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ABSTRAT

STARSStrategically Targeted Affordable Roadway Solutigna)rogram within the Virginia Department

of Transportation (VDOT) aimed at critical safety and congestion hots sgwoughout the
CommonwealthThe study area for this STARS projett$250 (lvy Road) frordS29 Bypass(Monocan

Trail Road) to Route 240 (Three2 § OKQR w2 R0 f £duhtyi \Briinigkoythe wésod® Y I NI S
Charlottesville US 250 is a designated Corridor of Statewide Significance (CoSS) and a Mobility
Enhancement Segme(VES).

Ivy Road is a minor arteridiat isrural onthe westernend andurban on theeastern The westerr{i.e.,
rural) part of the corridor is a typical twtane unsignalized roadwagnd does not experience much
congestion or delayThe easterri.e., urban) part of the corridor includes signalized intersecticarsd
does experienceongestion.Most of the corridor is not anticipated to experiensgnificantgrowth in
traffic volumes om considerabl@eterioration in operations in future years, except the area in vicinity
of the US 250/US 29 interchange.

Through operational, safety, and field analy#i® project teamidentified 12 hotspots on this corridor.
Eachhot spotfaces operational andor safetyconcernsThe teamdeveloped recommendationf®r each
of the hot spot intersectiongand segments.These recommendations ranged from shtatm to long
term implementation Short-term improvements includ®ptimizing signal timings, installing new digg
or pavement markingsor trimming vegetation #ng the corridor.Longterm improvements include
installing a leftturn lane, constructing a roundabout, widening the roadway.

The inersection of lvy Road and Three2 §l OKQR w2+ R A& | &2dz2NOS 2F 02y 3S3
of this intersectionis unfavorable to drivers on Three 2 ( O K Q Rhraugh IthR High Risk Rural Roads
(HRRRprogram, VDOT received funding to construct a roundabout at this location.

The segment between Farmingtddrive and Canterbury Road / Old Garth Reegberiencesheavy
congestion. The commuter traffic pattern makes this location an ideal candidate for a reversible lane
concept. The proposed improvements for this lspbtsegmentincludepotential roadway widening and
implementation of reversible travel lanes.

In additin to recommendingspot-specific treatmentsat hot spot locations the project teamapplied
systemic templates tthe entire corridor.The type and tier of systemic template to apply was determined
based orthe intersection geometry andafetyrelated factas.

All recommendations aim to improve both the operations and the safety of this corridor
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1 INTRODGCTION

STARSStrategically Targeted Affordable RoagwSolutionsjs a program within the Virginia Department

of Transportation (VDOT) aimed at critical safety and congestion hot spots throughout the
Commonwealth. The Transportation and Mobility Planning Division (TMPD), in partnership with the Traffic
Engneering Division (TED$ leading the studies being prepared throughout the state for each hot spot.
The main purpose of the STARS program is to unite planners, traffic engineers, safety engineers, and
maintenance and operations stdtf jointly identify costeffective quick to implement (24nonth or less)
improvements aimed at improving safety and reducing congestibis program will allow VDOT to better
incorporate operations and safety planning into the ldlegn process. It is important to note thahe
recommendations outlined in this report regsent a listof improvements that could potentially be
implemented. Inclusion in this report does not constitute a commitment or guarantee for
implementation.

The recommendations outlined in this report aneganized into one of three categoriegsshort term,
intermediate, and londgerm. The shorterm category is comprised of improvements thatuld be
implemented by statdbcal forcesor packaged together into a corriddmng contract Examples of these
types of improvements include cutting back foliage to improve visibility, replacing signage, retiming
signals, upgrading pavement markingsnstruction of median islandgtc. The intermediate category
consists of improvements that are candidates for fundingder the Highway Safety Improvement
Program (HSIPlongterm improvements are generally more extensive in nature and, as such, are
candidates forlSmartScale funding verssgate/local forces or HSIP funding. Improvements in the 4ong
term category will Bed more extensive planning, environmentahd design work before implementation

can be considered.

2 STUDYAREA ANIMETHODOLOGY

The project sudy area isUS250 (lvy Road) from Route Bypass(Monacan TrdiRoad) to Route 240
(Three Not& Q R 2IbeRale County, Virginial he study corridor is 7.13 miles in lengtid is shown
in Figure 2.1
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Route 250 Study Area &
Route 250 (Ilvy Road) from Route 29 (Monocan Trail Road) to Route 240 (Three-Notchd Road) in Albemarle County, VA Vhb
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Figure2.1 ¢ Study Area
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Through evaluation of crash locations, crash types, and other concerns, the study team identified the
following hot spot locations, shown Figure2.2:

=

US 250 (Ilvy Roa@® Route 240 (Threb 2 1 OKQR w2 | R0

US 250 (lvy Road Route 787 Gillums Ridge Road

US 250 (lvy Road Route 676 Tilman Roajl

US 250 (lvy Roa@® Route 678Owensville Rogd

US 25(lvy Roadpetween he C&ORailroad Overpass toiRate Driveway

US 250 (lvy Roa@ Broomley Road

US 25(lvy Roadpetween he EasEntrance of UVAorthridge Medical Parand Broomley Road
US 250 (lvy Roa@® UVANorthridge Medical Park

US 25(lvy RoadpetweenGolf Course DriveColridge Driveand Bellair Exxon West Entrance
10. US 250 (lvy Roa@® Route 846 Canterbury RoadlOld Garth Road)

11. US 250 (lvy Roa® US 29 Southbounithiterchange

12. US 250 (lvy Roa@® US 29 Northbounthterchange

© O NOUAWN
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Route 250 Study Area “I
Route 250 (lvy Road) from Route 29 (Monocan Troil Road) to Route 240 (Three-Notchd Road) in Albemarie County, VA hb
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2.1 Road Safety Assessment Workshop

The Road Safety Assessment Workshop for the study area was condudtex/@ember 10, 2016y the
following members:

- Chris Daily and Noelle Wilcox, VHB

- Charles ProctoivyDOT CpleperDistrictg Planning
- Kevin McDermott, Albemarle County

- Adam Moore, VDOT Charlottesville

- Samuel Hayes, VDOT Central Office

- Ali Farhangi, VDOQINWRO Traffic Engineering

The purpose of the field visit was to observe road user behaviors, site characsgigad geometry, sight
distances, clear zones, drainage, signing, lighting, and barriers), traffic characteristics (speeds, traffic mix,
and peak volumes), surrounding ldruses (existing traffic and pedestrian generators, driveways|

traffic pattems associated with the adjacent land uses), and link points to the adjacent transportation
network (atgrade railway crossing, interchange ramgsgdtransit connections). During the field review,
issues previously identified were verifiednd additionalpotential safety issues were documented.
Following the field review, the tearassembledto review the information gathered and to identify
possible measures to mitigate safety or operational concerns.

2.2 Findings Meetings

After developing preliminary improveemt conceptsVHB held two separate findings meeting, one with
the VDOT STARS stakeholder team and another with the US 250 West Task Force communifigegroup.
VDOTfindings meeting occurred on October 22018 at the Albemarle County Office Building.eTh
findings presentation to the US 250 West Task Force occurred at their meeting on Febja29 8.
Comments and suggestions from both meetings wéreroughly considered and included in the
recommendations as appropriate.

3 EXISTINGCONDITIONS

3.1 Descripton of Study Area

L@ w2lFIRXI AYy !f06SYINXS /2dzyiesxs Aa OftlaaArAfTASR & |
Road. It is classified as an urban minor arterial from Owensville Road to tb@ikt8rchange, where it

becomes a primary artal. Ilvy Road is a VDOT maintained road. The corridor is surrounded by
predominatly residential land uses, witobommercial and institutional land uses in the urban portion of

the study area, towards the eastern side.addition to being a Corridor of Seatide Significance (CoSS),
theruralsegmentofL @& w2l R A& faz2 LINI 2F +ANBAYAlIQA ySs
critical state highways designated for preservation and enhancement of capacity and $hiegastern

half (i.e., the urba portion east of Owensville Roaid)a Mollity Enhancement Segment (MES) £+ 5 h ¢ Qa
goals are tgoromote safety and prioritizenainline (lvy Roadhrough traffic along these corridors.

3.2 Geometric Conditions
To aid in identifying geometric inadequacies, VibtBained the Roadware database from VDOT. This
database contains crucial information such as lane widths, curve characteristics, and shouldeMiilth.

CTARS, ; oot
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used theinformation in identifying any deficiencies in the roadway network and determining hot spot
locations. Specific geometric characteristics are discussed where appropriate.

For most of the study area, Ivy Road is a-tare undivided roadway with varying turn lane geometry.
Between the UVAorthridge Medical Par&ntrance and Ednam Drive, a twayleft-turn lane is present.
East of Canterbury Road, Ivy Road is a-fane highway, divided by a £6ot median. The study corridor
runs east to west with intermediate horizontal curvature. It is on rolling terrain.

Curb and gutter is not present alonguch ofthe corridor. Curb and gutter is only found in four sections
along the corridor:

Northern side of Ivy Road within proximity of the U\WWorthridge Medical Parkentrance
(approximately 350 feet)

Southern side of Ivy Road between Ednam Center and EBmiave (approximately 0.33 miles)

Northern side of Ivy Road from Canterbury Road to the entrance for Atlantic Research Group
(approximately 270 feet)

The median between Canterbury Road and the US 29 northbound interchange (approximately 0.23
miles)

Ditchesare used for drainage along the rest of the study corridor.

Guardrail is placed intermittently along the study corridor totaling approximately 2.24 miles of guardrail.

3.3 Traffic Control Devices

On the rural, western side of the study area, intersectionity Road are unsignalized and operate
under stop control on the side streets (i.e., lvy Road operates as free flow). Towards the eastern side of
the study area (i.e., the urban portion), signalized intersections are frequent, with all seven major
intersections being signalized. All signalized intersections on the corridor have mastaumted signals.

Most leftturn movements operate under protectédermissive onditions, with one exception:he
westbound leftturn at the US 29 authbound interchangeoperates as protected only VHB obtained

traffic signal timing plan information from VDOT for all seven traffic signals on lvy Road within the project
area. This information was used for input in evaluating the existing traffic operations using Synchro and
Highway Capacity Software. The signal timing plans received are includegandix A

The speed limit ranges from 35 mpkb5 mph along the corridor. The posted speed limit for each section
of lvy Road is shown below Trable3.1.

Table3.1 ¢ Posted Speed Limits

From To Speed Limit, mph
Threeb 2 i O K Q®/esivRdje& Limit) Fields of Boaz Drive 55
Fields of Boaz Drive West of Dick Woods Road 35
West of Dick Woodsdad East of Dick Woods Road 45
East of Dick Woods Road West of Broomley Road 55
West of Broomley Road Farmington Drive 45
Farmington Drive US 29 Interchanggast Project Limit 35

CTADS 6 vDOT
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A signal warrant analysis was conducted for Ivy Road at Tilman Rdaddnof 2016 by the Culpeper
District Traffic Engineering teaof VDOT This intersection is currently stagntrolled on Tilman Road
using twosection signal heads flashing yellow along Ivy Road and flashinfprréde Tilman Road
approachesThe signalvarrant analysis concluded that the intersection of lvy Road and Tilman Road did
not meetthe necessary warrants for installation of a traffic sigiale to the low minor street approach
volumes and types of crashes incurred, a signal is not warrantethéoitersection of lvy Road and
Tilman Road. The completed signal warrant analysis is attachggpendix Bfor reference.

3.4 Traffic Conditions
The 208 Average Annual Daily Traffic (AADT) on Ivy Road, as reported by Jurisdiction Report 02, was:

A 12,000 véicles/dayT N2 Y ¢ KNB S (Bagt@Proj&ctlititpalick \WRoods Road
A 13,000 vehicles/dajrom Dick Woods Road to US 29y RoadWest Project Limit)

Per Jurisdiction Report 02, 20heavy vehicles are 2% on Ivy Réadthe entire project segment.

Peak hour turning movement volume countgere conducted for 16 intersections along the study corridor

by Peggy Malone & Associates on MaylP) 2016. These turning movement coumtsre balanced and

are presented for each intersection in their respectieet®ons and summarized lppendix Clvy Road
experiences primarily commuter traffic, causing an average directional split of 3:1 in the eastbound and
westbound directions during the AM and PM peak periods, respectively.

3.5 Traffic Operations

The following retrics were used to quantify the existing operations on Ivy Road:

1 Queue éngth, expressed in feet and represented as the number of vehicles stopped in a lane
behind the stop line, is a measure of the level of congestion on an intersection approach. Queue
lengths were determined using Synchro.

1 Vehicle @lay, expressed as average delay (in seconds) per vehicle, is the time experienced by a
driver exceeding the time required to travel at the desired speed. ReporteHligbrmay Capacity
Manual(HCM 20 methodlogy using Synchro.

1 Level of srvice (LOS), expressed as a valde & aqualitativerepresentation of delay. LOS was
calculated forrachmovement, approach, and intersectigrer Highway Capacity Manual (HCM)
2000methodologyusing Synchro.

1 Volume to epacity (V:C) ratio is the ratio of thectualflow rate to the theoretical maximum
capacity of the roadway segment or intersectiov.C ratio was determined using Highway
Capacity Software (HCS) 2010.

The intersections along Ivy Road largely perform aa@eptable level of service, typically defined as LOS

D or better. The intersection of lvy Road ah&k N5 S R@ad, Bov€¥&, operates at LOS F in the AM
peak hou due to theeastboundt K NS S Reéad thréughRmovment incurringheavy delay and long
gueues. Though still an acceptable level of service, the intersection of Ilvy Road and Canterbury Road / Old
Garth Road operates at LOS D in the AM peak hour.

Operational performance measuregugue length, vehicle delay©OSand V:C ratipfor eachhot spa are
presented in the corresponding hot spot section and are summarizagpendix D Full Synchro reports
are provided iPAppendix E.
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To determine theV:Cratio of lvy RoadYHB employeHighway Capacity Software (HCS) 20T0is
software uses methodolyy of theHighway Capacity Manual (HCM) 2GdG:alculate the operationsfa
roadway and is compriseskveral modules to evaluate various roadway configurations. To evaluate lvy
Road, the HCS 2010 ti@ne module was used betwednK N5 S Réad abk@®Asville Road as this
segment experiences uninterrupted flow and is not affected by traffic signals. Between Owensville Road
and the US 29 Interchange, signals are present that interrupt the flow of traffic and, for this reason, the
HCS 2010 Streets modwlasapplied for this segment. The volume to capacity ratios are slamwaerial
graphicsin Appendix Dand the full HCS 2010 outputs are included\ppendix FTable 32 presents a
summary of the volume to capacity ratios

Table3.2 ¢ Range of V:C Ratios along Corridor

Direction Peak Hour V:CRatio
AM 0.250.95

Eastbound PM 0.200.68
AM 0.260.81

Westbound PM 0.451.05

A volume to capacity ratio approaching or exceeding 1.0 represents congestiont getfmaent. Overall,

the corridor performs with little to no congestion. The ddor does, however, experiena®ngestion

(i.e., V:C ratio approaches or exceeds 1.0) east of Rgtari Drive in both directions. OO2 NRAY 3 (G2 5
TOSAMTraffic Operationand Safety Analysis Manyainicrosimulation traffic modeling software should

be utilized for oversaturated conditions (V/C > 1.0); however, the oversaturated segment of lvy Road is
localized both spatially (westbound direction between Canterbury and irgton) and temporally (PM

peak hour). For these reasons, macroscopic traffic modeling software (Synchro and HCS) was determined

to be sufficient to model conditions throughout the corridor.

