state college area
CO N N ECTO R PennDOT.gov/SCAC
—

DEIS Alternatives Traffic and
Safety Analysis Technical
Memorandum

for the State College Area
Connector Project

Pennsylvania
Department of Transportation

(‘ U.S.Department of Transportation July 2025
@ Federal Highway Administration

—



state college area

CONNECTOR

PennDOT.gov/SCAC

—!

Table of Contents

Introduction!and!Background!

Build!Alternatives!

AlUSI322!/'PAl45!Interchange!

I il Consideration!oflUS!322/PA!45!Interchange! Types!

I il Future!Design!Year!(2050)!Traffic!Volume!Refinement!
I iii.! Future!Design!Year!(2050)!Operational!Analyses!

I ivl Future!Design!Year!(2050)!HSM!Analyses!
B!US!322!/'PMG!Interchange!
C!New!US!322!Limited!Access!Facility!land!Local'Roadways!
I il TrafficlAccess,!Circulation,!and!Design!Year!(2050)! Traffic!Volumes!
I il Design!Year!(2050)!Operational!Analyses!

il HSM!Analyses!

Appendices

Appendix!AUS!322!/IPAl45!Interchange!Alternatives!

Appendix!BlYear!2050!Build! Traffic!Volume!Projections!

Appendix!GlYear!2050!Build!Capacity!Analyses!

Appendix!DHBuild!Alternatives!HSM!Analyses!

© o ~» W

—

Traffic!Analysis!TechnicallMemorandum!!
DEIS!Alternatives!Trafficland!Safety! !

iNPagel



state college area

CO N N E CTO R PennDOT.gov/SCAC
—

" HHHHHRSHES %

& ' (&& ) D>+ HHHHEHRHRS
(- . '"(&& ) SHL L R R ]
0 &/" .1 23 45 * * CHHSHEHHHIHE &
0 &/ ! ! 145 * * CBHSSHSHHHHSE  (
% 0 &// *6 7. ! 145 * * *3H$H
8 - . ) 2 * SSHHHHHSHHHSHSHE %0
o ' SSHHHHHHHHIHHSSHHSSHESS %
9 - . 2 *7T): %, HHSHHSHHS 8
6 <" o * 6 ) *HSSHHHHHHHIHASS &
6<" & | (&& |  *HHAHHHBHHIHHHIHT HEHBHHHHH TS
6<"(: * | S HHHH



state college area

CO N N ECTO R PennDOT.gov/SCAC
' !

LIST OF ACRONYMS
!

AADT!
ADTT!
BLOS!
CCMPO!
CRPA!
D-factor!
EB!

EIS!
FHWA!
GIS!
HCM!
HSM!

I-!
K-factor!
LOS!
LRTP!
mph!
NB!
NEPA!
NHS!
PAl
PCIT!
PEL!
PennDOT!
PSil!

Annual!Average!Daily!Traffic!
Average!Daily!Truck!Traffic!
Bicycle!Levellof!Service!
Centre!County!Metropolitan!Planning!Organization!
Centre!Regional!Planning!Agency!

Peak!Hour!Directional!Factor!

Eastbound!
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Federal!Highway!Administration!
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Highway!Safety!Manual!

Interstate!

Peak!Hour!TrafficlFactor!
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Northbound!
National!Environmental!Policy!Act!
National'Highway!System!
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SB! Southbound!

SCCCTS! South!Central!Centre!County!Transportation!Study!
T-factor! Peak!Hour!Truck!Factor!

TDM! Travel!Demand!Model!

TIP! Transportation!Improvement!Program!

us! U.S.!Route!
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|. Introduction!land!Background!

The!Pennsylvania!Department!of! Transportation!(PennDOT),!inlcooperation!with!the!Federal!Highway!
Administration!(FHWA)!and!in!coordination!with!the!Centre! County!Metropolitan! Pld@rgenization!
(CCMPO),lisladvancing!the!transportation!studies!that!were!developed!during!the!State!College!Area!
Connector!Project!Planning!and!Environmental!Linkages!(PEL)!Study!which!vzasifinidline!2023.!!

This!documentlis!alrefinement!ofitheltrafficlengineering!and!safety!analysis!performed!during!the!State!
College!Area!Connector!(SCAC)!PEL!Study!and!documented!in!the!supporting! Traffic'Engineering!
Memorandum,!dated!February!2023.!!

Theselrefinementslinclude!supplemental'trafficlvolume!dataland!historicallcrash!data!for!the!project!
arealroadways.!Thelsupplementalltrafficlvolume!data!was!needed!forladditionalltrafficlanalysis!locations!
(intersections)lincluded!forlanalysis!ofithHeEL!Study!Reasonable!Alternatives!to!Advance!for!Further!
Study ,!lwhich!arelshown!ifigure!1!Within!this!ldocument,!these!recommended!alternatives!will'be!
referred!tolas!the!EIS!Alternatives.

This!technical!lmemorandum!documentsl!theltrafficland!safety!analyses!performed!for! EIS! Akstiativ
Future!Year!(2050!Design!Year).!!

!

!

—
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Build!Alternatives!

A.US!322!/IPA!45!Interchange!

I. Consideration!oflUS!322/PA!45!Interchange! Types!

With!removal!of!'the! PA!45! Connector!and! Midpoint! Interchange!from! furthetystun! the! SCAC!
project!as!documented!ifre-NEPA!Activities! (Interchange! Access! Concepts! &! Analysis)! Technical!
Memorandum,!July!2028he!focus!was!on!the!development!and!detailed!analysis!associated!with!
advancement!of!linterchange!Concept!Scenario!B,!whichlinvolved!providing!full! atesdsinge!
movements!directly!between!US!322!and!PA!45!(Earlystown!Road).!

Atltheloutsetloflthe!developmentloflinterchangelalternatives,lalsensitive!resadieommunity!was!
located!along!PAl!45!directly!adjacent!to!US!322!in!the!southeast!quadrant. detvessiined! that!
interchange!designs!would!need!to!limitlimpacts!tolthis!noted!sensitivpguty.!Initial!discussions!
suggested! consideration! of! interchange! types! that! would! have! a! reduced! footphih! still!
providing!acceptable!traffic! operational! capacity! and! efficiency! capable! of hardéhgrojected!
design!year!traffic.!

During!consideration!oflvariouslinterchange!types,lit'was!also!noted!thatlavel'constructability!
impacts! should! be! considered! as! traffic! would! need! to! be! maintained! on! US! 322jtlorgu

constructionloflthelinterchange.!Tolaid!in'this,!shifts!tolthe!US!322!malinéneladvanced!to'better!
accommodate! the! construction! of! al new! mainline! bridge! east! of! the! existingjddrahd!

accommodate!alnew!ramplinlthe!southeast!quadrant!'away!from!the!sensitive!property.!

Alternativelinterchange!types!that!were!identified!for!consideration!included!the!following:!

Conventional! Diamond! (add! new! ramps! to/from! east! intersecting! PAtl45disting! ramp!
terminals)!

Tight!Urban!Diamond!

Single!Point!Urban!interchange!(SPUI)!
Diamond!Interchange!with!Roundabouts!at'Ramp!Terminals!

Diverging!Diamond!

A! Diverging! Diamond! Interchange! (DDI)! was! conceptually! considered.! étgwapacts! to! all!
interchange! quadrants! would! be! more! extensive! than! the! impacts! of! the! other! diamond! ramp!
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Table!1:!Comparison!ofiBoal!Avenue/PAl45/Main!Street!Intergadi/olumes!

No-Build! 1,560! 1,765!
With!LocalB22!ConnectorlRoad!Extended!to!PA

. . 1,340! 1,610!
45land!T-connection!with!Boal!Avenue!
With!LocalB22!ConnectorlRoad!Extended!to!PA

. . 1,530! 1,840!

45!but!'no!T-connectionlwith!Boal!lAvenue!
Without!Local!322!Connector!Road! 1,480! 1,800!

Year!2050!Build!trafficlvolume!projections!are!containe@ipendix!B! The!volume!projections!for!

the!proposed!EB!on-land!WB!off-ramps!at!PA!45!are!consistent!and!similar!to!the!corneg|&RHOi
3014! Ramp! Year! 2050! No-Build! traffic! volume! projections! The! rabip! for! each! ramp! is!
approximately! 3,000!vehicles! per! day! (vpd)!and! design! hour! volumes! areld@i®00! and! 400!

vehicles.!The!majority!ofltrafficlutilizing!these!lramps!would!come!freadito!Business!Route!322!
(SR!3014).!Select!link!analysis!alsolshows!the!majority!of!trafficlusing!the tedi@22 Connector!

Road!would!come!from!or!head!to!US!322!(Mt.!Nittany!Expressway)!on!the!west.!

iii. Future!Design!Year!(2050)!Operational!Analyses!

Trafficloperationallanalyses!oflPAl45were!performed!forlthelinterchangelalternatives, \witaitthe!
Local!322!ConnectordRd!and!the!Tihtersection!with!Boal!Avenue,!using!the! Synchro/SimTraffic!
software! for! conventional! signalized! and! unsignalized! intersection! analyses, likassiver! single!
lane!roundaboutlintersection!analyses.!LOS!and!delay!are!based!on!HCM! methid&apgrted!
vehicle!lqueueslforlsignalized!and!unsignalized!intersections!are!95th!Pexricgumilies!results!from!
the!Synchro!Queue!Report.!Microsimulation!was!run!for!thelroundabout!queualgsgion!using!
SimTraffic;! five! runs! were! performed! with! the! reported! 95th! Percentile! queue! lengths! fat! eac
roundaboutlapproach!determined!from!an!average!ofithe!five!runs.!!
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iv. Future!Design!Year!(2050)!HSM!Analyses!

Highway!Safety!Manual!(HSM)!analyses!werelcompleted!for!the!Design!Year!(2050)!tolevaluate!t
safety!performances!oflthree!differentlinterchange!facility!types.!As!noted!earlier!in'this!dogimen
the!HSM!provides!analytical'tools!and!techniques!to!evaluate! how! design!elenmgastisafety!
before!design!decisions!are!made!during!the!planning!and!preliminary! ddsigelp! These! HSM!
analyses!were!performed!in!accordance!with!HSM!procedures!in!the! HSM!Manual'anddFénnD
Publication!638A.!PennDOT! Toolbox! Alspreadsheet!was! utilized! for! anfilysislimited!access!
facilities,! consisting! of! rural! two-lane! roadways! and! urban/suburban! arterials.! Tetiange!
Safety!Analysis!Tool'lEnhanced!(ISATe)!spreadsheet!was!utilized!to!analyze!limited!access!freeways,!
including!interchange! ramps!and! ramp!terminals.! For! each! alternative,! HShddologies! and!
tools! were! utilized! to! determine! Design! Year! (2050)! Predicted! crash! frequelociesrious!
roadways!and!facility!types!within!the!project!limits.!

Diamond!interchange!(conventionallor!tight!urban)!!
Safety!analysis!for!this!alternative!at!US!322!and!PA!45!was! performed! UthizilgATe!
spreadsheet.!It!should!be!noted!that! since!the! existing!interchange!is! a! pasimatad,!
safetylanalysis!oflthe!Diamond!Interchange!lramp!terminals!were!performed!using!the!ramp!
terminal! analysis! procedure! in! ISATe! for! the! conceptual! full! diamond! interchange!
developed,!with!no!Crash!Modification!Factor!(CMF)!adjustmentlapplied.!!

|

Diamond!with!Roundabouts!at!Ramp!Terminals!!

Safetylanalysis!for!this! alternative! at' US!322!and! PA! 45! was! also! perforitiaddlthe!

ISATe! spreadsheet! (freeway! and! ramps! segments! only).! The! current! version! of! the! HSM!
does! not! include! Safety! Performance! Functions! (SPFs)! to! analyze! roundatioaisp!
terminals.!'Roundabouts!are!typically!analyzed!by'!applying!anlapproj@hfeto!signalized!
orlunsignalizedlintersections.!Forlthe!purposelofithislanalysis, littwas!lassumed!that!predicted!
crasheslonlthelfreeway!and!ramp!segments!oflthe!Diamond!and!Diamond!witkldmut!
alternatives!would!be!similar,!since!both!are!similarlinigeometry,!'trafficlvaletae AICMF!
from!the!CMF!Clearinghouse!(CMF!ID!11132)!with!alvalue!of!0.604!was!thiex!apipihe!
predicted! crash! frequencies! from! the! ramp! terminals! of! the! Diamond! interchange! to!
develop!predicted! crash!frequencies! at!'the! ramp!terminals! (roundabouts).! This! CMF!was!
selected!partlylbecauselitlapplies!tolalllcrash!types!and!severities!and!hadtattilighting!

score! of! 95.! Three! additional! similar! CMFs! were! also! compared! to! the! selectetl! CMF.
Summary!oflall'four! CMFslis!provideddopendix! D!

|

Single-Point!Urban!interchange!(SPUIN)!!
Safety!analysis!forlthis!alternative!at!US!322!and! PA!45!was! performed! itiiziigATe!
spreadsheet!(freeway'!and!ramps!segments!only).!The!current!version!oflthe!HSM!does!not!
include!Safety!Performance!Functions!(SPFs)!tolanalyze!this!type!ofmigecin!addition,!
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https://nap.nationalacademies.org/catalog/26153/intersection-crash-prediction-

methods-for-the-highway-safety-manual

Table!3below! provides!al summary!comparison!oflthe! HSM!results! (Predicted!@tLofiAnnual!

Crash! Frequencies)! of! the! Ramp! Terminals! for! the! three! analysis! types! analyzed,! with! the!
breakdown!of!All!Crashes,!Fatal/Injury!Crashes,!and!Property! Damage!Only!(PDO)!Crashes!shown.!
Theselresultslindicate!that!the!crash!frequencies!for!the! SPUI'would!be!the!lowest,!followed!by!the!
Diamond!with!Roundabouts.!The!Diamond!Interchange!would!have!the!highest!crash!frequencies.!

Table!3:!HSM!Analysis!oflUS!322/PAl45!Interchange!Alterndtives

Predicted Crash Frequency (All crashes)

4.7

2.8

Predicted Crash Frequency (Fatal & Injury crashes

Predicted Crash Frequency (PDO crashes)

2.4

1.4

1.4
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ii. Design!Year!(2050)!Operational'Analyses!

Capacity'analyses!werelperformed!forlthe!projectlarealintersectionsland!roadways!for'th@y@ar!2
Build!volumes.!Thelresults!ofltheselanalyses!are!lsummarized!in!the!tablesbaldelfandTable!
6).!Detailed!HCM!worksheets!are!containedppendix! C Aslillustrated!irfigure! 3lthese!results!
show!that!all'project!arealintersections!and!the!proposed!US!322!limited!access! réselvtians!
and!ramp!entrances!and!exits!willloperate!at!acceptable!LOS.!!
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uS822!

SRI30101/C!  PA!45!I/C! BasiclFreeway Al/!B!

Mainlinel

lil. HSM!Analysés!

A! Highway! Safety! Manual! (HSM)! analysis! was! performed! for! each! EIS! Build! ¥éteusatq!
PennDOT’'sIHSM!Safety!Analysis!Tool.!'Thelobjective!of'this!analysisiwas!tothelkidstingl ocal!

322! and! the! new! build! alternative! roadway! with! the! corresponding! ADT! vdlprogctions,!
calculating! predicted! crash! frequencies! for! the! roadways! to! compare! the! alternativesifrom!
predicted!safety! perspective.! This! comparison!would! determine! the! quantitative! preltioctesh!
frequencies! (of! all' crashes! and! of! fatal! and! injury! crashes)! on! the! same! roadways! tiihdeoul
attributable!to!thelalternative.!!

|

Thelanalysis!utilized!PennDOT’s!Toolbox!Alforlanalyzing!all'ruralland!urbamélsand!multi-lane!
arterial'facilities.!Interchange!Safety!Analysis!Tool'Enhanced!(ISATe!(PA-Calibrated))!'washltilized!fo
evaluating! existing! or! proposed! freeway/limited! access! facilities.! Roadwayhtesigria! (e.g.,!
horizontallcurvature,!median!width,!shoulder!width,!lane!width,!lateral! offset!tolobstrustsuch!

as! concrete! barrier)! were! determined! from! the! conceptual! preliminary! alignments! for! each!
alternativeland!used!as!input(s)'in'Toolbox!Alor!ISATe,las!welllas!theldd&lpmjections!(which!
arelidentical!for!alllalternatives).!AlllHSM!analysis!worksheets!are!contaiAggamdix' B
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APPENDIX A
US 322 / PA 45 Interchange Alternatives
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STATE COLLEGE AREA CONNECTOR PROJECT
US 322/ PA 45 INTERCHANGE ALTERNATIVES

ALTERNATIVE 1 - CONVENTIONAL DIAMOND




STATE COLLEGE AREA CONNECTOR PROJECT
US 322/ PA 45 INTERCHANGE ALTERNATIVES

ALTERNATIVE 2 - TIGHT URBAN DIAMOND




STATE COLLEGE AREA CONNECTOR PROJECT
US 322/ PA 45 INTERCHANGE ALTERNATIVES

ALTERNATIVE 3 - SINGLE POINT URBAN INTERCHANGE (SPUI)




STATE COLLEGE AREA CONNECTOR PROJECT
US 322 / PA 45 INTERCHANGE ALTERNATIVES

SINGLE POINT URBAN INTERCHANGE (SPUI) WITH 'T'




STATE COLLEGE AREA CONNECTOR PROJECT
US 322/ PA 45 INTERCHANGE ALTERNATIVES

DIAMOND WITH ROUNDABOUTS




1,080 (850)

LEGEND: STATE COLLEGE AREA CONNECTOR PROJECT

US 322/ PA 45 INTERCHANGE ALTERNATIVES
- AM (PM) DIRECTIONAL
LINK/APPROACH/RAMP VOLUME AM(PM) PEAK HOUR VOLUMES - YEAR 2050 NO-BUILD




STATE COLLEGE AREA CONNECTOR PROJECT

LEGEND:
US 322 / PA 45 INTERCHANGE ALTERNATIVES

XX (YY) | - AM (PM) DIRECTIONAL

LINK/APPROACH/RAMP VOLUME AM(PM) PEAK HOUR VOLUMES - YEAR 2050 ALTERNATIVE 1
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LINK/APPROACH/RAMP VOLUME

