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To: Chris Nosbich — City of Mount Vernon, 1A
From: Ben Wilkinson, PE, and Nathan Cook
QA/QcC: Mark Lenters

Subject: JA1atUSs30
Roundabout In-Service Review

Date: June 13, 2018

BACKGROUND

MSA was tasked by the City of Mount Vernon to provide an in-service review of the multi-lane roundabout
at 1A 1 and US 20 In Mount Vernon, IA. There Is concern that the roundabout Is experiencing higher than
normal number of crashes, albeit, mainly property damage only (PDO) type crashes.

The intersection Is currently exhibiting a total crash frequency of 16.8 crashes per year, well above a
predicted average of approximately 6 to 8 crashes per year. A 60% reduction of crashes per year would
need to be achieved for this roundabout to perform within the range of national expected average
number of crashes for similar multi-lane roundabouts.

The results from this investigation should give informed recommendations to decision makers to combat
the probable causes of overrepresented crash patterns with their corresponding countermeasures.
Through the implementation of geometric, traffic control, and education countermeasures, It Is
anticipated that crashes will decrease based on success of similar treatment of other roundabouts. Tha
goal of this effort is to reduce the number of crashes to those typical of other roundabouts with similar

traffic flows.

STUDY METHODOLOGY

Similar to traditional in-service reviews {FHWA methods), this study consisted of office and field reviews
to document collision patterns and site deficiencles, which In-turn led to the development and evaluation
of colllsion reduction countermeasures.

As part of this in-service review, the following tasks were compieted:

1. Collision Analysis
2. Geometric Conformance Review
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Operational Analysis

List of Identified Deficlencies {Office Review)
Site Visit — verification of deficiencies
Development of Countermeasures
Documentation/Reporting

First, a collision analysis was performed to Identlfy target crash patterns. Then, the relative crash
frequency in each quadrant of the intersection was compared to the potential confiicts present in each
quadrant. Operational analysis was also performed to identify capacity deficiencies that may Influence
crash patterns.

Field observations were undertaken to identify geometric anomalies, physical deficiencies and driver

performance (human factors) Issues at the roundabout. Subsequently, countermeasures are proposed
based on findings from the previous tasks.

Nowaw

CRASH ANALYSIS

Mount Vernon police retrieved crash data for this intersection from January 2024 through February 2018
(4.17 years). Within this period, 70 crashes were analyzed. Of the crashes on record, there were 43 angle
collisions, 14 sideswipes, 5 fixed objects, and 8 rear-end collisions. Fifteen {15) crashes invoived Injuries,
and no crashes invoived a fatality. The total crash rate for the intersection is 2.2 crashes per million
entering vehicles (MEV) and 0.5 crashes/MEV for injury type crashes. For comparison, a recent study of
32 simliar multi-fane roundabouts in Wisconsin showed an average of 0.8 crashes/MEV and 0.14 injury
crashes/MEV. Eleven (11) of the 70 crashes involved semi-trucks, which accounts for 16 percent of the
total crashes. On average, there are 2.6 crashes per year involving seml-trucks; this is higher than expected
since truck traffic only makes up 8 to 9 percent of the total traffic present at the Intersection. See Table 1
for a summary of the manner of collisions accurring at the intersection. A complete collision diagram can
be found in Exhibit 1.0.

Table 1. Summary of Manner of Collision

Crash Typoe
Side Swipe Rear End Fixed Object
2014 7 3 1 1 12
2015 12 3 2 1 18
2016 11 3 1 1 15
2017 13 4 4 2 23
2018 0 1 0 0 1
TOTAL 43 14 8 5 70
Percent of
Total 61% 20% 11% 7%
Crashes
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The roundabout experiences mainly property damage only (PDO) crashes; however, 3.6 injury type
crashes are occurring on average per year. See Table 2 for a summary of crash severitles occurring at the
intersection.

Table 2. Summary of Crash Severity
Crash Severily (KABCO-scale)

Fatality A B C

2014 0 Y 0 3 ] 12
2015 0 0 1 4 13 1B
2016 c 1 3 0 12 15
2017 0 ] 3 0 20 23
2018 0 0 0 1] 1 1

Total 0 p 7 7 55 70

Percent of
Total 0% 1% 1a% 10% 79%
Crashes

The roundabout experiences many of its crashes during the daytime. However, a goad portion of crashes
are occurring during the night time when traffic velumes are usually lower and even with the roundabout
being lighted. See Tabie 3 for a summary of environmental conditions when crashes occur at the
intersection.

Table 3. Summary of Environmental Conditions

2014 1 3 4 1
2015 3 3 12 6 1
2016 (4] 3 10 6 0
2017 4] 3 17 6 1
2018 Y 1 1 1] 0
Total 1 13 48 22 2
Percent of
Total 1% 19% 659% 31% 4%
Crashes
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Table 4 shows the distribution of crash severities at the intersection, along with a comparison of average
injury and property damage only crashes at roundabouts across the US, and in Wi and MN., As indicated
in the table, the majority of crashes are property damage type crashes; however, injury crashes are higher
than national averages.

Table 4, Totals by Crash Severity
Crash Severity
Injury/fatality Crash 15 l21%  [e% 17% | 11% 12%
Property Damage Crash | 55 1% [oa%  leaw  [eox 88%

Based on crash prediction models, shown in Table 5, the roundabout is experiencing, more crashes, of all
severities, than expected. This demonstrates the need for improvements at the intersection to reduce
annual crashes to nationally predicted levels. A reduction of 10 crashes per year, a 60% reduction, would
achieve safety operations comparable to model predictions.

Table 5. Comparison of Actual Collision Frequency to Predicted Frequency {crashes per year)

95 = Especicd
Erpecied 65" Pereontile 95" Percentile Werorden

Expeited
Anru i durnmundil
wal
Collisiin Craihet Feguency TrQLBnCy frea ol
c - t Crashes
Clais Frequietncy 1l b o & (W Calibrated IMOET Salety
L ) e

INCHAP -
NCHER Maodel it Pedogrmance [2013-1¢

Mimn | Fumgtsgng 2011) 2017

Mpdel) INCHRAP
Maodel)

Total | .o 17.6 7.8 21.8 1.9 53 16.8
Crashes

Injury | o5 1.2 11 2.9 02 0.5 3.6
Crashes

lowa 1 at US 30 is experlencing a crash rate of 2.2 crashes per million entering vehicles (MEV). This is well
above the expected crash rate ranging from 1.0 to 0.2 MEV, shown in Table 6.

Table 6. Comparison of Actual Crash Rate to Predicated Crash Rates

aie Crash kate: NCHRP-Expocted Wi Expecied MM Expected
Collision Class 2014 to 2018) Crash Rata! Crash Rate’ Crash Rata!
Total Crashes 2.2 MEV 0.9 MEV 0.8 MEV 0.2 MEV
Injury Crashes 0.5 MEV 0.07 MEV 0.14 MEV 0.03 MEY

1 Using the crash Prediction Methodology in Chapter 5.4, NCHRP Report 672

2 Based on study of 32 multi-lane urban roundabouts in Wisconsin, June 2018

3 Evaluating the Performance and Safety Effectiveness of Roundabouts, The Michigan Department of
Transportation, 2011
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OPERATIONAL ANALYSIS

The existing roundabout was analyzed in Junctions 9 {ARCADY) and HCS 7 roundabout design and
capacity analysis software. ARCADY {Assessment of Roundabout Capacity and Delay} is a program based
on U.K. empirical research into geometry-capacity relatlonships. Two features that ARCADY provides are
its abillty take into account horizontal geometric design sensitivity and is ability to be calibrated. These
two features are critical to accurately modeling the In-service roundabout to determine expected
operations for any proposed roundabout geometric modifications. It was determined that a 5% cz capacity
reduction factor was required to calibrate the software to match field cbservations of queues for the
AM and PM peak hours. Turning movement counts were provided by the lowa Department of
Transportation (laDOT) are shown in Figure 1.

The results of the analysis represent capacity measures of level of service (LOS), delay and queuing,
consistent with typical unsignalized capacity analysis methodologies {Highway Capacity Manual, 2010).
The results of the ARCADY analyses are summarized in Table 7, detailed reports are In Appendix A. In
general, the roundabout s exhibiting acceptable operations during the peak periods.