3.6 Crash Analysis
Between the years 2012015, a total of 318 craskewere reported in the project study area. VHB

obtained the FR 300 Crash Reports for all 318 crashes from VDOT to further analyze the possible causes
and identify issues. THall FR 30@rash reports are attached iyppendix G

Rear end crashes were thegglominant crash type accounting fo6% of total crashes, followed (0%
angle crashedrigure 3.1shows the crash type distribution and the lighting conditions associated with the
crashes. Most crashes, 69%, happened in the daylight. Additionally, Btttalacrashes occurred on dry
pavement. A diagram summary of the crash conditions is includagpendix H

CTADS 8 vDOT
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Type of Collision

m Rear End

= Head On

143 46% = Sideswipe (Same Direction)

42, 13%___ = Sideswipe (Opposite Direction)
= Fixed Object In Road

= Non-Collision

4; l%
-
8: 3% /

10; 3%

= Fixed Object Off Road
= Deer

m Pedestrian

I
62, 20%

= Backed Into

Lighting Condition

76, 24%\

= Daylight
= Dawn/Dusk

18; 6% i
0./ m Dark - Road Lighted

\ 219 69%

= Dark - Road Not Lighted

Figure3.1¢ Collision Type andlighting Conditiorof 2011-2015 Crashes ithe Study Area
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Figues 3.2 and 3.present the crash severity and crash location, respectively. 75% of all crashes resulted
in property damage only. There wefgo fatalities one of which was a pedestrian struck by a westbound
vehicle near the entrance to Volvo of Charlatédle. The second fatality was a senior driver turning left

onto westbound Ivy Road from the northbound Tilman Road approach and diguek eastbound
vehicle.

US 250 Crash Severity

250 238
200
0
2 150
)]
©
O 100
55
50
2 11 . 12
0 - || |
Fatal Injury ~ Ambulatory  Visible Injury  Non-Visible Property
Injury Injury Damage Only
Crash Severity
Figure3.2 ¢ Crash Severity
US 250 Crashes by 1Mlile Segments
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Mile Post

Three Notch'd Road Intersection to US 29 NB Intersection

Figure3.3 ¢ Crash Location (Mile Post)
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Figures 3.4 to 3.Break down the timingf the crashes by year, month, day of the week, and time of dapvArallincrease in crashes is seen
from 2011 to 2015. Crashes most commy occurred between 3PM and 6PM.

US 250 Crashes by Year US 250 Crashes by Month
80 72 40
70 62 61 35
57 0 30
,, 60 225
2 50 @ 20
@ 40 o 1
: 1 [11]
O 30 5
20 0
10 Q S @ @ & ¢ & &
0 \’b(\\)’:ép@,b VW&(’ v W ?“&? '@@ Oé'éo 4@ c@
2011 2012 2013 2014 2015 R L
Year Month
Figure 3.4 Crash Year Figure 3.5 Crash Month
US 250 Crashes by Day of the Week US 250 Crashes by Time of Day
0 100
60
80
" 50 2
2 40 5
@ S 40
g 30 G I I I
20 20
10 0 l - l
0 12AM TOBAM TO 6AM TO 9AM TO12PM TO3PM TO 6PM TO 9PM TO
Monday  Tuesday Wednesday Thursday Friday Saturday  Sunday 3AM 6AM 9AM lZ_PM 3PM 6PM 9PM 12AM
Day of the Week Time of Day
Figure 3.6 Crash Day ¢ GigsheTame
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A summary of crashes by intersection is showAppendixH. AppendixH alsocontains a heat pramity

crash map of the corridor used to determine the hot spot locatiasswell adigures that display the
crashes by crash type and crash conditions. Collision diagrams for each hot spot location are attached in
Appendix|.

EachvDOT District creates@@¢ 2 L) mnné tA&G 2F wmnn AYGSNBSOGA2YA |
present the greatestsafety or operational concerns. Fgears 20112015 VDOT Culpeper district
identified the following three intersections and three segments on vy Road fordhéi2 LI mnné £ A &0y

Intersection or Segment Ranking
lvy Road and KNB S Réad OK QR 17
vy Road and Gillums Ridge Road 55
Ivy Road and lvy Depot Road 66

lvy Road between Ednam Drive and U 113
Northridge Medical ParEntrance
vy Road between UVKNorthridge Medical Park 146
Entrance and Broomley Road
lvy Road between Atlantic Research Grg 159
Entrance and Birdwood Drive
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4 TRAFFIGORECASTING

For the longterm improvements, it is necessary to understand the impact that the projecthasie on
traffic operations in the Build yedr.e., the year the project is completed). Thuaffic must be forecasted
to a final Build year, assumed to be 2Gabthe longterm improvements recommended in thésudy.

Through conversations with the VD@Istrict PlannerVHBdetermined that historical Average Annual
Daily Traffic (AADT) volumes provideg VDOTwere suitable for use in determining an appropriate
growth factor for the corridorThe VDOT AADTs from 26015 wereanalyzed andare presentedn
Figure 4.1

Average VDOT AADT for 2e8115

VDOT AADT, vehicles/day
(o}
o
o
o

900
900
900
%,
N
N

Figured.1 ¢ Average VDOT AADTSs for 262215 on Ivy Road

The historical AADT volumes reveal little variar®@ieilarly, there are no known developments that will
significantlyinfluence thetraffic volumes within the project area. Therefore, a growth rate of 0% was
assumed for most of the corridor. This growth ratetasption was verified with VDOT.

Thougha 0% growth rate was assumed for most of the corridor, a higher growth rate was assuntiee
eastend of the project area in proximity to the interchange (i.e., lvy Road and Canterbury/Road
Garth Roadlvy Road and the US 29 interchand&r the area near the interchange, an annual growth
rate of 1% was applied. The 1% growth ratas applied as a conservative estimate to account for
additional development occurring east of the interchange. Any development east of the interchange is
likely to create additional traffic through this interchange access point to US 29.

The Future (2025yaffic volumes are presented lsppendix J

Using the forecasted traffic volumes, VHB performed a Synchro analysis of the 2@ bldNoonditions

near the interchangeEach intersection worsens under 2025-Blaild ConditionsTable 4.1presents a
compaison of the delay and LOS experienced for the movements, approaches, and intersections under
2016 Existing Conditions and 2025-Blaild Conditions.
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Table4.1 ¢ Opeational Performance of 2025 N8uild Colitions

2016EXxisting Conditions 2025 NoBuild Conditions
Delay LOS Delay LOS Intersection| Intersection|  Delay LOS Delay LOS Intersection| Intersection
(siveh) (siveh) Delay (s) LOS (siveh) (siveh) Delay (s) LOS
Ivy Road at Canterbury Road / Old Gaffoad
v Road Left |33.418.9 OB 227 56.4/39.3 | ED
VyEB Through{ 16.5/14.7| B/B 162 C/B 18.4/16.6 | B/B| 32.4/ 24.8| C/C
Right | 8.3/8.5 | A/A ) 8.4/9.0 |A/A
Old Garth| L/T |47.763.5 DIE| 32.5 49.6/72.3 | DIE
Road SB| Right |30.4/44.9 C/D| 47.9 ac 28.3/29.4 ac 29.9/45.2 | C/D 32.4/49.6) CID 39.0/37.7 D/D
Ilvy Road Left |10.1/11.7/B/B| 33.00 10.2/14.8 | B/B
WB | TR |335302 ac| 204 |9 57.2/45.5 | gp | 203 441 F/D
Canterburyy L/T |45.0/51.3|/D/D| 44.4 44.950.1 |D/D
Road NB| Right |43.6/49.9 DD| 50.6 |°° 43.448.9 |Dip| 4+ 49-5|DID
Ivy Road at US 29 Southbound Interchange
Ivy Road | Through| 2.2/23.0 | A/C 2.3/25.8 | AIC
EB | Right | 0.872.6 aE| +Y 188 AB 0.7/80.2 | aip| 1:9/504 |AD
US @ NB Left |47.9/51.7/D/D 48.1/51.7 | D/D
Ramp Right | 0.1/0.1 | A/A 3.8 10.5|A/A| 5.1/30.2 A/C 01/01 | A/A 3.8/10.8 | A/B| 5.4/31.7 A/C
vy Road Left |44.3/51.3/D/D 45.8/49.1 | D/D
WB | Through 3.6/2.0 A &8/217IAC 4121 | an 26209 AC
Ivy Road at US 29 Mihbound Interchange
Ivy Road | Throughl 15.82.2 | B/A 17.32.7 |B/A
EB | Right | 15.4/0.8 | ma | o718 B/A 15608 |B/a| 0821 |BA
US 29 NB| Left |33.244.3/0D| 29.7/ 32.2/43.8 | C/D
Ramp Right |25.9/36.7/CD| 415 CDh| 21.4/12.1 aB 24.9/36.0 | C/D 28.7/ 40.9| C/D| 215/12.5 C/B
Ivy Road Left 10.8/4.9 | B/IA 12.1/5.3 | B/A
WB Through{ 10.9/6.6 | B/A 10.9/6.5) B/A 12.1/7.4 |B/A 12.1/7.3 | BIA
CTADS 14 \vDOT
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S5 SYSTEMIANALYSIS
5.1 Introduction and Methodology

In addition to locating hot spots for site spécifmprovements, the project team employed a systemic
approach. The systemic approach consists of proactively addressing potential risk factors even where no
crashes have yet occurred. Such risk factors may include lack of adherence to MUTCD standeltds as w
as higher risk factors, such as speeding.

The project team applied the methodology created for the VDOT Corridor Safety Audit (CSA) for the
Corridors of Statewide Significance (CoSS) program, which provides gespetific systemic templates

for useat intersections and corridor segments. These templates have three tiers of recommendations.
Tier 1 is simply to bring the intersection or segment up to the standards outlined Maheal a1 Uniform
Traffic Control DevicdMUTCD). Tiers 2 and 3 are te where more or higher risk factors are present.
Three attributes constitute the use of a Tier 2 or Tier 3 template: identification of systemic risk factors,
crash history, and high Potential for Safety Improvement (PSI). If two of these three attrémates
identified at the location, the geometricatBppropriate Tier 2 template should be applied. If all three
attributes are present, the geometricalfppropriate Tier 3 template should be applied. Locations with
high Potential for Safety Improvement (P8 @I f dzS4 ¢ SNB RS (-BNaNop Y0 Ksts 6 &
previously discussedppendix Kincludes all systemic templates developed by the VDOT CSA for CoSS.

5.2 Application of Systemic Templates

Figure 5.1and Figure 5.2present the proposed application dations of the systemic templates. The
project team chose the appropriate application tier for each template location based on the criteria stated
above. The systemic templates are further discussed in each respective section.

The costs to apply the systéentemplates to the corridor are presented irable 5.1below. The cost
estimates assume a uniform application of the templates and installation of all new signs and pavement
markings. The actual costs for each application may vary depending on the staimpliance already
present. Almost all the systemic template improvements are pavement marking and signage
modifications that can be completed in one of the following manners: be implemented in the next
scheduled paving cycle, be accomplished by stateefy be completed as part of the larger improvement
projects proposed in this report. Scheduling implementation of the systemic templates as part of either
routine repaving or new construction will mitigate mobilization costs, and the material/labor cbtige
templates is minimal compared to the cost of repaving or new construction.

CTADS 15 vDOT
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M'Road(u‘s;,!sor &) €

Template 1 Template 3 Template 7 Template 8 Template 9 Template 11
® Tier1 Tier 1 ® Tier1 @ Tier1 wa Tier 1 Tier 1
® Tier2 © Tier?2 ® Tier 2 ® Tier2 == Tier 2 == Tier 2
® Tier3 ® Tier3 ® Tier 3 ® Tier 3 == Tier 3 == Tier 3

Figure5.1 ¢ Systemic Template Application Locations, West of West Leigh Drive
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Template 1 Template 3 Template 7 Template 8 Template 9 Template 11
© Tier1 Tier1 ® Tier1 ® Tier1 wu Tier 1 Tier 1
® Tier 2 ® Tier2 @® Tier 2 @ Tier 2 mm Tier 2 == Tier 2
® Tier3 © Tier3 ® Tier 3 ® Tier3 mm Tier 3 == Tier 3

Figure5.2 ¢ Systemic Template Application Locations, East of West Leigh Drive
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Table5.1 ¢ Systemic Template Application Costs

Template Cost per Template Number or Miles Tota Corridor
of Template Cost
Application
Tier 1 $ 14,985.06 3 $ 44,955.18
Tier 2 $ 25,401.43 1 $ 25,401.43
Tier 3 $ 35,212.53 0 $-
Template 3 ‘
Tier 1 $ 13,074.30 13 $ 169,965.88
Tier 2 $ 22,542.81 1 $ 22,542.81
Tier 3 $27,733.43 1 $27,733.43
Temgdate 7 ‘
Tier 1 $11,763.25 1 $11,763.25
Tier 2 $27,194.93 3 $81,584.78
Tier 3 $43,101.62 0 $-
Template 8 ‘
Tier 1 $41,842.08 1 $41,842.08
Tier 2 $ 64,559.00 2 $129,117.99
Tier 3 $ 73,608.35 0 $-
Template 9 ‘
Tier 1 $ 65,270.60mile 4.25 miles $ 277,400.05
Tier 2 $ 74,487.35/mile 2.88 miles $ 214,523.57
Tier 3 $ 83,357.75/mile 0 miles $-
Template 11 ‘
Tier 1 $ 8,847.40 5 $ 44,236.98
Tier 2 $ 15,058.27 4 $ 60,233.08
Tier 3 $ 23,637.14 1 $ 23,637.14
Corridor Toall = $ 1,174,900 ‘
CTADS, 18 \DoT
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6 BENEFHCOSTANALYSISMETHODOLOGY

6.1 Introduction

To prioritize the hot spoalternative solutiongroposedin this report, VHB quantified the benefits and
costs of each set adolutions Each set of solutions provides a combination &ty and operational
benefits via the reduction in crash risk and the reduction of delegspectively These benefitsvere
monetized todevelop a benefit/cost ratio for each solution s@he benefit/cost ratio was computed
usinga 20year present valuecf both benefits and costPetailed costs, summarized 3@ar benefits
and cost, and B/C is included with each alternative set, aedrador prioritization matrix is included at
the end of this report.

