.
The SPU—IS? reviewed that had longer cycle lengths usually had fully actuated signal phases
for all movex;nents which was not what was expected.

Of special interest was the ability to progress traffic on the cross-road. Two of the

SPUIs reviewed have a cros;-road arterial which was part of a pre-timed progréssed
strategy. While the interchange was operating well below capacity, it was obvious that
providing progression would not be a problem. These interchauiges were the smaller designs

which result in shorter clearance times and allows for a shorter cycle. However, the impact

of the SPUI on intersections downstream must be considered. Comments were made to the
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effect that_ the SPUI dumps traffic on the downstream nodes causing a migration of delay.
This was hard to judge in the field as none of the SPUIs reviewed were operating near their
capacity.

Most of the SPUIs reviewed had a 3 phase signal operation. The 3 phases were
usually: left-turn entrance rﬁmp movements, left-turn exit ramp moveme.;nts, and, cross-road
through movements. One state provided for a right-tum exit ramp green arrow during the
left-turn entrance ramp bhase. Usually the exiting right tum was accommodated via a free-
ﬂowj channelized merge with the cross-road traffic. Howe\y/eyr, a skewed inter;ection affects
the operation of the signal phasing. At these locations, there are 4 signal phases: first exit
ramp movement, opposing exit ramp movement, left-turn entrﬁnce ra.mﬁ movements, and,
cross-road through movements.‘ In addition, the skew causes the clearance times to increaée.

The placement of the traffic signal heads also varied greatly from state to state and
by geometric désign. In the case of a SPUI where the cross-road goes over the freeway, all
of the signal heads are located on a single overhead tubular beam (Figuré S). Thus, the 3
phase opgmﬁon was arialogous to a traditional at-grade intersection with a 3-phase si‘gnal.
This design‘typically took less Right-Of-Way. This SPUI design was observed to function
ver4y'well, although the trafﬁc volumes were not heavy. In the case of a SPUI where the
freeway goes over the cross-road, the signzﬂ heads are mounted on the structure. However,
some states have post—mountg:d signals located on traffic islands. In one interchange alone
there were 24 signal heads. With this proliferation of signal heads, it was possible to see
gfeen, amber and red indicators at the same :time depending on where one looked. In

addition, the signal heads when post-mouhted were vulnerable to damage from motorists

running into them.
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The physical size of the interchange also affected the signal operation. If the
intersection area is very large, longer clearance times are required for traffic to clear the
intersection prior to allowing the next phase. Additionally, the green signal arrow for left-
Mg traffic was often canted to give the motorist a sense of direction in these large
intersection areas. Still, there was driver confusion resulting from the large distances needed
to clear the intersection (Figure 6). There were three common mistakes observéd. The first
results when the lead car does not start on green because the driver is (presumably)
confused on which signal indication is theirs. The second reéults when a motorist entering
the intersection from the exit ramp on a green light has to drive through a red indication
meant for the cross-road. Vehicles were observed stopping in the middle of the interchange
and waiting for a green ind-ication. The third results when a motorist starts into the
intersection and simply gets lost due to the large size of the interchange.

5.3 Pedestrian Control

The ability to accommodate pedestrian movements varied greatly from site to site.
Many of the locations simply had no pedestrian movements to accommodate. Where
pedestrians were present, it was not difficult for them to move parallel to the cross-road and
cross the ramp movements. However, with all movements going through the center of the
interchange and a signal operation utilizing fully traffic actuated phases, there is always
traffic moving through the intersection. This makes it hard for pedestrians to cross the
cross-road. In addition, the width of the cross-road, often 6 to 8 lanes, makes it difficult for
pedestrians to cross the cross-road. Often, pedéstrians would become trapped on the
concrete channelization of the cross-road when attempting to cross. Some sites actually

prohibited pedestrians from crossing. However, this prohibition was often violated, as
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typically the only other opportunity to cross was at the néxt intersection which was usually
400 meters (quarter of a miie) away.
5.4 Pavement ‘Markings

With the potential for snow covering as in Michigan, the need to rely heavily on
traffic lane markings was a concern that was focused on. For the most part the larger SPUIs
have supplemental lane markings to assist the motorist with the left-tum movement. The
need for these pavement markings is paramount. However, even in the best case scenario,
these pavement markings overlap creating driver confusion (F igﬁre 9). In a skewed
configuration, this overlap is taken to the extreme and it can be confusing even to 2 driver
familiar with the interchange. However, the need for supplemental lane linesr for the turning
movement was not evident for the locations where the cross-road when over the freeway or

the interchange was small in size.

Figure 9: Pavement marking overlap creates driver confusion
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Orne location had lights placed in the pavement th3 help illuminate the turning path.
When Ieftv turning traffic was given a green light, these “runway” lights would light up
green along the path to be taken by the mqtorist (Figure 10). However, the design of these
lights 1s éuch that they are a maintenance problem as they fill with dirt which obscures the
lens. The engineer responsible for maintaihing the operation of this location expressed a.
concern that the lights 'e‘r‘nay also raise several tort liability issues. For example, if the runway
lights are not working at the time of an accident, can it be said that one of the traffic control
devices (TCDs) was not working? Additionally, experience has shown that there is a

problem with motorcycles executing turning maneuvers and hitting the slick surface of the

iights when they are wet, causing an accident.