STATE COLLEGE AREA CONNECTOR PROJECT
US 322/ PA 45 INTERCHANGE ALTERNATIVES

AM(PM) PEAK HOUR VOLUMES - YEAR 2050 ALTERNATIVE 2




LEGEND:

XX (YY) | -AM (PM) DIRECTIONAL

LINK/APPROACH/RAMP VOLUME

STATE COLLEGE AREA CONNECTOR PROJECT
US 322/ PA 45 INTERCHANGE ALTERNATIVES

YEAR 2050 AM(PM) PEAK HOUR BUILD VOLUMES
WITHOUT LOCAL 322 CONNECTOR ROAD




LEGEND: STATE COLLEGE AREA CONNECTOR PROJECT

US 322 / PA 45 INTERCHANGE ALTERNATIVES

- AM (PM) DIRECTIONAL YEAR 2050 AM(PM) PEAK HOUR BUILD VOLUMES
LINK/APPROACH/RAMP VOLUME LOCAL 322 CONNECTOR ROAD WITH 'T' WITH BOAL AVE




LEGEND: STATE COLLEGE AREA CONNECTOR PROJECT

- AM (PM) DIRECTIONAL US 322/ PA 45 INTERCHANGE ALTERNATIVES
LINK/APPROACH/RAMP VOLUME

YEAR 2050 AM(PM) PEAK HOUR BUILD VOLUMES
LOCAL 322 CONNECTOR ROAD WITHOUT 'T' WITH BOAL AVE




APPENDIX B

Year 2050 Build Tralic Volume Projections



FUTURE YEAR (2050) BUILD TRAFFIC VOLUMES
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FUTURE YEAR (2050) BUILD TRAFFIC VOLUMES
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APPENDIX C

Year 2050 Build Capacity Analyses
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SPUI INTERCHANGE ALTERNATIVE




HCM 6th Signalized Intersection Summary
4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014) 03/21/2025

A ey v A A M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b $ if b Ts s iy ol

Traffic Volume (veh/h) 250 110 20 0 140 10 10 10 0 10 10 770
Future Volume (veh/h) 250 110 20 0 140 10 10 10 0 10 10 770
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 100 1.00 1.00 1.00 100 100 1.00 1.0C
Work Zone On Approach No No No No

Adj Sat Flow, veh/h/In 1752 1752 1822 1795 1795 1866 1786 1786 1786 1959 1959 19
Adj Flow Rate, veh/h 272 120 22 0 152 0 11 11 0 11 11 0
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 0.9
Percent Heavy Veh, % 3 3 3 3 3 3 1 1 1 2 2 2

Cap, veh/h 839 1122 989 224 613 218 50 0 223 55

Arrive On Green 0.17 064 064 000 034 000 003 006 0.00 0.03 006 0.0C
Sat Flow, veh/h 1669 1752 1544 1196 1795 0 820 820 0 899 899 1660
Grp Volume(v), veh/h 272 120 22 0 152 0 22 0 0 22 0 0
Grp Sat Flow(s),veh/h/In 1669 1752 1544 1196 1795 0 1639 0 0 1798 0 166C
Q Serve(g_s), s 25 0.9 0.2 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cycle Q Clear(g_c), s 25 0.9 0.2 0.0 2.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0
Prop In Lane 1.00 1.00 1.00 0.00 0.50 0.00 0.50 1.00
Lane Grp Cap(c), veh/h 839 1122 989 224 613 218 0 0 222 0

V/C Ratio(X) 0.32 011 0.02 0.00 0.25 0.10 0.00 0.00 0.10 0.00

Avail Cap(c_a), veh/h 860 1764 1555 647 1249 1218 0 0 1320 0

HCM Platoon Ratio 100 100 100 100 100 1.00 100 100 100 1.00 1.00 1.0(
Upstream Filter(l) 100 100 100 000 100 0.00 100 000 000 1.00 0.00 0.0
Uniform Delay (d), s/veh 3.6 2.2 2.1 0.0 7.6 0.0 146 0.0 0.0 146 0.0 0.0
Incr Delay (d2), s/veh 0.1 0.1 0.0 0.0 0.6 0.0 0.2 0.0 0.0 0.2 0.0 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/In 0.2 0.1 0.0 0.0 0.6 0.0 0.1 0.0 0.0 0.1 0.0 0.0
Unsig. Movement Delay, s/veh

LnGrp Delay(d), s/veh 3.7 24 2.1 0.0 8.2 0.0 1438 0.0 0.0 1438 0.0 0.0
LnGrp LOS A A A A B B

Approach Vol, veh/h 414 152 22 22
Approach Delay, s/veh 3.2 8.2 14.8 14.8
Approach LOS A A B B
Timer - Assigned Phs 1 2 4 6 8

Phs Duration (G+Y+Rc), s 9.6 153 7.3 24.9 7.3

Change Period (Y+Rc), s 5.0 5.3 6.3 5.3 6.3

Max Green Setting (Gmax),s 5.0 214 22.0 31.4 22.0

Max Q Clear Time (g_c+I1),s 5.0 4.5 2.5 3.4 2.5

Green Ext Time (p_c), s 0.0 2.5 0.0 3.1 0.0

Intersection Summary

HCM 6th Ctrl Delay, s/veh 5.3

HCM 6th LOS A

Notes

User approved pedestrian interval to be less than phase max green.
Unsignalized Delay for [WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

Alt_4 SPUI_with_ T_AM 12:58 pm 01/03/2024 Synchro 11 Report
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Queues

4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014) 03/21/2025

IR TRl I T
Lane Group EBL EBT EBR WBT NBT SBT SBR
Lane Group Flow (vph) 272 120 22 163 22 22 837
v/c Ratio 0.32 008 002 021 005 0.05 049
Control Delay (s/veh) 2.9 1.8 0.6 72 114 114 1.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay (s/veh) 2.9 1.8 0.6 72 114 114 1.0
Queue Length 50th (ft) 0 0 0 9 2 2 0
Queue Length 95th (ft) 53 25 2 58 18 18 0
Internal Link Dist (ft) 1516 873 369 770
Turn Bay Length (ft) 250
Base Capacity (vph) 864 1646 1496 1323 1438 1543 1725
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 031 0.07 0.01 012 002 0.01 049

Intersection Summary

Alt_4_SPUI_with T_AM 12:58 pm 01/03/2024
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HCM 6th Signalized Intersection Summary

5: Earlystown Rd (S.R. 0045) & US 322 Ramps Alt 4 SPUI with T AM

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b if b if LT & if N 44 ol
Traffic Volume (veh/h) 120 0 70 280 0 30 80 120 100 40 450 470
Future Volume (veh/h) 120 0 70 280 0 30 80 120 100 40 450 470
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 100 1.00 1.00 1.00 100 100 1.00 1.0C
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/In 1716 1716 1716 1772 0 1772 1766 1766 1766 1786 1786  17¢
Adj Flow Rate, veh/h 130 0 0 304 0 0 87 130 0 43 489 0
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 0.9
Percent Heavy Veh, % 6 6 6 2 0 2 2 2 2 1 1 1
Cap, veh/h 244 0 411 0 140 859 84 892
Arrive On Green 0.15 0.00 000 024 000 000 0.08 030 0.00 005 026 0.0C
Sat Flow, veh/h 1634 130 1688 304 1682 2897 1497 1701 3393 1514
Grp Volume(v), veh/h 130 14.7 304 141 87 130 0 43 489 0
Grp Sat Flow(s),veh/h/In 1634 B 1688 B 1682 1448 1497 1701 1697 1514
Q Serve(g_s), s 24 5.5 1.6 11 0.0 0.8 4.1 0.0
Cycle Q Clear(g_c), s 2.4 5.5 1.6 1.1 0.0 0.8 4.1 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 244 411 140 859 84 892
V/C Ratio(X) 0.53 0.74 0.62 0.15 0.51 0.55
Avail Cap(c_a), veh/h 919 949 332 1946 305 2218
HCM Platoon Ratio 1.00 1.00 100 100 100 1.00 1.00 1.00
Upstream Filter(l) 1.00 1.00 1.00 100 000 1.00 1.00 0.00
Uniform Delay (d), s/veh 12.9 11.5 14.6 8.5 0.0 152 104 0.0
Incr Delay (d2), s/veh 1.8 2.6 4.4 0.1 0.0 4.8 0.5 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 0.8 1.8 0.6 0.2 0.0 0.3 1.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 14.7 14.1 19.0 8.6 0.0 20.0 11.0 0.0
LnGrp LOS B B B A B B
Approach Vol, veh/h 217 532
Approach Delay, s/veh 12.8 11.7
Approach LOS B B
Timer - Assigned Phs 1 2 3 5 6 7
Phs Duration (G+Y+Rc), s 6.1 143 125 72 131 9.4
Change Period (Y+Rc), s 4.5 4.5 4.5 4.5 4.5 4.5
Max Green Setting (Gmax),s 5.9 221 185 6.5 215 18.5
Max Q Clear Time (g_c+l1),s 2.8 3.1 7.5 3.6 6.1 4.4
Green Ext Time (p_c), s 0.0 0.6 0.7 0.0 2.6 0.3
Intersection Summary
HCM 6th Ctrl Delay, s/veh 12.9
HCM 6th LOS B
Notes

Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

05/01/2025 Synchro 11 Report
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Queues

5: Earlystown Rd (S.R. 0045) & US 322 Ramps

Alt 4 SPUI with T AM

2

bt » >4 <

Lane Group EBL EBR WBL WBR NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 130 76 304 33 87 130 109 43 489 511
v/c Ratio 0.27 005 061 002 036 011 016 019 039 0.58
Control Delay (s/veh) 15.8 01 211 00 266 109 41 249 137 4.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay (s/veh) 15.8 01 211 00 26.6 10.9 41 249 137 4.8
Queue Length 50th (ft) 28 0 74 0 23 9 0 11 58 0
Queue Length 95th (ft) 72 0 163 0 #71 36 26 41 103 55
Internal Link Dist (ft) 1205 723

Turn Bay Length (ft) 300 250 200 200 200 200
Base Capacity (vph) 704 1443 731 1500 255 1545 851 235 1717 1020
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.18 005 042 002 034 008 013 0.18 0.28 0.50

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

05/01/2025
Drive Engineering Corp.
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HCM 6th Signalized Intersection Summary

100: Earlystown Rd (S.R. 0045) & Old 322 Connector 03/21/2025
VR B

Movement WBL WBR NBT NBR SBL SBT

Lane Configurations 4

Traffic Volume (veh/h) 100 60 220 50 20 860

Future Volume (veh/h) 100 60 220 50 20 860

Initial Q (Qb), veh 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00

Parking Bus, Adj 100 100 100 1.00 1.00 1.00

Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 1864 1864 1870 1870

Adj Flow Rate, veh/h 109 65 239 54 22 935

Peak Hour Factor 092 092 092 092 092 092

Percent Heavy Veh, % 2 2 2 2 2 2

Cap, veh/h 143 85 1111 942 774 1115

Arrive On Green 0.13 013 060 060 0.60 0.60

Sat Flow, veh/h 1061 633 1864 1580 1141 1870

Grp Volume(v), veh/h 175 0 239 54 22 935

Grp Sat Flow(s),veh/h/In 1703 0 1864 1580 1141 1870

Q Serve(g_s), s 4.4 0.0 2.6 0.6 0.4 18.0

Cycle Q Clear(g_c), s 4.4 0.0 2.6 0.6 3.1 18.0

Prop In Lane 0.62 0.37 1.00 1.00

Lane Grp Cap(c), veh/h 229 0 1111 942 774 1115

V/C Ratio(X) 0.76 0.00 0.22 006 003 0.84

Avail Cap(c_a), veh/h 688 0 1465 1242 991 1470

HCM Platoon Ratio 100 100 100 1.00 1.00 1.00

Upstream Filter(l) 100 000 100 1.00 1.00 1.00

Uniform Delay (d), s/veh 18.6 0.0 4.2 3.8 4.9 7.3

Incr Delay (d2), s/veh 5.2 0.0 0.1 0.0 0.0 3.4

Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/In 1.8 0.0 0.4 0.1 0.1 5.0

Unsig. Movement Delay, s/veh

LnGrp Delay(d), s/veh 23.8 0.0 4.3 3.8 49 10.7

LnGrp LOS C A A A B

Approach Vol, veh/h 175 293 957

Approach Delay, s/veh 23.8 4.2 10.6

Approach LOS C A B

Timer - Assigned Phs 2 6 8

Phs Duration (G+Y+Rc), s 32.5 32.5 12.0

Change Period (Y+Rc), s 6.0 6.0 6.0

Max Green Setting (Gmax), s 35.0 35.0 18.0

Max Q Clear Time (g_c+I1), s 4.6 20.0 6.4

Green Ext Time (p_c), s 1.4 6.6 0.4

Intersection Summary

HCM 6th Ctrl Delay, s/veh 10.9

HCM 6th LOS B

Notes

User approved volume balancing among the lanes for turning movement.

Alt_4_SPUI_with T_AM 12:58 pm 01/03/2024
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Queues
100: Earlystown Rd (S.R. 0045) & Old 322 Connector

03/21/2025

v bt o2

Lane Group WBL NBT NBR SBL SBT
Lane Group Flow (vph) 174 239 54 22 935
v/c Ratio 052 019 0.05 003 0.72
Control Delay (s/veh) 22.3 5.7 2.1 54 14.0
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay (s/veh) 22.3 5.7 2.1 54 140
Queue Length 50th (ft) 42 30 0 2 207
Queue Length 95th (ft) 88 70 12 11 #523
Internal Link Dist (ft) 958 723 853
Turn Bay Length (ft) 75

Base Capacity (vph) 600 1249 1080 766 1256
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 029 019 0.05 0.03 0.74

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

Alt_4_SPUI_with T_AM 12:58 pm 01/03/2024
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HCM 6th Roundabout

100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Alt_4_SPUI_with T_AM

Intersection

Intersection Delay, s/veh
Intersection LOS

Approach

13.0

WB

NB

SB

Entry Lanes

Conflicting Circle Lanes
Adj Approach Flow, veh/h
Demand Flow Rate, veh/h
Vehicles Circulating, veh/h
Vehicles Exiting, veh/h
Ped Vol Crossing Leg, #/h
Ped Cap Adj

Approach Delay, s/veh
Approach LOS

Lane

174
177
244
22

1.000
4.9

Left

1
1
293
299
22
1065
0
1.000
4.0
A

Left

Bypass

957
976
111
310

1.000
17.2

Left

Designated Moves
Assumed Moves

RT Channelized

Lane Util

Follow-Up Headway, s
Critical Headway, s
Entry Flow, veh/h

Cap Entry Lane, veh/h
Entry HV Adj Factor
Flow Entry, veh/h

Cap Entry, veh/h

V/C Ratio

Control Delay, s/veh
LOS

95th %tile Queue, veh

LR
LR

1.000
2.609
4.976
177
1076
0.983
174
1058
0.165
4.9

= —

1.000
2.609
4.976
244
1349
0.980
239
1323
0.181
4.2

R LT
LT
Yield
1.000
2.609
4,976
55 976
1349 1232
0.980 0.981
54 957
1323 1209
0.041 0.792
3.0 17.2
A C
0 9

03/21/2025

Drive Engineering Corp.
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Queuing and Blocking Report
Alt 4 SPUI with T AM

Intersection: 44: Willowbrook Drive/Rocky Ridge Road & Earlystown Rd (S.R. 0045)/Earlystown Road (S.

Movement

Directions Served
Maximum Queue (ft)
Average Queue (ft)
95th Queue (ft)

Link Distance (ft)
Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 51: West Drive & Boal Ave (S.R. 3014)/Boal Ave ( S.R. 0322)

Movement

Directions Served
Maximum Queue (ft)
Average Queue (ft)
95th Queue (ft)

Link Distance (ft)
Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Movement WB NB SB
Directions Served LR T LT
Maximum Queue (ft) 46 25 451
Average Queue (ft) 17 2 181
95th Queue (ft) 41 13 433
Link Distance (ft) 932 657

Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

03/21/2025 SimTraffic Report
Page 2



HCM 6th Signalized Intersection Summary
4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014) 03/21/2025

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b Ts s iy ol
Traffic Volume (veh/h) 750 190 60 0 100 10 30 30 0 10 20 410
Future Volume (veh/h) 750 190 60 0 100 10 30 30 0 10 20 410
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 100 1.00 1.00 1.00 100 100 1.00 1.0C
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/In 1780 1780 1852 1823 1823 1896 1772 1772 1772 1959 1959 19
Adj Flow Rate, veh/h 815 207 65 0 109 0 33 33 0 11 22 0
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 0.9
Percent Heavy Veh, % 1 1 1 1 1 1 2 2 2 2 2 2
Cap, veh/h 1057 1277 1125 150 417 177 65 0 144 111
Arrive On Green 041 072 072 000 023 000 0.06 0.08 0.00 0.06 008 0.0C
Sat Flow, veh/h 1696 1780 1569 1079 1823 0 783 783 0 535 1333 1660
Grp Volume(v), veh/h 815 207 65 0 109 0 66 0 0 33 0 0
Grp Sat Flow(s),veh/h/In 1696 1780 1569 1079 1823 0 1567 0 0 1868 0 166C
Q Serve(g_s), s 14.0 1.8 0.6 0.0 2.4 0.0 1.2 0.0 0.0 0.0 0.0 0.0
Cycle Q Clear(g_c), s 14.0 1.8 0.6 0.0 24 0.0 1.9 0.0 0.0 0.8 0.0 0.0
Prop In Lane 1.00 1.00 1.00 0.00 0.50 0.00 0.33 1.00
Lane Grp Cap(c), veh/h 1057 1277 1125 150 417 210 0 0 216 0
V/C Ratio(X) 0.77 0.16 0.06 0.00 0.26 0.31 0.00 0.00 0.15 0.00
Avail Cap(c_a), veh/h 1462 2124 1872 405 849 807 0 0 907 0
HCM Platoon Ratio 100 100 100 100 100 1.00 100 100 100 1.00 1.00 1.0(
Upstream Filter(l) 100 100 100 000 100 0.00 100 000 000 1.00 0.00 0.0
Uniform Delay (d), s/veh 5.3 2.2 2.0 0.0 152 0.0 213 0.0 0.0 20.7 0.0 0.0
Incr Delay (d2), s/veh 11 0.2 0.1 0.0 1.0 0.0 0.8 0.0 0.0 0.3 0.0 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 2.0 0.2 0.1 0.0 0.9 0.0 0.7 0.0 0.0 0.3 0.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 6.4 23 2.1 0.0 16.2 0.0 222 0.0 0.0 210 0.0 0.0
LnGrp LOS A A A B C C
Approach Vol, veh/h 1087 109 66 33
Approach Delay, s/veh 5.3 16.2 22.2 21.0
Approach LOS A B C C
Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 235 153 9.3 38.8 9.3
Change Period (Y+Rc), s 5.0 5.3 6.3 5.3 6.3
Max Green Setting (Gmax),s 30.0 214 22.0 56.4 22.0
Max Q Clear Time (g_c+I1),s 16.5 4.9 2.8 4.3 3.9
Green Ext Time (p_c), s 2.0 1.6 0.1 8.2 0.2
Intersection Summary
HCM 6th Ctrl Delay, s/veh 7.5
HCM 6th LOS A
Notes