6.2 Cost Analysis

VHB developed and refinechprovementcosts using several VDOT tools. VHB first developed a range of

costs for eachiecommended improvementisinga combination ot 5h ¢ Q& ¢ NI YA LR NIl GA2Y
Planning Division (TMPD) cost estimation &ad VDOTanstruction district bid item average¥HB then
NEFAYSR O2adGa dzaAy3a +£5hd¢Qa t fandbidkenBosttakeifa Firtalyd A YI G S
VHB developed 2Qear present value project costs using-&ar cash flows sourced from PCES
construction, preliminary engineering, andhtgpf-way, andt 5 h HSIB Safety Improvement Proposal

service life and annual maintenance valuesiB then calculatethe B/C ratio for each alternative set

using 2Byearpresent valuebenefit and cost values.

6.3 Benefit Analysis

VHB developedmprovement benefits from a combination of safety and operational benefits. Safety
improvements have an associated reduction in crashes called a crash modification factor (CMF). A CMF is

a percentage of applicable crashes (specific to crash type and severity) thag witlated by the safety
improvement. The quantifiable impact of CMFs on crash reduction is monetized using the Federal

|l AAKglF & ' RYAYAAGNI GA2YQa o0Cl 210 ONI}akK Oz2adad / NI &l
not only immediate damages batso the loss of economic potential due to injuries and fatalities.

PaAy3a £5h¢Qa 1 {Lt {FFShGe& LYLNRGSYSyld tNRBLRAIT { LINI
the CMF Clearinghouse to the proposed alternative solutions. A common error with thieadiom of

CMFs is overestimating safety improvement by applying overlapping CMFs that treat the same crash type.

To avoid this issue, VHB removed a treated crash category from the crash inventory after applying a CMF.

For example, the firaEMFappliedtargets angle crashes of all severities. After recording the present value

of the CMF 2¢/ear safety benefit (calculated in the HSIP Tool), VHB removes all angle crashes before
applying a second CMF targeting all crashes of all severities. The safetyt bmn#fe alternative set

eqguals the sum of present value-28ar safety benefits for the CMFs applied for that alternative.

The monetary benefit of operati@ improvements is the reduction of traffic delay, and thus the saving

of user time. FHWA has dgsed monetary values to travel time in its Tool for Operations Benefit/Cost
(TOPSBC). Business and shipping travel time (2017 $34.44/hour) is valued twice as much as personal
travel time (2017 $17.22/hour). VHB assumed an equal distribution of trip gerpad thus utilized a
weighted monetary travel time value of $28.70/hour. Operatibhenefit equals the 2§ear present

value of the annual monetary savings due to the delay reduction from the alternative set. Total alternative
benefit equals the sum d0-year safety and operatial benefits.
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7 HOTSPOTS

R
#

g

7.1 Ilvy Road S250) at Threeb 2 i CRé4D

7.1.1 Intersection Description and Geometric Conditions

AtThSS Db20OKQR w2 250} bedo@es Rogkdish RapaTurfipikkS 50) and creates a
channelizedintera SO A2y 6A0GK ¢KNBS b2iO0OKQR w2l R® . NRgya DI
0dzi Ydzald dzaS ¢KNBS b230OKQR w2l R (G2 F00Saa Lge w2l
¢CKNES b200KQR w2l R FNBE Of A& AfFTAGIRG A 21y INJZNGE NB Sy Aby2(iND
access to Crozet, VA. Rockfish Gap Turnpike also provides access to CrazeieVAdnterstate 64. lvy

Road provides access to various residential, commercial, and institutional land uses. Browns Gap Turnpike
provides residential access. No pedestrian facilities (i.e., crosswalks or sidewalks) are provided.

¢CKNES b200OKQR w2l R HafieRundivided roadvayR This higrsectidriiofieratesvéth
the use of a channelization island. No roadway lightsprovided at this intersection. All approaches are

on level terrain. lvy Road experiences a significant change in horizontal alignment at this intersection with
a curve radius of 384 feet. The lane use at this intersection is as follows:

A Ivy RoadUS 30)westbound: 1 shared through/rightrn lane
A Rockfish Gap Turnpike (US 2B6jthbound: 1 shared lefturn/through lane
A ¢KNBS b200KQR w2l R Sl aGo2dzyRinlane 6§ KNRdzAK I ySzT m OKIy:

7.1.2 Traffic Control Devices
This intersection is unsignalizeahdlvy Road is freflowing.¢ K NB S Raéad i©divenra stop sign and
stop bar for both movements.
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7.1.3 Traffic Conditions
The posted speed limit on vy Ro@diS 250 a

pp

YLIK® hy ¢KNBS

is posted. The 2@VDOT Aveige Annual Daily Traffic (AADT) is as follows:

A

lvy RoadyS 250 ast of¢ K NB S  Rcéad):L2RaD Rehicles/day

A Rockfish Gap TurnpiK&/S 25@Gouth of¢ K NBE S Rcéad)QRAVBhicles/day

A ¢KNBS PRadsDBONdicles/day

The peak hour turning moweent volumesas well aghe intersection performance measures, are shown

in Figure7.1 below.
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The leftturning movement froniThreeb 2 (i QR B eastbound Ivy Road experiences heavy delay and
operates at LOS F in both the AM and PM peak hours. Thus, extensive queues are experidiiced on
b 2 i (R Rhe Ivy Road approaches experience minimal to no delay.

7.1.4 Crash Analysis

Crash dta for a fiveyear study period, 2022015, was collected and analyz€bhble 7.1 provides a

summary of crash data at the subject intersection.
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Table7.1¢/ NI &K {dzYYlINE |G L@& a2l R IyR ¢KNBS I

Yeal Peak Lighting Condition | Pavement Type of Collision Severity Total

Dark- Dark-
Road Road No| Dry Wet | RE A HO SS SO F
Lighted Lighted

AM PM Da Dawn
6-10) (37)| - /Dust

NC FO D BI| K A B C PDC

2011 O 3 3 0 0 0 3 0 0o 3 o0 0o o o o o o o|O0O 1 o0 1 1

2012| 2 2 2 1 0 4 7 0 1 1 1 0 0 0O O 4 O O|O O 1 0 6

2013 2 4 7 0 0 3 6 4 1 4 2 1 0 0 O 2 O OO0 1 3 0 6 10
2014 1 3 2 1 0 3 3 3 o 3 10 0 1 0 1 O O|O O 2 o0 4 6
2015/ O 4 6 0 0 7 10 3 2 7 0 o0 O O O 3 1 0|0 2 2 0 9 13
Total| 5 16 | 20 2 0 17 29 0|4 18 4 1 0 1 0 10 1 OO0 4 8 1 26| 39

% | 13% 41%|51% 5% 0% 4% | 74% 26% |10% 45% 10% 3% 0% 3% 0% 25% 3% 0% | 0% 10% 20% 3% 67%

RE = Rear End; A = Angle; HO = Head On; SS = Sideswipe Same Direction; SO = Sideswipe Opposite Direction; FIr-Roezlj Object i
NC = Mn-Collision; FO = Fixed Object Off Road; D = Deer; Bl = Biaitked

A summary of crashes by lighting conditions and type of collision is shown bekigune7.2.

Lighting Condition Type of Collision = RE

= A
= Daylight 1,3% 4:10% = HO
SS

10; 25%

= Dawn/Dusk ‘ SO

17; 44% - Fi
20,51% , Dark - Road 1;3% — = NC
Lighted 1, 2% 18 45% = FO

Dark - Road Not ' =D

Lighted 12%
2;5% 4; 10% = Bl

Figure7.2 ¢ Lighting Condition and Clidion Type at lvy Road antl K NB S IR@d OK QR

A significant portion of crashes at this intersection occurred in the dark with no roadway lighting. Seven

out of the 10 fixed object off road crashes occurred at dark. These crashes accounted for hake of th
ambulatory injury crashes. Of the ten total fixed obje@t ¥ ¥ NRB I R ONJ} aKSax F2dzNJ OAd
GKS FANRG KFNXTdAZ ONIakK S@Syidz FyR Fy20KSNJ §KNBS
avoiding an animal and seven were causeddilyre to maintain proper control.

Angle crashes were predominant at this intersection. Of the 17 angle crashes documented, five occurred
in the darkness. 13 of the angle crashes were caused by an eastbound vehiclg BiE S R@&d OK QR
turning onto easbound lvy Road and colliding with a westbound vehicle on Ivy Road.

Many of the crashes that occurred at this intersection were of higher severity than property damage only.
Four ambulatory and eight visible injury crashes were documented between 2011046d 2

This intersection and the use of the channelization island may confuse drivers. One crash was caused by
a southbound vehicle on lvy Road turning right on the south side of the channelization island that is meant
to receive the northbound lefturning vehicles.
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7.1.5.1 Safety Issues and Contributing Factors

EASTBOUNIW ESTBOUNANGLE

¢ KNBS Raudidasthaurd vehicles, going straight onto eastbound Ivy Road, commonly collided with
Ivy Road westbound/southbound through traffic. Thyge of crash occurred 14 times and may be
attributed to the following safety issues and contributing factors:

A The angle at whichthé K NB S Raadiapta@adh intersects with lvy Road makes completing the eastbound
¢ KNBS Raaditdnkng Rovement merdifficult than if the intersection were at a right angle, especially in
rural conditions. The eastbourtl K NB S  Raéhadi lénk I0dRs straight onto the westbound Ivy Road lane, and
so the eastbound vehicle may perceive a westbound vehicle as fartherthammyhey are and cannot easily tell
the speed at which the opposing vehicle is traveling.

A Six of these crashes occurred in dark, unlit conditions. The confusing geometry of this intersection makes it more
difficult to navigate under dark conditions, espally for drivers unfamiliar with the intersection.

A Due to the geometry of the road (i.e., lvy Road continues directly @rfoNBS S Rcadib® ¢oiRuing straight
but vehiclesmust turn to continue onto Ivy Road), K NB S  Ré@ad €hil€sRnay assumiat westbound
Ivy Road vehicles are going straight rather than turning to continue onto Ivy Road.

A Eight drivers stated that they were unaware of the stop sign and, therefore, did not stop. The geometry of the

intersection (i.,e.¢ KNB S w2 6 @ KighRabigiindeht with Ivy Road) gives the illusion thaKk NS b2 G4 OKQR

Road and lvy Road are the same road. This may create the perception that there is no need to stop before
proceeding onto Ivy Roaddditionally, the stop sign is in the channelizationridland set back from the stop
bar, potentially contributing to its nonotice by drivers.

HXEDOBJECT OFFROAD

Half of the fixed object, off road crashes were in the westbound/southbound direction on vy Road. In
total, 10 fixed object, off road crasks occurred and may be attributed to the following safety issues and
contributing factors:

A All but one fixed object off road crash along Ivy Road occurred in the darkness. The curve is not properly
delineated and can be difficult to identify in the dadas. This is accompanied by a distracting number of other
signs and unclear intersection geometry.

A The curve radius is not adequate for the posted speed limit. A curve radius of 384 feet warrants a speed limit of
only 35 mph. Though there is an advisorgeq of 35 mph, drivers are not likely to follow this advisory speed
and will continue to go at or above the posted speed limit (i.e., 55 mph).

A There is a narrow shoulder on the west side of southbound US 250 (Rockfish Gap Turnpike). This, combined with
the lack of edge line warning (i.e., rumble stripes) does not allow drivers to easily recover if they cross the
marked edge line.

A Since roadway signs cannot be easily placed on the brimdle, warning and guide signs are condensed to the
area just before théoridge on the westbound Ivy Road approach. This number of signs may be overwhelming
to the driver, especially at nighttime sina# signs are retroreflectiv@.his overload of information is distracting
to the drivers and the ghs arenot properly space.

NORTHBOUNLEFFTURN

These three crashes occurred between northbound Ivy Road-tuefing vehicles and
westbound/southbound Ivy Road through vehicles. They may be attributed to the following E=iets
and contributing factors:
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A Due to high traffic elumes at this intersection, there may be a lack of adequate gaps in the
westbound/southbound Ivy Road traffic. These drivers are pressured to take smaller gaps since there-is no left
turn lane and they are stoppg traffic until they can turn.

A By nature 6 the curve, there may not be adequate sight distance for the northbound vehicles to see the
opposing traffic on lvy Road. The vegetation on the inner radius of the curve may further diminish the already
inadequate sight distance. This makes it difficolt the northbound leftturning vehicles to see oncoming
vehicles and safely make the left turn.

A The unconventional use of the channelization island at this intersection may make it difficult for thendérfy
vehicles to distinguish where to turn lefthis confusion may contribute to these crashes.

EASTBOUNBEAREND
Three rear end crashes occurred 'K NS S R@d db theQalRproach to turn left onto eastbound vy
Road. These crashes may be attributed to the following safety issues and contrilactions f

A Vehicles follow too closely and do not have enough time to stop when the driver realizes the car in front has
stopped at the stop sign. Drivers may not be aware of the stop sign and may not be prepared for the vehicle in
front to stop. Drivers of Hese crashes noted that they thought the vehicle in front had already left the
intersection and were moving forward.

7.1.5.2 Suggestions and Opportunities for Improvement

ALTERNATIMBNG TERMIMPROVEMENIONCEPTS

Previously, Albemarle County applied for Smartl&éanding to construct a full roundabout at this
f20F0A2YyT K26SOSNE (GKS LINBP2SOGU RAR y24 NBOSA@GS
ranked 138 out of 35 district applications and 1%@®ut of 404 statewide application¥HB attempte to
develop a loweicost alternative to increase the benefit to cost ratio, making the project more competitive
for future year applications. VHB developed several conceptual degigesented belowto improve the
intersection at a lowr cost than a fulroundabout; lowever,VDOTpresented a scaleback version of
the original full roundabout design to other funding sources Tdviseddesign received fundindprough

+ 5 h ¢igraRisk Rural Roads programl. . Q& 02y OSLJidzl £ RS aw asypart oftHiss
{¢! w{ LINRP2SOG> o0dzi (KSe KIFI@S 0SSy &dzIJSNASRSR
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T-Intersection

Figure7.3 presents a traditional-intersection concept. While this concept does not eliminate any conflict
points, it should mitigee the confusion of the eastbountl K N5 S R@d ddived By eliminating the
straight approach to Ivy Road. By curvihgK NB S IR@ad © Kh@ Rpex of the US 250 curve, the
eastbound vehicles should no longer perceive the eastboundtueft movementas the through
movement. In addition to a relatively simple change in geometry, this option would not require any right
of-way acquisition, resulting in a lower total project cost. This concept maintains most movements
allowed by the existing intersectiohpwever, access &oute680 is converted to a right in / right out
access point. This does not allow access from northbound Rockfish Gap Turnpike or ea3th@end

b 2 (i QR B Route 680.