Figure 10: “Runway” lighting to help illuminate the turning path.
‘ Note the buildup of debris.
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Many of the SPUIs reviewed have channelized‘ islands to help guide drivers as they
negotiate though the single-point intersection. On the center island, typically there was also
directional signing present. The location of this signing makes it extremely vulnerable to
damage from motorists who stray onto the island. During the field review, it became
obvious that motorists frequently strike these islands while negotiating the intersection.
Channelized islands are not as popular in Michigan because of their interference with snow
plowing.

5.5 Land Use/Landscaping

The land use surrounding the SPUI.s reviewed and typé of landscaping varied
widely between states. In one case, the SPUI had no develdpment in either direction alor@
the cross-road and was located in an almost rural setting. For the remaining cases, the main
difference in the type of land use surrounding the interchange was based on access control
to the cross-road;

- Some states did not control access to the cross-road or, in some cases, the
interchange itself. This perpetuates a large number of driveway cuts in the median close to
the interchange and the resulting increase in conflicts in the interchange area. In one state,
driveway access was granted on the ramps themselves, greatly increasing the complexity of
their operation. Other states had complete access control to the abutting properties. A
- narrow median was often used on the cross-road to limit access to properties except at
specific locations. When allowed, access was typically accommodated at signalized
intersections. This strategy reduced conflict areas and should also reduce the severity of

accidents that do occur.
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Landscaping was only present in two of the states reviewed and both of these states
had southern climates. In one.state, much of ;he original landscaping had been removed.
/The high cost of maintenance and problems with transients were cited as the reasons for the
removal. In Arizona, however, great efforts had been taken to ‘Iandscape the interchanges.
The effect of this landscaping was spectacular, especially when the cross-road went over the
‘freeway (Figure 11). The large island structures that resuit from the separation of the lefi-
and right-turn ramp movements in the SPUI design provide an excellent space for

landscaping. This landscaping varied from small flowers, shrubs and cactus ‘to large palm

trees and flowering bushes.

Figure 11: Typical Landscaping of a SPUI in Phoenix, AZ.
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5.6 Conclusions from the Field Review

Based on this field review, subje;tive observations can be made about the design
and operation of the SPUI. These observations were grouped into the areas of geometric
deéign, signal operation, pedestrian control, pavemént markings and land use/landscaping
of SPUIs.

The most significant geometric design difference of the SPUIs reviewed is between a
SPUI with the cross-road going over the freeway and a SPUT with the freeway going over
the cross-road. The SPUI with the cross-road going over the freeway was found to be a
preferred design. Another design difference was related to the physical size of the
interchange. SPUIs without dedicated U-turn lanes appeared to accommodate U-turns as
“well as those with dedicated U-turn lanes. Thus, the smaller designs were observed to
function better than the larger designs. In addition, ﬁe Right-of-Way requirements are less
with the smaller designs. Moreover, the design of structures was observed to be very
MpO@t. In some cases, the structures wel;e very noisy causing residential complaints.
Because of the lafge size of these structures, the roadway under the structure is dark. These
undesirable structure characteristics are not evident when the cross-road goes over the
freeway. In addition, several engineers expressed strong opinions that the use of confinuous'
frontage roads with a SPUI counteracts the advantages of the design. Furthermore, in the
case where the freeway goes over the cross-road, sight aistance is a concern. Finally, the
geometry of the fypical on-ramps results in a sideswipe crash problem.

The sjgnal operation strategy employed by each state differed significantly. Cycle

lengths varied from 80 seconds to 180 seconds, with longer cycle lengths usually having

fully actuated signal phases for all movements. The interchanges reviewed were operating
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below capacity and, at this level, progression of the cross-road was not a problem. However,
the impact of the SPUI on intersections downstream must be considered. If the interchange
area was very large, the clearance times became quite long and there was significant driver
confusion. Finally, the best placement of traffic signal heads occurred in designs where the
cross-road went over the freeway, allowing the signal heads to be located on a single
overhead tubular beam.

The ability to accommodate pedestrians varied greatly between designs. Typically,
it was not difficult for pedestrians to move parallel to the cross-road and cross the ramp
movements. However, due to the characteristics of the SPUI, there is always traffic moving
through the intersection. This makes it extremely difficult for pedestrians to cross the cross-
road. |

The need for pavement marking in large SPUIs is paramount. However, these
pavement markings can overlap and cause driver confusion. This resultant driver confusion
is most pronounced when the cross-road is skewed. The use of “runway” lighting was not
observed to be an effective solution to this problem. Additionally, the use of channelized
islands to help guide drivers through the interchange was reviewed. This is also not an
effect\ive solution in Michigan, due to the snow removal requirements.

The major differences in land use between the different states can mostly be

attributed to access control. Those states that did not control access near the interchange had

a large number of conflict areas in the interchange area. Those states that did control access

‘had a limited number of conflict areas. Where landscaping was provided, the aesthetics of

the interchange were dramatically increased.
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Based on the field review, the Single Point Urban Interchange (SPUI), properly
situated, is a good design. However, some of the newer and enhanced designs with the

resulting increase in size may be counterproductive.