User approved pedestrian interval to be less than phase max green.
Unsignalized Delay for [WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

Synchro 11 Report
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Queues

4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014) 03/21/2025

R

Lane Group EBL EBT EBR WBT NBT SBT SBR
Lane Group Flow (vph) 815 207 65 120 66 33 446
v/c Ratio 0.76 014 0.05 028 027 012 0.26
Control Delay (s/veh) 11.1 3.2 11 236 290 26.9 0.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay (s/veh) 11.1 3.2 1.1 236 290 26.9 0.4
Queue Length 50th (ft) 138 21 0 40 25 12 0
Queue Length 95th (ft) #389 47 9 88 62 37 0
Internal Link Dist (ft) 1516 873 369 770

Turn Bay Length (ft) 250

Base Capacity (vph) 1212 1579 1439 747 652 739 1725
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.67 013 0.05 016 010 0.04 0.26

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

Alt_4_SPUI_with_ T_PM 11:15 am 02/08/2024
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HCM 6th Signalized Intersection Summary

5: Earlystown Rd (S.R. 0045) & US 322 Ramps Alt 4 SPUI with T PM

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations if b if LT & if N 44 ol
Traffic Volume (veh/h) 350 0 120 180 0 40 140 380 320 30 170 170
Future Volume (veh/h) 350 0 120 180 0 40 140 380 320 30 170 170
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 100 1.00 1.00 1.00 100 100 1.00 1.0C
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/In 1772 1772 1772 1772 0 1772 1780 1780 1780 1758 1758 17t
Adj Flow Rate, veh/h 380 0 0 196 0 0 152 413 0 33 185 0
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 0.9
Percent Heavy Veh, % 2 2 2 2 0 2 1 1 1 3 3 3
Cap, veh/h 494 0 306 0 235 729 66 514
Arrive On Green 029 0.00 000 018 000 000 014 025 0.00 0.04 015 0.0C
Sat Flow, veh/h 1688 380 1688 196 1696 2884 1509 1674 3340 1490
Grp Volume(v), veh/h 380 131 196 14.6 152 413 0 33 185 0
Grp Sat Flow(s),veh/h/In 1688 B 1688 B 1696 1442 1509 1674 1670 1490
Q Serve(g_s), s 6.7 3.5 2.8 4.1 0.0 0.6 1.6 0.0
Cycle Q Clear(g_c), s 6.7 3.5 2.8 4.1 0.0 0.6 1.6 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 494 306 235 729 66 514
V/C Ratio(X) 0.77 0.64 0.65 0.57 0.50 0.36
Avail Cap(c_a), veh/h 960 960 449 1979 294 1993
HCM Platoon Ratio 1.00 1.00 100 100 100 1.00 1.00 1.00
Upstream Filter(l) 1.00 1.00 1.00 100 000 1.00 1.00 0.00
Uniform Delay (d), s/veh 10.5 12.3 13.3 10.6 0.0 153 123 0.0
Incr Delay (d2), s/veh 2.6 2.2 3.0 0.7 0.0 5.7 0.4 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 2.1 1.2 0.9 0.8 0.0 0.3 0.4 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 13.1 14.6 16.2 113 0.0 209 127 0.0
LnGrp LOS B B B B C B
Approach Vol, veh/h 565 218
Approach Delay, s/veh 12.6 14.0
Approach LOS B B
Timer - Assigned Phs 1 2 3 5 6 7
Phs Duration (G+Y+Rc), s 58 127 104 9.0 95 14.0
Change Period (Y+Rc), s 4.5 4.5 4.5 4.5 4.5 4.5
Max Green Setting (Gmax),s 5.7 223 185 86 194 185
Max Q Clear Time (g_c+l1),s 2.6 6.1 5.5 4.8 3.6 8.7
Green Ext Time (p_c), s 0.0 2.2 0.4 0.1 0.8 0.9
Intersection Summary
HCM 6th Ctrl Delay, s/veh 13.2
HCM 6th LOS B
Notes

Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

05/01/2025
Drive Engineering Corp.
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Queues

5: Earlystown Rd (S.R. 0045) & US 322 Ramps

Alt 4 SPUI with T PM

2

bt » >4 <

SBL SBT SBR

Lane Group EBL
Lane Group Flow (vph) 380
v/c Ratio 0.68
Control Delay (s/veh) 22.7
Queue Delay 0.0
Total Delay (s/veh) 22.7
Queue Length 50th (ft) 83
Queue Length 95th (ft) #227
Internal Link Dist (ft)

Turn Bay Length (ft)

Base Capacity (vph) 756
Starvation Cap Reductn 0
Spillback Cap Reductn 0
Storage Cap Reductn 0
Reduced v/c Ratio 0.50

Intersection Summary

33 185 185

0.27 0.41
239 193 7.2
0.0 0.0
23.9 19.3 7.2
22 0
52 43
723
200
230 1570 799
0 0
0 0
0 0

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

05/01/2025
Drive Engineering Corp.

Synchro 11 Report
Page 1



HCM 6th Signalized Intersection Summary

100: Earlystown Rd (S.R. 0045) & Old 322 Connector 03/21/2025
VR B

Movement WBL WBR NBT NBR SBL SBT

Lane Configurations

Traffic Volume (veh/h) 110 50 630 140 60 260

Future Volume (veh/h) 110 50 630 140 60 260

Initial Q (Qb), veh 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00

Parking Bus, Adj 100 100 100 1.00 1.00 1.00

Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 1864 1864 1870 1870

Adj Flow Rate, veh/h 120 54 685 152 65 283

Peak Hour Factor 092 092 092 092 092 092

Percent Heavy Veh, % 2 2 2 2 2 2

Cap, veh/h 160 72 929 788 355 932

Arrive On Green 0.14 014 050 050 050 0.50

Sat Flow, veh/h 1177 530 1864 1580 657 1870

Grp Volume(v), veh/h 175 0 685 152 65 283

Grp Sat Flow(s),veh/h/In 1716 0 1864 1580 657 1870

Q Serve(g_s), s 3.2 0.0 9.6 1.8 2.9 2.9

Cycle Q Clear(g_c), s 3.2 0.0 9.6 1.8 124 2.9

Prop In Lane 0.69 0.31 1.00 1.00

Lane Grp Cap(c), veh/h 233 0 929 788 355 932

V/C Ratio(X) 0.75 0.00 074 019 018 0.30

Avail Cap(c_a), veh/h 941 0 1704 1444 628 1710

HCM Platoon Ratio 100 100 100 1.00 1.00 1.00

Upstream Filter(l) 100 000 100 1.00 1.00 1.00

Uniform Delay (d), s/veh 13.6 0.0 6.5 46 114 4.9

Incr Delay (d2), s/veh 4.8 0.0 1.2 0.1 0.2 0.2

Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/In 1.2 0.0 14 0.2 0.3 0.6

Unsig. Movement Delay, s/veh

LnGrp Delay(d), s/veh 18.5 0.0 7.7 4.7 11.7 5.0

LnGrp LOS B A A B A

Approach Vol, veh/h 175 837 348

Approach Delay, s/veh 18.5 7.1 6.3

Approach LOS B A A

Timer - Assigned Phs 2 6 8

Phs Duration (G+Y+Rc), s 22.4 22.4 10.5

Change Period (Y+Rc), s 6.0 6.0 6.0

Max Green Setting (Gmax), s 30.0 30.0 18.0

Max Q Clear Time (g_c+I1), s 11.6 14.4 5.2

Green Ext Time (p_c), s 4.6 1.9 0.4

Intersection Summary

HCM 6th Ctrl Delay, s/veh 8.4

HCM 6th LOS A

Notes

User approved volume balancing among the lanes for turning movement.

Alt_4_SPUI_with_ T_PM 11:15 am 02/08/2024

Synchro 11 Report
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Queues
100: Earlystown Rd (S.R. 0045) & Old 322 Connector

03/21/2025

v bt o2

Lane Group WBL NBT NBR SBL SBT
Lane Group Flow (vph) 174 685 152 65 283
v/c Ratio 045 058 014 017 0.24
Control Delay (s/veh) 17.9 104 1.8 7.8 6.7
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay (s/veh) 179 104 1.8 7.8 6.7
Queue Length 50th (ft) 31 115 0 8 36
Queue Length 95th (ft) 82 256 20 29 83
Internal Link Dist (ft) 958 723 853
Turn Bay Length (ft) 75

Base Capacity (vph) 738 1273 1130 403 1280
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 024 054 013 016 0.22

Intersection Summary

Alt_4_SPUI_with_ T_PM 11:15 am 02/08/2024

Synchro 11 Report
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HCM 6th Roundabout

100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Alt_4_SPUI_with T_PM

Intersection

Intersection Delay, s/veh
Intersection LOS

Approach

WB

NB

SB

Entry Lanes

Conflicting Circle Lanes
Adj Approach Flow, veh/h
Demand Flow Rate, veh/h
Vehicles Circulating, veh/h
Vehicles Exiting, veh/h
Ped Vol Crossing Leg, #/h
Ped Cap Adj

Approach Delay, s/veh
Approach LOS

Lane

174
177
699
66

1.000
8.6

Left

1
1
837
854
66
411
0
1.000
8.0
A

Left

Bypass

348

355

122
754

1.000
5.7

Left

Designated Moves
Assumed Moves

RT Channelized

Lane Util

Follow-Up Headway, s
Critical Headway, s
Entry Flow, veh/h

Cap Entry Lane, veh/h
Entry HV Adj Factor
Flow Entry, veh/h

Cap Entry, veh/h

V/C Ratio

Control Delay, s/veh
LOS

95th %tile Queue, veh

LR
LR

1.000
2.609
4.976
177
676
0.983
174
665
0.262
8.6

= —

1.000
2.609
4.976
699
1290
0.980
685
1265
0.542
8.9

R LT
LT
Yield
1.000
2.609
4,976
155 355
1290 1218
0.980 0.981
152 348
1265 1196
0.120 0.291
3.8 5.7
A A
0 1

03/21/2025

Drive Engineering Corp.

Synchro 11 Report
Page 1
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HCM 6th Signalized Intersection Summary
4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)

Alt_2 with Connector and T_AM

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b if b Ts s iy ol
Traffic Volume (veh/h) 250 110 20 0 140 10 10 10 0 10 10 770
Future Volume (veh/h) 250 110 20 0 140 10 10 10 0 10 10 770
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 100 1.00 1.00 1.00 100 100 1.00 1.0C
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/In 1752 1752 1822 1795 1795 1866 1786 1786 1786 1959 1959 19
Adj Flow Rate, veh/h 272 120 22 0 152 0 11 11 0 11 11 0
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 0.9
Percent Heavy Veh, % 3 3 3 3 3 3 1 1 1 2 2 2
Cap, veh/h 839 1122 989 224 613 218 50 0 223 55
Arrive On Green 0.17 064 064 000 034 000 003 006 0.00 0.03 006 0.0C
Sat Flow, veh/h 1669 1752 1544 1196 1795 0 820 820 0 899 899 1660
Grp Volume(v), veh/h 272 120 22 0 152 0 22 0 0 22 0 0
Grp Sat Flow(s),veh/h/In 1669 1752 1544 1196 1795 0 1639 0 0 1798 0 166C
Q Serve(g_s), s 25 0.9 0.2 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cycle Q Clear(g_c), s 25 0.9 0.2 0.0 2.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0
Prop In Lane 1.00 1.00 1.00 0.00 0.50 0.00 0.50 1.00
Lane Grp Cap(c), veh/h 839 1122 989 224 613 218 0 0 222 0
V/C Ratio(X) 0.32 011 0.02 0.00 0.25 0.10 0.00 0.00 0.10 0.00
Avail Cap(c_a), veh/h 860 1764 1555 647 1249 1218 0 0 1320 0
HCM Platoon Ratio 100 100 100 100 100 1.00 100 100 100 1.00 1.00 1.0(
Upstream Filter(l) 100 100 100 000 100 0.00 100 000 000 1.00 0.00 0.0
Uniform Delay (d), s/veh 3.6 2.2 2.1 0.0 7.6 0.0 146 0.0 0.0 146 0.0 0.0
Incr Delay (d2), s/veh 0.1 0.1 0.0 0.0 0.6 0.0 0.2 0.0 0.0 0.2 0.0 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 0.2 0.1 0.0 0.0 0.6 0.0 0.1 0.0 0.0 0.1 0.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 3.7 24 2.1 0.0 8.2 0.0 1438 0.0 0.0 1438 0.0 0.0
LnGrp LOS A A A A B B
Approach Vol, veh/h 414 152 22 22
Approach Delay, s/veh 3.2 8.2 14.8 14.8
Approach LOS A A B
Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 9.6 153 7.3 24.9 7.3
Change Period (Y+Rc), s 5.0 5.3 6.3 5.3 6.3
Max Green Setting (Gmax),s 5.0 214 22.0 31.4 22.0
Max Q Clear Time (g_c+I1),s 5.0 4.5 2.5 3.4 2.5
Green Ext Time (p_c), s 0.0 2.5 0.0 3.1 0.0
Intersection Summary
HCM 6th Ctrl Delay, s/veh 5.3
HCM 6th LOS A
Notes

User approved pedestrian interval to be less than phase max green.
Unsignalized Delay for [WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

03/21/2025
Drive Engineering Corp.

Synchro 11 Report
Page 4



Queues Alt_2 with Connector and T_AM

4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)
IR TRl I T

Lane Group EBL EBR WBT SBT SBR

Lane Group Flow (vph) 272 22 837

v/c Ratio 0.32 0.05 0.49

Control Delay (s/veh) 2.9 11.4 1.0

Queue Delay 0.0 0.0 0.0

Total Delay (s/veh) 2.9 114 1.0

Queue Length 50th (ft) 0 2 0

Queue Length 95th (ft) 53 18 0

Internal Link Dist (ft) 770

Turn Bay Length (ft) 250 120

Base Capacity (vph) 864 1543 1725

Starvation Cap Reductn 0 0 0

Spillback Cap Reductn 0 0 0

Storage Cap Reductn 0 0 0

Reduced v/c Ratio 0.31 0.01 0.49

Intersection Summary

03/21/2025

Drive Engineering Corp.

Synchro 11 Report

Page 3
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HCM 6th Signalized Intersection Summary
6: Earlystown Rd (S.R. 0045) & S.R. 0322 WB On-Ramp

Alt_2 with Connector and T_AM

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations s LT & 4+
Traffic Volume (veh/h) 0 0 280 0 30 80 240 0 0 490 470
Future Volume (veh/h) 0 0 280 0 30 80 240 0 0 490 470
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 1.00 1.00 1.00 1l.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/In 1772 1772 1772 1738 1738 0 0 1786 1786
Adj Flow Rate, veh/h 304 0 33 87 261 0 0 533 0
Peak Hour Factor 092 092 092 092 092 092 092 092 0.92
Percent Heavy Veh, % 2 2 2 4 4 0 0 1 1
Cap, veh/h 344 0 37 108 1942 0 0 1937
Arrive On Green 023 0.00 023 013 100 0.00 0.00 0.57 0.00
Sat Flow, veh/h 1504 0 163 1655 3164 0 0 3572 0
Grp Volume(v), veh/h 337 0 0 87 261 0 0 533 0
Grp Sat Flow(s),veh/h/In 1667 0 0 1655 1425 0 0 1697 0
Q Serve(g_s), s 19.5 0.0 0.0 5.1 0.0 0.0 0.0 8.0 0.0
Cycle Q Clear(g_c), s 19.5 0.0 0.0 5.1 0.0 0.0 0.0 8.0 0.0
Prop In Lane 0.90 0.10 1.00 0.00 0.00 0.00
Lane Grp Cap(c), veh/h 382 0 0 108 1942 0 0 1937
V/C Ratio(X) 088 0.00 0.00 080 013 0.00 0.00 0.28
Avail Cap(c_a), veh/h 509 0 0 197 1942 0 0 1937
HCM Platoon Ratio 100 100 100 200 200 1.00 1.00 1.00 1.00
Upstream Filter(l) 100 000 000 099 099 0.00 0.00 1.00 0.00
Uniform Delay (d), s/veh 37.3 0.0 0.0 429 0.0 0.0 0.0 10.9 0.0
Incr Delay (d2), s/veh 13.4 0.0 0.0 1238 0.1 0.0 0.0 0.4 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 9.3 0.0 0.0 2.3 0.0 0.0 0.0 2.7 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 50.7 0.0 0.0 557 0.1 0.0 0.0 113 0.0
LnGrp LOS D E A B
Approach Vol, veh/h 337 348 533
Approach Delay, s/veh 50.7 14.0 11.3
Approach LOS D B B
Timer - Assigned Phs 2 5) 6 8
Phs Duration (G+Y+Rc), s 72.6 11.0 61.6 27.4
Change Period (Y+Rc), s 4.5 4.5 4.5 4.5
Max Green Setting (Gmax), s 60.5 119 441 30.5
Max Q Clear Time (g_c+I1), s 2.0 7.1 10.0 21.5
Green Ext Time (p_c), s 1.6 0.1 3.5 1.4
Intersection Summary
HCM 6th Ctrl Delay, s/veh 23.0

HCM 6th LOS
Notes

C

Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

05/01/2025
Drive Engineering Corp.