.-.“*m?l"'--"/-' o = o
Figure7.3 ¢ T-Intersection LongTerm Improvement Concept

Partial Roundabout

To lower the costof the previously submitted roundabout concept, VHB considetwd partial
roundabout options.

Figure7.4 presents the first partial roundabout concept. By maintaining therent geometry on US 250

and constructing only the north and west legs of the roundabout, it considerably lowers the cost
compared to a full roundabout. This concept does not eliminate the main conflict point between
eastboundt K NB S Raadiverficledrd US 250; however, the roundabout does force drivers to lower
their speed and alleviates eastbound driver confusion. Operationally, the main movements on US 250 are
unaffected and remain in frelow operation. This concept, however, does eliminate moeata.
Eastboundt K NB S Reéad v@etce®can no longer turn left onto Route 680 and northbound vehicles
on Rockfish Gap Turnpike can no longer access Route 680 or westhduiNIE S  Réad. OK QR
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Figure7.4 ¢ Partial Roundabout, Stop ControlleGoncept

Figure7.5 illustrates the second partial roundabout concept. This concept offers similar benefits and
disadvantages as the stamntrolled partial roundabout. The main benefit of this concept is that it
sepaates the¢ K NB S R@d &hd ®yRRoad / Rockfish Gap Turnpike conflict points. Instead of the
eastbound leftturning traffic having to cross both directions of traffic on US 250 at once, eastbound
vehicles now must merge with the southbound traffic re troundabout and then later merge with the
northbound traffic on Rockfish Gaurnpike Not only does this configuration separate the conflict points,
but also mitigates the severity of the conflicts. Under this geometric design, the only conflictstesen
merging conflicts rather than the more severe angle conflicts currently encountered.

Operationally, the queues formed within the roundabout (i.e., at the eastbound yield onto US 250) may
cause delay to the currently freffowing southbound US 250 fifec.

Figure7.5 ¢ Partial Roundabout, Yield ControlleGoncept
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Crossover

The concept shown iRigure7.6 is a crossover design aimed at eliminating the angle conflict between
eastoound¢ K NB S Réad t@ffic@mi US 250 traffic. While this concept does eliminate the existing
angle conflict, it creates a new conflict point at each of the atoptrolled crossover locations.

Operationally, westbound/southbound US 250 remains as affove movement; howeve the stop
controlled crossover locations included in this concept impede the flow of northbound/eastbound traffic.
This concept is the most limiting in the movements allowed. While westbound vehicles on US 250 have
access to all three other approache®(j Route 680¢ K NS S R@d, @ SoRthbound US 250), the
other approaches provide very little access. Southbound Route 680 can only access weSthoead

b 2 (i GRéa@ Feastbound K NS S Raéad darkofilRaccess eastbound US 250, and northbougB0JS

can only access eastbound US 250.

While this design may require rigbf-way at the crossover locations, it will not require as much additional
right-of-way as the partial roundabout concepts. It will, however, require widening the bridge over
MechumsRiver to accommodate the separated rightn lane on westbound US 250.

Figure7.6 ¢ LongTerm Crossover Concept

Figure7.7 shows a variation of the previously presented crossover concept. This conoeqst thié same
characteristics as the first crossover variation, with the addition of one more access point: a channelized
right-turn onto southbound US 250 from eastbouddk NB S Réad OK QR
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vy Road

Figure7.7 ¢ Lorg-Term Crossover Concept

Figure 7.8 presents a hybrid concept combining the crossover design with a partial roundabout. This
design gives similar characteristics of the first crossover design, with an increased accessibility from Route
680. With this geomigic design southbound Route 680 traffic carse the partial roundabout to access
eastbound US 250. This concept also requires additional widening of the Mechums River Bridge to
accommodate the additional separated rigotrn lane on westbound US 250.
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Ivy Road

FHgure 7.8 ¢ LongTerm Crossover Concept

ANALIMPROVEMENRECOMMENDATIONS

Application of aTier 3Systemic Templat8 is recommended at this lation. Additional, intersection
specificimprovements for the itersection of vy Road antl K N S IR@ad && @eRented in this
section and summarized inrable 7.2. The suggested improvements am®t listed in any order of
significanceNo longterm improvements are suggested as the intersection has already bewledufor
construction of a roundabout.
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EASTBOUNWESTBOUNANGLE
A Shortterm

1. InstalaNB Rdzy Rl y i £ I RR-A) &ignrfte bastbo{intl keftuén moverent to make the
need to stop more obvious to unfamiliar drive@mstall double stop signande crashesall severiies;
CMF= 0.45)

2. Convert the existing painted island into a raised grass isfémstall rased medianall crash typs; all
severitiesCMF= 0.61)

3. Lyadl tt raglirrl) sighial tfie eastbountl K NB S Raadi api¢c@adto warn vehicles
of the impending need to stoflnstall advance waing signs (positive guidance); angle crashes; all
severities; CMF 6.65)

4. Install series of transverse rumble strips on eastbognd NB S  R@d 10 gaiRlIriver attention.
(Install traensverse rumble strips on stop controlled approaches in rural ambsrash typedatal and
serious injury CMF= 0.785)

FXEDOBJECT OFFROAD
A Shortterm

1. Install chevron alignment (W8) signsto delineate the curve These signs should be either
retroreflective or lighted for display during dartnstall chevron signs on horizontal curves; head on,
nighttime, nonrintersection, run off road, and sideswipe crashes; all severities; CMF = 0.78)
2. Relocate he additional route direction sign assembdn the westbound lvy Road approadh the
channelization islanth breakaway form.
3. Install series of transverse rumble strips on both US 250 approaches to alert drivers of the sharp
horizontal curvature and the potential for turning vehicles to be present atUse250 Route 240
intersection. (Install transverse rumble strips as a traffic calming device; all crash types; all crash
severities; CMF = 0.66)
A Supplement withthe 6t Sy y5h¢ / dzZNBS | RGIFyOS al NJAy3IE 03
LJdzo f A O dCh HfertmenfF2MNI | 2NAT 2y Gt / dzZNBS { I FSGe¢o

NORTHBOUNLEFFTURN
A Shortterm

1. Trim vegetation on inner radius of curvedthow for better sight distance of the southbound traffic on
Ivy Road. This will allow northbound kirning traffic to be abléo more accurately judge the gaps
present.(Increase triangle sight distance; all crash types; Serious injury, Minor injury; CMF = 0.53)

EASTBOUNBEAREND
A Shortterm

1. InstalaNB Rdzy RI y (i X | RRX sighdh thé eastbduynd adpproiach to wmake theed to stop
abundantlyclear to all cars in the queuénstall double stop signs; angle crashes; all severities; CMF =
0.45)
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Table7.2¢{ dzY Y| NE

27 wSO02YYSYRSR LYLNR@SYSydia |G L@@

Safety Issue Opportunities for Improvement
f Lyadlftt | NBRdzyRI ylj Sign forfh® dastdoanyl lef
Eastbound/Westboung U movement.
1 Angle 1 Convert painted island to raised island
9 Lyaidltt a{d2)sigisdy ! KSIFIRé 620
1 Install serés of transverse rumble strips on eastbouhd N5 S Raéadl
Fixed Object Off 1 Install chevron alignment (Wa) signs to delineate the curve.
2 Road 1 Install series of transverse rumblérips on both US 250 approache
{ dzLJLJX SYSy (i oA (K R@H 0G5 ¢ NJ deNIAS
3 | Northbound Lefiturn | 1 Trim vegetation on inner radius of curaed provide clear line of sight ¢
the westbound lvy Road vehicles.
4 Eastbound RearEndl 1T L VY a Gt I NB Rdzy R y dlysign dd Rie (eastoghd
approach.

T  Shortterm, low-cost
o0 Intermediate, mediurrcost
x  Longterm, highcost

Figure7.9 presensthe potential safety enhancement suggestions to be considered for the intersection

of lvy Road / Rockfish Gap Turnpike an& NB S R@d. e QIi&reent of traffic control devices,
pavement markings, etc. is not to scale and not according to survey, but is an approximation intended to
provide a general idea of location and concept. Designers should consider appropriate standards, policies,
and rightof-way impacts before implementing any potential enhancements.
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Existing Pavement
Existing Raised Median
Proposed Raised Median
Existing Property Lines
Existing Edge of Pavement

Hydro Line

Figure7.9 ¢ ShortTerm Concept for lvy Road / Rockfish Gap Turnpike and NE S IR@d OK QR
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7.1.5.3 Traffic Operations Analysis
A Convert to Roundabout Dsign
0 A Highway Safety Improvement Prograns(Papplication was submitteth 2016to construct asingle
laneroundabout at this locationAs part of the HSIP application effddcCormick Taylor performed
analysis to test the operational impact of conveg this intersection to a roundaboutheir analysis
indicated acceptable levels of service for all approaches. The lowest level of service was in the PM for
the westbound approach (LOS D).
o VHB performed a higlevel analysis to determine if a sindne roundabout was feasiblevith the
updated count volumes-urther investigation revealed, based on Exhibit43of NCHRP 67EiQure
7.10), that a single lane roundabous likelysufficient The sum of conflicting volumes reaches a
maximum of 816 VPH, witiés well below the recommended 1,000 VPH threshold.

Volume Range Exhibit 3-14
(sum of entering and conflicting Volume Thresholds for
volumes) Number of Lanes Required Determining the Number of

. ) . Entry Lanes Required
0 to 1,000 veh/h = Single-lane entry likely to be sufficient

= Two-lane entry may be needed
1,000 to 1,300 veh/h = Single-lane may be sufficient based upon more
detailed analysis.

1,300 to 1,800 veh/h = Two-lane entry likely to be sufficient
= More than two entering lanes may be required
Above 1,800 veh/h = A more detailed capacity evaluation should be
conducted to verify lane numbers and
arrangements.

Source: New York State Department of Transportation

Figure7.10¢ NCHRP Report 672 Conflicting Volume Thresholds for Roundabout Designs

7.1.6 Preliminary Cost Estimate

The anticipatedcostrangefor the proposedmprovementsis presented irrable7.3. VHB developed the
costsinTablg30& dzaS 2F +5h¢Qa ¢NIYALRNIIGAZ2Y YR az2o0AfA
tool.

Table7.3¢ TMPD Cost Estimate for mprdSYSy ia |4 L@é w2l R FyR ¢KNB.

Alternative Cost Type Low High
Preliminary Engineering $2,900 $ 5,100
Shortterm ROW & U'tility Relocation - -
Construction $16,200 $28,900
Shortterm Subtotal $19,100 $ 34,000
Preliminary Engineeng $2,900 $ 5100
Total ROW & U'tility Relocation = =
Construction $ 12,200 $28,900
TOTAL $19,100 $ 34,000
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£ . TFdINIKSNI NBFAYSR (KSasS 02a0a dzaAy 3 andbditema t NBf A
costs The total projectectost for these alternatives ipresented inTable7.4.

Table74¢/ 240G 9a0AYFGS F2NJ LYLINROGSYSyida ad L@ge w2

Alternative Cost Type CostEstimate
Preliminary Engineering $7,800

Shortterm ROW &Utility Relocation -
Construction $33,000
TOTAL $ 40,800

VHB developed theostestimateinto a 20year cost estimate accounting for improvement service life
and annual maintenance cosfEhe service lives and annual maintenance cestese derived fom the
HSIP Safety Improvement Propogalues Table 75 presents he co$ estimate for the alternatives.

Table7.5¢20, S NJ / 2ad 9aiGAYFGS F2NILYLINR@SYSyida G L

20-Yr Cost
. C.OSt . Annual Present Value Total
AEmEyE Ssluk (Based on individual Maintenance | of Maintenance | 20-year Cost
Total item service life)
Shortterm | $ 40,800 $ 122400 $ 900 $ 13,400 $ 13,800

7.1.7 Benefit Analysis
Table 7.6 summarizes the 2ear safety and opational benefits of the shofterm suggested
improvements. The B/C ratio utilizes the-g@ar total cost fronTable 75.

Table7.6 - Improvement Benefitd & L @& w2l R FyR ¢KNBS b2iO0KQF

Improvements SafetyBenefit Operational Benefit Total Benefit B:C Ratio
Shortterm $2,234,300 - $2,234,300 16.5

7.1.8 Project Schedule
VHB estimatedhe project schedule based on the project schedules for similar VDOT progeetstly
completed.Figure7.11shows the anticipaté schedule fdlJ G KA & K2d aL}R2 iQa AYLINRGSY

m Preliminary

Construction
0 1 2 3

Months
Figure7.11¢Short¢ SN t N2 2SO0 { OKSRdzZ S TFT2NJ L@@ w2l R |\
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7.2 lvy Road US250) atGillums Ridge Road

7.2.1 Intersection Description and Geometric @ditions

Gillums Ridge Road terminates in-mfersection with lvy Road. This intersection is unsignalized. vy Road

is classified as a minor arterial. Gillums Ridge Road provides access to residences to the south. No
pedestrian facilities (i.e., crosswalor sidewalks) are providetihe intersection lies within the adjacent
ONBS|1-®8F MnFAf 22RLI FAY YR !'ft0SYFNIS /2dzydeqQa 21 GSNJ
to the creek bed on the southeast corner of the intersection.

Ivy Road is a twdane undivided roadway. Gillums Ridge Road is also dameundivided roadway. Both

Ivy Road approaches are on level terrain. The northbound Gillums Ridge Road approach experiences a
downgrade slope as well as a skew in horizontal alignment just beferéntbrsection, but curves to

create an almost rightingle with lvy Road.he lane use at this intersection is as follows:

A Ivy Road eastbound: 1 through lane, 1 riginn lane
A Ivy Road westbound: 1 shared lgirn/through lane
A Gillums Ridge Road northbod: 1 shared lefturn/right-turn lane

7.2.2 Traffic Control Devices

Since this is an unsignalized intersection, there is minimal usage of traffic control devices. Only Gillums
Ridge Road northbound is given a stop sign. The Gillums Ridge Road northboundragpesacot have

a stop bar. The eastbound and westbound approaches areflivagng.