6.0 METHODOLOGY

Sufficient traffic volumes could not be found at any of the locations visited during the
field review to allow for a field determination of operation at capacity. Thus, it was
determined that the best possible approach to determine thé operational characteristics of the

interchange configurations in question was to use computer modeling.

6.1 Selection of the Compufer Model

The concept of traffic control is giving way to the broader philoéophy of
Transportat/ion Systems Management‘(TSM), in which the purpose is not to move
- vehicles, but to optimize utilization of transportation resoﬁ:ces in order to improve the
movement of people and goods without impairing other crommunity values (6). To better
achieve this optimization, computer simulation techniques have been devéloped. These
models predipt a system’s or network’s operational performance based only on data
inputs. This eliminates the need for an existing facility to be expanded or a proposed
facility to be constructed to conduct the analysis.
The computer simulation approach is considered more practical for evaluation of
network changer or operétion than field experiments for the following reasons:

o [tisless costly

e Results are obtained quickly
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e The data generated by simulation includes many-rneasures of effectiveness
that cannot easily be obtained from field studies
¢ Disruption of traffic operations, which often accompany a field experiment, is
completely avoided
e Many schemes require significant physical changes to the facility which are
not acceptable for experimental purposes
e Evaluation of the operational impact of future traffic demand must be
conducted using simulation or equivalent analytical tools (6).
| TRAF-NETSIM | is a stochastic, microscopic model which describes the
operational performance of vehicles based on several measures of effectiveness (MOEs).
The intermal logic of this model describes the movements of individual vehicles
responding to external stimuli including traffic control devices, the performance of other
vehicles, pedestrian activity, and driver peﬁommce charecteristics. NETSIM applies
* interval-based simulation to describe traffic operations. This means that every vehicle is a
distinct object which is moved every second, and that every -variable control device
(traffic signals) and event are updated every second. Each time a vehicle is moved,‘ its
position (both lateral and longitudinal) on the links and its relationship to other vehicles
nearby are recalculated. Its speed, acceleration and status are also recalculated. Vehicles
are moved according to car following logic, response to traffic control devices and
response to other demands (6). For these reasons, the TRAF-NETSIM model was

selected for use in this study.
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However, ‘at the time this project was started, the TRAF-NETSIM model did not have
the ability to simulate dual left-turning traﬂic..After a waiting period, a ‘.‘patc ”” was developed
for the program which allowed dual left-turns to be modeled. However, this “patch” limited
me vehicle array size. It was discovered that even with the modest network size that was
utilized in this project, this vehicle array was exceeded at low levels of network saturation.
When the vehicle array is exceeded, the model stops simulation. This resulted in further delay
until the beta version of CORSIM (the new package that TRAF-NETSIM is now a part) was
available from the Federal Department of Transportation. CORSIM was able to handle;,both )

dual left-turning traffic and a large vehicle array.
6.2 Network Cdnﬁguration

To compare the operation of a diamond interchange (Figures 12 and 13), a MUDI
(Figures 14 and 15), and a SPUI (Figures 16 and 17), several assumptions had to be made
about the network geometry to generate the necessary link/node diagrams. First, it was
decided‘to model the arterial crossroad as both a five-lane and seven-lane pavement. The
cross-section of the five-lane facility consists of four through lanes (two in each direction) and
a continuous center leﬁ;tﬁm lane (CCLTL), while the seven-lane facility consists of six

through lanes (three in each direction) and a CCLTL.

Next, the size of the network had to be determined. A major concern with regard to
interchange operation is the interchange’s effect on the downst_ream nqdes of the arterial.
Thus, it was decided to model both the interchange area and one arterial downstream node on
either side of the interchange. These downstream nodes were modeled as the intersection of

the arterial with a five-lane CCLTL. Since an arterial is said to have “perfect geometry” if the
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Figure 13: Link/Node Diagram for Diamond

Configuration D iamond

(Not to Scale)

Final Report 34



\ (oqe0g 0110N)

speoy a3ejuoiq yim uoneindiyuo)
(1ann) 98ueyoaaug puourer(y
ueqi) uediyoiN [eordL] :p1 a1y

i

il

1

JFi]

Final Report 35



ze

&e ot
g |

|

68

Figure 15: Link/Node Diagram for MUDI
Configuration
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SPUI

Figure 17: Link/Node Diagram for SPUI

Configuration

(Not to Scale)
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intersections are 0.8 kilometers (one-half mile) or 1.6 kilometers (one mile) apart, these
downstream intersections were initially placed at 1.6 kilometers from the interchange. The
perfect géometric spacing of these intersections allows for optimal signal progression, thus

minimizing delay. The impact of minor crossroads and driveways was not modeled.