2018 Existing AM Peak Hour Volumes | | 2018 Existing PM Peak Hour Volumes
DI BN (P2 TN N
— HEE S| g £ Gww
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= 28 e ws 8 = me) = >
[ P e b adt
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Figure 1. 2018 Existing Peak Hour Turning Movement Volumes
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Table 7. 2018 Existing Lane Configuration Roundabout Operational Analysis

LOS A A A A A | A A A A
AM vic 032 | 034 | 044 | 0.14 [ 006 | 0.09 | 0.09 | 062 | 0.02

Peak Queue (ft) 50 75 | 25 25 25 | 26 25

Delay {s) 88 | 70 | 24 | 24 | 37 | 22 | 23
LOS

PM vic 030 | 011 { 047 | 047 | 0.08 [ 040 ! 040 [ o

o
6.8
A A A A A A A A A
30
50

Peak —Queue() | 50 | 25 | 25 | 25 | 26 | 50 | 50
Delay(s) [ 60 | 38 | 41 | 41 | 38 | 46 | 48 | 57 | 44

"LOS B B Al A[A A A B A
AM  vic 042 | 041 [ 011 [ 612 006 | 007 | 0.08 | 0.82 | 0.02
Peak  Queue(f) | 50 [ 50 | 25 | 26 | 25 | 25 | 25 | 125 | 25

Delay (8} 128 | 11.7 | 4.7 4.9 44 4.4 4.2 11.8 34

LOS A A_| AT AL AL C B | A A
PM  vic 0.34 | 012 | 040 [ 045 | 005 | 0.48 | 0.48 | 0.34 | 0.10
Peak  Queue(t) | 80 | 25 | B0 [ 756 | 25 | 76 | 75 | 60 | 25 |
Delay (s} 76 | 48 | 83 | 91 | 39 | 150 | 144 | 87 | 53

LOS Source: 2010 Highway Capacity Manual - Unsignalized Intersections Delay In Seconds
Queuve represents 95th percentile queue per lane, 25 feet per vehicle

With the introduction of the US 30 bypass, currently under construction south of the Intersection, much
of the traffic on US 30 {eventuaily becoming OId US 30} will be reduced significantly. Because of this
reduction In traffic, conversion to a single lane roundabout, including the existing ylelding bypasses, were
investigated as a possible countermeasure to reduce the number of crashes. The US 30 bypass Is currently
planned to be open in 2020-2021.

The single lane roundabout was analyzed for design year 2640. Additionally, the roundabout was analyzed
for existing year 2018 to determine if the countermeasure could be implemented immediately or have to
walt for the US 30 bypass to be opened. Adjusted design year turning movement volumes were provided
by the lowa DOT and are shown In Figure 2.

The results of the ARCADY analyses are summarized In Table 8 and Table 9, detalled reports are in
Appendix A. A single lane roundabout is expected to operate acceptably to design year 2040 with the
introduction of the US 30 bypass. Unfortunately, a single lane roundabout Is not expected to operate
acceptably with the existing traffic volumes. The conversion to a single lane roundabout will need to wait
until the US 30 bypass is opened. The single lane roundabout conversion will be further discussed in the
countermeasure section.
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Figure 2. 2040 Adjusted Design Year Peak Hour Turhing Movement Volumes

Table 8. 2018 Single Lane Roundabout Operational Analysis

Lane Group

SBIAY

LT R

EBUS 30
=)

NB A1
LTR

WEB us 30

LOS A A A A A A A
AM vig 032 | 035 | 923 | 0.06 0.18 0.54 | 0.03
- Peak Quens (ft) 50 75 50 25 25 75 25
= Delay (s) 7.1 7.3 4.7 34 4.2 9.7 3.5
- LOS A A i A A A
< PM vic 031 | 611 | 082 | 0.08 032 | 0.10
Peak Quesw (ft) 50 % 850 25 50 25
] Delay (s) §2 | 40 | 138 | ag 82 | a7
LOS§ B B _ A A A B A
AM vic | 042 | 041 | 0.25 | 008 0.18 g6 | 0.02 |
Poak Queus (ft 50 50 25 25 25 125 25
= Delay (s} 128 | 11.7 8.8 4.4 53 13.4 3.8
" LOS A A A _B A
PM vie 034 | 0.12 0.05 039 [ 0.11
Peak Queus 50 25 25 50 | 26
e Delay(s) 78 | 49 3.8 10.5 | 6.1
LOS Source: 2010 Highway Capacity Manusi - Unsignalized intarsections Delay m Seconas

Qusue reprasents 85th percentile queue per lane, 25 feet gor vehicle
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Table 9. 2040 Single Lane Roundabout Operational Analysis

Lane Group

LOS
vic 0.65 002 ! 0056 | 0,00

Peak Queus (i1} 75 25 25 25

Delay (s} 9.5 34 5.0 0.0

_LOS A A A A
PM vic 0.52 | ©.61 2.17 | 0,00
Peak Queue (ft} 50 | 2§ 28 25
Deiay (s) 6.4 3.1 5.1 0.0 g I
LOS B A A | A A A A
AM vie | 070 [ 092 | 0.07 0.01 0.23 025 | 0.01
Peak Queue (fi) 180 | 25 25 | 25 25 28 | 25
Delay (s} 14.9 23 7.5 6.6 4.9 8.1 3.7
LOS A A A A A A
PM vic 051 | o.M 0.21 0.00 0.20 | 0,03
Peak  Queus () 75 25 25 25 25 28
Delay {5) 89 a0 8.1 54 8.5 7.2

UG Source: 2010 Highway Capaclly Munual - Unslonalized hverseciions Delay in Seconds
Queue represents 95th percantiie queue per lare, 25 fewi par vehicle

SITE VISIT & CONSTRUCTION CONFORMANCE REVIEW

MSA conducted a site visit on Tuesday, April 24%, 2018. During the site visit, roundabout operations, driver
behavior, geometric deficiencies, signing and marking were reviewed to suppiement the office review and
develop sultable countermeasures. The following section summarizes observations made during the site
visit to help determine the roundabout’s safety deficiencles.

» Plantings are absent from the splitters and central island giving drivers clear view of all
approaches and on-coming vehicles, see Figure 3. This may be resulting in drivers making
premature decisions about entering the roundabout, resuiting in the high number of fallure to
yield crashes.

':'I‘_-:.-_“ . _._.__-‘ﬁ;-l__ g .“. . = .

SRR AR R e S B
'Figure 3, Lack of Central Island Planting
¢ The roundabout also has a feeling of being “wide” and “open” due to no plantings, minimal

signing, and near-by business parking lots, see Figure 4. Drivers may not realize they are
approaching a roundabout resulting in last minute decisions.
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Figure 4. Looking up the Easthound Approa

Bypass splitter islands and truck apron curb heads are extremely iow allowing vehicles to drive
easlly over them. Additionally, the bypass splitter islands have no concrete coloring and the truck
apron is nearly faded way blending Into the color of the roadway concrete. Numerous times, it
was observed vehicles would drive onto the truck apron as if It was part of the circulating
roadway, see Figure 5. This pattern is clearly seen by locking at the aerial Image of the
intersection and seeing where the driving paths {tire marks) are located.

— - ———— =

Figure 5. Low Curb Height, adu Coloring,
and Vehicle Traversing Truck Apron

Concrete joints were not done per plan resuiting in conflicting message to drivers when
comparing the foints to directlon of the pavement markings. As an example, right-turn bypass
Joints were pulled through the exit giving the driver the feeling it's free flow, see Figure 6.
Additionally, at the entries, the pavement markings are up to two feet from the concrete joint
when they should be right next to each other.
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Figure 6. Incorract Joint Placement

* Pavement markings again were not completed per plan, which maybe resulting in driver

confusion and Inevitably crashes. Examples of Issues include:
© Not pulling the pavement markings through the exit such as the north leg and east leg

exits. This has had a negative result on the northbound through movement since the
inside lane circulating has a curve to it which may give westbound drivers the sense that
the inside lane can only turn left.

Pavement markings were pulled through the entry maybe resulting in drivers believing
they have the right-of-way. Dot markings are fine in this area to give drivers direction on
clrculating lane chaice and combating path overlap issues but dashed pavement markings
may reverse driver priories, see Figure 7 blue arrow.

As mentioned previously, pavement markings are offset from Joint lines giving drivers
mixed signals, see Figure 7 arange arrow.

Pavernent markings around the north, south and east leg are wrapped around the curb
instead of coming to a point. Coming to a point helps to prevent vehicles from turning
left at the entry.

Figure 7. Incorrect Pavement Markings

¢ Drivers were observed weaving in-between circulating lanes when other vehicles are not present,

effectively driving the fast path.

Many times drivers would stack up In the cutside lane when the inside lane was available,
particularly for the eastbound approach. This may be due to drivers being used to weaving In-
between lanes when circulating.
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* large amounts of trucks were present traveling through the roundabout. Commonly trucks would
stay in the outside lane at entry and then move to the inside lane circulating. This type of behavior
can be contributing to the truck and car sideswipe crashes. Vehicles are able to drive on the left
side of the truck at the entry and then become trapped in the circulating roadway.