7.2.3 Traffic Conditions
The posted speed limit on lvy Road is 55 mph. On Gillums Ridge Road, a speed limit of 35 mph is posted.
The 208 VDOT Average Annual Daily Traffic (AABas follows:

A Ivy Road12,000 vehicles/day
A Gillums Ridge Roa@80 vehicles/day2012 VDOT AADT)
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Fourhour turning movement counts were conducted by Peggy Malone & Associates on May 12, 2016.
The peak hour turning movement volumas well aghe intersection performance measures, are shown
in Figure7.12 below.

AM PM

Ivy Road Ivy Road
. o - o
SE 2o d— 3= g 83 Sm eoi— R = @ 82
& = b 2|~ 0 @ ~ 2 =zl =6
o _ ~Noo g = a g =
Soae B ' go “ n <
g "'ﬂ gres 9 -

s s

32 8 13 9
| T | 25.3(D) 3 ] ] [ 23.95 () 3
& 4 [
18"
volume & Volume &
Delay[s] (LOS) E Delay[s] (LOS) TDE:
95" % Queue “ 95" % Queue “
[storage Length] NB i (storage Length) NB E
25.3 sec G 23.6 sec 5
Los D LosC

Figure7.12 Traffic Conditions at vy Road and Gillums Ridge Road

Minimal delay is experienced at this intersection and it operates undercaeptable level of service@S

A) during both the AM and PM peak hours. The northbound approach experiences the greatest delay.
Though this approach operates at LOS D and C in the AM and PM peak hours, respectively, this delay
affects very few vehicleS his approach serves only 40 vehicles in thehalit and 22 vehicles in the PM

hour.

7.2.4 Crash Analysis
Crash data for a fivgear study period, 20:2015, was collected for analysifable 7.7 provides a
summary of crash da at the subject intersection.

Table 7.7 ¢ Crash Summary at lvy Road and Gillums Ridge Road

Yeal Peak Lighting Condition | Pavement Type of Collision Severity Total
(22"0) (';'\;') Day/D;“’L': T;?)r;d R(E_)):(;kNo Dry Wet| RE A HO SS SO FI NC FO D BI| K A B C PDQ
Lighted Lighted
2011 0 0|1 0 O 1 2 0|1 0 0o 0o 0 0 0 0 1 0/0 0 0 0 2| 2
2012/ 0 1|2 0 O 1 3 0|2 0 0 0 0 0 0 0 1 0|0 0 1 0 2| 3
2013 0 1|0 0 O 1 1 0|0 1 0 0 0 0 0O O O 0|0 O O 0 1] 1
2014 2 2|6 0 O 0 6 0|3 2 0 1 0 0 0O 0 0O 0|0 O 1 0 5|6
205 0 0|3 0 0O 1 4 02 0 0 0 0 0 0 1 1 0|0 0 0 0 4| 4
TOT| 2 4|13 0 0 4 6 O0 |8 3 0 1 0 0 0O 1 3 0|0 0 2 0 14| 16
% | 13% 25%|81% 0% 0%  25% | 100% 0% |50% 19% 0% 6% 0% 0% 0% 6% 19% 0%| 0% 0% 13% 0% 87%

RE = Rear End; A = Angle; HO = Head On; SSwijgdgame Direction; SO = Sideswipe Opposite Direction; FI = Fixed Object in Road;
NC = NorCollision; FO = Fixed Object Off Road; D = Deer; Bl = Baitked

A summary of crashes by lighting condis@md type of collision can be seen belowFigure7.13.
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Lighting Condition Type of Collision = RE

= A
4: 24% = Daylight . = HO
; 0 3;19% ss
= Dawn/Dusk ‘ SO

1, 6% - = Fl
= Dark - Road 8; 50% = NC

Lighted 1,6%

9 = FO

o Dark - Road Not =D

13,76% Lighted 3;19% Bl

Figure7.13 ¢ Lighting Condition and Collision Type at lvy Road and Gillums Ridge Road

Rear end collisions account for exactly half of the crashes at Gillums RidgelrResdear end crashes
were inthe westbound direction, suggesting causation from the lack oéstlwound leftturn lane. Two
of these rear end crashes involved three vehicléseecrashes with deer occurred withiZbfeet of each
other at this intersection, where the guardraipensto an open grass hill. Aliree deer crashes were at
nightwith no lighting. In additionthree angle crashes occurred at this intersectionge of which caused
visible injury.

7.2.5 Roadway Safety Assessment
7.2.5.1 Safety Issues and Contributing Factors

WESTBOUNBEAREND
Possible safety issues and contributing factors for the westbound rear end crashes at Gillums Ridge Road
include:

A Vehicles along Ivy Road closely follow the vehicle in front of them and do not allow adequate distance
stopping. Half of the webbund rear end crashes were caused by the driver following too closely and not
allowing adequate time to stop in the eveat traffic or a turning vehicle.

A Due to the lack of a dedicated ldfirn lane in the westbound directioteft-turning vehicles mustiew or come
to a complete stop from 55 mph in the through lane to wait for a gap in trafficturnleft. The vehicles behind
do not anticipate this stop and cannot stop in time to avoid a collision.

A This is the first stretch of roadway that is open, ghd, and flat. Roadways with these characteristics are likely

to cause distracted drivers, who are not expecting or anticipating any need to stop. These distracted drivers are

not aware of the need to stop in the event of a laftning vehicle and so aash occurs.

WESTBOUNDEER
Three deer crashes occurred at the same location in the study period. Likely contributing factors to these
crashes include:

A The deer are likely following the adjacent stream to this location. The opening in the guardraillat#tisn

creates an enticing crossing point for these deer to cross the road to the heavily forested area south of lvy Road.
Though there is a deer warning signistmay oftenbeignored by drivers. With no roadway lighting, these deer

can be difficult b see in adequate time to stop.

7.2.5.2 Suggestions and Opportunities for Improvement
Appication of a Tier Bystemic Template 3 is recommended at thisatmn. Additional, intersection
specificimprovements for the intersection of lvy Road and Gillums Ridgel Roa presented in this
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& PR \




US 250 CORRS5 h w . SG6SSYy ¢KNSS b2i0KQR w

section and summarized ifTable 7.8. The suggested improvements am®t listed in any order of
significance.

WESTBOUNBEAREND
A Shortterm

1. Install transverse rumble stripm westbound Ivy Roai alert distracted drivers to the ratway and
the possibility of a stopped vehicle ahedbhstall transverse rumble strips as a traffic calming device;
all crash types; all crash severities; CMF = 0.66)

A Longterm

2. Install westbound lefturn lane.(Install leftturn lane; all crash types; aéverities; CMF = 0.748)

3. As an alternative to installing a westbound laftn lane,direct all westbound lefturning traffic to the
to-be-constructed oundabout at lvy Road and Thrbe2 §l OK QR w2 | R® *+SKA Of Sa ¢
Gillums Ridge Roadathld be directed to use the roundabout to turn around and then turn right into
Gillums Ridge Road, eliminating all westbound-tiéfh movements at Gillums Ridge Road. A
permanent barrier should be placed that allows {eftns from Gillums Ridge Road kprohibits left
turns onto Gillums Ridge Roadew vehicles(i.e., 5 in the AM and 15 in the PMyould be

inconvenienced by using the roundabout as a turnaro§Reohibit leftli dzNyy & A GK ab2 [ ST

all crash types; all severities; CMF = 0.32)

WESBOUNIDEER
A Shortterm

1. Install W13 Deer warning signs on both US 250 approactiestall advance warning signs (positive
guidance); angle crashes; all severities; CMF = 0.65)
2. Install gate where thexistingguardrail openingareto deter deer from crosingat this location

Table7.8¢ Summary of Recommended Improvements at lvy Road and Gillums Ridge Road

Safety Issue Opportunities for Improvement

Install transverse rumb strips on vestbound lvy Road.

1 | Westbound Rear End * [Install westbound lefturn lane.

Prohibit WB lefturns and direct tréfic to turnaround at the Thred 2 (i O
Road roundabout.

2 Westbound Deer | 1 Install W113 Deer warning sign on both approaches

1 Install gate wherehe guardrail openigs are.

Shortterm, low-cost
o0 Intermediate, mediurrcost
x  Longterm, highcost

Figures 7.14 ¢ 7.16 present the potential safety enhancement suggestions to be considered for the
intersection of lvy Road and Gillums Ridge Road. The placement of traffic lcdewioes, pavement
markings, etc. is not to scale and not according to survey, but is an approximation intended to provide a
general idea of location and concept. Designers should consider appropriate standards, policies, and right
of-way impacts beforeniplementing any potential enhancements
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B Existing Property Lines

P Existing Edge of Pavement

B Hydro Line

Figure7.14 ¢ ShortTerm Concept for lvy Road ar@lillums Ridgdroad
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Existing Pavement
Proposed Pavement
Existing Parcel Lines
Existing Edge of Pavement

Hydro Line

Figure7.15¢ LongTerm ConcepA for Ivy Roadand Gillums Ridgdroad
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Figure7.16 ¢ LongTerm Concept B for Ivy Road and Gillums Ridge Road
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7.2.6 Preliminary Cost Estimate

Thepreliminary estimatedost for the proposed improvements is presentedable7.9. VHB developed
the costs in Tablg9 o6& dzAS 2F 25h¢Qa C¢NIyaLRNIFdA2y |yR a2c¢
estimation tool.

Table7.9 ¢ TMPD Cost Estimate for Improvements at lvy Road and Gillums Ridgd R

Alternative Cost Type Low High
Preliminary Engineering $1,800 $2,100

Shortterm ROW & U_tility Relocation - -
Construction $10,300 $11,900
Shortterm Subtotal $12,100 $ 14,000
Preliminary Engineering $42,000 $52,000

Longterm A ROW & Ulity Relocation $52,500 $ 65,000
Construction $243,600 $288900
LongTerm Subtotal $327,900 $405,900
Preliminary Engineering $1,700 $ 1,900

Longterm B ROW & U_tility Relocation - -
Construction $ 10,100 $ 11,000
LongTerm Subtotal $ 11800 $ 12,900
Preliminary Engineering $ 43,800 $ 54,100

Total A ROW & U_tility Relocation $ 52,500 $ 65,000
Construction $ 243,600 $ 300,100
TOTAL $ 340,000 $ 419,300
Preliminary Engineering $ 3,600 $4,100
Total B ROW & L_Jtility Relocation - -
Castruction $ 19,700 $ 22,800
TOTAL $ 23,300 $ 26,900
+1 . TFTANIKSNI NBFTAYSR (KSasS O02ada daAiy3a =+5distiQa

bid item costsThe total projected PCES cost for these alternatives is presenfebia7.10.
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Table7.10 ¢ Cost Estimate for Improvements at lvy Road and Gillums Ridge Road

Alternative Cost Type CostEstimate
Preliminary Engineering $1,500
ROW & Utility Relocation -
Shortterm Constructon $ 6,000
Shortterm Subtotal $7,500
Preliminary Engineering $87,300
Longterm A ROW & U_tility Relocation -
Construction $ 364,000
Longterm Subtotal $451,300
Preliminary Engineering $ 34,200
Longterm B ROW & Qtility Relocation -
Constriction $ 143,000
Longterm Subtotal $177,200
Preliminary Engineering $ 88800
ROW & Utility Relocation -
Total A Construction $ 370,000
TOTAL $ 458,800
Preliminary Engineering $35,700
Total B ROW & Utility Relocation -
Construction $149000
TOTAL $184,700

VHB developed theostestimateinto a 20year cost estimate accounting for improvement service life
and annual maintenance costhe service lives and annual maintenance costs were derived from the
HSIP Safety Improvement Proposalieal The total projected 2@ear cost estimate for the alternatives

is presented inrable7.11.

Table7.11¢ 20-Year Cost Estimate for Improvements at lvy Road and Gillums Ridge Road

20-Yr Cost
. C.OSt ' . OS,; i Annual Present Value Total
AEmEnE Estimate | (Based on individual Maintenance | of Maintenance | 20-yearCost
Total item service life)
Shortterm $7,500 $ 11,200 $ 200 $ 3,000 $14,200
Longterm A | $ 451,300 $451,300 $ 200 $ 3,000 $ 454,300
Longterm B | $ 177,200 $ 210100 $60 $900 $ 211,000

7.2.7 Benefit Analysis
Table 712 summarizes the 2@ear safety and operational benefits of both the shtatm and longterm
suggested improvements. The B/C ratios utilize they@8r total cost fronirable 711.
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Table7.12 ¢ Improvement Benefitsat lvy Road and Gillums Ridge Road

Improvements Safety Benefit Operational Benefit Total Benefit B:C Ratio
Shortterm $ 368,900 - $ 368,900 26.0
Longterm A $ 273,400 $ 55,300 $ 328,700 0.7
Longterm B $ 737,800 $ 110,600 $ 848,400 4.0

7.2.8 Project Schedule

VHB estimatedhe project schedule based on the project schedules for similar VDOT progeetstly

completed.Figures7.17-7.19 show the anticipated schedulefd (i K A &

K20 atkl2(Qa

u Preliminary
Engineering

0 1 2
Months

1 Construction
3

Figure7.17 ¢ ShortTerm Project Schedule for lvy Road and Gillums Ridge Road

| m Preliminary
Engineering

Construction

m Preliminary
Engineering

0 1 2 3 4 5
Months*

Construction

Figures7.18 and 7.19 ¢ LongTermA (left) and Longlerm B (rightProjectSchedulsfor lvy Road and

*Must be completed after Roundabout is completed

Gillums RidgdRoad
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7.3.1 Intersection Description and Geometric Conditions

The intersection of lvy Road and Tilman Road is a signalizedyawstopcontrolled intersection. Ivy

Road $ classified as a minor arterial. Tilman Road, south of lvy Road, is classified as a minor collector.
Tilman Road, to the north of lvy Road, provides access to private residences. A short segment of Tilman
Road south of vy Road provides access to Morgant@oad. No pedestrian facilities (i.e., crosswalks or
sidewalks) are present.

Ivy Road and Tilman Road are both tway undivided roadways. The Tilman Road intersection is on the
crest of a hill on Ivy Road. For this reason, the vy Road approacheseexpes slight grade in both
directions. The Tilman Road approaches also experience a grade. The northbound approach of Tilman
Road has a downgrade. This intersection is also in the middle of a horizontal curve in the roadway. The
lane use at this interseittn is as follows:

Ivy Road eastbound: 1 shared Hftn/through lane, 1 rightturn lane
Ivy Road westbound: 1 shared kfirn/through lane, 1 rightturn lane
Tilman Road northbound: 1 shared kifirn/through/right-turn lane
Tilman Road southbound: 1ated leftturn/through/right-turn lane

v B P

7.3.2 Traffic Control Devices

While this intersection is not under sigaabdntrol, intersection control beaconare present.Two two
headintersection control beaconare used on each approach. The eastbound and westboignals are
horizontally mounted and flashing yellow. The signals controlling the northbound and southbound
approaches are vertically mounted and flashing red. In addition to these signal heads, the northbound
and southbound approaches are given stop sigms stop bars.
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A signal warrant analysis was conducted for lvy Road at Tilman Road in June of 2016 by the Culpeper
District Traffic Engineering team ¥DOT The signal warrant analysis concluded that the intersection of

Ivy Road and Tilman Road did noteh@any warrants studied. Due to the low minor street approach
volumes and types of crashes incurred, a signal is not warranted for the intersection of lvy Road and

Tilman Road. The completed signal warrant analysis is attachfgapiendix Bfor reference.