Once the spécing of these downstream intersections had been determined, their
geometry had to be determined. For each approach to the downstream intersections, a 168
meter (550 foot) leﬁ and nght turning bay was provided. In the interchange area, a 168 meter
(550 foot) right turn bay was provided on the arterial approach for both the MUDI and
diamond inferchange. Additionally, a 168 meter (550 foot) right turn bay was provided on the
frontage road for traffic wishing to make a right turn from the frontage road to the arterial for
both configurations. In the SPUI interchange area, the length of the right turn bays was
shonened to 84 meters (225 feet), as the riéht tu/m was operating in a ﬁee-ﬂow condition.

6.3 Signal Obergtion

For the purposes of the computer model, a free flow speed of 72 kph (45 mph), or 20
meters per second (66 feet per second), was assumed for the arterial, minor crossroads and
frontage roads. Based on this free flow speed and an intersection sepération of 1.6 kilémeters
(one miile), the cycle length was determined to be a multiple of 40 seconds. Longer cycle
lengths (over 60 seconds) will accommodate more vehicles per ﬁour due to the lower .
frequency of starting delays and clearance intervals. Thus, a 80 second cycle was selected for
the downsfream nodes for all cases. An 80 second cycle was also selected for the operation of
the MUDI, while a 160 second cycle (double cycle) was selected for both the SPUI and the

diamond interchange due to the need for long phase changes and clearance intervals. Further,
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given the freeflow speed of 72 kph (45 mph), the minimum phase change interval (yellow and
overlapping red) for each phase was determined to be 5 seconds. This phase change interval

ensures that approaching vehicles can either stop or clear the intersection without conflicts.

The modeled arterial was to be operated in a progressed-coordinated system, so a
definite time relationship exists between the arterial start of green intervals and adjacent
intersection ;igna.ls. Thus, offsets had to be determined. Since both downstream intersections
were placed with perfect geometric spacing from the interchange, the free flow speed was
 assumed to be 72 kph (45 mph), and a cycle length of either 80 or 160 seconds was used, an
offset bf 0 seconds was seleqted to best provid\e for progression of traffic along the arterial.
When‘ the spacing of the closest downstream intersection was changed to 0.8 kilometers (one-
half rﬁile), this offset was changed to one half a csfcle or 40 seconds. Furtherrnoré, when the
spacirig of the closest downstream intersection was changed to 1.2 kilometers (three-fourths

mile), this offset was changed to 20 seconds for the closest node and 60 seconds for, the node

placed at 2.0 kilometers (one and one-quarter mile).

The number of ﬁhases used depends upon the geometry of t‘he intersection (number of
'apprqaches, lanes) and the volumes and directional movements of traffic. The purpose of
phasing is to minimize the potential conflicts at an intersection by sepérating conflicting uaﬁic
movements. However, as the number of phases increases, the total delay to vehicles is
inc;'eased and the total carrying capacity of the intersection may be reduced. Thus, it is

 desirable to use the minimum number of phases that will accommodate the traffic demands.

The signal phasing dJagram for the intersection of the minor five-lane CCLTL and the

arterial was the same for both downstreamn nodes to be modeled. It was assumed that the
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volume ratio between the arterial and the minor crossroads would be 70/30. Thus, the green

split between the arteriél and crossroad would also be 70/30.

The signal phasing diagram for the MUDI was determined (Figures 18 and 19)
using a green split of 60/40. In addition, an offset had to be determined for the crossover
signals of the MUDI design. At the free flow speed of 72 kph (45 mph), or 20 mps (66
fps), a vehicle requires 8.3 seconds to traverse the 168 meters (550 feet) from the
intersection to the crossover. The desired offset for the crossover signal is one which
reduces the delay to arterial traffic wishing to make an indirect left tum while not
adversely affecting the progression of the arterial. If a vehicle left the stop bar of the
crossroad intersection at the free-flow speed and there were no cars at the crossover
signal, this offset would be 8.3 seconds. However, there is typically a queue of vehicles,
mostly comprised of exiting freeway traffic wishing to make an indirect left turn onto the
arterial, waiting at the crossover signal. For tl_'ie best progression of the arterial traffic, this
queue must begin to dissipate before indirect left turning traffic from the arterial reaches
the crossover signal. This will result in an offset that is less than the 8.3 seconds of travel
time. Thus, to determine the best crossover signal offset, the sensitivity of the offset
setting was tested and a value of four seconds was chosen as optimal.

A signal phasing diagram was developed for the SPUI for the case where no frontage
roads were present (Figure 20) and for the case where frontage roads were present (Figure 21).
A concern with signalizing the SPUI is the need for a long phase change interval to allow
traffic to clear the intersection. Thus, the minimum phase change interval of 5 seconds was

increased to 9 seconds for all movements which are affected by the SPUI geometry.
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Finally, the signal phasing diagram for the diamond (Figure 22) was determined. A
concern with signalizing the diamond interchange is the need for a clearance interval to allow
time for traffic which has turned left from the ramp and is stored on the structure to begin

clearing before releasing arterial traffic. Thus, a 12 second clearance interval was provided.

6.4 Variables And Measures Of Effectiveness

There were four major variables'of interest that needed to be addressed in this
study: traffic volumes, turning percentages, frontage roads and distance to the closest .
downstream node. .