Synchro 11 Report
Page 2



Queues

6: Earlystown Rd (S.R. 0045) & S.R. 0322 WB On-Ramp

Alt_2 with Connector and T_AM

= % & 4
Lane Group WBT NBL NBT SBT
Lane Group Flow (vph) 337 87 261 1044
v/c Ratio 0.80 053 0.13 0.55
Control Delay (s/veh) 43.6 54.8 4.6 5.9
Queue Delay 0.0 0.0 0.0 0.0
Total Delay (s/veh) 436 54.8 4.6 5.9
Queue Length 50th (ft) 166 52 22 19
Queue Length 95th (ft) 242 90 38 186
Internal Link Dist (ft) 616 312 363
Turn Bay Length (ft) 100
Base Capacity (vph) 553 195 1944 1908
Starvation Cap Reductn 0 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 061 045 0.13 0.55

Intersection Summary

05/01/2025

Drive Engineering Corp.

Synchro 11 Report
Page 1



HCM 6th Signalized Intersection Summary
100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Alt_2 with Connector and T_AM

VR B
Movement WBL WBR NBT NBR SBL SBT
Lane Configurations 4
Traffic Volume (veh/h) 100 60 220 50 20 860
Future Volume (veh/h) 100 60 220 50 20 860
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/In 1870 1870 1864 1864 1870 1870
Adj Flow Rate, veh/h 109 65 239 54 22 935
Peak Hour Factor 092 092 092 092 092 092
Percent Heavy Veh, % 2 2 2 2 2 2
Cap, veh/h 191 114 1305 1106 784 1309
Arrive On Green 0.18 018 070 070 0.70 0.70
Sat Flow, veh/h 1061 633 1864 1580 1086 1870
Grp Volume(v), veh/h 175 0 239 54 22 935
Grp Sat Flow(s),veh/h/In 1703 0 1864 1580 1086 1870
Q Serve(g_s), s 9.4 0.0 4.4 11 0.7 30.0
Cycle Q Clear(g_c), s 9.4 0.0 4.4 1.1 51 30.0
Prop In Lane 0.62 0.37 1.00 1.00
Lane Grp Cap(c), veh/h 307 0 1305 1106 784 1309
V/C Ratio(X) 057 0.00 018 005 0.03 0.71
Avail Cap(c_a), veh/h 307 0 1305 1106 784 1309
HCM Platoon Ratio 100 100 100 1.00 1.00 1.00
Upstream Filter(l) 100 000 100 1.00 1.00 1.00
Uniform Delay (d), s/veh 37.5 0.0 5.2 4.7 6.0 9.0
Incr Delay (d2), s/veh 7.5 0.0 0.3 0.1 0.1 3.3
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 4.5 0.0 14 0.3 02 114
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 45.0 0.0 5.5 4.7 6.1 123
LnGrp LOS D A A A B
Approach Vol, veh/h 175 293 957
Approach Delay, s/veh 45.0 5.3 12.2
Approach LOS D A B
Timer - Assigned Phs 2 6 8
Phs Duration (G+Y+Rc), s 76.0 76.0 24.0
Change Period (Y+Rc), s 6.0 6.0 6.0
Max Green Setting (Gmax), s 70.0 70.0 18.0
Max Q Clear Time (g_c+I1), s 6.4 32.0 11.4
Green Ext Time (p_c), s 15 9.6 0.2
Intersection Summary
HCM 6th Ctrl Delay, s/veh 14.8
HCM 6th LOS B
03/21/2025 Synchro 11 Report

Drive Engineering Corp.



Queues Alt_2 with Connector and T_AM
100: Earlystown Rd (S.R. 0045) & Old 322 Connector

v bt o2

Lane Group WBL NBT NBR SBL SBT
Lane Group Flow (vph) 174 239 54 22 935
v/c Ratio 043 020 0.05 0.03 0.77
Control Delay (s/veh) 33.9 3.8 0.1 4.9 16.6
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay (s/veh) 33.9 3.8 0.1 49 16.6
Queue Length 50th (ft) 86 22 0 4 313
Queue Length 95th (ft) 154 26 m1 11 462
Internal Link Dist (ft) 889 85 775
Turn Bay Length (ft) 75

Base Capacity (vph) 409 1297 1118 795 1304
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 043 0.18 0.05 0.03 0.72

Intersection Summary
m Volume for 95th percentile queue is metered by upstream signal.

03/21/2025 Synchro 11 Report
Drive Engineering Corp. Page 5



HCM 6th Roundabout

100: Earlystown Rd (S.R. 0045) & Old 322 Connector

03/21/2025

Intersection

Intersection Delay, s/veh
Intersection LOS

Approach

13.0

WB

NB

SB

Entry Lanes

Conflicting Circle Lanes
Adj Approach Flow, veh/h
Demand Flow Rate, veh/h
Vehicles Circulating, veh/h
Vehicles Exiting, veh/h
Ped Vol Crossing Leg, #/h
Ped Cap Adj

Approach Delay, s/veh
Approach LOS

Lane

174
177
244
22

1.000
4.9

Left

1
1
293
299
22
1065
0
1.000
4.0
A

Left

Bypass

957
976
111
310

1.000

Left

17.2

Designated Moves
Assumed Moves

RT Channelized

Lane Util

Follow-Up Headway, s
Critical Headway, s
Entry Flow, veh/h

Cap Entry Lane, veh/h
Entry HV Adj Factor
Flow Entry, veh/h

Cap Entry, veh/h

V/C Ratio

Control Delay, s/veh
LOS

95th %tile Queue, veh

LR
LR

1.000
2.609
4.976
177
1076
0.983
174
1058
0.165
4.9

= —

1.000
2.609
4.976
244
1349
0.980
239
1323
0.181
4.2

R LT
LT
Yield
1.000
2.609
4,976
55 976
1349 1232
0.980 0.981
54 957
1323 1209
0.041 0.792
3.0 17.2
A C
0 9

Alt_2 with Connector and T_AM 7:33 pm 02/27/2024

Synchro 11 Report
Page 1



Queuing and Blocking Report

Alt 2 with Connectorand T AM

Intersection: 100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Movement WB NB NB SB
Directions Served LR T R LT
Maximum Queue (ft) 67 53 8 438
Average Queue (ft) 19 5 0 254
95th Queue (ft) 47 27 6 513
Link Distance (ft) 868 74 74
Upstream BIk Time (%) 0

Queuing Penalty (veh) 0

Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 101: Boal Ave ( S.R. 0322) & Old 322 Connector

Movement EB NB
Directions Served LR LT
Maximum Queue (ft) 78 45
Average Queue (ft) 38 8
95th Queue (ft) 63 32
Link Distance (ft) 1050

Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 117: Estate Drive & Earlystown Road (S.R. 0045)

Movement

Directions Served
Maximum Queue (ft)
Average Queue (ft)
95th Queue (ft)

Link Distance (ft)
Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

03/21/2025

SimTraffic Report
Page 3



HCM 6th Signalized Intersection Summary
4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)

Alt_2 with Connector and T_PM

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b Ts s iy ol
Traffic Volume (veh/h) 750 190 60 0 100 10 30 30 0 10 20 410
Future Volume (veh/h) 750 190 60 0 100 10 30 30 0 10 20 410
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 100 1.00 1.00 1.00 100 100 1.00 1.0C
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/In 1780 1780 1852 1823 1823 1896 1772 1772 1772 1959 1959 19
Adj Flow Rate, veh/h 815 207 65 0 109 0 33 33 0 11 22 0
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 0.9
Percent Heavy Veh, % 1 1 1 1 1 1 2 2 2 2 2 2
Cap, veh/h 1057 1277 1125 150 417 177 65 0 144 111
Arrive On Green 041 072 072 000 023 000 0.06 0.08 0.00 0.06 008 0.0C
Sat Flow, veh/h 1696 1780 1569 1079 1823 0 783 783 0 535 1333 1660
Grp Volume(v), veh/h 815 207 65 0 109 0 66 0 0 33 0 0
Grp Sat Flow(s),veh/h/In 1696 1780 1569 1079 1823 0 1567 0 0 1868 0 166C
Q Serve(g_s), s 14.0 1.8 0.6 0.0 2.4 0.0 1.2 0.0 0.0 0.0 0.0 0.0
Cycle Q Clear(g_c), s 14.0 1.8 0.6 0.0 24 0.0 1.9 0.0 0.0 0.8 0.0 0.0
Prop In Lane 1.00 1.00 1.00 0.00 0.50 0.00 0.33 1.00
Lane Grp Cap(c), veh/h 1057 1277 1125 150 417 210 0 0 216 0
V/C Ratio(X) 0.77 0.16 0.06 0.00 0.26 0.31 0.00 0.00 0.15 0.00
Avail Cap(c_a), veh/h 1462 2124 1872 405 849 807 0 0 907 0
HCM Platoon Ratio 100 100 100 100 100 1.00 100 100 100 1.00 1.00 1.0(
Upstream Filter(l) 100 100 100 000 100 0.00 100 000 000 1.00 0.00 0.0
Uniform Delay (d), s/veh 5.3 2.2 2.0 0.0 152 0.0 213 0.0 0.0 20.7 0.0 0.0
Incr Delay (d2), s/veh 11 0.2 0.1 0.0 1.0 0.0 0.8 0.0 0.0 0.3 0.0 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 2.0 0.2 0.1 0.0 0.9 0.0 0.7 0.0 0.0 0.3 0.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 6.4 23 2.1 0.0 16.2 0.0 222 0.0 0.0 210 0.0 0.0
LnGrp LOS A A A B C C
Approach Vol, veh/h 1087 109 66 33
Approach Delay, s/veh 5.3 16.2 22.2 21.0
Approach LOS A B C C
Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 235 153 9.3 38.8 9.3
Change Period (Y+Rc), s 5.0 5.3 6.3 5.3 6.3
Max Green Setting (Gmax),s 30.0 214 22.0 56.4 22.0
Max Q Clear Time (g_c+I1),s 16.5 4.9 2.8 4.3 3.9
Green Ext Time (p_c), s 2.0 1.6 0.1 8.2 0.2
Intersection Summary
HCM 6th Ctrl Delay, s/veh 7.5
HCM 6th LOS A
Notes

User approved pedestrian interval to be less than phase max green.
Unsignalized Delay for [WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

03/21/2025
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Synchro 11 Report

Page 4



Queues Alt_2 with Connector and T_PM

4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)

R

Lane Group EBL EBT EBR WBT NBT SBT SBR
Lane Group Flow (vph) 815 207 65 120 66 33 446
v/c Ratio 0.76 014 0.05 028 027 012 0.26
Control Delay (s/veh) 11.1 3.2 11 236 290 26.9 0.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay (s/veh) 11.1 3.2 1.1 236 290 26.9 0.4
Queue Length 50th (ft) 138 21 0 40 25 12 0
Queue Length 95th (ft) #389 47 9 88 62 37 0
Internal Link Dist (ft) 1516 873 369 770

Turn Bay Length (ft) 250 120
Base Capacity (vph) 1212 1579 1439 747 652 739 1725
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.67 013 0.05 016 010 0.04 0.26

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

03/21/2025 Synchro 11 Report

Drive Engineering Corp.

Page 3
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HCM 6th Signalized Intersection Summary

6: Earlystown Rd (S.R. 0045) & S.R. 0322 WB On-Ramp

Alt_2 with Connector and T_PM

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations s b 4+
Traffic Volume (veh/h) 0 0 180 0 40 140 730 0 0 200 170
Future Volume (veh/h) 0 0 180 0 40 140 730 0 0 200 170
Initial Q (Qb), veh 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 1.00 1.00 1.00 1l.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/In 1772 1772 1772 1766 1766 0 0 1758 1758
Adj Flow Rate, veh/h 196 0 43 152 793 0 0 217 0
Peak Hour Factor 092 092 092 092 092 092 092 092 0.92
Percent Heavy Veh, % 2 2 2 2 2 0 0 3 3
Cap, veh/h 233 0 51 187 2111 0 0 1943
Arrive On Green 0.17 0.00 017 004 024 000 0.00 0.58 0.00
Sat Flow, veh/h 1354 0 297 1682 3197 0 0 3516 0
Grp Volume(v), veh/h 239 0 0 152 793 0 0 217 0
Grp Sat Flow(s),veh/h/In 1651 0 0 1682 1431 0 0 1670 0
Q Serve(g_s), s 14.0 0.0 0.0 9.0 231 0.0 0.0 2.9 0.0
Cycle Q Clear(g_c), s 14.0 0.0 0.0 9.0 231 0.0 0.0 2.9 0.0
Prop In Lane 0.82 0.18 1.00 0.00 0.00 0.00
Lane Grp Cap(c), veh/h 284 0 0 187 2111 0 0 1943
V/C Ratio(X) 084 000 000 081 038 000 0.00 0.11
Avail Cap(c_a), veh/h 537 0 0 429 2111 0 0 1943
HCM Platoon Ratio 100 100 100 033 033 100 1.00 100 1.00
Upstream Filter(l) 100 000 000 076 076 0.00 0.00 1.00 0.00
Uniform Delay (d), s/veh 40.1 0.0 0.0 471 187 0.0 0.0 9.4 0.0
Incr Delay (d2), s/veh 6.6 0.0 0.0 6.4 0.4 0.0 0.0 0.1 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 6.1 0.0 0.0 4.2 8.8 0.0 0.0 1.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 46.7 0.0 0.0 535 19.0 0.0 0.0 9.5 0.0
LnGrp LOS D D B A
Approach Vol, veh/h 239 945 217
Approach Delay, s/veh 46.7 24.6 9.5
Approach LOS D C A
Timer - Assigned Phs 2 5 6 8
Phs Duration (G+Y+Rc), s 78.3 156 62.7 21.7
Change Period (Y+Rc), s 4.5 4.5 4.5 4.5
Max Green Setting (Gmax), s 58.5 255 285 32.5
Max Q Clear Time (g_c+I1), s 25.1 11.0 4.9 16.0
Green Ext Time (p_c), s 5.6 0.3 1.3 1.2
Intersection Summary
HCM 6th Ctrl Delay, s/veh 26.0

HCM 6th LOS

Notes

C

Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

05/01/2025
Drive Engineering Corp.
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Queues Alt_2 with Connector and T_PM

6: Earlystown Rd (S.R. 0045) & S.R. 0322 WB On-Ramp
= % & 4

Lane Group WBT NBL NBT SBT

Lane Group Flow (vph) 239 152 793 402

v/c Ratio 0.74 0.63 037 0.22

Control Delay (s/veh) 41.8 43.1 4.3 6.4

Queue Delay 0.0 0.0 0.4 0.0

Total Delay (s/veh) 41.8 43.1 4.7 6.4

Queue Length 50th (ft) 107 78 42 15

Queue Length 95th (ft) 175 m122 141 62

Internal Link Dist (ft) 616 312 363

Turn Bay Length (ft) 100

Base Capacity (vph) 581 425 2125 1806

Starvation Cap Reductn 0 0 786 0

Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0

Reduced v/c Ratio 041 036 059 0.22

Intersection Summary

m Volume for 95th percentile queue is metered by upstream signal.

05/01/2025
Drive Engineering Corp.

Synchro 11 Report
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HCM 6th Signalized Intersection Summary Alt_2 with Connector and T_PM

100: Earlystown Rd (S.R. 0045) & Old 322 Connector

VR B
Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (veh/h) 110 50 630 140 60 260
Future Volume (veh/h) 110 50 630 140 60 260
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/In 1870 1870 1864 1864 1870 1870
Adj Flow Rate, veh/h 120 54 685 152 65 283
Peak Hour Factor 092 092 092 092 092 092
Percent Heavy Veh, % 2 2 2 2 2 2
Cap, veh/h 143 65 1414 1198 539 1418
Arrive On Green 0.12 012 076 076 0.76 0.76
Sat Flow, veh/h 1177 530 1864 1580 757 1870
Grp Volume(v), veh/h 175 0 685 152 65 283
Grp Sat Flow(s),veh/h/In 1716 0 1864 1580 757 1870
Q Serve(g_s), s 10.0 0.0 14.0 2.6 3.6 4.3
Cycle Q Clear(g_c), s 10.0 0.0 14.0 26 17.6 4.3
Prop In Lane 0.69 0.31 1.00 1.00
Lane Grp Cap(c), veh/h 209 0 1414 1198 539 1418
V/C Ratio(X) 0.84 0.00 048 013 0.12 0.20
Avail Cap(c_a), veh/h 360 0 1414 1198 539 1418
HCM Platoon Ratio 100 100 100 1.00 1.00 1.00
Upstream Filter(l) 100 000 100 1.00 1.00 1.00
Uniform Delay (d), s/veh 42.9 0.0 4.6 3.2 8.0 3.4
Incr Delay (d2), s/veh 8.6 0.0 1.2 0.2 0.5 0.3
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 4.6 0.0 4.6 0.7 0.6 1.4
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 51.5 0.0 5.8 3.5 8.4 3.8
LnGrp LOS D A A A A
Approach Vol, veh/h 175 837 348
Approach Delay, s/veh 51.5 5.4 4.6
Approach LOS D A A
Timer - Assigned Phs 2 6 8
Phs Duration (G+Y+Rc), s 81.8 81.8 18.2
Change Period (Y+Rc), s 6.0 6.0 6.0
Max Green Setting (Gmax), s 67.0 67.0 21.0
Max Q Clear Time (g_c+I1), s 16.0 19.6 12.0
Green Ext Time (p_c), s 6.4 2.4 0.3
Intersection Summary
HCM 6th Ctrl Delay, s/veh 111
HCM 6th LOS B
Notes

User approved volume balancing among the lanes for turning movement.

03/21/2025

Drive Engineering Corp.
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Queues
100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Alt_2 with Connector and T_PM

v bt o2

Lane Group WBL NBT NBR SBL SBT
Lane Group Flow (vph) 174 685 152 65 283
v/c Ratio 066 050 013 014 0.21
Control Delay (s/veh) 47.2 5.6 0.8 5.5 5.0
Queue Delay 0.0 0.1 0.0 0.0 0.0
Total Delay (s/veh) 47.2 5.7 0.8 55 5.0
Queue Length 50th (ft) 93 33 0 10 47
Queue Length 95th (ft) 154 386 21 30 93
Internal Link Dist (ft) 889 85 775
Turn Bay Length (ft) 75

Base Capacity (vph) 379 1367 1202 479 1375
Starvation Cap Reductn 0 79 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 046 053 013 014 0.21

Intersection Summary

03/21/2025
Drive Engineering Corp.