7.3.3 Traffic Conditions
The posted speed limit on Ivy Road is 55 mph. The southbound approach of Tilman Road has a posted
speed limit of 35 mphiNo speed limit is postedrmothe northbound approach of Tilman Road. The®01

VDOT Average Annual Daily Traffic (AABa&s follows:

A Ivy Road12,000 vehicles/day
A Tilman Road (South of lvy Roatf)0vehicles/day
A Tilman Road (North of vy Road®03vehicles/day

Eighthour turning movement counts were conducted by Peggy Malone & Associates on May 12, 2016.
The peak houturning movement volumeas well aghe intersection performance measures, are shown

in Figure7.20 below.

Ivy Road

A
-
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This intersection experiences little delay and operates at a satisfactoryadesetvice. The greatest delay
is seen from the side street (i.e., Tilman Road) approaches. Though these approaches operate on the
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Figure7.20 ¢ Traffic Conditions at lvy Road and Tilman Road

border of intolerable levels of service, fawhiclesare affected by this delay.
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7.3.4 Crash Analysis
Crash data for a fivgea study period, 2012015, was collected for analysiBable 7.13 provides a
summary of crash data at the subject intersection.

Table7.13 ¢ Crash Summary at Ivy Road and Tilman Road

Yeal Peak Lighting Condibn | Pavement Type of Collision Severity Total
(21M0) (';";') Day?&‘jg I%ir;d Rc[_::(;kNo Dy Wet|RE A HO SS SO FI NC FO D BI| K A B C PDQ
Lighted Lighted

2011 o o |1 1 0 1 3 0|2 o o o o 0 0 1 0 ofl0 0 0 2 1/ 3
20120 1 3|4 o0 0 0 4 0|2 1 0 0 0O 0 O 0O 1 01 1 0 0 2| 4
2013 0 0|1 o0 0 0 1 o/lo o o o o 0 0O 1 0 Ool0 0 0 0 1] 1
2014 1 1|2 o0 0 0 2 o/0o o 0o 0 1 0 O 1 0 o000 1 1 0 0] 2
2015/ 1 0|0 o0 0 1 1 o0/o o o o o 0 O 1 0 Oofl0 0 0 0 1] 1
TOT| 3 4|8 1 0 2 11 0|4 1 0o 0 1 0 0 4 1 0|1 2 1 2 5|11
% | 27% 36%|73% 9% 0%  18% | 100% 0% [36% 9% 0% 0% 9% 0% 0% 36% 9% 0%| 9% 18% 9% 18% 45%

RE = Rear End; A = Angle; HO = Head On; SS = Sideswipe Same Direction; SO = Sideswipe Opposite Direction; FIr=Roeaetj Object i

NC =

NorCollision; FO Eixed Object Off Road;®Deer Bl = Backethto

Figure7.21 presents a summary of the crashes by lighting conditions and type of collision.

Lighting Condition Type of Collision = RE
= A
2:18% = Daylight 1: 9% = HO
SS
= Dawn/Dusk ‘ 4: 37% = SO
1; 9% ‘ = Fl
Dark - R
) Lizrhted o2 4;36% ‘ " Ne
= FO
8 73% Qark - Road Not 2D
Lighted 1: 9%
9% = Bl

Figure7.21 ¢ Lighting Condition and Collision Type at lvy Road and Tilman Road

Rear end and fixed objecif road crashes were the nsbprevalent, with four each in the fiwgear study
period. Three rear end crashes were in the westbound direction. The remaining rear end crash was in the

Sadoz2dzyyR RANBOGAZY® C2NJ 2y S NBINI SYyR ONl @&&ks (KS

All four-fixed object-off road crashes ran off the road on the right side while traveling eastbound (i.e.,
crashes occurred in the southeast quadrant). Three out of four fixed cBj@dF NRB I R ONJ a KS &
[ SRAS¢ a4 GKS FuNBRG KFNXYFdzZ ONIakK Sg@S

Crashes occurring at this intersection have high severity. There was one fatality in tyedivstudy
period and it was an angle crash from the side street. Aside from this fatality, half of the remaining crashes
were injury-causing.

The fatal crastoccurred in 2012. A senior, F@arold drivermadea left turn onto Ivy Road westbound
from Tilman Road northbound and collided, in a righgle collision, with an eastbound vehicle on Ivy
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Road. The senior driver was the fatality. This crash occurredhppavement, in the daylight with no
adverse weather conditions.

7.3.5 Roadway Safety Assessment
7.3.5.1 Safety Issues and Contributing Factors

EASTBOUNBIXEDOBJECT OFFROAD
Allthe fixed object crashes at Tilman Road occurred in the southeast quadrant. Theérfglkafety issues
and factors may have contributed to these crashes:

Figure7.22ac+ A S¢ 27F a=xé 5 A LIFigure7.22b¢ View of EB Right Shoulder (SE Quadrant)

A Itwas oth anecdotally noted and witnessed that when aeftning vehicle is present (i.e., stopped and waiting
to turn left onto Tilman Road), through vehicles that do not wish to wait for thiglefting vehicle to clear the
intersection instead use the ifg-turn only lane as a passing lane. Tioethbound Tilman Road approach is on
Il R26y3INI RS GKIG SEGSYR& (2 G(GKS G(KNRIAK fturyd&l 2F Lge
lane, depicted irFigure?7.22a. The eastbound through vehicles thaegassing in the righurn lane, generally
at very high speeds, must maneuver this dip, which essentially creates an exaggeratedlsuated portion
of roadway and forces the vehicle to the left. To further increase the danger, the Southeast quiaalsaam
unforgiving shoulder, shown iRigure7.22b. The shoulder is very narrow and there is a steep drbpo the
adjacent gravel. This shoulder does not allow the passing drivers to recover if their tires leave the pavement. In
two cases, this causedhé¢ drivers to overcorrect and cross both lanes of traffic, striking an object in the
northeast corner of the intersection.

EASTBOUNIWESTBOUNBEAREND
Multiple rear end crashes occurred in both the eastbound and westbound direction at this intersection.
Safety issues or contributing factors that may be attributed to these crashes include:

A Drivers may perceive the flashing yellow signals to mean a caution to slow down or stop before proceeding.
Vehicles following closely behind are not anticipating thip gtod do not stop in time.

A The lack of lefturn lanes means that any vehicles wanting to turn left must significantly slow down or come to

a complete stop in the through lane. Drivers who are closely following the vehicles do not anticipate this

stopping! f £ NBFNJ SYyR ON}akKSa i GKAa AYyGSNASOGAZ2Y OAGS a°

STADS . \vDoT



US 250 CORRIDOR STUDY | Between ThreeONOQ R

NORTHBOUND ANEDPUTHBOUNLEFFTURNS

Residents of this area consistently cite these maneuvers as very dangerous. Residents noted that they
avoid this intersection bgause they do not feel safe making a{eftn onto vy Road from Tilman Road.
Safety issues or contributing factors that may be attributed to these crashes include:

A The sight distance on Ivy Road from the side street approaches of Tilman Road is natedEqjs intersection
is at the apex of both a horizontal and vertical curve, which limits sight distance in both directions. In addition,
the surrounding parcels are heavily vegetated, further diminishing the sight distance.

A Due to the sight distance is8s, drivers have trouble seeing the oncoming vehicles. This may cause uncertainty
and the drivers, being cautious, do not take all the gaps that are given to them. As they wait longer, drivers are
willing to accept smaller and smaller gaps in trafficdieg to unsafe maneuversigure 7.22c shows the
viewpoint of a driver on the northbound vy Road approach, looking virégtire7.22d captures that drivers

must pull far in front of the stop bar to see oncoming traffic.
e ’

Figure7.22c ¢ View of NB Approach Sight Distance Figure7.22d ¢ Driver Beyond Stop Bar

7.3.5.2 Suggestions and Opportunities for Improvement

Application of a Tier Systemic Template 6 is recommended at thisateon. Additional, intersction-
specificimprovements for the intersection of lvy Road and Tilman Road are presented in this sexation
summarized iMable7.14. The suggested improvements amet listed in any order of significance.

EASTBOUNBIXEDOBJETC OFFROAD
A Shortterm

1. Install a raised mediahetween the rightturn lane and through lane toiscourageuse ofthe right
turn lane as a passing lanistall flex bollards on this mediadpply the same treatment to the
westbound lanes.

2. Lyaidl fGK2L¥a LeaNg yR G2 NStijruohijEne @ tiri Aght brodilmaryRoadK S NA 3 |
Apply the same treatment to the westbound rigturn only lane.

A Intermediate

3. Widenthe southeast shoulder two feetind nstall safety edge shouldep that the paement dropoff
is not as abrupt as existing conditions. This widlalehicles a greater chance for recoviryhe event
the vehicle runs off the pavemeritnstallation of a safety edge treatmeratt] types all severities; CMF
=0.886
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A LongTerm

4. Install an eastbound andh westboundleft-turn laneon vy Roado that leftturning vehicles are not
obstructing the through laneginstall leftturn lane; all crash types; all severities; CMF = 0.748)

EASTBOUNIWVESTBOUNBEAREND
A LongTerm

1. Install an eastbond anda westbound leftturn laneon vy Road so that lefurning vehicles are not
obstructing the through laneginstall leftturn lane; all crash types; all severities; CMF = 0.748)

NORTHBOUND ANEDPUTHBOUNDEFFTURNS
A Shortterm

1. Remove vegetatiom the utheast andsouthwest quadrantalong vy Roatb improve sight distance
for driversturning onto vy Road from northbound Tilman Ro@tle specific area for tree removal is
shown inFigure7.22e. Figure7.22e is shown from the perspective of a veleiaddn the northbound
Tilman Road approach looking we@iticrease triangle sight distance; all crash types; Serious injury,
Minor injury; CMF = 0.53)

Figure7.22e ¢ Vegetation Suggestetbr Removal
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Table7.14 ¢ Summary of Recommended Improvements at Ivy Road and Tilman Road

Safety Issue Opportunities for Improvement

9 Install raised median and place flex bollatitween the rght-turn lane
_ and through lane in theastbound and westbound direction.
1 Eastbound Fixed | ¢ |/ 5 ¢ aLi2N] OK2LJE A&f by R G inti
Objectg Off Road eastbound and westbound direction.

Widen the southeast shouldesixfeet and install safety edge shoulder.
x Installan eastbound andh westbaund left-turn laneon Ivy Road

2 | Eastbound/Westbounc
Rear End

3 Northbound and
Southbound Lefturns
I Shortterm, low-cost

0 Intermediate, mediurrcost
x  Longterm, highcost

x  Install an eastbouth andawestbound leftturn laneon Ivy Road

1 Remove vegetion in the Soutleast and Soutivest quadrans.

Figure7.23 and Figure7.24 present the potential safety enhancement suggestions to be considered for
the intersection of Ivy Road and Tilman Road. The placement of traffic control devices, pavement
markings, etcis not to scale and not according to survey, but is an approximation intended to provide a
general idea of location and concept. Designers should consider appropriate standards, policies, and right
of-way impacts before implementing any potential enhaments.

VHB considered a roundabout for this location as a preliminary alternative, but determined the benefit

would not exceed the costesulting in aundesirable benefito-O2 ad NI} GA2® +| . SyYL}X 2e&8S
Junction Screening Tool). VJuST is attahalyze alternative and unconventional intersection designs.

¢tKS (22¢ FyrteilSa +y AYGiSNESOGAZ2Y O2y FAIdAzNI GA2Yy Q:
analyze the delay or queues. Additionally, the tool does not consider other design ttriguch as cost,

right of way needs, or specific design requirements. It is meant as a planning level analysis tool. VJuST
indicatedthat the installation of a singlane roundabout would degrade operations compared to a-two

way stopcontrolled intersedbn. The VJuST results are presented beloWainle 7.15

Table7.15 ¢ Results of VJUST Analysis for lvy Road and Tilman Road

Type of Intersection Maximum V/C AM Maximum V/C PM

Two-Way Stop Control 0.42 0.46

pnQ aAyA wz2dz 0.82 0.90

TPQ aAyA w2dz 0.81 0.88
Roundabout 0.73 0.80
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Existing Pavement
Proposed Pavement
Trim Vegetation
Proposed Raised Median
Existing Property Lines

Existing Edge of Pavement

Figure7.23 ¢ ShortTerm Concept for lvy Road aridimanRoad
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Existing Pavement

Proposed Pavement
Proposed Edge of Travel Way
Existing Parcel Lines

Existing Edge of Pavement

Figure7.24 ¢ LongTerm Concept for lvy Road aridimanRoad
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7.3.6 Preliminary Cost Estimate
The preliminarestimated cost for the proposed improvements is presentetidhle7.16. VHB developed

the costs in Tablg.16 6 €
estimation tool.
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Table7.16 ¢ TMPD Cost Estimate for Improvements at lvy Road and Tilman Road

Alternative Cost Type Low High
Preliminary Engineering $600 $ 2200
Shortterm ROW & U.tility Relocation - -
Construction $ 3,400 $ 12,300
Shortterm Subtotal $4,000 $ 14,500
Preliminary Engineering $ 1,90 $ 1,90
Intermediate ROW & U'tility Relocation - -
Construction $ 8,800 $ 10,00
Intermediate Subtotal $ 10,M0 $ 12500
Preliminary Engineering $ 84,000 $ 104,000
Longterm ROW & Utility Relocation $ 105000 $ 182000
Construction $ 462,300 $ 570,800
LongTerm Subtotal $ 651,300 $ 856800
Preliminary Engineering $ 86,000 $ 13,000
Total ROW & U'tility Relocation $ 105000 $ 182,@0
Construction $ 473,100 $ 592,500
TOTAL $ 664,100 $ 88,500
VHBfurtherrek y SR (1 KSa8 02ada dzaAY3 £5h¢Qa t NEHdsHisty I NEB

bid averagesThe total projectectost for these alternatives is presentedlinble7.17.