The networks were loaded by considering the percent saturation of the entry links
of the arterial. For the entry links of the arterial, it was assumed that each entry lane had a
hourly capacity of 1800 vehicles. With this in mind, a simple incremental volume |
structure was identiﬁed for study based on arterial entry link saturatién values 0f 0.3, 0.5,
0.7, 0.9, and 1.0. The minor downstream crossroad entry links were assumed to have a
per lane hourly volume ratio 'sf 30/70 when compared to the arterial eritry links.
Furthermore, the network was modeled with an inbalance in traffic flow for both the
frontage roads and exit ramps. It was assumed that there was a 70/30 imbalance in flow
between traffic approaching from the left and traffic approaching from the right (Figures
12, 14, and 16). The maximum frontage road volume was assumed to be 600 vehicles per
hour.

' The second variable addre;sed was turning percentages. First, turns from the minor
crossroad to the arterial were fixed at 20 percent toward the interchange and IOVpercent away
from the interchange. Turns from the arterial to the minor crossroad were fixed at 10 percent
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left and 10 percent right. Second, for arterial traffic approaching the interchange, it was
assumed thaf 25 percent wanted to tumn left to access the on-ramp, 25 percent wanted to turn
right to access the other on-ramp, and 5‘0 percent wanted to continue on the arterial. Third,
turning traffic exiting the ‘freeway was varied to test the sensitivity of the designs to the
volume of left tuming traffic. Thus, values of ‘30, 50, and 70 percent left turns from the exit
ramps were modeled. F'mally, it was assumed that the voiume of traffic entering on a

particular frontage road would also exit on that frontage road.

The third variable addressed was the existence of frontége roads. In Michigan,
depressed freeway segments typically are built with frontage roads to access the adjacent
properties. Thus, the operation of a particular interchange configuration with and without

frontage roads was determined to be of interest.

The final variable addressed was the distance to\ the closest downstream node. Early in
the project, a concern was raised about the affect that an interchange would have on a closely
spaced intersection. In addition, it was desired to determine how an interchange configuration
would function in an arterial that did not have perfect geometry. Thus, the distance to the
closest downstream node was varied. To keep the size of the network constant, as a
downstream node was moved closer to the interchange area, its counterpart on the other side -
of the interchange was moved‘ and equal distance away from the interchange. The first value.
modeled was a spacing of 1.6 kilometers (one mile) to either side of the interchange area
allowing for perfect progression on the arterial while keeping separation. The second value
modeled was a spécing of 0.8 kilometers (one-half mile) on one side and 2.4 kilometers (one

and one-half mile) on the other side. This spacing still allows for perfect progression of the
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arterial. However, the proximity of one of the downstream nodes to the interchange may be a
factor. Finally, a spacing of 1.2 kilémeters (three-fourths mile) to one side and 2.0 kilometers
(oné and one-quarter mile) to the other side of the interchange was modeled. This
configuration does not allow for perfect progression along the arterial, but d;)es keep |

separation between the closest intersection and the interchange.

A TRAF-NETSIM simulation run produces an output that summarizes the traffic
movements and varioﬁs measures of effectiveness (MOEs) for both the network as a whole
and for individual links. The MOEs that were selected for this study were: interchange area .

total time and downstream area total time.

An effort was made to delineate an interchange area and a downstream area in the
computer model. The physical size of these areas was the same for all models.,vHowever,
inside the area, the size of the interchange may vary. The nodes numbered 7 and 8 were coded
as dummy nod¢s (i.e. no change in the traffic stream occurs at them) to allow MOEs to be
gathered for both the interchange area (the area bounded by on the top by node 7 and on the
bottom by node 8) and the downstream area (the area above node 7 plus the area below node

).

A criticism of the indirect left-turn strategy used by the MUDI configuration is that
while conflict from left turning vehicles has been removed from the intersection, these drivers
are penalized by being forced to travel a greater distance to use the cross over. Thus, delay
cannot be used as a MOE, as it would be unclear if th;z delay savings at an intersection were

being offset by the extra travel time imposed on left-tuming traffic. Therefore, total time,
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which represents the amount of time all vehicles spent in the network as a combination of

travel time and delay time, was selected as a MOE.

7.0 SIMULATION RESULTS

Based on the variables selected for study, an hour of operaﬁon for 300 individual
models was simulated. However, there were too many exhibits for the limits of this
publication. Thus, representative examples of the findings are presented here, while all

findings are presented in both tabular and graphical format in the appendix.
7.1 Interchange Performance without Frontage Roads