Synchro 11 Report
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HCM 6th Roundabout

100: Earlystown Rd (S.R. 0045) & Old 322 Connector

03/21/2025

Intersection

Intersection Delay, s/veh
Intersection LOS

Approach

WB

NB

SB

Entry Lanes

Conflicting Circle Lanes
Adj Approach Flow, veh/h
Demand Flow Rate, veh/h
Vehicles Circulating, veh/h
Vehicles Exiting, veh/h
Ped Vol Crossing Leg, #/h
Ped Cap Adj

Approach Delay, s/veh
Approach LOS

Lane

174
177
699
66

1.000
8.6

Left

1
1
837
854
66
411
0
1.000
8.0
A

Left

Bypass

348

355

122
754

1.000

Left

5.7

Designated Moves
Assumed Moves

RT Channelized

Lane Util

Follow-Up Headway, s
Critical Headway, s
Entry Flow, veh/h

Cap Entry Lane, veh/h
Entry HV Adj Factor
Flow Entry, veh/h

Cap Entry, veh/h

V/C Ratio

Control Delay, s/veh
LOS

95th %tile Queue, veh

LR
LR

1.000
2.609
4.976
177
676
0.983
174
665
0.262
8.6

= —

1.000
2.609
4.976
699
1290
0.980
685
1265
0.542
8.9

R LT
LT
Yield
1.000
2.609
4,976
155 355
1290 1218
0.980 0.981
152 348
1265 1196
0.120 0.291
3.8 5.7
A A
0 1

Alt_2 with Connector and T_PM 1:07 pm 02/09/2024

Synchro 11 Report
Page 1
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ROUNDABOUT INTERCHANGE ALTERNATIVE




HCM 6th Signalized Intersection Summary
4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)

Triple Roundabout_AM

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b if b Ts s iy ol
Traffic Volume (veh/h) 250 110 20 0 140 10 10 10 0 10 10 770
Future Volume (veh/h) 250 110 20 0 140 10 10 10 0 10 10 770
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 100 1.00 1.00 1.00 100 100 1.00 1.0C
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/In 1752 1752 1822 1795 1795 1866 1786 1786 1786 1959 1959 19
Adj Flow Rate, veh/h 272 120 22 0 152 0 11 11 0 11 11 0
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 0.9
Percent Heavy Veh, % 3 3 3 3 3 3 1 1 1 2 2 2
Cap, veh/h 839 1122 989 224 613 218 50 0 223 55
Arrive On Green 0.17 064 064 000 034 000 003 006 0.00 0.03 006 0.0C
Sat Flow, veh/h 1669 1752 1544 1196 1795 0 820 820 0 899 899 1660
Grp Volume(v), veh/h 272 120 22 0 152 0 22 0 0 22 0 0
Grp Sat Flow(s),veh/h/In 1669 1752 1544 1196 1795 0 1639 0 0 1798 0 166C
Q Serve(g_s), s 25 0.9 0.2 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cycle Q Clear(g_c), s 25 0.9 0.2 0.0 2.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0
Prop In Lane 1.00 1.00 1.00 0.00 0.50 0.00 0.50 1.00
Lane Grp Cap(c), veh/h 839 1122 989 224 613 218 0 0 222 0
V/C Ratio(X) 0.32 011 0.02 0.00 0.25 0.10 0.00 0.00 0.10 0.00
Avail Cap(c_a), veh/h 860 1764 1555 647 1249 1218 0 0 1320 0
HCM Platoon Ratio 100 100 100 100 100 1.00 100 100 100 1.00 1.00 1.0(
Upstream Filter(l) 100 100 100 000 100 0.00 100 000 000 1.00 0.00 0.0
Uniform Delay (d), s/veh 3.6 2.2 2.1 0.0 7.6 0.0 146 0.0 0.0 146 0.0 0.0
Incr Delay (d2), s/veh 0.1 0.1 0.0 0.0 0.6 0.0 0.2 0.0 0.0 0.2 0.0 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 0.2 0.1 0.0 0.0 0.6 0.0 0.1 0.0 0.0 0.1 0.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 3.7 24 2.1 0.0 8.2 0.0 1438 0.0 0.0 1438 0.0 0.0
LnGrp LOS A A A A B B
Approach Vol, veh/h 414 152 22 22
Approach Delay, s/veh 3.2 8.2 14.8 14.8
Approach LOS A A B
Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 9.6 153 7.3 24.9 7.3
Change Period (Y+Rc), s 5.0 5.3 6.3 5.3 6.3
Max Green Setting (Gmax),s 5.0 214 22.0 31.4 22.0
Max Q Clear Time (g_c+I1),s 5.0 4.5 2.5 3.4 2.5
Green Ext Time (p_c), s 0.0 2.5 0.0 3.1 0.0
Intersection Summary
HCM 6th Ctrl Delay, s/veh 5.3
HCM 6th LOS A
Notes

User approved pedestrian interval to be less than phase max green.
Unsignalized Delay for [WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

03/21/2025
Drive Engineering Corp.

Synchro 11 Report
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Queues Triple Roundabout_AM
4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)
IR TRl I T

Lane Group EBL EBR WBT SBT SBR
Lane Group Flow (vph) 272 22 837

v/c Ratio 0.32 0.05 0.49
Control Delay (s/veh) 2.9 11.4 1.0
Queue Delay 0.0 0.0 0.0
Total Delay (s/veh) 2.9 114 1.0
Queue Length 50th (ft) 0 2 0
Queue Length 95th (ft) 53 18 0
Internal Link Dist (ft) 770

Turn Bay Length (ft) 250 120
Base Capacity (vph) 864 1543 1725
Starvation Cap Reductn 0 0 0
Spillback Cap Reductn 0 0 0
Storage Cap Reductn 0 0 0
Reduced v/c Ratio 0.31 0.01 0.49

Intersection Summary

03/21/2025

Drive Engineering Corp.

Synchro 11 Report

Page 1



HCM 6th Roundabout

5: Earlystown Rd (S.R. 0045) & S.R. 0322 EB Off-Ramp

Triple Roundabout_ AM

Intersection

Intersection Delay, s/veh 8.6

Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 0 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 206 0 326 836
Demand Flow Rate, veh/h 219 0 332 844
Vehicles Circulating, veh/h 844 359 181 0
Vehicles Exiting, veh/h 0 43 882 359
Ped Vol Crossing Leg, #/h 0 0 0 0
Ped Cap Adj 1.000 1.000 1.000 1.000
Approach Delay, s/veh 12.3 0.0 3.3 9.7
Approach LOS B - A A
Lane Left Left Bypass Left
Designated Moves LTR T R LT
Assumed Moves LTR T LT

RT Channelized Free

Lane Util 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976

Entry Flow, veh/h 219 221 111 844

Cap Entry Lane, veh/h 583 1147 1938 1380

Entry HV Adj Factor 0.941 0.980 0.980 0.991

Flow Entry, veh/h 206 217 109 836

Cap Entry, veh/h 549 1125 1900 1367

V/C Ratio 0.375 0.193 0.057 0.612

Control Delay, s/veh 12.3 4.9 0.0 9.7

LOS B A A A

95th %tile Queue, veh 2 1 0 4

03/21/2025

Drive Engineering Corp.

Synchro 11 Report
Page 3



HCM 6th Roundabout

6: Earlystown Rd (S.R. 0045) & S.R. 0322 WB On-Ramp

Triple Roundabout_ AM

Intersection

Intersection Delay, s/veh
Intersection LOS

Approach

EB WB

NB

SB

Entry Lanes

Conflicting Circle Lanes
Adj Approach Flow, veh/h
Demand Flow Rate, veh/h
Vehicles Circulating, veh/h
Vehicles Exiting, veh/h
Ped Vol Crossing Leg, #/h
Ped Cap Adj

Approach Delay, s/veh
Approach LOS

Lane

1

0 337
0 344
48 361
0

0

1.000
0.0 7.8

Left

348
361

848

1.000
5.0

Left

Left

1044

1054
400

305

1.000

6.3

Bypass

Designated Moves
Assumed Moves

RT Channelized

Lane Util

Follow-Up Headway, s
Critical Headway, s
Entry Flow, veh/h

Cap Entry Lane, veh/h
Entry HV Adj Factor
Flow Entry, veh/h

Cap Entry, veh/h

V/C Ratio

Control Delay, s/veh
LOS

95th %tile Queue, veh

LTR
LTR

1.000
2.609
4.976
344
955
0.980
33IL
935
0.360
7.8

LT
LT

1.000
2.609
4.976
361
1380
0.963
348
1329
0.262
5.0

1.000
2.609
4.976
538
918
0.990
533
909
0.586
12.3

Free

516
1919
0.990
511
1900
0.269
0.0

03/21/2025
Drive Engineering Corp.
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HCM 6th Roundabout

100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Triple Roundabout_ AM

Intersection

Intersection Delay, s/veh
Intersection LOS

Approach

131

WB

NB

SB

Entry Lanes

Conflicting Circle Lanes
Adj Approach Flow, veh/h
Demand Flow Rate, veh/h
Vehicles Circulating, veh/h
Vehicles Exiting, veh/h
Ped Vol Crossing Leg, #/h
Ped Cap Adj

Approach Delay, s/veh
Approach LOS

Lane

174
177
244
77

1.000
4.9

Left

293
299
22
1065

1.000
4.6

Left

957
976
111
310

1.000
17.2

Left

Designated Moves
Assumed Moves

RT Channelized

Lane Util

Follow-Up Headway, s
Critical Headway, s
Entry Flow, veh/h

Cap Entry Lane, veh/h
Entry HV Adj Factor
Flow Entry, veh/h

Cap Entry, veh/h

V/C Ratio

Control Delay, s/veh
LOS

95th %tile Queue, veh

LR
LR

1.000
2.609
4.976
177
1076
0.983
174
1058
0.165
4.9

TR
TR

1.000
2.609
4.976
299
1349
0.981
293
1323
0.222
4.6

LT
LT

1.000
2.609
4.976
976
1232
0.981
957
1209
0.792
17.2

03/21/2025

Drive Engineering Corp.

Synchro 11 Report
Page 7



Queuing and Blocking Report

03/21/2025

Intersection: 4. Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)

Movement EB EB EB WB NB SB
Directions Served L T R TR LTR LT
Maximum Queue (ft) 92 49 41 95 36 37
Average Queue (ft) 28 6 3 29 8 7
95th Queue (ft) 67 26 19 69 23 23
Link Distance (ft) 742 742 382
Upstream BIk Time (%)

Queuing Penalty (veh)

Storage Bay Dist (ft) 250

Storage Blk Time (%) 0

Queuing Penalty (veh) 0

Intersection: 5: Earlystown Rd (S.R. 0045) & S.R. 0322 EB Off-Ramp

Movement EB NB SB
Directions Served LTR T LT
Maximum Queue (ft) 114 51 78
Average Queue (ft) 51 11 10
95th Queue (ft) 94 36 50
Link Distance (ft) 462 284

Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 6: Earlystown Rd (S.R. 0045) & S.R. 0322 WB On-Ramp

Movement WB NB SB
Directions Served LTR LT T
Maximum Queue (ft) 155 73 149
Average Queue (ft) 51 11 53
95th Queue (ft) 102 42 112
Link Distance (ft) 284 352

Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Triple Roundabout_ AM

SimTraffic Report
Page 1



Queuing and Blocking Report

03/21/2025

Intersection: 100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Movement WB NB SB
Directions Served LR TR LT
Maximum Queue (ft) 61 30 434
Average Queue (ft) 23 2 215
95th Queue (ft) 52 16 489
Link Distance (ft) 879 82

Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 101: Boal Ave ( S.R. 0322) & Old 322 Connector

Movement EB NB
Directions Served LR LT
Maximum Queue (ft) 77 52
Average Queue (ft) 38 7
95th Queue (ft) 61 32
Link Distance (ft) 1050

Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 117: Estate Drive & Earlystown Road (S.R. 0045)

Movement

Directions Served
Maximum Queue (ft)
Average Queue (ft)
95th Queue (ft)

Link Distance (ft)
Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Triple Roundabout_ AM

SimTraffic Report
Page 3



HCM 6th Signalized Intersection Summary
4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)

Triple Roundabout_PM

A ey v A A M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b Ts s iy ol
Traffic Volume (veh/h) 750 190 60 0 100 10 30 30 0 10 20 410
Future Volume (veh/h) 750 190 60 0 100 10 30 30 0 10 20 410
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 100 100 100 100 100 1.00 1.00 1.00 100 100 1.00 1.0C
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/In 1780 1780 1852 1823 1823 1896 1772 1772 1772 1959 1959 19
Adj Flow Rate, veh/h 815 207 65 0 109 0 33 33 0 11 22 0
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 0.9
Percent Heavy Veh, % 1 1 1 1 1 1 2 2 2 2 2 2
Cap, veh/h 1057 1277 1125 150 417 177 65 0 144 111
Arrive On Green 041 072 072 000 023 000 0.06 0.08 0.00 0.06 008 0.0C
Sat Flow, veh/h 1696 1780 1569 1079 1823 0 783 783 0 535 1333 1660
Grp Volume(v), veh/h 815 207 65 0 109 0 66 0 0 33 0 0
Grp Sat Flow(s),veh/h/In 1696 1780 1569 1079 1823 0 1567 0 0 1868 0 166C
Q Serve(g_s), s 14.0 1.8 0.6 0.0 2.4 0.0 1.2 0.0 0.0 0.0 0.0 0.0
Cycle Q Clear(g_c), s 14.0 1.8 0.6 0.0 24 0.0 1.9 0.0 0.0 0.8 0.0 0.0
Prop In Lane 1.00 1.00 1.00 0.00 0.50 0.00 0.33 1.00
Lane Grp Cap(c), veh/h 1057 1277 1125 150 417 210 0 0 216 0
V/C Ratio(X) 0.77 0.16 0.06 0.00 0.26 0.31 0.00 0.00 0.15 0.00
Avail Cap(c_a), veh/h 1462 2124 1872 405 849 807 0 0 907 0
HCM Platoon Ratio 100 100 100 100 100 1.00 100 100 100 1.00 1.00 1.0(
Upstream Filter(l) 100 100 100 000 100 0.00 100 000 000 1.00 0.00 0.0
Uniform Delay (d), s/veh 5.3 2.2 2.0 0.0 152 0.0 213 0.0 0.0 20.7 0.0 0.0
Incr Delay (d2), s/veh 11 0.2 0.1 0.0 1.0 0.0 0.8 0.0 0.0 0.3 0.0 0.0
Initial Q Delay(d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/In 2.0 0.2 0.1 0.0 0.9 0.0 0.7 0.0 0.0 0.3 0.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d), s/veh 6.4 23 2.1 0.0 16.2 0.0 222 0.0 0.0 210 0.0 0.0
LnGrp LOS A A A B C C
Approach Vol, veh/h 1087 109 66 33
Approach Delay, s/veh 5.3 16.2 22.2 21.0
Approach LOS A B C C
Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 235 153 9.3 38.8 9.3
Change Period (Y+Rc), s 5.0 5.3 6.3 5.3 6.3
Max Green Setting (Gmax),s 30.0 214 22.0 56.4 22.0
Max Q Clear Time (g_c+I1),s 16.5 4.9 2.8 4.3 3.9
Green Ext Time (p_c), s 2.0 1.6 0.1 8.2 0.2
Intersection Summary
HCM 6th Ctrl Delay, s/veh 7.5
HCM 6th LOS A
Notes

User approved pedestrian interval to be less than phase max green.
Unsignalized Delay for [WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

03/21/2025

Drive Engineering Corp.

Synchro 11 Report
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Queues Triple Roundabout_PM
4: Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)

R

Lane Group EBL EBT EBR WBT NBT SBT SBR
Lane Group Flow (vph) 815 207 65 120 66 33 446
v/c Ratio 0.76 014 0.05 028 027 012 0.26
Control Delay (s/veh) 11.1 3.2 11 236 290 26.9 0.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay (s/veh) 11.1 3.2 1.1 236 290 26.9 0.4
Queue Length 50th (ft) 138 21 0 40 25 12 0
Queue Length 95th (ft) #389 47 9 88 62 37 0
Internal Link Dist (ft) 718 873 369 770

Turn Bay Length (ft) 250 120
Base Capacity (vph) 1212 1579 1439 747 652 739 1725
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.67 013 0.05 016 010 0.04 0.26

Intersection Summary
# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

03/21/2025 Synchro 11 Report
Drive Engineering Corp. Page 1



HCM 6th Roundabout

5: Earlystown Rd (S.R. 0045) & S.R. 0322 EB Off-Ramp

Triple Roundabout_PM

Intersection

Intersection Delay, s/veh 8.9

Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 0 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 510 0 913 413
Demand Flow Rate, veh/h 521 0 922 417
Vehicles Circulating, veh/h 417 959 421 0
Vehicles Exiting, veh/h 0 33 517 959
Ped Vol Crossing Leg, #/h 0 0 0 0
Ped Cap Adj 1.000 1.000 1.000 1.000
Approach Delay, s/veh 12.4 0.0 8.7 5.3
Approach LOS B - A A
Lane Left Left Bypass Left
Designated Moves LTR T R LT
Assumed Moves LTR T LT

RT Channelized Free

Lane Util 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976

Entry Flow, veh/h 521 571 351 417

Cap Entry Lane, veh/h 902 898 1919 1380

Entry HV Adj Factor 0.979 0.990 0.990 0.991

Flow Entry, veh/h 510 565 348 413

Cap Entry, veh/h 883 889 1900 1367

V/C Ratio 0.578 0.636 0.183 0.302

Control Delay, s/veh 12.4 14.0 0.0 53

LOS B B A A

95th %tile Queue, veh 4 5 1 1

03/21/2025

Drive Engineering Corp.