Table7.17 ¢ Cost Estimate folmprovements at lvy Road and Tilman Road

Alternative Cost Type CostEstimate
Preliminary Engineering $90,300
ROW & Utility Relocation -

Shortterm Construction $ 376,000
Shortterm Subtotal $466,300
Preliminary Engineering $241,500

Longterm ROW & U_tility Relocation -
Construction $ 1,006,000
Longterm Subtotal $1,247,500
Preliminary Engineering $331,800

Total ROW & U_tility Relocation -

Construction $1,382,000
TOTAL $1,713,800

VHB developed the sbestimateinto a 20year cos estimate accounting for improvement service life
and annual maintenance cosftghe service lives and annual maintenance costs were derived from the

CTADS
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HSIP Safety Improvement Proposal valddee total projected 2@ear cost estimate for the alternatives

/| hwwL5hw

ispresented inTable7.18.
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Table7.18 ¢ 20-Year Cost Estimate for Improvements at Ivy Road and Tilman Road

Cost 20-Yr Cost Annual Present Value Total
Alternative Estimate (Based on individual . :
. S Maintenance | of Maintenance | 20-year Cost
Total item service life)
Shortterm | $466,300 $500,700 $1,100 $16,400 $517,100
Longterm | $1,247500 $1,247,500 $ 400 $ 6,000 $1,253,500

7.3.7 Benefit Analysis
Table7.19 summarizes the 2@ear safety and operational benefits ofth the shortterm and longterm
suggested improvements. The B/C ratios utilize the/@8ér total cost fronirable 7.8.

Table7.19 - Improvement Benefitsat lvy Road and Tilman Road

Improvements Safety Benefit Operational Benefit Total Benefit B:C Ratio
Shortterm $ 7,589,600 $- $ 7,589,600 14.7
Longterm $ 201,400 $ 226,700 $ 428,100 0.3

7.3.8 Project Schedule

VHB estimatedhe project schedule based on the project schedules for similar VDOT progeetstly

completed.Figures7.25-7.264 K 2 ¢

iKS

FydAOALI GSR

a QventeRgzt S F2NJ G KA

2 3
Months

H Preliminary
Engineering

Construction

Years

H Preliminary
Engineering

Construction

Figuresr.25 and 7.26 ¢ Short and LongrermProject Schedulefor lvy Road andlilmanRoad
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7.4.1 Intersection Description andseometric Conditions

The Tintersection of lvy Road at Owensville Road is unsignalized. lvy Road is classified as a minor arterial
and Owensville Road is classified as a major collector. Owensville Road provides access to residential areas
and an elementey school to the north. No pedestrian facilities (i.e., crosswalks or sidewalks) are present.

Ivy Road is an undivided twane roadway. Owensville Road is alsoumdividedtwo-lane roadway.
Approaches are on level terrain. There is no significant vanain horizontal alignment at this
intersection. The lane use at this intersection is as follows:

A Ivy Road eastbound: 1 shared ktn/through lane
A Ivy Road westbound: 1 shared through/rightn lane
A Owensville Road southbound: 1 kiirn lane, 1 chanelized rightturn lane

7.4.2 Traffic Control Devices

Both the leftturn and channelized rigkturn movements of southbound Owensville Road are controlled
by a stop signThe eastbound and westbound approaches of lvy Road ardléreing.

7.4.3 Traffic Conditions

Owersville Road has a posted speed limit of 40 mph. lvy Road has a posted speed limit of 35 mph. The
2016 VDOT Average Annual Daily Traffic (AADT) is as follows:

A Ivy Road12,000 vehicles/day
A Owensville Roa®,100 vehicles/day

Fourhour turning movement coumst were conducted by Peggy Malone & Associates on May 11, 2016.
The peak hour turning movement volumas well aghe intersection performance measures, are shown
in Figure7.27 below.

CTADC] - vooT
& PR \




/| hwwL?5

h w

Ivy Road

8
46.6 sec
LOSE

13 1300
10.7(8) 76.7(F)

102 122

J L

¥ 801
235 £°0

0L

A

WTe
01L

Nl

Volume

Delay[s] (LOS)

95% % Queue
(Storage Length)
“Queue reparted invehicles,
25ft vehicle length assumed

Owensville Road

Ivy Road

w8

0 sec

I
in

A

v 501
Jas €7
ET
[GIEX
|£43

40"

21.6(c)
110

J

8
32.1sec
LOS D

4
56

I
.3(F)

4

Owensville Road

a1

Volume

Delay[s] (LOS)

95% % Queue
(Storage Length)
*Queue reported invehicles,
25ft vehicle length assumed

-

759 103

WB

0sec

Figure7.27 ¢ Traffic Conditions at lvy Road and Owensville Road

The southbound lefturn movement experiences considerable delay in the AM and PM peak hours,
operating at LOS F during bofhhis delay commonly causégavy queueing on the Owensville Road
approach, especially in the AM peak hour. Due to the heavy wesit through volume, the eastbound
left-turn movement also experiences delay, though not to an alarming level. Overall, the intersection
performs at LOS A for both peak hours.

7.4.4 Crash Analysis

Crash data for a fivgear study period, 20£2015, was collectedor analysis.Table 7.20 provides a
summary of crash da at the subject intersection.

Table7.20¢ Crash Summary at lvy Road and Owensville Road

Yeal Peak Lighting Condition | Pavement Type of Collision Seveity Total
(22"0) (';"7") Day FS‘J’VS': T;ir:d R(E_)):(;kNo Dry Wet|RE A HO SS SO FI NC FO D BI| K A B C PDQ
Lighted Lighted
2011 1 0 1 0 0 0 1 0 1 O 0 0 0 0 0 0 0 0 0 O 0 1 0 1
2012 O 0 0 0 0 0 0 0 o o o o o o o o o o|o o o o o 0
2013| O 0 0 0 0 0 0 0 o o0 o0 o o o o o o o|jo o 0O 0 O 0
2014| 1 0 1 0 1 1 3 0 2 1 0 0 o0 o0 o0 O o o|o0 o 1 0 2 8
2015 O 2 1 0 0 1 1 1 2 0 0 O o0 o0 o o o oo o o 0 2 2
TOT| 2 2 3 0 1 2 5 1 5 1 0 0 o0 o0 o0 o0 o o0 o 1 1 4 6
% | 33% 33%|50% 0% 17% 33% | 83% 17%|83% 17% 0% 0% 0% 0% 0% 0% 0% 0%| 0% 0% 17% 17% 67%
RE = Rear End; A = Angle; HO = Head On; SS = Sideswipe Same Direction; SO = Sideswipe Opposite Direction; FIr=Rdeaej Object i
NC = NorCollision; FO = Fixed Object Off Road; D = Deer; Bl = Baitked
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Figure7.28 presents a summary of the crashes by lighting conditions and type of collision.

Lighting Condition Type of Collision = RE
= A
= Daylight = HO
1;,17% s
2,33% = Dawn/Dusk = SO
3,50% a Dark - Road : ;lc
Lighted « FO
Dark - Road Not =D
1,17% Lighted 5, 83% - Bl

Figure7.28 ¢ Lighting Condition and Collision Type at lvy Road and Owensville Road

Most crashes at this intersection were rear end crashes. Four of the five rearasiies were in the
eastbound direction. Three of the five rear end crashes involved three vehicles. Half of the crashes,
including the one angle crash, occurred at night. The road is lit by only a single street light in the parking
lot of a neighboring réaurant.

7.4.5 Roadway Safety Assessment
7.4.5.1 Safety Issues and Contributing Factors

EASTBOUNBEAREND
Most crashes at this intersection were eastbound rear end crashes and were likely caused by the following
contribution(s):

A The lack of an eastbound letirn laneforces all eastbound vehicles turning left to either significantly slow down
or come to a complete stop in the through lane while waiting to turn left. Vehicles following closely behind may
not anticipate this stop and collide with the vehicle in front.

A The speed limit abruptly drops from 55 mph to 35 mph in the eastbound direction just before this intersection.
Drivers may not observe the new 35 mph speed limit and maintain a faster speed through this area. Their faster
speeds make it more difficult to gtan the event of a lefturning vehicle ahead.

7.4.5.2 Suggestions and Opportunities for Improvement

Application of a Tiel Systemic Template 3 is recommended at this location. Additional, intéosect
specificimprovements for the intersection of lvy Road andénhsville Road are presented in this section
and summarized iffable7.21. The suggested improvements aret listed in any order of significance.

EASTBOUNBEAREND
A Shortterm

1. Introduce speed control meases to alert drivers of the85-mph speed limit. Thse may iolude
transverse rumble stripgransverse speed barsplored speeezone entrancgpavement markingsor
police enforcement(Install transverse rumble strips as a traffic calming device; all crash types; all crash
severities; CMF = 0.66)
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A Longterm

2. Install an eastbound lefiurn lane so that the eastbound leftirning vehicles do not impede the
through traffic while waiting to turn left{Install leftturn lane; all crash types; all severities; CMF =
0.748)

3. Realignthis intersection and the intsection at Morgantown Road into a single roundabout
configuration To meet the maximum grade restrictions and tie in quitkiyinimize the impact to the
AdzZNNB dzy RAy3a LI NOStazxz GKS NRdzyRIFroz2dzi ¢gAff 0SS NI Aa
(Conversion of intersection into singl@ne roundabout; all crash types; all severities; CMF = 0.64)

Table7.21 ¢ Summary of Recommended Improvements at lvy Road and Owensville Road

Safety Issue Opportunitiesfor Improvement

1 Introduce speed control measures to alert driversth@ 35-mph speed
limit. These may include transverse rumble strippansverse speed bars

1 Eastbound Rear End colored speeezone entrance pavement markings police enforcement.

Ingall an eastbound lefturn lane

Realign this intersection and the intersection at Morgantown Road in

single roundabout configuration.

T Shortterm, low-cost
o Intermediate, mediurrcost
x  Longterm, highcost

Figures 7.29 - 7.31 present the potential saty enhancement suggestions to be considered for the
intersection of lvy Road and Owensville Road. The placement of traffic control devices, pavement
markings, etc. is not to scale and not according to survey, but is an approximation intended to provide a
general idea of location and concept. Designers should consider appropriate standards, policies, and right
of-way impacts before implementing any potential enhancements.
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Existing Pavement
Existing Property Lines
Existing Edge of Pavement

Hydro Line

e

Figure7.29 ¢ ShortTerm Concept for lvy Road ar@wensvilleRoad
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Existing Pavement

Proposed Pavement

Existing Right-of-Way Line
Proposed Right-of-Way Take
Existing Edge of Pavement

Hydro Line

SiéSSy

¢ KNI S

b2 OKQR

Figure7.30¢ Long-Term ConcepA for vy Road andwensvilleRoad
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Proposed Pavement

Proposed Raised Grass Median
Proposed Raised/Traversable Median
Existing Parcel Lines

Proposed Right-of-Way Take
Existing Edge of Pavement

Proposed Curb

Hydro Line

Figure7.31 ¢ LongTerm ConcepB for Ivy Road andwensvilleRoad
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7.4.5.3 Traffic Operations Analysis
A LongTerm Alternative B
o Under this effort, a initial hightlevel planning analysis was performed with theeetc2016 turning

movement counts. The investigation revealed, based on Exhibit& NCHRP 672 (includeelowas
Figure7.32), that a single lane roundabout should suffice, but may need additional analysis. The highest
sum ofconflicting volumes was 199 vehh, occurring during the PM. This volume ig jalove the
recommended 1,000 veh/threshold, butvell below the 1,300 vehi threshold that indicatethe need
for a twolane roundabout.

Volume Range Exhibit 3-14
(sum of entering and conflicting Volume Thresholds for
volumes) Number of Lanes Required Determining the Number of

. ) . Entry Lanes Required
0 to 1,000 veh/h = Single-lane entry likely to be sufficient

= Two-lane entry may be needed
1,000 to 1,300 veh/h = Single-lane may be sufficient based upon more
detailed analysis.

1,300 to 1,800 veh/h = Two-lane entry likely to be sufficient
=  More than two entering lanes may be required
Above 1,800 veh/h = A more detailed capacity evaluation should be
conducted to verify lane numbers and
arrangements.

Source: New York State Department of Transportation

Figure7.32 ¢ NCHRP Report 672 Conflicting Volume Threshabdsfoundabout Designs

o x|l . Fftaz2 SYLX28SR zwWdz ¢ 06+5h¢Qad WdzyOliA2y { ONBSyAy
dzy 02y @Sy (GA2yltt AYGiSNESOGAZ2Y RSaiAdayad ¢KS G222t Iy
Capacity ratio (V:C Ratio), but dasst analyze the delay or queues. Additionally, the tool does not
consider other design attributes such as cost, right of way needs, or specific design requirements. It is
meant as a planning level analysis ta6JuST reinforces the results of the NCHfiyais: a singhane
roundabout will suffice, but may experienogld congestion. The volume to capacity ratio of a single
lane roundabout is 0.80 in the AM and 0.85 in the PM.

o VHB also performed additional analysis using Synchro and SIDRA. For treepuiphis analysis, the
existing condition at Owensville Road and Morgantown Road was considered as a single intersection
GKNRdzZZK (GKS 1T A3IKgle& /LI OAGeE alydzadtQa YSGIK2R2f 23
that the existing conditions and@5 NeBuild conditions perform the same as there is no growth in
volume anticipated.