Figure 23 illustrates the performance of the interchange conﬁgﬁratioﬁs without the
presence of frontage roads and with a five-lane arterial cross-section. Additionally, the
situation modeled in this scenario is for the extreme case of 70 percent of the vehicles exiting
the freeway and desiring to turn left onto the arterial. At 30 percent saturation, all three
interchange configurations performed approximately the same. However, at 50 percent
saturation, the total time for the MUDI and SPUI configurations was reduced by 60 percent
with respect to the total time of the traditional. diamond. Additionally, at 70 percent satufation,
the total time for the MUDI configuration was reduced by 25 percent with respect to the SPUI
and 36 percent with respect to the traditional diamond. Finally, at 90 percent saturation, the
total time for the MUDI configuration was reduced by 16 percent with respect to the SPUI

and 20 percent with respect to the traditional diamond.
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Figure 24 also illustrates interchange configurations without the presénce of frontage
roads and a five-lane arterial cross-section. However, the percent left turns is reduced to 50
percent. Although the operational advéntage of the MUDI is less, it is still meanihgftﬂ and
follows the same pattern as the 70 percent left case outlined above. At 30 percent saturation,
all three interchange conﬁgmaﬁons still performed approximately the same. At 50 percent
saturation, the total time for the MUDI and SPUI configurations was reduced by 50 percent -
with respect to the tradipional diamond. Moreover, at 70 percent saturation, the total time for |
the MUDI configuration was reduced by 18 percent with respect to the SPUI and 38 percent
with respect to the traditional diamond. Finally, at 90 percent saturation, the total time for the
MUDI conﬁguratio; was reduced by approximately 23 percent with respect to the SPUI and

32 percent with respect to the traditional diamond.

As the percentage of left turns is decreased to 30 percent (Figure 25), thé operational
characteristics of both the MUDI and the SP,Iﬁ configuration change at higher levels of
saturation, as anticipated. At 30 percent saturation, all three interchange configurations are
~ again approxiinately equal. In addition, at 50 percent satllraﬁon, the total time for the MUDI
and SPUI configuration was again reduced by 50 percent with respect to thé traditional
diamond. However, at 70 perc;ent saturation,‘the total time for the MUDI is reduced by 28
percent with respect to both the SPUI and traditional diamond, which perform approﬁmately
the same. Finally, at 90 percent s;aturation, the tota.i time for thé MUDI is reduced by 23
percent with respect to the SPUI and 10 percent with respect to the ﬁditiona.l diamond. Thus,

at 90 percent saturation, the traditional diamond is operationally superidr to the SPUL
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Much the same pattern is shown when the arterial cross-section is changed from a
five-lane cross-section to a seveﬁ-lane cross-section (Figures 26-28). The major differences
_ are that at 30 percent saturation, the total time for both the MUDI and SPUI was reduced by
35 to 40 percent with respec‘t to the traditional diamond for all turning percentages. In
addition, the MUDI with a seven—lané arterial begins to operationally outperform the SPUI at

50 percent saturation as opposed to at 70 percent saturation with a five-lane arteral.

In all cases, the MUDI configuration either equals the operational performance of the
SPUI and traditional diamond configuration or exceeds it. Thes¢ operational advantages are
most pronounced when the percentage 'of left-turning traffic is high and the level of saturation
is high. In addition, the operational advantages of the SPUI are greatly reduced as the
percentage of left-turning traffic is reduced, with the traditional diamond outpeffonning the

SPUTI at high levels of saturation and low levels of lefi-turning traffic.
7.2 Migration of Delay without Frontage Roads

In this research effort, there is concemn that greatly enhanced urban interchange
configurations may demonstrate an improved operation at the freeway, but may merely move
the delay to the first signalized intersection up or downstream. Thus, their advantages (if any)
may be exaggerated. Therefore, this analysis also evaluated the operation of the downstream

nodes.

As illustrated in Figure 29, which is a specific case with 50 percent left turns, five-lane
arterial cross-section and no frontage roads, there was no evidence that either the MUDI or

SPUI configuration resulted in “dumping” traffic and moving delay to the downstream nodes. .
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However, the total time for the downstream area when fed by traffic form the traditional
diamond interchange is greater for all but the 3Q percent saturation level, suggesting a
dumping effect. In addition, when the specific case with 50 percent left tums seven-lane
arterial cross-section and no frontage roads (Figure 30) is éxamined, this dumping trend
continues for the traditional diamond. Moreover, at 70 percent saturation, the modeling of the

SPUI also shows a dumping effect.
7.3 Interchange Performance with Frontage Roads

Many, if not most of, the MUDIs in Michigan are located where frontage roads are
prdvided. Usually these frontage roads parallel the urban freeway for a considerable distance
and provide access to abutting property. The need for local aécess in a major urban area was a

- primary consideration in the evolution of the MUDI design since frontage roads ‘would need to

be provided.

Figure 31 illustrates the performance of the interchange configurations with the
presence of frontage roads, a léft-tumihg percentage of 70 percent énd a five-lane cross-
section. At 30 percent saturation, all three interchange configurations performed
approximately the same, which is consistent with the results from simulations without the
presence of ﬁontage roads. However, at 50 percent saturation, the total time for the MUDI
configuration was reduced by 21 percent with respect to the SPUI and 59 percent with respect
to the traditional diamond. This represents a divergence from the results of simulations
without the presence of frontage roads, in which the MUDI and SPUI performed the same at
50 percent saturation. At 70 percent saturation, the total time for the MUDI configuration was

reduced by 18 percent with respect to the SPUI and 29 percent with respect to the traditional
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diamond. Finally, at 90 percent saturation, the total time for the MUDI configuration was
reduced by 13 percent with respect to the SPUI and 33 percent with respect to the traditional

diamond.