Synchro 11 Report
Page 3



HCM 6th Roundabout

6: Earlystown Rd (S.R. 0045) & S.R. 0322 WB On-Ramp

Triple Roundabout_PM

Intersection

Intersection Delay, s/veh
Intersection LOS

Approach

EB WB

NB

SB

Entry Lanes

Conflicting Circle Lanes
Adj Approach Flow, veh/h
Demand Flow Rate, veh/h
Vehicles Circulating, veh/h
Vehicles Exiting, veh/h
Ped Vol Crossing Leg, #/h
Ped Cap Adj

Approach Delay, s/veh
Approach LOS

Lane

1

0 239

0 244
424 964

1.000
0.0 15.7

Left

945
964

424

1.000
12.1

Left

402
415
355
853

1.000
3138

Left Bypass

Designated Moves
Assumed Moves

RT Channelized

Lane Util

Follow-Up Headway, s
Critical Headway, s
Entry Flow, veh/h

Cap Entry Lane, veh/h
Entry HV Adj Factor
Flow Entry, veh/h

Cap Entry, veh/h

V/C Ratio

Control Delay, s/veh
LOS

95th %tile Queue, veh

LTR
LTR

1.000
2.609
4.976
244
516
0.980
239
506
0.473
15.7

LT
LT

1.000
2.609
4.976
964
1380
0.980
945
1353
0.699
12.1

Free

1.000
2.609
4.976
224
961
0.971
217
933
0.233
6.2

03/21/2025
Drive Engineering Corp.

Synchro 11 Report
Page 4
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HCM 6th Roundabout

100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Triple Roundabout_PM

Intersection

Intersection Delay, s/veh 9.7

Intersection LOS A

Approach WB NB SB
Entry Lanes 1 1 1
Conflicting Circle Lanes 1 1 1
Adj Approach Flow, veh/h 174 837 348
Demand Flow Rate, veh/h 177 854 355
Vehicles Circulating, veh/h 699 66 122
Vehicles Exiting, veh/h 221 411 754
Ped Vol Crossing Leg, #/h 0 0 0
Ped Cap Adj 1.000 1.000 1.000
Approach Delay, s/veh 8.6 11.5 5.7
Approach LOS A B A
Lane Left Left Left
Designated Moves LR TR LT
Assumed Moves LR TR LT

RT Channelized

Lane Util 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976

Entry Flow, veh/h 177 854 355

Cap Entry Lane, veh/h 676 1290 1218

Entry HV Adj Factor 0.983 0.980 0.981

Flow Entry, veh/h 174 837 348

Cap Entry, veh/h 665 1265 1196

V/C Ratio 0.262 0.662 0.291

Control Delay, s/veh 8.6 115 5.7

LOS A B A

95th %tile Queue, veh 1 5 1

03/21/2025

Drive Engineering Corp.

Synchro 11 Report
Page 7



Queuing and Blocking Report

03/21/2025

Intersection: 4. Main St/Earlystown Rd (S.R. 0045) & Boal Ave (S.R. 0045)/Boal Ave (S.R. 3014)

Movement EB EB EB WB NB SB
Directions Served L T R TR LTR LT
Maximum Queue (ft) 269 335 187 116 79 40
Average Queue (ft) 125 34 17 47 28 11
95th Queue (ft) 237 184 159 91 61 30
Link Distance (ft) 742 742 382
Upstream BIk Time (%) 0 0

Queuing Penalty (veh) 0 0

Storage Bay Dist (ft) 250

Storage Blk Time (%) 1 3

Queuing Penalty (veh) 2 0

Intersection: 5: Earlystown Rd (S.R. 0045) & S.R. 0322 EB Off-Ramp

Movement EB NB NB SB
Directions Served LTR T R LT
Maximum Queue (ft) 249 335 123 33
Average Queue (ft) 93 131 33 2
95th Queue (ft) 210 394 123 16
Link Distance (ft) 462 284
Upstream BIk Time (%) 0

Queuing Penalty (veh) 0

Storage Bay Dist (ft) 100
Storage Blk Time (%) 14 0
Queuing Penalty (veh) 44 1

Intersection: 6: Earlystown Rd (S.R. 0045) & S.R. 0322 WB On-Ramp

Movement WB NB SB
Directions Served LTR LT T
Maximum Queue (ft) 124 292 84
Average Queue (ft) 50 102 21
95th Queue (ft) 97 306 57
Link Distance (ft) 284 352
Upstream BIk Time (%) 10
Queuing Penalty (veh) 89

Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Triple Roundabout_PM

SimTraffic Report
Page 1



Queuing and Blocking Report

03/21/2025

Intersection: 100: Earlystown Rd (S.R. 0045) & Old 322 Connector

Movement WB NB B151 SB
Directions Served LR TR T LT
Maximum Queue (ft) 78 127 17 85
Average Queue (ft) 28 32 1 17
95th Queue (ft) 60 86 10 54
Link Distance (ft) 879 82 352
Upstream BIk Time (%) 2

Queuing Penalty (veh) 16

Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 101: Boal Ave ( S.R. 0322) & Old 322 Connector

Movement EB NB
Directions Served LR LT
Maximum Queue (ft) 73 44
Average Queue (ft) 38 12
95th Queue (ft) 59 38
Link Distance (ft) 1050

Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Intersection: 117: Estate Drive & Earlystown Road (S.R. 0045)

Movement

Directions Served
Maximum Queue (ft)
Average Queue (ft)
95th Queue (ft)

Link Distance (ft)
Upstream BIk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Triple Roundabout_PM

SimTraffic Report
Page 3



OLD ROUTE 322 INTERSECTIONS




ROADWAY SEGMENTS
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HCS Basic Freeway Report

Project Information

Analyst Drive Engineering Date 3/28/2024
Agency PennDQT District 2-0 Analysis Year 2050 Build
Jurisdiction Harris Township Time Analyzed AM

Project Description

322 West of Earlystown Rd
- EB

Units

U.S. Customary

Geometric Data

Number of Lanes (N), In 2 Terrain Type Level
Segment Length (L), ft - Percent Grade, % -
Measured or Base Free-Flow Speed Base Grade Length, mi -
Base Free-Flow Speed (BFFS), mi/h 60.0 Total Ramp Density (TRD), ramps/mi 0.83
Lane Width, ft 12 Free-Flow Speed (FFS), mi/h 57.2
Right-Side Lateral Clearance, ft 10

Adjustment Factors

Driver Population All Familiar Final Speed Adjustment Factor (SAF) 1.000
Weather Type Non-Severe Weather Demand Adjustment Factor (DAF) 1.000
Incident Type No Incident Final Capacity Adjustment Factor (CAF) | 1.000
Proportion of CAVs in Traffic Stream 0 Capacity Adj. Factor for CAVs, CAEAV 1.000
Demand and Capacity

Demand Volume (V), veh/h 745 Heavy Vehicle Adjustment Factor (HV) 0.893
Peak Hour Factor (PHF) 0.94 Flow Rate (\p), pc/h/In 444
Total Trucks, % 12.00 Capacity (c), pc/h/in 2272
Single-Unit Trucks (SUT), % - Initial Adjusted Capacity (cadj), pc/h/In 2272
Tractor-Trailers (TT), % - Final Adjusted Capacity (adj), pc/h/In 2272
Passenger Car Equivalent (B 2.00 Volume-to-Capacity Ratio (v/c) 0.20
Speed and Density

Lane Width Adjustment (fLw) 0.0 Average Speed (S), mi/h 57.2
Right-Side Lateral Clearance Adj. .LQ 0.0 Density (D), pc/mi/ln 7.8
Total Ramp Density Adjustment 2.8 Level of Service (LOS) A
Adjusted Free-Flow Speed (FF&j), mi/h | 57.2

Copyright © 2024 University of Florida. All Rights Reserved.

HCS™ Freeways Version 2023
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HCS Basic Freeway Report

Project Information

Analyst Drive Engineering Date 3/28/2024
Agency PennDQT District 2-0 Analysis Year 2050 Build
Jurisdiction Harris Township Time Analyzed AM

Project Description

322 West of Earlystown Rd
-WB

Units

U.S. Customary

Geometric Data

Number of Lanes (N), In 2 Terrain Type Level
Segment Length (L), ft - Percent Grade, % -
Measured or Base Free-Flow Speed Base Grade Length, mi -
Base Free-Flow Speed (BFFS), mi/h 60.0 Total Ramp Density (TRD), ramps/mi 0.83
Lane Width, ft 12 Free-Flow Speed (FFS), mi/h 57.2
Right-Side Lateral Clearance, ft 10

Adjustment Factors

Driver Population All Familiar Final Speed Adjustment Factor (SAF) 1.000
Weather Type Non-Severe Weather Demand Adjustment Factor (DAF) 1.000
Incident Type No Incident Final Capacity Adjustment Factor (CAF) | 1.000
Proportion of CAVs in Traffic Stream 0 Capacity Adj. Factor for CAVs, CAEAV 1.000
Demand and Capacity

Demand Volume (V), veh/h 1335 Heavy Vehicle Adjustment Factor (Hv) 0.901
Peak Hour Factor (PHF) 0.94 Flow Rate (), pc/h/ln 788
Total Trucks, % 11.00 Capacity (c), pc/h/in 2272
Single-Unit Trucks (SUT), % - Initial Adjusted Capacity (cadj), pc/h/In 2272
Tractor-Trailers (TT), % - Final Adjusted Capacity (adj), pc/h/In 2272
Passenger Car Equivalent (B 2.00 Volume-to-Capacity Ratio (v/c) 0.35
Speed and Density

Lane Width Adjustment (fLw) 0.0 Average Speed (S), mi/h 57.2
Right-Side Lateral Clearance Adj. ®LQ 0.0 Density (D), pc/mi/ln 13.8
Total Ramp Density Adjustment 2.8 Level of Service (LOS) B
Adjusted Free-Flow Speed (FF&j), mi/h | 57.2
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HCS Basic Freeway Report

Project Information

Analyst Drive Engineering Date 3/28/2024
Agency PennDQT District 2-0 Analysis Year 2050 Build
Jurisdiction Harris Township Time Analyzed PM

Project Description

322 West of Earlystown Rd
- EB

Units

U.S. Customary

Geometric Data

Number of Lanes (N), In 2 Terrain Type Level
Segment Length (L), ft - Percent Grade, % -
Measured or Base Free-Flow Speed Base Grade Length, mi -
Base Free-Flow Speed (BFFS), mi/h 60.0 Total Ramp Density (TRD), ramps/mi 0.83
Lane Width, ft 12 Free-Flow Speed (FFS), mi/h 57.2
Right-Side Lateral Clearance, ft 10

Adjustment Factors

Driver Population All Familiar Final Speed Adjustment Factor (SAF) 1.000
Weather Type Non-Severe Weather Demand Adjustment Factor (DAF) 1.000
Incident Type No Incident Final Capacity Adjustment Factor (CAF) | 1.000
Proportion of CAVs in Traffic Stream 0 Capacity Adj. Factor for CAVs, CAEAV 1.000
Demand and Capacity

Demand Volume (V), veh/h 1360 Heavy Vehicle Adjustment Factor (Hv) 0.909
Peak Hour Factor (PHF) 0.94 Flow Rate (), pc/h/ln 796
Total Trucks, % 10.00 Capacity (c), pc/h/in 2272
Single-Unit Trucks (SUT), % - Initial Adjusted Capacity (cadj), pc/h/In 2272
Tractor-Trailers (TT), % - Final Adjusted Capacity (adj), pc/h/In 2272
Passenger Car Equivalent (B 2.00 Volume-to-Capacity Ratio (v/c) 0.35
Speed and Density

Lane Width Adjustment (fLw) 0.0 Average Speed (S), mi/h 57.2
Right-Side Lateral Clearance Adj. ®LQ 0.0 Density (D), pc/mi/ln 13.9
Total Ramp Density Adjustment 2.8 Level of Service (LOS) B
Adjusted Free-Flow Speed (FF&j), mi/h | 57.2
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HCS Basic Freeway Report

Project Information

Analyst Drive Engineering Date 3/28/2024
Agency PennDQT District 2-0 Analysis Year 2050 Build
Jurisdiction Harris Township Time Analyzed PM

Project Description

322 West of Earlystown Rd
-WB

Units

U.S. Customary

Geometric Data

Number of Lanes (N), In 2 Terrain Type Level
Segment Length (L), ft - Percent Grade, % -
Measured or Base Free-Flow Speed Base Grade Length, mi -
Base Free-Flow Speed (BFFS), mi/h 60.0 Total Ramp Density (TRD), ramps/mi 0.83
Lane Width, ft 12 Free-Flow Speed (FFS), mi/h 57.2
Right-Side Lateral Clearance, ft 10

Adjustment Factors

Driver Population All Familiar Final Speed Adjustment Factor (SAF) 1.000
Weather Type Non-Severe Weather Demand Adjustment Factor (DAF) 1.000
Incident Type No Incident Final Capacity Adjustment Factor (CAF) | 1.000
Proportion of CAVs in Traffic Stream 0 Capacity Adj. Factor for CAVs, CAEAV 1.000
Demand and Capacity

Demand Volume (V), veh/h 995 Heavy Vehicle Adjustment Factor (HV) 0.870
Peak Hour Factor (PHF) 0.94 Flow Rate (\p), pc/h/In 608
Total Trucks, % 15.00 Capacity (c), pc/h/in 2272
Single-Unit Trucks (SUT), % - Initial Adjusted Capacity (cadj), pc/h/In 2272
Tractor-Trailers (TT), % - Final Adjusted Capacity (adj), pc/h/In 2272
Passenger Car Equivalent (B 2.00 Volume-to-Capacity Ratio (v/c) 0.27
Speed and Density

Lane Width Adjustment (fLw) 0.0 Average Speed (S), mi/h 57.2
Right-Side Lateral Clearance Adj. ®LQ 0.0 Density (D), pc/mi/ln 10.6
Total Ramp Density Adjustment 2.8 Level of Service (LOS) A
Adjusted Free-Flow Speed (FF&j), mi/h | 57.2
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SURMHFW ,QIRUPDWLRQ
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3URMHFW 'HVFULSWLRQ ‘HVW Rl 3RWW| 8QLWYV 8 6 &XVWRPDU\
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HCS Freeway Diverge Report

Project Information

Analyst Drive Engineering Date 3/5/2024
Agency PennDOQT District 2-0 Analysis Year 2050
Jurisdiction Boalsburg Time Analyzed
Project Description Boalsburg Interchange EB Units U.S. Customary
Diverge Alt 4 Connector and T
AM

Geometric Data

Freeway Ramp
Number of Lanes (N), In 2 1
Free-Flow Speed (FFS), mi/h 60.0 35.0
Segment Length (L) / Deceleration Length (ID), ft 1500 800
Terrain Type Level Level
Percent Grade, % = =
Segment Type / Ramp Type Freeway Right-Sided One-Lane
Adjustment Factors
Driver Population All Familiar All Familiar
Weather Type Non-Severe Weather Non-Severe Weather
Incident Type No Incident -
Proportion of CAVs in Traffic Stream 0 -
Final Speed Adjustment Factor (SAF) 1.000 1.000
Demand Adjustment Factor (DAF) 1.000 1.000
Capacity Adjustment Factor (CAF) 1.000 1.000
Capacity Adj. Factor for CAVs, CAEAV 1.000 -
Demand and Capacity
Demand Volume (M), veh/h 635 80
Peak Hour Factor (PHF) 0.92 0.92
Total Trucks, % 23.00 6.00
Single-Unit Trucks (SUT), % - -
Tractor-Trailers (TT), % - -
Heavy Vehicle Adjustment Factor (HV) 0.813 0.943
Flow Rate (V), pc/h 849 92
Capacity (and), pc/h 4600 2000
Adjusted Capacity (and), pc/h 4600 2000
Volume-to-Capacity Ratio (v/c) 0.18 0.05

Speed and Density

Upstream Equilibrium Distance (LEQ), ft -

Number of Outer Lanes on Freeway (Nd), In | O

Distance to Upstream Ramp (luP), ft -

Speed Index (Ds)

0.436

Downstream Equilibrium Distance (LEQ), ft -

Flow Outer Lanes (W0A), pc/h/in

Distance to Downstream Ramp (LDOWN), ft -

Off-Ramp Influence Area Speed (%), mi/h 52.2

Prop. Freeway Vehicles in Lane 1 and 2 ) | 1.000

Outer Lanes Freeway Speed (8), mi/h 65.8




Flow in Lanes 1 and 2 (22), pc/h 849 Ramp Junction Speed (S), mi’h 52.2

Flow Entering Ramp-Infl. Area (R12), pc/h - Average Density (D), pc/mi/ln 8.1
Level of Service (LOS) A Density in Ramp Influence Area (IR), pc/mi/ln | 4.4
Copyright © 2024 University of Florida. All Rights Reserved. HCS™ Freeways Version 2022 Generated: 05/23/2024 13:43:5:
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HCS Freeway Diverge Report

Project Information

Analyst Drive Engineering Date 3/5/2024
Agency PennDOQT District 2-0 Analysis Year 2050
Jurisdiction Boalsburg Time Analyzed
Project Description Boalsburg Interchange EB Units U.S. Customary
Diverge Alt 4 Connector and T
PM

Geometric Data

Freeway Ramp
Number of Lanes (N), In 2 1
Free-Flow Speed (FFS), mi/h 60.0 35.0
Segment Length (L) / Deceleration Length (ID), ft 1500 800
Terrain Type Level Level
Percent Grade, % = =
Segment Type / Ramp Type Freeway Right-Sided One-Lane
Adjustment Factors
Driver Population All Familiar All Familiar
Weather Type Non-Severe Weather Non-Severe Weather
Incident Type No Incident -
Proportion of CAVs in Traffic Stream 0 -
Final Speed Adjustment Factor (SAF) 1.000 1.000
Demand Adjustment Factor (DAF) 1.000 1.000
Capacity Adjustment Factor (CAF) 1.000 1.000
Capacity Adj. Factor for CAVs, CAEAV 1.000 -
Demand and Capacity
Demand Volume (M), veh/h 1260 370
Peak Hour Factor (PHF) 0.92 0.92
Total Trucks, % 13.00 2.00
Single-Unit Trucks (SUT), % - -
Tractor-Trailers (TT), % - -
Heavy Vehicle Adjustment Factor (HV) 0.885 0.980
Flow Rate (v), pc/h 1548 410
Capacity (and), pc/h 4600 2000
Adjusted Capacity (and), pc/h 4600 2000
Volume-to-Capacity Ratio (v/c) 0.34 0.21

Speed and Density

Upstream Equilibrium Distance (LEQ), ft -

Number of Outer Lanes on Freeway (Nd), In | O

Distance to Upstream Ramp (luP), ft

Speed Index (Ds)