0 The2025 Build Conditions perform better in both the AM and PM peak hour. The 2025 Build conditions
experience &.6 second reduction in delay in the AM an@& secondreduction in delay irthe PM,
when compared to 2025 NBuild conditionsMoreover, the Build conditiongnprove the intersection
to LOS A in bothgak hours, from LOS B in the HBaild conditionsThe fullcomparison between
existing/NeBuild and Build aaditions is presented ifiable 7.2 below.
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Table7.22- Delay and LOS Comparison for Lehgrm Alternative B at lvy Road and Owensville Road

2025 NeBuild Conditions for Owensville
Roadand MorgantownRoad Inersectionsas 2025 Build Conditions (Single Roundabout)
aDistributed Intersection $stem
Int. Int.
Delay || g D&Y 1) oo pejay| M| Delay | og DEIAY 1) o popy | Nt
(siveh) (s/veh) (s) | LOS (siveh) (siveh) (s) | LOS
lvy Road at US 29 Northbound Interchange
Left 8.1/10.8 | A/B 9.6/8.7 | AIA
Ivy Road EB| Through| 3.0/3.0 | A/A|3.4/3.6| A/IA 4.2/3.1 |A/A| 6.0/4.2 | AIA
Right 0/0 A/A 4.2/3.3 | AIA
Left 10.8/8.4 | B/A 11.2/12.2| B/B
Ivy Road WB Throwgh| 3.0/3.0 | A/A|3.8/3.4| A/A 4.0/6.6 | A/A| 4.1/6.8 | AIA
Right 0/0 AlA 11.8/ B/B 4.2[7.0 | AIA 6.2/ AJA
Owensville Left | 79.7/59.3| FIF 48.3/ 10.1 12.5/19.8| B/C 6.3
Road SB Through 0/0 A/A 421 E/E 6.6/12.7 | A/B | 10.0/14.1| B/B
Right | 10.7/21.6 | B/C 7.1/13.0 | A/B
Morgantown Left | 32.2/19.9| D/C 29 4/ 11.6/11.3| B/B
RoadNB Through 0/0 A/A 171 D/C 5.2/56 | A/A| 6.1/6.5 | A/A
Right | 29.2/16.9| D/C 5.7/5.8 | AIA

7.4.6 Preliminary Cost Estimate

The preliminary estimated cost for the proposed improvements is presenteahite7.23. VHB developed

the costs in Tablg.236& dzaS 2F +5h¢Qa C¢NIyaLR2NIFiAzy |YyR
estimation tool.ForConcepB, the TMPD cost estimation tool was not applied; VHRIdged a separate

cost estimateusing bid item cds, presented inTable7.24.

az

Table7.23¢ TMPD Cost Estimate for Improvements at lvy Road and Owensville Road

Alternative Cost Type Low High
Preliminary Engineering $100 $ 100
ROW & Utility Relation - -
Shortterm Construction $ 600 $ 700
Shortterm Subtotal $700 $800
Preliminary Engineering $ 27500 $57,500
Lonaterm A ROW & Utility Relocation $ 34,400 $100,600
g Construction $152,600 $ 318,500
Longterm ASubtotal $214,500 $476,600
Preliminary Engineering $27,600 $57,600
Totd LongTerm | ROW & Utility Relocation $34,400 $100,600
A Construction $153200 $319200
TOTAL $215200 $477,400
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Table7.24 ¢ VHB Cost Opinion for LoABem Alternative B

Alternative Cost Type Low High
Preliminary Engineering $ 367,000 $ 367,000
Longterm B ROW & Utility Relocation $ 458,800 $ 642,300
Construction $ 1,982,700 $ 1,982,700
Longterm B Subtotal $ 2,808,500 $ 2,992,000
Preliminary Engineering $ 367,100 $ 367,100
TotalLongTerm | ROW & Utility Relocation $ 458,800 $ 642,300
B Construction $ 1,983,400 $ 1,983,400
TOTAL $ 2,809,300 $ 2,992,800
VHB further refined the TMPD2 a4 a dzaAy 3 +5h¢Qa t NBfAYAYSMB /24l

district bid averagesThe total projecteaost for these alternatives is presentedliable7.25. A PCES cost

was notestimated forConceptB; the PCES worksheet does not provide an accurate cost estimation for

the construction of a roundaboyes S OA I f f &8 &aAYy OS GKS hgSyagittS NRBdz/Fk
existing elevationinstead, a cost item takeff was developed for Concept B.

Table7.25 ¢ Cost Estimate for Improvements at lvy Road and Oweitle Road

Alternative Cost Type CostEstimate
Preliminary Engineering $300
ROW & Utility Relocation -
Shorterm = o nstruction $1,000
Shortterm Subtotal $1,300
Preliminary Engineering $52,500
ROW & Utility Relocation $12,000
Longterm A Construction $219,000
Longterm A Subtotal $283,500
Preliminary Engineering $ 467,100
Longterm B ROW & U_tility Relocation $ 24,000
Construction $ 1,946,000
Longterm A Subtotal $ 2,437,100
Preliminary Engineering $52,800
Total A ROW & U_tiliy Relocation $12,000
Construction $22Q000
TOTAL $ 284,80
Preliminary Engineering $467,400
TotalB ROW & Utility Relocation $24,000
Construction $1,947,300
TOTAL $2,438,400

VHB developed theostestimateinto a 20year cost estimate aounting for improvement service life
and annual maintenance costghe service lives and annual maintenance costs were derived from the
HSIP Safety Improvement Proposal valddee total projected 2@ear cost estimate for the alternatives

is presented iMable7.26.
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Table7.26 ¢ 20-Year Cost Estimate for Improvements at lvy Road and Owensville Road

Cost 20-Yr Cost Annual Present Véue Total
Alternative Estimate (Based on individual . .
. S Maintenance | of Maintenance | 20-year Cost
Total item service life)
Shortterm $ 1,300 $ 2,600 - - $2,600
Longterm A | $283,500 $ 283,500 $ 200 $ 3000 $ 286,90
Longterm B | $ 2437,100 $2437,100 $ 500 $ 7,400 $2444,90

7.4.7 Benefit Analysis

Table7.27 summarizes the 2@ear safey and operational benefits of both the sheadrm and longterm
suggested improvements. The B/C ratios utilize they@8r total cost fronirable 7.8.

Table7.27 - Improvement Benefitsat Ivy Road and Owens\é Road

Improvements Safety Benefit Operational Benefit Total Benefit B:C Ratio
Shortterm $ 138,300 - $138,300 53.2
Longterm A $ 102,500 $326,800 $ 429,300 1.5
Longterm B $ 146,500 $3,072,100 $3,218,600 1.3

7.4.8 Project Schedule

VHB estimatedhe projectschedule based on the project schedules for similar VDOT progaeatly

completed.Figures7.33-7.354 K2 ¢ (GKS | yIAOALI G§SR &aOKSRdzZA S F2NJ GKA
m Preliminary
- Engineering
Construction
0 1 2 3
Months

Figure7.33 ¢ ShortTermProject Scheduléor Ivy Road andwensvilleRoad

m Preliminary

® Preliminary

Engineering Engineering
Utility Utility
Relocation Relocation
Construction Construction
0 1 2 3 4 5 0 1 2 3 4 5 6
Years Years

Figues7.34 and 7.35 ¢ Long TermA (left) and B(right) Project Schedule®or vy Road andwensville

Road
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7.5.1 Intersection Description and Geometric Conditions

The intersection of lvy Road and Broomley Road is signalizedmBry Road is classified as a minor
collector. lvy Road is classified as a minor arterial. To the north, Broomley Road provides access to private
residences. The northbound approach of this intersection provides access to/from a private residence. No
pedestrian facilities (i.e., crosswalks or sidewalks) are present.

Both lvy Road and Broomley Road are ey undivided roadways. This intersection is on a slope of a
crest vertical curve with its apex east of Broomley Road. For this reason, the eastbouoddpis on a
positive grade and the westbound approach experiences a negative grade at this intersection. No skew in
horizontal alignment is present; Broomley Road intersects with lvy Road atlagh@e angle. The lane

use at this intersection is as fols:

A Ivy Road eastbound: 1 letitrn lane, 1 shared through/rigkturn lane
A Ivy Road westbound: 1 lefurn lane, 1 through lane, 1 rightirn lane
A Broomley Road southbound: 1 lgfirn lane, 1 rightturn lane

7.5.2 Traffic Control Devices

This intersection isignal controlled. All signal heads are mounted on mast arms. One additional near side
aA3dylrt Ad LINPDARSR F2NJ 0KS y2NIKo2dzyR I LILINE2I OK®
retroreflective back plates. Right turn on red is permitted for ppprmaches. No pedestrian signal heads

are present.
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Signal TypeActuated Coordinated

Signal Operations and Phasing Observations
A The eastbound lefturn movement operates under protected/permissive phasing.
A Northbound and southbound approaches operatih split phasing.

7.5.3 Traffic Conditions

Broomley Road has no posted speed limit. Given the residential nature of Broomley Road, a speed limit
of 25 mph is assumed. 45 mph is the posted speed limit for lvy Road at this intersection. TIWDZDL
Average Anual Daily Traffic (AADT) is as follows:

A Ivy Road13,000 vehicles/day
A Broomley RoadNOT REPORTED

Fourhour turning movement counts were conducted by Peggy Malone & Associates on May 11, 2016.
The peak hour turning movement volumas well aghe interse¢ion performance measures, are shown
in Figure7.36 below.

PM

AM
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Private Drive
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(Storage Length) (Storage Length)

Figure7.36 ¢ Traffic Conditions at lvy Road and Broomley Road

This intersection experiences heavy through volumes on the eastbound and westbound approaches. This
results in both extensivgueuing and delays in the AM peak hour. While the delay is lessened in the PM
peak hour, similar queues remain. Since most of the green time must be given to the main street through
movements, the side street movements deteriorate. The southbound appropehates at LOS C and D

in the AM and PM peak hours, respectively. This delay is largely from the southboutudnieftovement.
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7.5.4 Crash Analysis
Crash data for a fivgear study period, 20£2015, was collected for analysiBable 7.28 provides a
summary ofcrash déa at the subject intersection.

Table7.28 ¢ Crash Summary at Ivy Road and Broomley Road

Yeal Peak Lighting Condition | Pavement Type of Collision Severity Total
(22"0) (';“7") Day FS‘J";’; II_D??)ﬂ;d Rg:(;kNo Dry Wet| RE A HO SS SO FI NC FO D BI| K A B C PDQ
Lighted Lighted

2011 O 0 0 0 0 1 1 0 o o0 o O O o o 1 0 O 0O O 0 0 1 1

2012 2 0 3 0 0 0 3 0 2 1 0 0 O 0O o0 o o ojo0 o o o 3 3

2013] 2 0 3 0 0 1 4 0 2 0 0 o0 o0 o o 1 0o 1|0 1 0O 0 3 4

2014 1 2 2 0 0 2 4 0 3 1. o 0 0 0 O O O O|O O o o 4 4

2015 O 0 0 0 0 0 0 0 o o0 o o o o o o o o|jo o 0O 0 O 0

TOT| 5 2 8 0 0 4 12 0 7 2 0 0 0O o o0 2 0 1|0 1 0O 0 11| 12
% | 42% 17%|67% 0% 0% 33% | 100% 0% |58% 17% 0% 0% 0% 0% 0% 17% 0% 8% | 0% 8% 0% 0% 92%

RE = Rear BnA = Angle; HO = Head On; SS = Sideswipe Same Direction; SO = Sideswipe Opposite Direction; Fl = Fixed Object in Road,;

NC = NorCollision; FO = Fixed Object Off Road; D = Deer; Bl = Biattked

Figure7.37 presents a summary of the crashes by lightingditions and type of collision.

Lighting Condition Type of Collision = RE
=A
= Daylight 1: 8% = HO
SS
4;33% = Dawn/Dusk 2:17% SO
= Fl
= Dark - Road a NC
Lighted 7,58% = FO
8,67% Dark - Road Not 2,17% D
Lighted Bl

Figure7.37 ¢ Lighting Condition and Collision Type at Ivy Road and Broomley Road

Rear end collisions account for over half of the documented crashes and occurred predominately in the
eastbound direction. Most of theserashes caused property damage only, except for one-¥eticle
rear-end collision resulting in an ambulatory injury. 33% of total crashes occurred in the dark with no
lighting on the roadway. The remaining 67% occurred during the daylight.

7.5.5 Roadway SafetAssessment
7.5.5.1 Safety Issues and Contributing Factors
EASTBOUNBEAREND

Eastbound rear end crashes were predominant at this intersection. These crashes may be attributed to
the following safety issues and contributing factors:
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A It is common for eastbound Ivigoad to experience congestion at this intersection. The vehicles that are
following too closely do not have adequate spacing to stop in time in the event of a stopped vehicle or
congestion ahead.

A This is the first signalized intersection in the corridothia eastbound direction. Vehicles traveling eastbound
are used to fredlowing traffic and may not expect a signalized intersection or congestion.

A It was observed in the field that this intersection experiences a slow-gfaimh the eastbound direction en
the signal turns green. This is likely attributed to both congestion and the positive grade of the approach.

A This signal has long yellow times (4.9 seconds) and very shagtidimes (1.3 seconds) for the eastbound and
westbound approaches. The loggllow signal timing encourages drivers to speed up, while the very short all
red interval timing does not allow enough time for these vehicles to safely clear the intersection before the next
movement is given a green signal indication.

A Additionally, thespeed limit drops, in the eastbound direction, from 55 mph to 45 mph just before this
intersection. Vehicles may not slow down and maintain speeds higher than 45 mph. The high speed intensifies
the risks posed by the previous contributing factors.

7.5.5.2 Suggesibns and Opportunities for Improvement

Application of a TieR Systemic Template 8 is recommended at thisatmn. Additional, intersection
specificimprovements for the intersection of lvy Road and Broomley Road are presented in this section
and summaried inTable7.29. The suggested improvements amet listed in any order of significance.

EASTBOUNBEAREND
A Shortterm

Reconfigure traffic signal timings to allow for better progressiosastboundandwestboundthrough

vehicles at this signarhis willhelp to mitigate the congestion experienced.

Extend alred time to at least 2 secondsr the eastbound and westbound movemerits allow all

vehicles to clear the intersectio(increase all red clearance interval; all crash types; all severities; CMF
=0.798)

Replaceand$f 2 OF 1S SEA&GAY3 Sl adozdzyR F'yR 6Saio2dzyR a2
n &.S tNBLINBR (2 {upstreanofanteidgttioy. 3 & A Iy a FI NI KSNJI
Qonvert the existing lefturn lanes (i.e., the westbound lefturn lane onto tre private drive and the

eastbound lefiturn lane into the Regents School of Charlottesvili&) a twoway leftturn lanethat

terminates on either end i dedicated turn lane for the respective driveway.
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Table7.29 ¢ Summary of Recommended Improvements at lvy Road and Broomley Road

Safety Issue Opportunities for Improvement

1 Reconfigure traffic signal timings to allow for better progression
eastbound and westboundtough vehiclestathis signal.

1 Extend alred time to at least 2 seconds.

1 Replace and§t 201 GS SEArAalAy3 Sl &adozdz

1 | Eastbound Rear End { U2 LIISR +SKithO3Ead . §AAWSH LI NER 02
farther upstream

1 Convert the existing lefiurn lanes (i.e.,ie westbound lefturn lane onto
the private drive and the eastbound ldfirn lane into the Regents Scho
of Charlottesville) into a twavay leftturn lane that terminates on eithel
end in a dedicated turn lane for the respective driveway.

T Shortterm, low-cost
o Intermediate, mediurrcost
x  Longterm, highcost

Figure7.38 presents the potential safety enhancement suggestions to be considered for the intersection
of lvy Road and Broomley Road. The placement of traffic control devices, pavement markingsatc

to scale and not according to survey, but is an approximation intended to provide a general idea of
location and concept. Designers should consider appropriate standards, policies, araf-fighyt impacts
before implementing any potential enhanoents.
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Figure7.38 ¢ ShortTerm Concept for Ivy Road aRfoomleyRoad
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