Figﬁre 32 furthér illustrates the ‘performance of the irl;cerchange cdnﬁgurations with
both frontage roads and five-lane arterial cross-sections. However, the percentage of left-
turning traffic has been reduced to 50 percent in this case. At 30 percent saturation, all three
interchange configurations continue to perform approximately the same. At 50 percent
saturation, the total time for the MUDI configuration was reduced by 12 percent with respect
to the SPUI and 59 percent with respect to the traditional diamond. These ‘results are
consistent with the scenario involving 70 percent left-tumms outlined above. However, the’
results diverge from the results of the scenario iﬂvoiﬁng no frontage roads, in which the
‘ MUDI and SPUI performed similarly at this level of ;atumﬁon. At 70 percent saturation, the |
total time for the MUDI configuration was reduced by 21 percent with réspect to the SPUI and
38 percent with respect to thg traditional diamond. Finally, at.90 percent saturation, the total
time for the MUDI configuration was reduced by 23 percent with respect to the SPUI and 25

percent with respect to the traditional diamond. (

Figure 33 illustrates the performance of the interchange conﬁguratiops with the
presence of frontage roads, 30 percent lefi-turning traﬁ"ui and a five-lane arterial cross-séction.
At the lowest level of samraﬁc;n, all three interchanges continue to perform approximately the
same. vHowever, at 50 percent saturation, the total time for the I\;IUDI coﬁﬁguration waé
reduced by 25 percent with respect to the SPUI aﬁd 46 percent with respect to the traditional

diamond. This continues the trend of the SPUI operating at a lesser level than the MUDI (at
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f
50 percent saturation) as was the case for the scenarios without frontage roads. At 70 percent

saturatioh, the total time for the MUDI configuration was reduced by 21 percent with respect
to the SPUI and 18 percent with respect to the traditional diamond. Finally, at 90 percent
saturation, the SPUI and traditional diamond continued to perfqnn approximately the same.
The t6m1 time for the MUDI configuration was reduced by 28 percent with respect to the

SPUI and 27 percent with respect to the traditional diamond.

Much the same pattem is shown when the arterial cross-section is changed from a
five-lane to a seven-léne cross-section (Figures 34-36). As with the scenarios having no
frontage roads, one major difference was that at 30 percent saturation, the total time for both
the MUDI and SPUT was reduced by 35 to 40 percent with respect to a traditional diémond for
all turning percentages. Additionally, fof all left turning percentages, at 90 percent saturation,
the traditional diamond operationally outperforms the SPUI. Moreover, for left tumning
percentages of 50 and 30 percent, the SPUI performed similar to the traditional diamond at
saturation ~levels of 50 and 70 percent. However, in the scenari;) where left tuming peréentage
was set at 70 percent, the results of the MUDI simulations are not valid past the 70 percent
saturation mark. This is due to a spillback of traffic on one of the model’s enﬁ'y links, which

resulted in delay occurring outside the environment of the analysis.

As with the scenarios involving the performance of the interchange configurations
without frontage roads, the MUDI configuration with frontage roads either operationally

equaled or outperformed both the SPUI and the traditional diamond.
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7.4 Migration of Delay with Frontage Roads

When the operation of the downstream nodes was examined for evidence of the
migration of delay, a trend was evident. For example, in the scenario representing 50 percent
left-turning traffic, frontage roads and a five-lane arterial cross-section (Figure 37), there is
evidence of a “dumping” effect from both the SPUI and traditional diamond interchange
configurations. This trend is also exlﬁbited when the arterial cross-section is widened to seven-
lanes (Figure 38). Thus, for all cases involving frontage réads, the MUDI was operationally

superior in having less migration of delay to the downstream intersections.
7.5 Sensitivity to Proximity of Closest Downstream Node

The affect that the proximity of the closest downstream node has on either the MUDI

or SPUI interchange operation was also studied. Three spacing scenarios were considered:

e 1.6 kilometers (one mile) which allows for perfect progression along the arterial

while maintaining separation between the intersection and interchange area;

e 1.2 kilometers (three-quarter mile) which does not allow perfect progression along
the arterial, bth still maintains separation between the intersection and interchange
arca;

¢ 0.8 kilometers (one-half mile) which also allows for perfecf progression along the

arterial, but the proximity of the intersection to the interchange area may affect

operation.
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In addition, all the scenarios involving sensitivity testing of the proximity of the downstream

node were modeled without the presence of frontage roads. -

When modeled with a five-lane arterial cross-section, 70 percent left-tums and 30 to
50 percent saturation, the MUDI configuration (Figure 39) performed approximately the same
for all three spacing scenarios. In addition, the MUDI configurations with the closest
- downstream node placed at 1.6 kilometers (one-mile) and 1.2 kilometers (three-quarter mile)
from the interchange continued to perform approxi-mately the same for all leyels of saturation.
However, at 70 percent saturation and greater, the MUDI configuration with the closest
downstream node placed at 0.8 kilometers (one-half mile) from the interchange exhibited
greater total time than the other two MQDI spacing scenarios. At 70 percent saturation, the
MUDI 0.8 kilometer spacing scenario had approximately 40 percent more tofa.l time than the
other MUDI spacing scenarios, while at 90 percent saturation, the total time was 35 percent

more.