* Overtracking of the outside curb was observed in every corner of the roundabout.

= Overtracking of the central island was also observed on the northeast side of the central island
{occurring from northbound left turning trucks), resulting in damage to the curb head, see Figure
8.

COUNTERMEASURE ALTERNATIVES

Several countermeasures to improve the safety of the IA 1 at US 30 roundabout are presented in this
section for consideration by the City of Mt. Vernon. Countermeasures are organized into low, medium,
and high categories. Low countermeasures include improvements that range in cost up to $20,000 and
can be implemented immediately. Medium countermeasures are expected to range in cost from $20,000
to $50,000. High countermeasures are expected to incur the most cost, $50,000 and greater, and usuaily
require the most reconstruction of the Intersection to implement.

Low/IMMEDIATE COUNTERMEASURES

installing planting or screenings in the medians on all approaches will help to promote vielding at entry.
As described In the U.K. roundabout design guide, “in some circumstances excessive forward visibility at
entry or visibility between adjacent entrles can result in approach and entry speeds greater than desirable
for the intersection geometry®. Restricting sight to the left requires drivers to further reduce speed on
approach before making a decision if there Is an appropriate gap to enter or not. This restriction reduces
driver’s tendencies to “fly” into the roundabout when operating in off-peak perlods. Screenings should be
installed to allow for a minimum vision area of 50 feet back on the approach and upstream entry.
Examples of plantings and screenings can be seen In Figure 9 and Figure 10. The version of screening
applied In Oakland County in 2016 generated a 3 mph reduction In the 85% percentile speeds. It s too
soon to conclude that their pilot study measure has been successful, but in the U.K., this measure has
been applied to successfully reduce entry-circulating collisions.
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, 2016)

Additionally, the central island should be mounded and include plantings that grow tall enough to restrict
sight across the roundabout. This will help to alert drivers of the approaching roundabout further in
advance and give the roundabout more definition and aesthetics. See Figure 11 of a typical cross section
of the central island used by the Wisconsin DOT,

Page 13 of 19



1.5 M. ~ 5 MAX, =
choID Tubv, 2 |

SLoPED
4T

Figure 11. WisDOT Central Island Typical Section

Recommended plants should be salt tolerant and have a mature height of around 3 feet. Examples of
these types of plants include, but are not limited to, Alpine Currant, Fragrant Sumac, Jackmanni, or
Winged Euonymus.

The truck apron needs to be identified as not being a part of the circulatory roadway, and should not be
traversed by vehicles. There are two options to signify this. The first option is paint chevron arrows on the
truck apron in the direction travel, such as the example shown In Figure 12 from Coraiville, IA.
Alternatively, you can paint the whole truck apron a red color, such as it should have been done originally.
Either option can be done with elther paint or epoxy surface coloration. Two companies, Ennis and
TransSafe, provide this color pavement marking treatment that uses a slurry type epoxy that is skid
resistant, last for seven plus years, and allows for custom colors. This product Is widely used for coloring
bike paths acress the country and is approved for use on roadways. Product sheets from both companies
are attached In Appendix B. Both design and material options should be taken into consideration based
on cost, the chasing arrows with paint would likely be the cheaper option but would require more
maintenance and refreshing of the paint. On the other side, the fuli coloring of the truck apron with epoxy
will Iikely last fonger but have a higher initiaf cost. This countermeasure should also be considered for
mountable splitter Island areas if cost are not prohibitive.
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Figure 12. Truck Apron Chevron Example from Coralvilte, IA

An alternative low-cost and immediate solution Is to enhance approach signing. With approval of the lowa
DOT destination sign types (D1-5), as shown in Figure 13, should be installed on alt approaches in place of
the current route directional signs (M series). These signs help to give better advance warmning of the
approaching roundabout, as well as, destination and route guidance. With the large percentage of semi-
truck refated crashes Involved at the roundabout a warning sign that identifies that trucks can use both
lanes, such as the example in Figure 14, could be installed on the eastbound and northbound approaches
where this is problematic. Yield signs could also be enhanced with LED Indicators to enforce the need to
yleld on entry, see Figure 15,
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Figure 13. Example of a Destination Sign Type

Figure 14. Truck Use Both Lanes Sign

r |
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Figure 15. LED-enhanced Yield sign {(image courtesy of TAPCO}

Campaigning for driver education about lane choices and ylelding behavior is a low-cost measure that will
also serve to relleve the failure to yield and improper lane change Issue. Appendix € provides examples of
handouts and flyers that could be used at the time the inmedlate countermeasures are instalied. We also
recommend selective enforcement whereby police officers will give warnings and hand out one of the
education brochures,
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MEDIUM COUNTERMEASURES

Once the US 30 bypass is opened, conversion of the roundabout to single lane entries can be completed
if appraved by the lowa DOT. Single lane roundabouts are safer than multi-lane roundabouts because
they have less conflict points and proper lane choice is not a factor. The single lane roundabout would
eliminate the present crash issue of sideswipe same direction since no side by side driving is allowed. Paint
markings will be used to convert the roundabout versus reconstructing curb lines due to the Increased
cost. The yielding right-turn bypasses can remain as Is since they do not pose a major crash contributor,
even though operationally they are not needed, Additionally, pavement markings from the existing design
should be corrected such as bringing edgelines to points at the spiitter island. See Figure 16 and Exhibit
2.0 for the proposed Improvements of the converted single lane roundabout.

$ ‘;-1’“ ")
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With the reduction in traffic volumes and conversion to a single lane roundabout, an updated crash
prediction model was completed to reevaluate the expected number of crashes following the completion
of the US 30 bypass. As seen In Table 5, an updated average expected number of total crashes per year
for the single lane roundabout is in the range of 3 to 9 and injury type crashes from 0.5 to 1.5 per year.

Table 10. Comparison of Actual Collision Frequency to Predicted Frequency (crashes per year)

: 14 Expecied

Ul 35" B metil S8 Farpentde
Chpecieg 35 ercentile R ey % Brpentie

Ewpocied Parcentile

AL Ll Expetied Cravh !lp-.ﬂ_!pu_'[l,\_l‘

Cravhes
Crasiies Faquincy Fregquendy
IMAOT Salety

Ferform

ALl i,u,;n_-nr'r‘-l
CoMivion Croshes Crash

Clise Froguenty
INCHRP C
odel) ! J Funclinny

Midiel] |NECHRF 20171 1017) ung uI

Model | 1011}

W1 Calibeated | Calibraned
MOHH el NCHEP fMadet

Total

Crashes 33 9.1 3.8 10.6 0.8 2.2
Injury .

Crashes 0.4 11 6.5 14 0.1 0.2

HIGH COUNTERMEASURE

No high cost countermeasures are recommended. High countermeasures would likely be cost prohibitive
to the community, requiring curb line changes or a full reconstruction of the roundabout. Implementation
of the low and medium cost countermeasures are expected to improve the roundabout’s safety and crash
rate,

1 Using the crash Prediction Methodolegy In Chapter 5.4, NCHRP Report 672

2 Based on study of 32 multi-lane urban roundabouts In Wisconsin, June 2018

3 Evaluating the Performance and Safety Effectiveness of Roundabouts, The Michigan Department of
Transportation, 2011
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CONCLUSION AND RECOMMENDATIONS

Based on the crash analysis, there is an overrepresentation of angle and sideswipe crashes caused by
failure to yield and improper lane changes at the intersection. The higher-than-expected frequency of
crashes, of all severities and types, Indicates a high potential for safety improvement. Findings from this
report suggest that deficiencies in signing and marking, and geometry are contributors to driver error and
the high percentages of crashes.

A 60% reduction of crashes per year would need to be achieved for this roundabout to perform within the
range of national expected average number of crashes. Current research Into the collision modification
benefits of various roundabout safety countermeasures is not well established in the U.S. Generally, a
geometry that conforms to the current guidelines is considered a safer design when accompanied by an
aggressive public education/enforcement campaign. Case precedents of crash reduction have been
observed for the kinds of improvements that are proposed in this report.

For a low-cost and immediate solution, coloring or painting the truck apron, installing median screening
to restrict sight to the left, and mounding and landscaping the central island to restrict forward sight wil
serve to promote correct lane choices and driver compliance with ylelding at entries, Additianally,
installation of the destination type signs will give drivers further advance warning of the approaching
roundabout. Installation of the warning signs informing drivers that trucks use both lanes should help
reduce the sideswipe crashes.

Furthering driver education about lane choices and yielding behavior is another recommended low-cost
measure that will also serve to relieve the fallure to yleld issue. Appendix C provides sample handouts and
fiyers that could be used at the time the immed|ate countermeasures are instalied. We also recommend
selective enforcement whereby police officers will give warnings and hand out one of the educational
brochures.