0.465

Downstream Equilibrium Distance (LEQ), ft -

Flow Outer Lanes (W0A), pc/h/in

Distance to Downstream Ramp (LDOWN), ft -

Off-Ramp Influence Area Speed (%), mi/h 51.6

Prop. Freeway Vehicles in Lane 1 and 2 ) | 1.000

Outer Lanes Freeway Speed (8), mi/h 65.8




Flow in Lanes 1 and 2 (22), pc/h 1548 Ramp Junction Speed (S), mi’h 51.6
Flow Entering Ramp-Infl. Area (R12), pc/h - Average Density (D), pc/mi/ln 15.0
Level of Service (LOS) B Density in Ramp Influence Area (OR), pc/mi/ln | 10.4

Design Analysis Table

Freeway Lanes, In 2 2 3 3 4 4 5 5
Ramp Lanes, In 1 2 1 2 1 2 1 2
Density, pc/mi/ln 15.0 15.0 9.5 9.1 6.8 6.6 5.5 53
LOS B A A A A A A A

Copyright © 2024 University of Florida. All Rights Reserved.
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HCS Freeway Merge Report

Project Information

Analyst Drive Engineering Date 3/5/2024
Agency PennDOQT District 2-0 Analysis Year 2050
Jurisdiction Boalsburg Time Analyzed
Project Description Boalsburg Interchange EB Merge | Units U.S. Customary
Alt 4 Connector and T AM
Geometric Data
Freeway Ramp
Number of Lanes (N), In 2 1
Free-Flow Speed (FFS), mi/h 60.0 35.0
Segment Length (L) / Acceleration Length (1a), ft 1500 1000
Terrain Type Level Level
Percent Grade, % - -
Segment Type / Ramp Type Freeway Right-Sided One-Lane
Adjustment Factors
Driver Population All Familiar All Familiar

Weather Type Non-Severe Weather Non-Severe Weather
Incident Type No Incident -
Proportion of CAVs in Traffic Stream 0 -
Final Speed Adjustment Factor (SAF) 1.000 1.000
Demand Adjustment Factor (DAF) 1.000 1.000
Capacity Adjustment Factor for CAVs, CAEAV 1.000 -
Final Capacity Adjustment Factor (CAF) 1.000 1.000
Demand and Capacity

Demand Volume (M), veh/h 555 130
Peak Hour Factor (PHF) 0.92 0.92
Total Trucks, % 23.00 23.00
Single-Unit Trucks (SUT), % - -
Tractor-Trailers (TT), % - -
Heavy Vehicle Adjustment Factor (HV) 0.813 0.813
Flow Rate (v), pc/h 742 174
Capacity (and), pc/h 4600 2000
Adjusted Capacity (and), pc/h 4600 2000
Volume-to-Capacity Ratio (v/c) 0.20 0.09

Speed and Density

Upstream Equilibrium Distance (LEQ), ft -

Number of Outer Lanes on Freeway (No), In | 0

Distance to Upstream Ramp (lUP), ft -

Speed Index (Ms)

0.261

Downstream Equilibrium Distance (LEQ), ft -

Flow Outer Lanes (WA), pc/h/in

Distance to Downstream Ramp (LDOWN), ft -

On-Ramp Influence Area Speed (8), mi’h 55.3

Prop. Freeway Vehicles in Lane 1 and 2 (1) | 1.000

Outer Lanes Freeway Speed (8), mi’h 60.0

Flow in Lanes 1 and 2 (22), pc/h 742

Ramp Junction Speed (S), mi/h

55.3




Flow Entering Ramp-Infl. Area (R12), pc/h 916 Average Density (D), pc/mi/ln 8.3

Level of Service (LOS) A Density in Ramp Influence Area (IR), pc/mi/in | 6.3
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HCS Freeway Merge Report

Project Information

Analyst Drive Engineering Date 3/5/2024
Agency PennDOQT District 2-0 Analysis Year 2050
Jurisdiction Boalsburg Time Analyzed
Project Description Boalsburg Interchange EB Merge | Units U.S. Customary
Alt 4 Connector and T PM
Geometric Data
Freeway Ramp
Number of Lanes (N), In 2 1
Free-Flow Speed (FFS), mi/h 60.0 35.0
Segment Length (L) / Acceleration Length (1a), ft 1500 1000
Terrain Type Level Level
Percent Grade, % - -
Segment Type / Ramp Type Freeway Right-Sided One-Lane
Adjustment Factors
Driver Population All Familiar All Familiar

Weather Type Non-Severe Weather Non-Severe Weather
Incident Type No Incident -
Proportion of CAVs in Traffic Stream 0 -
Final Speed Adjustment Factor (SAF) 1.000 1.000
Demand Adjustment Factor (DAF) 1.000 1.000
Capacity Adjustment Factor for CAVs, CAEAV 1.000 -
Final Capacity Adjustment Factor (CAF) 1.000 1.000
Demand and Capacity

Demand Volume (M), veh/h 890 360
Peak Hour Factor (PHF) 0.92 0.92
Total Trucks, % 13.00 13.00
Single-Unit Trucks (SUT), % - -
Tractor-Trailers (TT), % - -
Heavy Vehicle Adjustment Factor (HV) 0.885 0.885
Flow Rate (V), pc/h 1093 442
Capacity (and), pc/h 4600 2000
Adjusted Capacity (and), pc/h 4600 2000
Volume-to-Capacity Ratio (v/c) 0.33 0.22

Speed and Density

Upstream Equilibrium Distance (LEQ), ft - Number of Outer Lanes on Freeway (No), In | 0
Distance to Upstream Ramp (lUP), ft - Speed Index (Ms) 0.269
Downstream Equilibrium Distance (LEQ), ft - Flow Outer Lanes (WA), pc/h/in -
Distance to Downstream Ramp (LDOWN), ft - On-Ramp Influence Area Speed (8), mi’h 55.2
Prop. Freeway Vehicles in Lane 1 and 2 (1) | 1.000 Outer Lanes Freeway Speed (8), mi’h 60.0
Flow in Lanes 1 and 2 (22), pc/h 1093 Ramp Junction Speed (S), mi/h 55.2




Flow Entering Ramp-Infl. Area (R12), pc/h 1535 Average Density (D), pc/mi/ln 13.9
Level of Service (LOS) B Density in Ramp Influence Area (IR), pc/mi/ln | 11.0
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HCS Freeway Diverge Report

Project Information

Analyst Drive Engineering Date 3/5/2024
Agency PennDOQT District 2-0 Analysis Year 2050
Jurisdiction Boalsburg Time Analyzed
Project Description Boalsburg Interchange WB Units U.S. Customary
Diverge Alt 4 Connector and T
AM

Geometric Data

Freeway Ramp
Number of Lanes (N), In 2 1
Free-Flow Speed (FFS), mi/h 60.0 35.0
Segment Length (L) / Deceleration Length (ID), ft 1500 1400
Terrain Type Level Level
Percent Grade, % = =
Segment Type / Ramp Type Freeway Right-Sided One-Lane
Adjustment Factors
Driver Population All Familiar All Familiar
Weather Type Non-Severe Weather Non-Severe Weather
Incident Type No Incident -
Proportion of CAVs in Traffic Stream 0 -
Final Speed Adjustment Factor (SAF) 1.000 1.000
Demand Adjustment Factor (DAF) 1.000 1.000
Capacity Adjustment Factor (CAF) 1.000 1.000
Capacity Adj. Factor for CAVs, CAEAV 1.000 -
Demand and Capacity
Demand Volume (M), veh/h 1105 320
Peak Hour Factor (PHF) 0.92 0.92
Total Trucks, % 13.00 13.00
Single-Unit Trucks (SUT), % - -
Tractor-Trailers (TT), % - -
Heavy Vehicle Adjustment Factor (HV) 0.885 0.885
Flow Rate (v), pc/h 1357 393
Capacity (and), pc/h 4600 2000
Adjusted Capacity (and), pc/h 4600 2000
Volume-to-Capacity Ratio (v/c) 0.30 0.20

Speed and Density

Upstream Equilibrium Distance (LEQ), ft -

Number of Outer Lanes on Freeway (Nd), In | O

Distance to Upstream Ramp (luP), ft -

Speed Index (Ds)

0.463

Downstream Equilibrium Distance (LEQ), ft -

Flow Outer Lanes (W0A), pc/h/in

Distance to Downstream Ramp (LDOWN), ft -

Off-Ramp Influence Area Speed (%), mi/h 51.7

Prop. Freeway Vehicles in Lane 1 and 2 ) | 1.000

Outer Lanes Freeway Speed (8), mi/h 65.8




Flow in Lanes 1 and 2 (22), pc/h 1357 Ramp Junction Speed (S), mi’h 51.7

Flow Entering Ramp-Infl. Area (R12), pc/h - Average Density (D), pc/mi/ln 131
Level of Service (LOS) A Density in Ramp Influence Area (IR), pc/mi/in | 3.3
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HCS Freeway Diverge Report

Project Information

Analyst Drive Engineering Date 3/5/2024
Agency PennDOQT District 2-0 Analysis Year 2050
Jurisdiction Boalsburg Time Analyzed
Project Description Boalsburg Interchange WB Units U.S. Customary
Diverge Alt 4 Connector and T
PM

Geometric Data

Freeway Ramp
Number of Lanes (N), In 2 1
Free-Flow Speed (FFS), mi/h 60.0 35.0
Segment Length (L) / Deceleration Length (ID), ft 1500 1400
Terrain Type Level Level
Percent Grade, % = =
Segment Type / Ramp Type Freeway Right-Sided One-Lane
Adjustment Factors
Driver Population All Familiar All Familiar
Weather Type Non-Severe Weather Non-Severe Weather
Incident Type No Incident -
Proportion of CAVs in Traffic Stream 0 -
Final Speed Adjustment Factor (SAF) 1.000 1.000
Demand Adjustment Factor (DAF) 1.000 1.000
Capacity Adjustment Factor (CAF) 1.000 1.000
Capacity Adj. Factor for CAVs, CAEAV 1.000 -
Demand and Capacity
Demand Volume (M), veh/h 905 220
Peak Hour Factor (PHF) 0.92 0.92
Total Trucks, % 18.00 18.00
Single-Unit Trucks (SUT), % - -
Tractor-Trailers (TT), % - -
Heavy Vehicle Adjustment Factor (HV) 0.847 0.847
Flow Rate (V), pc/h 1161 282
Capacity (and), pc/h 4600 2000
Adjusted Capacity (and), pc/h 4600 2000
Volume-to-Capacity Ratio (v/c) 0.25 0.14

Speed and Density

Upstream Equilibrium Distance (LEQ), ft -

Number of Outer Lanes on Freeway (Nd), In | O

Distance to Upstream Ramp (luP), ft

Speed Index (Ds)

0.453

Downstream Equilibrium Distance (LEQ), ft -

Flow Outer Lanes (W0A), pc/h/in

Distance to Downstream Ramp (LDOWN), ft -

Off-Ramp Influence Area Speed (%), mi/h 51.8

Prop. Freeway Vehicles in Lane 1 and 2 ) | 1.000

Outer Lanes Freeway Speed (8), mi/h 65.8




Flow in Lanes 1 and 2 (22), pc/h 1161 Ramp Junction Speed (S), mi’h 51.8

Flow Entering Ramp-Infl. Area (R12), pc/h - Average Density (D), pc/mi/ln 11.2
Level of Service (LOS) A Density in Ramp Influence Area (OR), pc/mi/ln | 1.6
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HCS Freeway Merge Report

Project Information

Analyst Drive Engineering Date 3/5/2024
Agency PennDOQT District 2-0 Analysis Year 2050
Jurisdiction Boalsburg Time Analyzed
Project Description Boalsburg Interchange WB Merge | Units U.S. Customary
Alt 4 Connector and T AM
Geometric Data
Freeway Ramp
Number of Lanes (N), In 2 1
Free-Flow Speed (FFS), mi/h 60.0 35.0
Segment Length (L) / Acceleration Length (1a), ft 1500 1200
Terrain Type Level Level
Percent Grade, % - -
Segment Type / Ramp Type Freeway Right-Sided One-Lane
Adjustment Factors
Driver Population All Familiar All Familiar

Weather Type Non-Severe Weather Non-Severe Weather
Incident Type No Incident -
Proportion of CAVs in Traffic Stream 0 -
Final Speed Adjustment Factor (SAF) 1.000 1.000
Demand Adjustment Factor (DAF) 1.000 1.000
Capacity Adjustment Factor for CAVs, CAEAV 1.000 -
Final Capacity Adjustment Factor (CAF) 1.000 1.000
Demand and Capacity

Demand Volume (M), veh/h 785 470
Peak Hour Factor (PHF) 0.92 0.92
Total Trucks, % 13.00 2.00
Single-Unit Trucks (SUT), % - -
Tractor-Trailers (TT), % - -
Heavy Vehicle Adjustment Factor (HV) 0.885 0.980
Flow Rate (V), pc/h 964 521
Capacity (and), pc/h 4600 2000
Adjusted Capacity (and), pc/h 4600 2000
Volume-to-Capacity Ratio (v/c) 0.32 0.26

Speed and Density

Upstream Equilibrium Distance (LEQ), ft - Number of Outer Lanes on Freeway (No), In | 0
Distance to Upstream Ramp (lUP), ft - Speed Index (Ms) 0.254
Downstream Equilibrium Distance (LEQ), ft - Flow Outer Lanes (WA), pc/h/in -
Distance to Downstream Ramp (LDOWN), ft - On-Ramp Influence Area Speed (8), mi’h 55.4
Prop. Freeway Vehicles in Lane 1 and 2 (1) | 1.000 Outer Lanes Freeway Speed (8), mi’h 60.0
Flow in Lanes 1 and 2 (22), pc/h 964 Ramp Junction Speed (S), mi/h 55.4




Flow Entering Ramp-Infl. Area (R12), pc/h 1485 Average Density (D), pc/mi/ln 134

Level of Service (LOS) A Density in Ramp Influence Area (IR), pc/mi/in | 9.4
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HCS Freeway Merge Report

Project Information

Analyst Drive Engineering Date 3/5/2024
Agency PennDOQT District 2-0 Analysis Year 2050
Jurisdiction Boalsburg Time Analyzed
Project Description Boalsburg Interchange WB Merge | Units U.S. Customary
Alt 4 Connector and T PM
Geometric Data
Freeway Ramp
Number of Lanes (N), In 2 1
Free-Flow Speed (FFS), mi/h 60.0 35.0
Segment Length (L) / Acceleration Length (1a), ft 1500 1200
Terrain Type Level Level
Percent Grade, % - -
Segment Type / Ramp Type Freeway Right-Sided One-Lane
Adjustment Factors
Driver Population All Familiar All Familiar

Weather Type Non-Severe Weather Non-Severe Weather
Incident Type No Incident -
Proportion of CAVs in Traffic Stream 0 -
Final Speed Adjustment Factor (SAF) 1.000 1.000
Demand Adjustment Factor (DAF) 1.000 1.000
Capacity Adjustment Factor for CAVs, CAEAV 1.000 -
Final Capacity Adjustment Factor (CAF) 1.000 1.000
Demand and Capacity

Demand Volume (M), veh/h 685 90
Peak Hour Factor (PHF) 0.92 0.92
Total Trucks, % 18.00 2.00
Single-Unit Trucks (SUT), % - -
Tractor-Trailers (TT), % - -
Heavy Vehicle Adjustment Factor (HV) 0.847 0.980
Flow Rate (v), pc/h 879 100
Capacity (and), pc/h 4600 2000
Adjusted Capacity (and), pc/h 4600 2000
Volume-to-Capacity Ratio (v/c) 0.21 0.05

Speed and Density

Upstream Equilibrium Distance (LEQ), ft - Number of Outer Lanes on Freeway (No), In | 0
Distance to Upstream Ramp (lUP), ft - Speed Index (Ms) 0.247
Downstream Equilibrium Distance (LEQ), ft - Flow Outer Lanes (WA), pc/h/in -
Distance to Downstream Ramp (LDOWN), ft - On-Ramp Influence Area Speed (8), mi’h 55.6
Prop. Freeway Vehicles in Lane 1 and 2 (1) | 1.000 Outer Lanes Freeway Speed (8), mi’h 60.0
Flow in Lanes 1 and 2 (22), pc/h 879 Ramp Junction Speed (S), mi/h 55.6




Flow Entering Ramp-Infl. Area (R12), pc/h 979 Average Density (D), pc/mi/ln 8.8

Level of Service (LOS) A Density in Ramp Influence Area (IR), pc/mi/in | 5.6
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Build Alternatives HSM Analyses



CMF CLEARINGHOUSE DATA



CMF / CRF Detalls

CMF ID: 227

CMF Name: Convert intersection with minor-road stop control to modern roundabout
Description:

Prior Condition: No Prior Condition(s)

Category: Intersection geometry

Study ID: NCHRP Report 572: Applying Roundabouts in the United States,
Rodegerdts et al. 2007

Star Quality Rating: 3 Stars

Value:

Adjusted Standard Error:

Unadjusted Standard Error:

Value:

Adjusted Standard Error:

Unadjusted Standard Error:
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Average Major Road Volume:

Average Minor Road Volume:

Date Range of Data Used:
Municipality:
State:

Country:

Type of Methodology Used:

Included in HSM:
Date Added to Clearinghouse:

Comments:

This site is funded by the U.S. Department of Transportation Federal Highway Administration and maintained by the
University of North Carolina Highway Safety Research Center

The information contained in the Crash Modification Factors (CMF) Clearinghouse is disseminated under the
sponsorship of the U.S. Department of Transportation in the interest of information exchange. The U.S.
Government assumes no liability for the use of the information contained in the CMF Clearinghouse. The
information contained in the CMF Clearinghouse does not constitute a standard, specification, or regulation, nor is it
a substitute for sound engineering judgment.
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CRASH MODIFICATION FACTORS CLEARINGHOUSE

ABOUTTHECLEARINGHOUSEI USING CI\/IFSI DEVELOPING CMFSI ADDITIONAL

Home » Compare CMFs

CMF COMPARISON

Below you will nd comparisons for the CMFs you chose.
Please note that the rows highlighted and bold/italic contain the differences in the selected CMFs.