When the percent left-tums was reduced to 50 percent (Figure 40), the simulation
results for the MUDI configuration were similar to that of the 70 percent left-turning scenario
described above. However, when the percent left-tums - was reduced to 30 percent (Figure 41),
the MUDI cohﬁguration performed approximately the same for all three spacing scenarios and
all levels of saturation. In addition, when the arterial cross-section was changed to seven lanes,
the MUDI configuration performed approximately the same for all three spacing scenarios and

all levels of saturation.

Thus, the only conditions where the MUDI configuration was affected by the spacing

- of the closest downstream node were the scenarios using 70 percent left tumning traffic, an
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arterial cross-section of five lanes, saturation levels of 70 percent 6r greater and a proximity of
0.8 kilometers (one-half mile). However, the models had been designed with an imbalance in
traffic flow of 70/30 between traffic approaching from the left and traffic approaching‘ from
the right (Figure 14). In addition, this increase in total time only appeared with a leﬁ-nmmg
percentage of 70 percent, an arterial cross-section of five lanes and when the model was
operating at near capacity. Thus, the most likely cause of this increase in total time is a
spillback from the limited storage available between the downstream intersection and the

interchange.

When modeled with a five-lane arterial cross-section, 70 percent left tums and 30
percent saturation, the SPUI configuration (Figure 39) performed approximately the same for
all three spacing scenarios. However, at 50 percent saturation, the total time for the SPUI
configurations with 1.2 kilometer (three-quarter mile) and 0.8 kilometer (one-half mile)
separation was approximately 35 percent greater when compared to the 1.6 kilometer (one
mile) spacing scenarid At saturation levels of 70 percent or greater, the SPUI configuration
with 1.6 kilometer (one mile) separation performed approximately the same as the SPUI
configuration with a 1.2 kilometer (three-quarter mile) separation. However, at 70 and 90
percent saturation, the total time for the SPUI configuration with 0.8 kilometer (one-half mile)
separation was approximately 15 percent and 20 percent greater, respectively, when compared
to the other SPUIT spacing scenarios. These results are also reflected in the performance of the

SPUI configuration with a seven-lane arterial cross-section.

When the percent left-turns was reduced to 50 percent (Figure 40), the simulation

results were similar to that of the 70 percent lefi-turn scenario for saturation levels of 30, 50,
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and 90 percent. However, at 70 percent saturatibn, the SPUI configuration perfdrmed
approximately the same for all spacing scenarios. When the percent left-turns was reduce to 30
percent (Figure 41), the simulation results were also similar to the 70 percent left-tum scepario
for all saturation levels. At both 50 and 30 percent left-turning traffic, the scenarios modeled

with a seven-lane arterial cross-section reflected similar results.

Unlike the MUDI configuration, the total time for the SPUI ‘configuration was
'adversely affected for all percent lefi-tuming scenarios when the spacing to the closest
downstream node was reduced to 0.8 kilometers (one-half mile). In addition, at 50 percent
saturation, the scenarios modeling a separation of 1.2 kilometers (three-quarter mile) resulted
in greater total time than the comparable models with a separation of 1.6 kilometers (one

mile).

In all cases, the perfonnance of the MUDI configuration with a separation éf 1.6
kilometers (one mile) or 1.2 kilometers (three-quarter mile) either equals or exceeds the
operational performance of the SPUI. In é.ddition, for levels of éaturation of 50 percent or less,
the MUDI configuration with a separation of 0.8 kilometers (one-half mile) also either equals
or exceeds the operational performance of the SPUI Furthermore, at higher saturation levels,
the operational performance of the SPUI configuration was adversely affected by a separation
of 0.8 kilometers (one-half mile). Thus, in most cases, the MUDI configuration appears to be

| insensitive to the proximity of the closest downstream node, while the SPUI configuration is

sensitive.

For both arterial cross-sections and all three spacing scenarios of the downstream

node, the MUDI configuration (Figures 42 and 43) showéd no evidence of migration of delay.
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In addition, the SPUI configuration with a five-lane cross-section and 1.6 kilometer (one mile)

spacing also showed no evidence of migration of delay to the downstream nodes. However,

for levels of saturation of 50 percent or greater, all other SPUI configuration scenarios resulted

in higher total times. suggesting a “dumping” effect. -

8.0 CONCLUSIONS

Design and operation of SPUIs‘ vary greatly from state to state.

SPUI with the cross-road going over the free\ﬁay is the preferred design.

SPUI operation is sensitive to geometric size.

SPUI operation is adversely affected if the interchange is skewed.

The need for pavement markings is paramount with a SPUI. '

SPUIT operation is adversely affected with the addition of frontage roads. )
MUDI operation, in most situations, is superior to thét of a SPUI and traditional
diamond interchange conﬁgurations. |

At levels of traffic ‘nea.r capacity, the traditional diamond interchange is often
operationally equal to, or superior to, a SPUI.

There was less migration of delay to downstream intersections with a MUDI
configuration than with either a SPUI or traditional diamond configuration.

MUDI operation, in most situations, is insensitive to the proximity of the closest

downstream node, while the SPUI operation is sensitive.
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