Once the US 30 bypass Is constructed the roundabout should be experiencing less traffic allowing for Its
conversion to a single lane roundabout. Single lane roundabouts are safer than multi-lane roundabouts
because they have less conflict points and proper lane choice is not a factor. Conversion to the single [ane
roundabout can be done using pavement markings ta keep cost low.

The implementation of the above-mentioned countermeasures should bring the roundabout within the
range of expected crashes per year.
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APPENDIX A - Operational Analysis



ARCADY OPERATIONAL ANALYSIS DOCUMENTATION

STANDARD ROUNDABOUT CAPACITY MODEL
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ARCADY OPERATIONAL ANALYS!S DOCUMENTATION
STANDARD ROUNDABOUT CAPACITY MODEL
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ARCADY OPERATIONAL ANALYSIS DOCUMENTATION
STANDARD ROUNDABOUT CAPACITY MODEL

Year 2040
AM Peak Hour
Single Lane
By-lane Results for Eastbound Yielding Right-turn Bypass
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ARCADY OPERATIONAL ANALYS!S DOCUMENTATION

STANDARD ROUNDABOUT CAPACITY MIODEL

Year 2040
AM Peak Hour
Single Lane

By-lane Results for Westbound Yielding Right-turn Bypass
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ARCADY OPERATIONAL ANALYSIS DOCUMENTATION
STANDARD ROUNDABOUT CAPACITY MODEL

Year 2040
PM Peak Hour
Single Lane

Volumes N
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ARCADY OPERATIONAL ANALYSIS DOCUMENTATION
STANDARD ROUNDABOUT CAPACTTY MODEL

Year 2040
PM Peak Hour
Single Lane
By-lane Resuits for Southbound Yielding Right-turn Bypass
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Geometry and Analysis Results
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ARCADY OPERATIONAL ANALYSIS DOCUMENTATION
STANDARD ROUNDABOUT CAPACITY MIODEL

Year 2040
PM Peak Hour
Single Lane
By-lane Results for Eastbound Yielding Right-turn Bypass

Volumes
Istext | zedeit | Bedoxit | ST | Towd
SBEA1 | & 5ot P 558
25 155 30 : @ v ) 3
HB: 15 & i3 34 4 o =
" B 2 w W B " 1us
.."‘.,..“;L..,:. s £ 88 o -
Truck Percentages
BEEEE ittt e st U-Turn Avirage
SE143 5 5 5 s | s
EE U5 30 5 % 5 ! 5 5
NB 14 1 s 5 5 5 5
G US 20 s 5 5 5 5
Avarmge 5 5 5 5
Geometry and Analysis Results
IR ] i |
P ot A Wi | mae 13 T

¥A0

R ERbwy -tdlw ;.FE"

G- Inmh&d Eh?fl'ﬂl!'ﬂﬂl!‘l? gﬂ‘g T 3EnA
i Pt - t.'anﬂla'l unh-,:e mgh -ds\g{ i i

I‘.-‘Jeit onl.r L D EI

ﬁdaﬂg-l Damsnd f v‘ih A'hrf ]
b da{n} f!). . £.3%
lﬁn Lt-s

.____...“__-__,_.J:-.j

Nak =31h.pwunlih c,uiu ah} W ! «t s
! l-'il:"r T Fatin L2l | DL | 0.BR

lAlatUs30

@ M SA Rounda:no:tmgp‘::nt;'::malysls reehal



ARCADY OPERATIONAL ANALYSIS DOCUMENTATION
STANDARD ROUNDABOUT CAPACITY MODEL

Year 2040
PM Peak Hour
Single Lane
By-lane Results for Westbound Yielding Right-turn Bypass
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ARCADY OPERATIONAL ANALYSIS DOCUMENTATION
STANDARD ROUNDAROUT CAPACITY MODEL

Residual Capacity
AM Peak Hour
95% Queus (veh}|Baloy (3) v/ CRatio l Los | ety o IMersedion s iwork Residust Capachy |
SBIA L 3.2 .49 .65 A ! ;
EB US 30 0.5 5.03 0.05 | a n i A 3%
INBIA 1 14 4.00 0.25 | A a ] i IS5 14 1]
[wBus3a 13 4.34 0.24 | A | J__ o :
With an Increase of 33% traffic on all approaches, S8 IA 1 will begin to experience failing resuits (LOS E, >35 sec
of delay),
PM Peak Hour

95% Queue (Veh) Deloy (s) V/CRatio L0s 'DIErsection Intersecdtion ooy wasiual capacity

Single Lane 2040

SEYA T p 4.3 O A ! I
£ i 5,17 4 8
gg US 39 .0.5 _‘g.-r.r& 117 A 15.59 :
RETA 1 36.0 26.01 D.2g [hE 14 1]
{ W US 30 0.5 5.76 015 A _
With an increase of 4% traffic on all approaches, NB IA 1 will begin to experience failing resuits (LOS E, >35 sec
of delay).
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Copyright © 2018 University of Florida. Al Rights Reserved.

HCSTA Roundabouts Version 7.5

Existing Lans Config 2078 AM Peak Existing Analysis.ao

Generated:; 5/21/2018 9:38:27 A

|- | - AR5
General Information Site Information
Analyst NRC Intersection 1A 1 atUS 30
Agency or Co. MSA E/W Street Name Us30
Date Performed 472772018 NS Street Name A1
Analysis Year 2018 Analysis Time Period (hws) 025
Tirne Analyzad AM Peak Peak Hour Factor 092
Project Description Junsdietion Mt Vernon, IA
Volume Adjustments and Site Characteristics
Approach ] WB NB 5B
Movement v L T R u L T R L T R L T R
Number of Lanes (N) 0 0 0 o 1 ] 0 ] 1 9
Lane Assighment o T 1) T TR T
Volume (), vetvh 0 66 | 144 | 55 0 6 | 548 | 24 4 | 80 | 19 4 | w82 | 236
Percent Heavy Vehides, % 8 8 8 3 9 9 9 8 8 8 8 ] 8 8
Fow Rate (wa), po/h 0 77 | 169 | 65 0 7 | 649 | 28 0 47 | 94 | 22 47 | 214 | 2w
Right-Turn Bypass Yielding Yielding None Yielding
Conflicting Lanes 1 2 1
Pedestrians Crossing, p/h 0 ] 0
Critical and Follow-Up Headway Adjustment
Approsch EB wh NB 58
Lane Laft Right | Bypasz | Left | Right | Bypass | Left Right § Bypass | Left Righr | Bypass
Critical Headway (s) 45436 | 45436 | 49763 43276 | 43276 | 46453 | 43276 45763 | 49763
Follow-Up Headway {5) 25352 | 25352 | 26087 25352 | 25352 § 26667 | 2.5352 26007 | 26087
Flow Computations, Capacity and v/c Ratlos
Approach Eb L] NB Se
Lane Left § Right | Bypass } Lsft | Right | Bypess | Left foght | Bypuss | Left | Right | Bypass
Entry Flow {vs), pc/h 16 130 65 727 28 77 8s 261 n
Entry Voluma veh/h 107 | 121 60 667 26 H a0 242 256
Circutsting Flow (vg), pe/h a39 218 293 7
Exiting Flaw {ve. pe/h 238 G685 ”m 292
Capacity {csa), pc/h 1043 | 1043 | 1025 1180 | 1228 (| 1031 | 1107 627 679
Capacity (c), veh/h 966 | 9656 | 648 1082 | 1127 | 955 | 1025 580 628
v/c Ratio {x} o1l | 012 | 006 n62 | 002 | 007 | 008 42 [ o4
Delay and Level of Service
Approach E8 WB NB sB
Lane Left Right | Bypass | Left Right | Bypass | Left Right { Bypass | Left Right | Bypass
Lane Control Delay (d), s/veh 47 44 1ne | 34 42 126 | 17
lane LOS A A A 8 A A A B B
5% Queue, veh 0.4 04 02 44 0.1 02 20 20
Approach Deley, siveh 47 13 43 129
Approach LOS A B A B
Intersection Delay, s/veh | LOS 9.7




—— — —-

N . T STrETB, e R S
e (HCS7Raundabours Report
Geneval Information Site information
Analyst NRC Intersaction 1A 18t US30
Agency or Co. MSA EAV Street Nama us3n
Date Performed 42772018 N/S Strest Name A1
Analysts Year 2¢18 Analysis Tirne Period (hrs) 025
Tima Analyzed PM Peak Peak Hour Factor 092
Project Description haisdichion Mt Viernon, (A
Volume Adjustments and Site Characteristics
Approach EB WB N8 sa
Movement u L T R u L T R u L T R U L T R
Number of Lanes {N) [ 0 2 [ Y Q 1 o 8 0 F [ 0 ¢ 1 0
Lane Assignment L¥ T Lr r TR Ir
Vielume (V), veh/h 0 20 530 51 & 32 210 75 1] 66 278 | 124 0 45 1 14 1033
Percent Heavy Vehicles, % 8 8 8 B 7 7 I 7 5 5 § 5 5 5 L 5
Flow Rate {vcs), pc/h 1] 236 | &22 &0 0 37 244 87 [} 75 37 | &2 ] 165 | 181 118
Right~Turn Bypass Yielding Yielding Nena Yielding
Confiicting Lanes 1 2 2 1
Pedestrians Crossing, p/h 0 o (4] o
Critical and Follow-Up Headway Adjustment
Approach EB Wb NB SB
Lane Left Right | Bypass { left | Right | Bypass | Left Right | Bypass | Left | Right | Bypass
Critical Headway (s) 4.5436 | 4.5436 | 49763 43276 | 4.3276 | 46453 | 43276 49763 | 49763
Follow-Up Headway (s) 25352 | 25352 | 2.6087 25352 § 25352 | 26667 | 25352 26087 | 2.6087
Flow Computations, Capacity and v/c Ratios
Approach EB ) Ne 5B
Lene teft | Rght [ Bypass | ieft | Right | Bypass | Left | Right | Bypass | Leit | Right | Bypess
Entry Flow (vi), pe/h 403 455 60 281 87 251 283 326 118
Entry Volume veh/h 373 421 56 263 L1 239 270 310 iz
Circulating Flow (v, pe/h 363 628 1023 356
Exiting Flowe (v}, pe/h 829 0 553 198
Capacity (crel, p&/h 1021 | 1021 | 1128 833 | 8s7 | s27 | sos 980 | wer
Capacity (c), veh/h 985 | 5 | 1044 776 | 829 | s02 | s67 4 | o049
v/c Ratio (x) 040 045 0.05 0.34 0.10 048 048 034 0.12
Delay and Level of Service
Approach EB WB NE SB
Lane Left 1 Right | Bypass | Left | Right | Bypass | Left Right | Bypass | Left Right | Bypass
Lane Control Delay (d), s/veh &3 9.1 39 87 53 159 144 7.6 49
Lane LOS A A A A A c B A A
95% Queue, veh 19 23 02 1.5 03 25 25 15 04
Approach Delay, sfveh 84 79 151 &9
Approach LOS A A c A
Intersection Delay, s/veh | LOS 9.6 A
Copyright © Z018 University of Farida. Al Rights Reserved. "HC5 M8 Roundabouts Version 7.5 " Generated: 5/21/2018 9:39:20 AM
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Copyright © 2018 University of rianda. AN Rights FRaserved. ) PEE"-_'Mund?ao—uts Version 7.5

Single Lane 2018 AM Peak Existing Analysis.ro

e 1 e
Ganml Information
Analyst NRC Intersection W1atUs3o
Agency or Co. MSA E/W Street Name us 3o
Date Performed 472772018 N/S Street Name 141
Analysts Year 2018 Analysis Time Period (hre) 025
Time Analyzed AM Paak Peak Hour Factor 092
Project Dascniption Jurtsdichion Mt Varnon, (A
Volume Adjustments and Site Characteristics
Approach EB wB NB B
Movement u L T R V] L T R u L T R U L T R
Number of Lanes (N) 0 1 ] 0 1 i 1 0 1 0
Lane Assignment T LT LTR ()
Volume {V), veh/h [+ 66 144 §5 4] 66 546 24 ¢ 40 &0 18 49 182 | 236
Percent Heavy Vehides, % 8 8 8 8 ) 9 9 9 8 B 8 [ 8 2 8 8
Flow Rate (vec), po/h 0 W 169 &5 1] 78 649 28 0 47 94 22 0 47 214 | a7
Right-Turn Bypass Yielding Yislding Nene Yialding
Conficting Lanes L 1 1 1
Pedestnans Crossing, p/h o o 0 0
Critical and Follow-Up Headway Adjustment
Approach EB wB N8 B
Lune Lsft | Right J Bypass | Left | Right | Bypass | Lokt | Right | Bypsss | Lem | Right | eypess
Critical Headway (s) 45763 | 49763 49763 | 45763 49763 49763 | 49763
Fallow-Up Headway (s) 26087 | 2.6087 26087 | 26087 26087 2.6087 | 2.6087
Flow Computations, Capacity and v/c Ratios
Approach ER w8 NB 5B
Lane Left | Right | Bypass | Left | Right | Bypass | Left | Right | Bypsss | et | might | Bypass
Entry Flow {va), pe/h 246 €5 27 28 163 261 277
Entry Volume veh/h 228 60 687 26 151 242 258
Circulating Flow tvd, pe/h 339 218 293 774
Exiting Flow (va}, pc/h 238 L L e
Capacity (cpod, pe/h 977 | 1025 1105 | 1158 1023 627 | em
Capacity (c), velvh S04 949 1014 1063 948 580 28
v/c Ratio () 025 0.06 0.66 0.02 0.6 0A2 041
Delay and Lovel of Service
Approach EB ™ NB S8
Lane Laft Right | Bypass { Leit Right | Bypass | Left Right | Bypass | Left Right | Bypess
Lane Control Delay (d), s/veh 6.6 44 134 36 53 126 1.7
Lane LOS A A B A A B B
95% Queue, veh 1.0 0.2 5.2 0.1 20 2.0
Approach Delay, sivsh &1 130 53 121
Approach LOS A B A B
Intersaction Delay, 5/veh | LOS B

Generated: 4/27/2018 20132 PM




Single Lane 2018 PM Paak Existing Analysis.aro

General information
Analyst NRC Intersection A1 atUs 30
Agency or Co. MSA E/W Street Name us 30
Dete Performed 42772018 N/S Street Name AT
Analysis Year 2013 Analysis Tire Period (hrs) 0.25
Time Analyzed PM Paak Peak Hour Factor Q92
Project Descnption Jurisdiction Mt Vemen, [
Volume Adjustments and Site Characteristics
Approach EB w8 iNB 58
Movement U L T R U L T R Y] L T R U T R
Number of Lanes {N) 0 1 ] 0 1 0 1 a [ 1 0
Lane Assgnment hy r LTR Ih g
Volume {V), veh/h 0 201 530 51 0 a2 210 75 0 56 278 | 124 [y 45§ 141 103
Percent Heavy Vehicles, % 8 a 8 8 7 7 7 4 5 5 5 5 H 5 5 5
Flow Rate (vee), peh 0 236 | 622 60 0 37 244 87 0 75 37 | 142 0 165 | 161 118
Right-Tumn Bypass Yieldmg Yielding Nona Yielding
Conflicting Lanes 1 1 1 1
Pedestrians Crossing, p/h 0 0 0 o
Critical and Follow-Up Headway Adjustment
Approach EB wh NB 5B
Lane left | Right | Bypass | Left | Right | Bypass | Left | Right | Bypass | Leh | might | Bypass
Critical Headway (s) 4.9763 | 49763 4.9763 | 49763 49763 49763 | 49763
Follow-Up Headway {z) 26087 | 25087 26087 | 26087 26087 26087 | 26087
Flow Computations, Capacity and v/¢ Ratios
Approach 3] WB NB SB
Lane Lot | Right | Bypass | Left | Right | Bypass | Left | might | Bypass | temt | mught | Bypass
Entry Flow (ve), pc/h 858 60 281 87 534 26 [ 18
Entry Volume veh/h 794 56 263 1] 509 310 112
Clrculating Fow (v), pe/h 363 628 1023 356
Exiting Flow {ve}, pc/h 529 312 553 198
Capadty {cs=), pc/h 953 1128 27 785 486 260 997
Capacity (c), veh/h a6z | 1044 g0 | 734 463 914 | od9
v/¢ Retio {0 0.90 0.05 0.39 011 1.10 0.54 012
Delay and Level of Service
Approach EB WwB NB sB
Lane Left Right | Bypess | Leh Right | Bypass | Left Right § Bypass | Lak Right | Bypass
Lane Control Defay (d), /veh 3286 a5 105 6.1 100.8 76 43
Lane LOS D A B A F A A
95% Queus, veh 126 18 17.0 15 04
Approach Dalay, s/veh 307 85 1008 69
Appraach LOS D A F A
Intarsection Delay, s/veh | LOS 393 E
Copyright © 2016 University of Florida. Al Righls Reserved, "HCSWH Roundsbouts Version 7.6 Generated: 4/27/2018 20306 PM
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Single Larve 2040 AM Peak Future Analysks.xro

General Information
Analyst NRC Intarsection IA1atUS 30
Agency orCo MSA EAW Street Name Us 30
Date Performed 42772018 N/S Street Name A1
Analysis Year 2040 Analysis Time Period (hrs) 0.25
Time Analyzed AM Peak Peak Hour Factor 092
Praject Description Jurisdiction Mt Vernon, fA
Velume Adjustments and Site Characteristics
Approach EA wa NB S8
Movement u L T R L T R U T R u L T R
Number of Lanes (N} a ¢ 1 0 1 ¢ 1 0 1 a
Lane Assignment r r LTR T
Volume (V), veh/h 2 4 32 4 o 15 | 118 5 0 432 32 ? H] 631 17
Parcent Heavy Vehicles, % 5 5 5 5 5 L § 5 5 § 5 5 5 5 5
Flow Rate (wrcs), po/h g 5 37 5 [} 131 | 135 6 [ 265 a7 4 10 720 19
Right-Turn Bypass Yielding Yielding None Yielding
Conflicting Lanes 1 1 i 1
Padestrians Crossing, p/h 0 0 ¢ 0
Critical and Follow-Up Headway Adjustment
Approach ER wB NB SB
Lane Lteft | Right | Bypass | left | Right | Bypass | Left | Right | Bypmss | Left Rght | Bypass
Critical Headway (s) 49763 | 49763 49763 | 49763 4.9763 49763 | 49763
Follow-Up Headway (s} 26087 | 2.6087 26087 | 26087 2.6087 25007 | 26087
Fiow Computations, Capacity and v/c Ratios
Approach EB wB NB 5B
Lane Left Right | Bypess | Left Right | Bypass | Left Right | Bypass § Left | Right { Bypess
Entry Flow (v} pe/h 42 5 266 [ 305 730 19
Entry Vofume veh/h 40 3 253 6 290 695 16
Clreulating Fow {v2), pe/h 851 273 52 269
Bxiting Flow (va}, pc/h 84 138 20 851
Capacity (tpes), pe/h 573 579 1045 1048 1309 1043 1199
Capadty (c), velwvh 546 552 995 998 1246 998 1142
v/c Ratio (x) 007 0.01 025 o 0.23 0.70 0.02
Delay and Level of Service
Approach EB wB NB SB
Lane Left Right | Bypess | Left | Right | Bypass Right | Bypass | Left | Right | Bypass
Lene Control Delay {d), s/veh 75 &6 6.1 3.7 49 49 33
Lana LGS A A A A A B A
95% Gueus, veh 02 0.0 1.0 03 59 a0
Approach Detay, sfveh T4 61 49 1456
Approach LOS A A A B
Intersection Delay, siveh | LOS 105 B
COpyright © 2018 University of Florida. All Rights Reserved, HCSWl Roundabouts Version 7.5 Generated: §/21/2018 10:55:17 AM



Single Lane 2040 PM Peak Future Analysisaro

| Fcs7RoundaboutsReport
= = e =Nl et Al B ™l S 0 || |
General Information Site Information
Analyst NRC Intersection 1A 184S 30
Agercy or Co. MSA E/W Strest Name us 30
Date Performed AR27/2018 N/S Street Name A1
Anslysis Year 2040 Analysis Time Period (hrs) 025
Time Analyzed FM Peak Pezk Hour Factor 0352
Praject Destription Jurisdiction Mt Yamon, 1A
Volume Adjustments and Site Characteristics
Approach EB wB NB sB
Movemment 3 T R ] L T R ] L 1 R u L T R
Number of Lanes (N) 0 1 0 ] 0 1 ] 0 1 0 ] 1
Lare Assigniment i) o R u
Volume {v), ve'h 0 14 | 14| 3 0 s3 | 46 | 16 0 4 | 764 [ 30| 0 3 [0 8
Percent Heavy Vehicles, % 5 5 5 5 5 5 5 5 5 5 5 5 5
Flow Rate (vees), pe/h 0 16 | 130 | 3 0 | s | 52|18} 0 5 |e2|u4s )| o 35 | 593 | s
Right-Tum Bypass Yielding Yielding None Yielding
Conflicting Lanes i 1 1 1
Pedestrians Crossing, p/h o 0 e 0
Critical and Follow-Up Headway Adjustment
Approach EB wa NB e
Lane Laft Right | Bypass | Left Right | Bypass | Left Right | Bypass | Left Right | Bypass
Critical Headway (5) 49763 | 49763 49763 | 49763 49763 49763 | 49763
Follow-Up Headway {s) 26087 | 26087 25087 | 26087 26087 26087 | 26087
Flow Computations, Capacity and v/c Ratios
Approach EB WE NB sB
Lane Left | Right | Bypass | Left | Right | Bypass | Left Right | Bypass | Left Right | Bypass
Exttry Flow {va), pc/h 145 3 112 18 1025 628
Entry Volume vehvh 139 3 107 17 976 508 9y
Clreulating Flow (vd, pe/h 688 893 181 17
Exiting Flow (ve): pc/h 313 57 888 653
Capacity {ger), pe/h 684 | 709 555 | 558 1147 1225 | 1302
Capacily (c), veivh 652 | 15 529 | 531 1093 1166 | 1240
v/t Ratic: (1) 021 | oo 020 | 003 0.89 0s1 | o0
Delay and Level of Service
Approach 3] we NB SB
Lane teft Right | Bypass | Leit Right | Bypass | Left Right | Bypass | Left Right | Bypass
Lens Control Delay (d), s/veh a1 54 95 72 274 as 30
Lane LOS A A A A i} A A
95% Quaue, veh 0.0 {7 0.1 132 20 00
Approach Delay, s/veh 8.0 9.2 274 38
Approach LOS A A ] A
Intarsection Delay, &/veh | LOS 185 ¢
Copyright © 2018 University of Florida, All Rigts Reserved., HCSl Roundaboyts Version 7.5 "~ Generated: 5/21/2018 10:5428 AM




APPENDIX B - Colored Pavement Markings Product
Sheets



Color - Safe™

Color Pavement Marking with Anti-Skid Surface




Color - Safe™

INCREASED SAFETY WITH COLOR PAVEMENT MARKINGS

Cities and municipalities throughout the world are lcoking for long-term sciutions to color pavement
markings. Color pavement markings increase safety by alerting motor vehicle operators of special
use lanes and increasing visibility in all ransportation modals.

Paint and epoxies do not have the bright color or durabillity needed and
thermoplastic is exponsive........ COLOR - SAFE™ IS THE SOLUTION

Color-Safe™ is an acrylic-based material with great adhesion to concrete and asphalt surfaces.

It is available in a variety of high-definition colors and aggregate sizes; has excellent color retention;
glass beads can be added for increased retro-reflectivity, and its fast cure time allows the surface to
be opened to traffic in as little as one hour. Applications are capable of obtaining full cure in a wide
range of temperatures and no special equipment is needed.

FEATURES AND ADVANTAGES

» Varlety of Colors and Aggregate Sizes

* Durable Skid-Resistant Surface

* Alerts Drivers to Special-Use Traffic Lanos
» Excellent Color Reténtion

» Easy Application & Fast Cure ; " i

* Low Life Cycle Cost

ST AL

. :
F & I-’ — . 4
F g oy . 3 Fr r
o s K

.-"('

It is easy to apply and repair

% T

9 1&‘;.‘%

and has a low life-cyele cost.



Color - Safe"
& Durable, High-Definition Color is

Tl

vour solution to creating and

maintaining color pavements,

USES
BICYCLE PATHS PHYSICAL PROPERTIES
BUS LANES

Properties Unit of Measure Test
CROSSWALKS
PEDESTRIAN PLAZAS
AIRFIELD MARKING
SCHOOL ZONES Elongation 70% ASTM D638
TOLL LANES Hardness 15-20shoreD  ASTM D2240
SPEED ZONES Water Absorption <0.25% ASTM D570
HAZARDOUS ROAD AREAS Pot Life@72D F(22C) 15 Minutes ~ AASHTO T237
AIRFIELD MARKINGS

Solids Content 100% ASTM D1844
UNIVERSITIES
HOSPITALS

ol

1625 Specirum Drive, Suite 100 / Lawrenceville, GA 30043
800,969,5103 / 770.962.2222./ Egx: 770,513.8881




Color-Safe-

CROSSWALK SAFETY

% e
[ PHOTO ® Transpo Industries ]

Sharing the road with Pedestrians

Transportation authorities around the world have
recently been placing a greater emphasis on improving
pedestrian safety and are finding MMA acrylic resin
based road markings to be an ideal solution, creating
visual awareness for all road users. In recent years the
number of Americans who use walking as a regular
mode of travel has risen to over 107 million. Without
counting recreational trips, walking makes up roughly
10.8% of the total 388 billion trips taken by Americans
each year. This rising trend makes it important to focus
on the safety of the facilities available for pedestrians
nationwide. Known for their high durability, increased
wet-night visibility, skid resistance and optimal color

stability, contrast area markings are increasingly being
used to apply bright crosswalks to high traffic areas.
These markings not only offer increased safely to
pedestrians, but also provide local authorities with a
cost-efficient alternative to other road marking systems
inthe industry. Due to their high durability, road markings
based on MMA acrylic resin cost less in maintenance
and material costs over the extended lifecycle of the
markings. In this newsletter, you will leam how the
Colorado Department of Transportation is saving the
lives of their pedestrians through a network of highly
visible crosswalks using the MMA acrylic resin Color-
Safe™ pavement marking and anti-skid surface.

1625 Spectrum Drive, Suite 100 Lawrenceville, GA 30043 / 770-962-2222



Color-Safe"

Bright markings

getting the attention of drivers

In2008, similarmarkings were appliedtothe intersection
of Colorado Boulevard and Loulsiana Avenue. Based
on the reduction of crashes documented at these
crosswalks, CDOT saw an opportunity to evaluate how

" a more durable area marking would perform at other

~ imtersections with high crash statistics. Having had

experience using MMA acrylic resin road marking for
various other applications and impressed with the thin

millage at which the MMA acrylic resin area markings

"N could be appiled, CDOT determined this system would

4 o
[ PHOTO @ Transpo Industries |

Color-Safe™ area markings were recently applied at three
intersections along one of the busiest roads in Colorado to
increase pedestrian safety. The color stability of the area markings
and the retained retro reflectivity of the accent stripes are getting
the attention of drivers passing by and are expected to reduces the
number of pedestrian vs. vehicle accidents at these iocations.

The Colorado Department of Transportation (CDOT) Installed,
Color-Safe™ bright red crosswalks this past summer at three major
intersections in the Denver Metro Area (Colorado Boulevard & East
Colfax Avenue, East 14th Avenue, and East Montview: Boulevard).

be the most beneficial system for the three additiona!
crosswalks along Colorado Boulevard. “The new
friction-grip material is more for durability,” said Bryan
Allery, CDOT Traffic Engineer, PE II. “We want that to
stand out and to last longer.”

CDOT has stated that the newly applied bright red
crosswalks are getting the attention of drivers. They
have received many calls commenting on the brightness
of the markings, to which CDOT replied “We are glad
Yyou noticed. It's supposed to get your attention.” The
awareness generated by these crosswalks has led to a
decrease in pedestrian vs. vehicle accldents since the
first installation In 2008. “It's certainly not going to solve
all the problems,” Bryan Allery stated. “It does draw
attention to motorists as they are approaching these

Thesa red crosswalks and white accent stripes cover an area
of 4,750 A2 (441.2 m2), with the largest of the three crosswalks
spanning six lanes of traffic.

Saving lives one crosswalk at a time

. The number of pedestrian vs. vehicle crashes have been documented by CDOT over the
years and a decrease has been seen since the installation of bright red crosswalks at the
various intersections in Colorado. Prior to 2008, when the red crosswalks were initially
installed at the intersection of Colorade Boulevard and Louisiana Avenue, there was an
average of two people struck each year by oncoming vehicles, with one vear having five
| people struck. Since installed, the red crosswalks have alerted drivers and, as a result,
S there has only been three people hit within the past three years. Although more years of

post-installation data is needed, CDOT is optimistic that the use of these area markings for
| visual awareness will continue to increase safety.

crosswalks, and it's also proven through Colorado
Boulevard and Louisiana Avenue that they are helping.”

. & At the intersection of Colorado Boulevard and East Colfax Avenue, where Color-Safe™
was recently applied, there have been five people hit while crossing the road within the last
three years. CDOT foresess that the newly applied crosswalks will have the same effect
sean at the interseclion of Colorado Boulevard and Louisiana Avenue. In addition to the
e interest generated by pedestrians and motorists traveling through these Intersections, the

" red crosswalks based on wet-night visibllity, skid resistance and optimal color sparked local
news coverage in the months following their application. Highlighting the brightness and
safety aspects of these markings, various local news stations recognized CDOT for their
dedication to improving the safety of all road users at intersections in Derver.

1625 Spectrum Drive, Suite 100 Lawrenceville, GA 30043 / 770-962-2222
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PAVEMENT MARKING

Durable and High Definition Color
Color-Safe® is a Mathyl Methacrylate (MMA) based material used for

PHYSICAL PROPERTIES®

color pavement I'llll'kiﬂg. Proparies  Umil ol Measure Toat

Color-Safe® is typically used for demarcation of blke lanes, pedestr- alo | 5001000 pai S

:fn areas, bus lanes and ol}her specially designatad areas. A variety (3489 mg:i) ASTM D838 Type I
supplied aggragates will create : = .

appropriate skid resistance for the Etongation >30% ASTM DB38 Type

application, vehicular traffic and b

specification requirements. Hardness | 55-60 Shore D ASTM D2240

Color-Safe® can be applied by “0.25% ASTM D570

hand with squeageas and rollers

or with automatic spray equlp- 15 Minutes AASHTO T237

ment and cures without requiring ids

axternal heat sources. é,"}mm 100% ASTM D644

Color-8afe® is capable of full cure

In @ wide range of temperatures Hardness 70 | Mole Scele

allowing for a fonger marking *To be used as general guidelines only

saaaon.

Color-Safe® enhances your safety program
with high visibility color and increased service life.

SAFER TRANSPORTATION THROUGH INNOVATION

SPeairum [htave AriLe: L wWECTCew g | g




SAFER TRANSPORTATION THROUGH INNOVATION

Color-Safe®
PAVEMENT MARKING

Features and Advantages

* Excelient Color Retention and Durability

* High Visibllity Color Increases Motorist Awareness

* Avallable in a Variety of Colors and Aggregate Sizes

* Easy Application

* Fast Cure Time (30 min at 70° F)

* Wide Application Temperature Range (40°-100° F)

* Low Life Cycle Cost

* Abllity to Adhere to Both Concrete and Asphalt Surfaces

Application Process

Surfaces receiving Color-Safe® must be theroughly cleaned and free of all
dirt. Contaminates that might Interfere with the proper adheslon of the materi-
al must be removed by sand blasting or shot blasting.

Color-Safe® is made up of resin, powder hardener and aggregate. These
components must be mixad thoroughly for uniform curing and performance.

Color-Safe® is applied by either the mixed resin and aggregate method or
the spray/broadcast aggregate method. Refer io the technical data gheet for
application details,

No special equipment is required for installation.

Applications
Transpo's Color-Safe® can be used as an anti-skid surface and/or for demar-
catian.

= Blke l.anes and Bike Boxes * Airfields

* Pedestrian Refuge and Plaza * Crosswalks

» Toll Lanes * Roundabouts

* Bus Lanes * High Friction Surface Treatments

Standard and Custom Colors

Transpo's Color-Safe® has many standard
color optlons as well as custom colors
available upon request.

- Blke Lane Green
- Bus Lane Red

* Buff

* Traffic Yallow

White

* Black

* Pink
= Handicap Blue
= Orange

* Red

Need More Information?

1625 Spectrum Drive, Suite 100
Lawrenceville, GA 30043
800.969.5103 / 770.962.2222
Fax: 770.513.8881

www.transafeproducts.com
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STANDARD COLORS
AND CUSTOM COLORS!



Color-Safe®
Methyl Methacrylate [MMA)
Resin System

B \_\t .,:-:-:,
Thermoplastlc?

COMPARISON
Color-Safe® MMA

Vs,
Hot applied Thermoplastic

COLOR-SAFE®* MMA i Applied Thermoplastic

Adhesion to Concrete '; EXCELLENT | Poor

Life Cycle 6-10YEARS 3-5Years

Refresh or Removal REFRESH Full Removal

UV Stable YES No

CureTime 20-40 MIN. Wait for Cooling

Adhesion to Self YES Mo

Working Hazards Potential Burns

Specialized Equipment

ey

"'v

=

Call today*tﬁﬁnawmthﬂw cﬁs{' e‘ffectwe C{:ﬁor Safe MMA can be.

TRANSAFE, INC
1625 Spectrum Drive, Suite 100
Lawrenceville, GA 30043
770.962.2222 [ 800.969.5103



CAETK.‘ Technical Data Sheet Spray/Brosdesst Aggregate Application Methind
YT — COLOR-SAFE® Color Pavornsal Markis; and Anti-Skid Sorfacing Mixing nad Application

It i impertent 4o nse the redn foomintion that mutche the mixing matio of fhe agoipment fhat will be veed fix the
Whnwmmmmuf‘:mmmmmm Rita  oppBeation
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M&SOMWMW”MWMDTMS&MWMWM&HM

Tequira lhe equipaent to be dkeaned pricr to 28 vesamption of pplication.

seiostion [Por Crapretn Arglicarins ONEY]

with Caiov-Siufa® shoald bematked prior tn application. Refer to Tobles 7 tad 3 fior tho sppropriste

‘hanteserpeigce ntixing ration, mmmtuwyﬂmhmnhmmn
gte Arnticinne ON roughar porous sarihees will be leis. mhﬂmhqmﬁhﬁlkmmaﬂm Ermecintely after

shoold v-plgmented Color-Sal® pmer mhsﬂdmmunﬁwﬂlmﬂmﬂwnﬂammh

Ao hwndongr (refer o Table | fr sppropelate hardener quantition) for approainnincly 30 econds and apply it 10 the mribce aggrogats 15 applied and befre the material curus, raovove all Mg
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suppiiod re-packeged aggropate). Thutsagh and complete mixing of theen comporents Wit 4 0l memted puddle glser
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Tialils 2; Hardener per Gallan of Coler-3afe® Primer aad Resin

(98:2 spray oquipmen] without amomatic propertioateg)

[ Tempwic) Weight % Grams 30 g Pesicen
4059 (£15) b “24D-186 E5
50-89 (13-32 71 13550 L]

5 %030 EX)

Table 3: Hurdaner per Gallon of Colar-Saié® Priger usd Rashe

(1:1 spray cquipment)
Tezup FC) Welght % Osamp 120 g Puckets
4055 (] i ;ﬁfﬁ 3
1 4 50-340 32
238 3 1B 1
Talyla 4; Physica] Properties* of Coler-Sefc®
Froporty | EnkofMeagrs | Tast
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Solids Contant W% ASTM
13
Sp%ai.n%my | — g [ ARTMEER
Hicdvas 70 | Bohy Segle
Ta nsed oy genersl ooy oy
Storage
Muterial shall be kept in dry 3 d aremnk 40*F — BO°F out of direct enalight, protocted from open fiame,
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Standard & Custom®

Colors

Traffic Yellow

4 ", 2Ly Froducts

1625 Spectrum Drive, Suite 100

Lawrenceville, GA 30043
770-962-2222 | 800-969-5103
www.transafeproducts.com



MMAX Area Markings

Specialized Lane delineation

PRODUCT DATA

Product Type: MMA Area Markings with Anti-Skid
Product Code: 9996880TC-KIT

Product Color:  Terra Cotta

Effective Date: September 2014

Product Description: _—
MMAX Area Marking products conveniently combine state-of-the- Product Characteristics Jest
art Mathyl Methacrylate resins with hardwearing aggregate and ‘:
premium pigments to deliver an exiremely durable, highly visible Binder Resin :
and color stable lane delineation treatment that meets the non-slip
requirements needed for pedestrians, cyclists and vehicles. Density 8.1+/- 35 Lbs/Gal
. Tensile > 400 psi ASTM D638
Terra Cotta colored MMAX Area Markings can be used to delineate
bus lanes, or other specialty applications, where a durable area Elongation > 180% ASTM D638
marking is required. Fiash Point >10°C ASTM D1310
Product Advantages: Aggregate
« Kitted for consistent on-site mixing and convenience Hardness 9 Mohs Scale
" Very Durable Preferential Lane
* Color stable Treatment
* Fast back to traffic
5 NOI'I-SHP sufface Density 185 +!" 0.5 LbslGaI
« Easy to apply Build Thickness 90 +/- 10 Mils
» Can be inlaid
« 100% solids VvoC < 100 Grams/Liter
Pot Life “~“15min AASHTO T237
Packaging: > 99%
Each MMAX area marking kit mixes to approximately 2.79 gallons Solids {cureqy  ASTMD2369
and covers approximately 45-50 sq. ft, @ 90 mils build thickness. Skid >60 ASTM E303
One Kit includes:
- MMAX Resin(Pre-pigmented) : 2 gallons / 7.57 liters Eeress 5080 ASTMO2240
* Supplied in 5 gallon peil for easy mixing Water Absorption <0.25% ASTM D570 |
« MMAX Aggregats: 1 —25.0 Ibs / 11.34 kg bag CureTime <30 Mingtes

* Catalyst*: 8 f.. oz. / 236 ml (.52 Ibs / 0.24 g)

Storage:

Keep Cool. Keep in dry protected areas between 40°F - BO°F, out ?““’" _ _

of direct suniight and protected from open flame. Use within six ‘Amount of catalyst used is dependant on ambient and

months of receipt. road temperatures. Each ki Is supplied with the
maximum amount of catalyst that would be required.

Refer to Application Instructions.

Tha prociuct dele offered honsin Ls, 10 the bas| of our Krowledga, trua and accursii, g all moGmimiendations am
mede wilhoul wamaniy, sxprusted or mmmmuunmummm
Flumrbmnlhuhhwwhﬂmmwummnnhmwh
inobilly i s tha product desaribed herein, e nekther coninal over s Iemtafiation of predol
ﬁnhilmﬂmrnﬂddhﬂmmﬂhﬁnhkﬂdnﬁwn“h.hﬂbm
Gunarien W 10 the GUNREY or the riomiisdive PrRPINEN OF any moddnD eyiem apeied. Ne pooon
d iy makn arry In the Praduct Dats, snd any such sisiement
= umlmmmmu-mmnrmmmmmm
10 LSR. aefry prod oonlict with 2xisting palnis, srd no Ecanes under i ciaims f eny

ATraftic Salaty Schuricnd Company 800.331.8118 sales@ennisfiint.com www.ennisfiint.com ©2014 Ennis-Flint. All Rights Reservad 31814



APPENDIX C - Educational Brochure Examples
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Driving a Roundabout
Turn by Turn

» Observe all standard road rules,
including yieiding for pedestrians in
crosswalks.

} To safely and efficiently drive a
roundabout:

» Slow down

. . + Read advance signing and choose

A ¢ H \ correct lane.

+ Yield to traffic in afl lanes on your left
before entering.

+ Stay in your lane to your exit.

Sample Turning Movements
Right Turn / Continue Strakght

! Countinue Straight / Left Turn / U-tvrn

\

A5 to the rocmdabout entranae i

Always obey the signs and markings

WS DO CARTE T MG Wi
By L% "II--_'.'._‘Il_-l.-"::‘.-lll'.|.l rundiabiout Signs above the road and white arrows an i foaed il slvonee the Corrive t Lan

Roundaboul ahead Gulde signs nearthe entry toa Yield to all traffic in Roundabout traffic
stow down roundaboutshow lane designationd the roundabout travels one-way.



As with any other
intersection, the
proper lane must be
chosen before entering
a roundabout,

in advance of the
roundabout, signs and
pavement markings
will always indicate
which lanes may be
used for the direction
you want to go.

Keep left to turn

loft through the
roundabout and keep
right to turn right.

Never change lanes
within a roundabout.

A

Ourston

JaA

Drivers in the outside (right)
lane are not allowed to

turn left, they must exit the
roundabout. Drivers in the
left lane may exit or turn left.

How to Drive Through a Roundabout

E‘E VO] \ DLL‘”L

In m&gpe of crash, the driver of
the RED car is at fautt forfailil:?
1o obey the lane use slﬁgs an
choosing the Incorrect lane,

Drivers wlshin‘g to turn feft must
bea in the left {inside) lane before
entering the roundabout.

Muttiple signs and
pavement marrl:lngs og
approach remin
m:.f. of the need to
choose the proper lane.

Failure to use the
proper lane can result
in a ticket or a crash,

I—




YIELD
The “Gofden Rule” of
roundabouts.

Drivers entering a
roundabout must
yleld to circulating
traffic, pedestrians
and bicyclists.

Drivers in the circle
have the right of way. A
motorist approaching

a roundabout should
walt for a safe gap in
traffic before entering.

How to Drive Through a Roundabout

ALWAYSYIELD

Drivers must yleld

&5 to pedestrians and

Stopped/At Fault hicscllsts using
270 Yielding the crosswalks.
WD Circulating

[
B

Drivers enter only
when there s a
safe gap in traffic.

[ i

Drivers must
yield to all

traffic coming
y from the left.

el
PN

Clrculating traffic
hastherightof §
way. Continue to |
your exit and do
not stop within
the roundabout.

The entering driver (red) is at
fauit due to failure to yleld to
the circulating vehicle {green).

The driver in the Inside lane

of the roundabout can either
exit or continue circulating.
Entering vehicles must yle dto
all traffic coming from the left.