Selected CMF

Countermeasure Name

Convert to roundabout

Convert to roundabout

Convert to roundabout

Convert to rounc

interchanges interchanges interchanges interchanges
CMF ID 9443 11132 11148 11166
CMF 0.756 0.604 0.822 0.954

Study Reference

CLAROSETAL., 2018

BORIS CLAROS, BEAU
BURDETT, MADHAV

CHITTURI, ANDREA BILL,

BORIS CLAROS, BEAU

BORIS CLAROS, |

BURDETT, MADHAV

CHITTURI, ANDREA BILL,

BURDETT, MADH

CHITTURI, ANDR

AND DAVID A. NOYCE,

AND DAVID A. NOYCE,

AND DAVID A. NO

2021 2021 2021
Unadjusted Standard Error AMF
CMFunction
StarRatng e
Rating Score Total 90 95 95 75
Crash Type All All All All
Crash Severity
Crash Time of Day All Not specified Not specified Not specified
Area Type All
Road Division Type
Road Type Al 'F:’rincipal Arterial Other Principal Arterial Other Principal Arterial.

reeways and Expressways Freeways and Expressways Freeways and E:

Min Number of Lanes 1
Max Number of Lanes 1
Number of Lanes Direction Not Specified Not Specified Not Specified
Number of Lanes Comment
(etharge g | ooty | Rosaionivay L hoaduayionds

terminal)

Intersection Geometry No values chosen. No values chosen. No values chosen. No values

Traffic Control Roundabout Roundabout Roundabout Roundabout

Minimum Speed Limit 25

Maximum Speed Limit 45

Speed Unit mph mph mph mph
Posted speed limits for Posted speed limits for Posted speed lin
freeways were between 55 freeways were between 55  freeways were b

Speed Limit Comment cpeed lmis for ciosaroad  speed fmia for Giossroads  Speed mis for
were between 25 mph anq  were between 25 mph and  were between 3t
55 mph. 45 mph. 45 mph.

Study Type 2 2 2 2

Years From 2003

Years To 2016




Traffic Volume Unit

Annual Average Daily
Traffic (AADT)

Annual Average Daily
Traffic (AADT)

Annual Average Daily
Traffic (AADT)

Annual Average
Traffic (AADT)

Min Traffic Volume

Max Traffic Volume

Min Major Rd Volume 2060 2060 2060 7493
Max Major Rd Volume 16715 17150 30700 30700
Min Minor Rd Volume 647 1300 1300 1900
Max Minor Rd Volume 5630 10900 10900 9400
Avg Traffic Volume
Avg Major Rd Volume 8186
Avg Minor Rd Volume 2721
State of Origin MO MO,WI MO,WI MO,WI
Municipality
Country USA USA USA
This CME is for all AADT on exit ramps were AADT on exit ramps were AADT on exit rar
crashes at single-lane between 1,300 and 10,909  between 1,300 and 10,900  between 1,900 a
roundabout ragr]n vpd. AADT on entrance vpd. AADT on entrance vpd. AADT on er
Comments terminals Nume:ar of ramps were between 647 ramps were between 647 ramps were betv
lanes and speed limits and 11,450 vpd. AADT on and 11,450 vpd. AADT on and 9,267 vpd. A
entered h erg are for crossroad approaches wefe crossroad approaches were crossroad appro.
ramps between 2,060 and 17,150  between 2,060 and 30,700  between 7,493 a
ps. vpd. vpd. vpd.
This site is funded by the U.S. Department of Transportation Federal Highw
and maintained by the University of North Carolina High et
For more information, contact Sarah Weissman Pascual atsara
The information contained in the Crash Modi cation Factors (CMF) Clearinghouse is seminated under the sponsorship of the U.S. Department of Transportation in the interest of information exchange. The U.S. Government assumes no liak

the information contained in the CMF Clearinghouse. The informatio

contained in the CMF C

earinghouse does not con stitute a standard, speci cation, or regulation, nor is it a substitute for sound engineering judgment



CMF / CRF Detalls

CMF ID: 11132

CMF Name: Convert to roundabout interchanges

Description: Convert to interchange roundabouts with either a single roundabout or a
Prior Condition: Stop-controlled ramp terminal on diamond interchange

Category: Interchange design

Study ID: Are Roundabouts Safe and Economically Viable Replacing
Conventional Diamond Interchange Ramp Terminals?, Boris Claros, Beau
Burdett, Madhav Chitturi, Andrea Bill, and David A. Noyce 2021

Star Quality Rating: 3 Stars

Value:

Adjusted Standard Error:

Unadjusted Standard Error:

Value:

Adjusted Standard Error:

Unadjusted Standard Error:



peed limi
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Average Major Road Volume:

Average Minor Road Volume:

Date Range of Data Used:
Municipality:
State:

Country:

Type of Methodology Used:

Included in HSM:
Date Added to Clearinghouse:

Comments:

This site is funded by the U.S. Department of Transportation Federal Highway Administration and maintained by the
University of North Carolina Highway Safety Research Center

The information contained in the Crash Modification Factors (CMF) Clearinghouse is disseminated under the
sponsorship of the U.S. Department of Transportation in the interest of information exchange. The U.S.
Government assumes no liability for the use of the information contained in the CMF Clearinghouse. The
information contained in the CMF Clearinghouse does not constitute a standard, specification, or regulation, nor is it
a substitute for sound engineering judgment.
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Chapter 8.

Development of Models for Use in HSM Crash Predicti  on
Methods: Crossroad Ramp Terminals at Single-Point
Diamond Interchanges

This section describes the development of crastigiren models for crossroad ramp terminals

at single-point diamond interchanges (SPs). Sipgiet diamond interchanges are implemented

in urban areas. Their crossroad ramp terminals are chazadtéy one intersection through

which all at-grade traffic movements are made (Leisch, R@¥ction 8.1 describes the site
selection and data collection processes for develapamh prediction models for crossroad

ramp terminals at single-point diamond interchangesid®e8t2 provides descriptive statistics

of the databases used for model development. Sectiome&@nps the statistical analysis and
resulting SPFs for crossroad ramp terminals at single-point diamond interchanges. Section 8.4
discusses the CMFs recommended for use with the SPFs. Section 8.5 addresses the outcomes of
the analysis to develop SDFs for crossroad ranmiteds of single-point diamond interchanges.
Section 8.6 provides recommendations for incorfrogahe new crash prediction models for
crossroad ramp terminals at single-point diamond inteiggsin the second edition of the HSM.

8.1 Site Selection and Data Collection

A list of potential single-point diamond interchanges was developed by searching emtatxhs
satellite imagery in five states:

Arizona (AZ)
Missouri (MO)
Nevada (NV)
Tennessee (TN)
Utah (UT)

Data collection activities for these sites includathgring geometric design attributes of the
interchanges as well as traffic and crash datan@é&a attributes were collected from aerial
imagery in Google Earth as well as Google Street ViewTable 91 lists the geometric
attributes collected (and respective definitiond parmitted values) for each single-point
diamond interchange.

Table 91. Site characteristic variables collected f  or crossroad ramp terminals at
single-point diamond interchanges

Variable | Definition | Range or Permitted Values
General Intersection Attributes
Intersection configuration (i.e., number | Indicates the number of legs and type of traffic

of legs and type of traffic control) control 4SG
Indicates whether the intersection is in a rural

Area type Urban
or urban area

Presence of intersection lighting Indicates if overhead lighting is present at the Yes, no

intersection proper

Indicates whether the crossroad passes over
or under the freeway

Estimated year when the interchange was
constructed

Crossroad over or under freeway Over or under

Construction year Range: 1992 to 2014
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Table 91. Site characteristic variables collected f  or crossroad ramp terminals at
single-point diamond interchanges (Continued)

Approach Specific Attributes

Route name or number

Specifies the route name or number of the
approach

Location at intersection

Side of the intersection the approach is located

Primary, secondary

The number of approaches with one or more

crossroad at the crossroad ramp terminal

Presence of left-turn lanes 4
left-turn lanes

Number of left-turn lanes Number of left-turn lanes provided for turning 01,23
movements to/from each freeway ramp

Left-turn protected only Number_ of approaches with protected only left- 4
turn options

Presence of right-tur lane Number of approaches with one or more right- 01234
turn lanes

Number of right-turn lanes Number of right-turn lanes provided for turning 01,23
movements to/from each freeway ramp
Number of through lanes present on each

Number of through lanes crossroad approach to the crossroad ramp 1,2,3,4
terminal
Indicates the presence of frontage roads at the

Presence of frontage roads interchange, where a through movement is Yes, no
added between the exit and entrance ramps
Indicates the presence of crosswalks at the

Presence of crosswalk : Yes, no
crossroad ramp terminal

. Indicates the presence of a bike lane on the
Presence of bike lane Yes, no

Width of median (in feet) on each crossroad

mainline and crossroad

Median width : Range: 0 to 47 ft
approach to the crossroad ramp terminal

Median type Type of median present on each cros_sroad Raised, flush, depressed, none
approach to the crossroad ramp terminal

Skew angle The intersection skew angle of the freeway Range: 0 to 90 degrees

Number of driveways

Number of driveways located within 250 ft of
the crossroad stop bars/lines

Range: 0 to 10

Indicates if an unsignalized public street

on the crossroad

Presence of public street approach approach is present within 250 ft of a Yes, no
crossroad stop bar/line
. . Indicates the presence of a railroad crossing
Presence of railroad crossing Yes, no

Freeway posted speed limit

The posted speed limit on the freeway mainline

Range: 45 to 75 mph

Crossroad posted speed limit

The posted speed limit on the crossroad

Range: 30 to 55 mph

Terminal length

The distance measured along the crossroad
between the outermost ramp terminal
boundaries

Range: 468 to 2274 ft

Traffic control type for right turns

Type of traffic control for right-turn movements

Signal, stop, yield, none

U-turns allowed

Indicates if a U-turn is allowed between exit
ramps and entrance ramps

Yes, no

Distance to right-turn approach

Distance from the center of the crossroad ramp
terminal to the center of the right turn approach

Range: 100 to 1654 ft

The 2construction year® was estimated using the 2Cldekfure in Google Earthas the earliest
year with the interchange present in aerial imag8ome single-point diamond interchanges in
the database were built during the study period and therb&at fewer years of data available
for analysis. Additional information about the irtleange configuration was used to exclude
sites with uncommon or inconsistent geometric conditions, such as thef Eckossroad
approach or ramp approach.

Traffic data collection activities primarily invadd accessing publicly available traffic volumes
and statistics.
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Crash data were obtained from state DOTs. The datshgenerally included details about the
crash location (geographic coordinates), as well as attributes describing the crash, people
involved in the crash, and the road and environateminditions at the location and time of the
crash.

Identifying crashes associated with the ramp terhmgguired a clear definition of a ramp
terminal-related crash based on geographic locatiohcrash attributes. To maintain a level of
consistency with the ramp terminal models in NCHR@jdet 17-45, these crashes were selected
using the following criteria:

Crashes occurring on the crossroad within the reampinal boundary, defined as a point
100 ft from the gore or curb return of the outertmasnp connection, and having one of
the following attributes:

- atintersection

- intersection-related

- atdriveway

- driveway-related

- involving a pedestrian or bicyclist

Crashes occurring on a ramp with at least one of the following attributes:

- atintersection;

- intersection-related,;

- involving a pedestrian or bicyclist, or

- located on an exit ramp and manner of collision is rear-end.

This definition departs from the NCHRP Project 17-45 réenminal definition, using a

different distance reference to define the crossraanp terminal boundary. The NCHRP
Project 17-45 definition used 250 ft from the crossl ramp terminal, measured from the center
of the intersection. The definition implemented ttoe crossroad ramp terminals of single-point
diamond interchanges is based on the American Natioaati&tds Institute (ANSI) D16.1-2007
(Manual on Classification of Motor Vehicle Traffic Adents) definition of an interchange
crash. According to the ANSI definition, an inteadige crash is a crash in which the first
harmful event occurs within a boundary defined Ipoant 100 ft from the gore or curb return of
the outermost ramp connection. Figure 69 illustratebolimdaries for defining ramp terminal
crashes at a single-point diamond interchange.

This ramp terminal boundary adjustment was necessargisoapplication due to the size of a
typical crossroad ramp terminal at a single-point diamoteichange and its main characteristic
of operating as one intersection. Figure 70 shows am@raof a single-point diamond
interchange with a crossroad terminal size/lenggir@ximately equal to the average of terminal
sizes/lengths at sites in Arizona and Utah. At liilxisition, the maximum distance between the
center of the interchange and the outermost ramp connést@pproximately 330 ft, more than
the 250 ft used in the NCHRP Project 17-45 definition. Assalt, using the 250 ft boundary
would have resulted in missing crashes associaitidright turn movements at the entrance and
exit ramps. It would have also resulted in misgag of the longer left-turn lanes on the cross
street that are common to crossroad ramp termataisgle-point diamond interchanges. The
ramp terminal boundary that is based on the AN8hti®en and implemented in this research
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extends 100 ft beyond the outermost ramp connegteapturing crashes associated with the
right-turn movements and the left-turn lanes.

Figure 69. Single-point diamond interchange ramp te  rminal boundaries for defining ramp
terminal crashes (adapted from Bonneson et al.,, 201 2)

Figure 70. Example of a single-point diamond interc ~ hange with the implemented ramp
terminal boundary identified along the crossroad (S ource: ArcMap)
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All of the collected data (i.e., site charactecsticrashes, and traffic volumes) were assembled
into one database for the purposes of model denedap After initial database development and
guality assessments, interchanges in Arizona aatl Were selected for model development due
to a higher level of confidence in accurately aglthbly locating and identifying terminal-

related crashes in those states. This decisioftedsn 70 potential crossroad ramp terminals for
model development. This list of interchanges wathér reduced due to unusual geometric
attributes and missing traffic data. Specificallg, sites were excluded due to missing ramp
volumes on at least one ramp approach, four weskiéed for unusual ramp terminal
configurations (e.g., exit ramp integration witharigy intersections or streets), and two were
excluded for unusual crossroad configurations (engssing crossroad approach, resulting in a
three-leg variation of a single-point diamond ioteange).

With 52 potential sites remaining for model devehgmt, cumulative residual (CURE) plots for
preliminary models indicated three potential ouslieere present in the database. These
locations generally had an excessive number of B26hes relative to their reported traffic
volumes on the crossroads and ramps, resultingusually large residuals. The final database
excluded these three sites, resulting in 49 crassramp terminals at single-point diamond
interchanges for model development.

8.2 Descriptive Statistics of Database

A total of 49 crossroad ramp terminals at singlexpdiamond interchanges were used for crash
prediction model development. The selected siteg Wvem two states: Arizona and Utah. To
remain consistent with the standards for developroktine intersection predictive models in the
first edition of the HSM, the goal of this research waseteetbp crash prediction models with a
minimum of 200 site-years of data, and preferaldl§ dite-years of data or more.

Traffic Volumes and Site Characteristics

Traffic volumes and crash data from years 201 1utpna2015 were used for analysis. Table 92
provides summary statistics for traffic volumets study sites used for model development.

Study period (date range), number of sites anedysiées, and traffic volume descriptive statistics
are shown by state.

Table 92. Crossroad and ramp AADT statistics at sin  gle-point diamond interchange
crossroad ramp terminals

Dat Number | Number Crossroad AADT Ramp AADT (sum of all four ramps)
State Ra?] ee of of Site- (veh/day) (veh/day)

Y Sites Years Min Max Mean Median Min Max Mean Median
AZ O 28 140 | 14934 | 70,790 | 36,169 | 36,302 | 16,556 | 64,648 | 40,113 | 39,308
uT 22%11% 21 99 | 13,445 | 47,295 | 29,255 | 29,315 | 14,069 | 80,030 | 42,326 | 38075
All 2011-

49 239 13,445 70,790 33,305 33,800 14,069 80,030 41,030 39,169
states 2015
187
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Interchange geometric characteristics were colieaging Google Earthand Google Street
View' (Table 91). The key variables of interest for mgpwere:

Terminal length (measured along crossroad)

- Min =605 ft, Max = 1236 ft, Mean = 829 ft
Number of through lanes on crossroad approaches
- Min=1, Max =4, Mean = 2.53

Number of left-turn lanes

- Exit (from freeway) and entrance (to freeway) moeats: Min = 1, Max = 3,
Mean = 1.94

Number of right-turn lanes

- Entrance (to freeway) movements: Min = 1, Max #ean = 1.05
- Exit (from freeway) movements: Min = 1, Max = 2, Mean = 1.43
- All movements: Min = 1, Max = 2, Mean = 1.24

Traffic control type for right turns
- To entrance ramp:

Both signalized (frontage roads): 7 sites
Both no control: 42 sites

- From exit ramp

Both signalized: 19 sites

Both yield control: 19 sites

Both no control (free right): 2 sites
1 signalized, 1 stop control: 3 sites
1 signalized, 1 yield control: 1 site
1 stop control, 1 yield control: 1 site
1 signalized, 1 no control: 1 site

1 stop control, 1 no control: 1 site

1 yield control, 1 no control: 1 site

The findings with respect to some of these siteatttaristics are discussed in Section 8.3 on
SPF development.

Crash Counts

All 49 interchanges included in the study expergghcrashes. The average number of single-
and MV crashes per terminal was 124.6 crashesdajppately 25.0 crashes per terminal per
year), and the average number of vehicle-pedesptigmvehicle-bicycle crashes per intersection
was 2.1 over the entire study period (approximadelypedestrian and bicycle crashes per
terminal per year). Table 93 shows all, SV, and &f&sh counts by crash severity and time of
day for each state over the entire study periodsiEcounts are tallied by collision type and
manner of collision across all states in Table 94.
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Table 93. All crashes combined, single- and MV, and
severitybsingle-point diamond interchange crossroad

pedestrian and bicycle crash counts by crash
ramp terminals

) All Crashes SV Crashes Multiple-Vehicle Pedestrian Bicycle
Number | Time Combined Crashes Crashes Crashes
Date | Number ;
State Range | of Sites of Site- of
Years | Day | Total | FI |PDO |Total |FI | PDO |Total | FI  |PDO FI Fi

AZ | 28 140 | Al | 4071 | 1079 | 2002 | 287 | 83 | 204 | 3723 | 941 | 2782 18 43
ur | O a 99 | Al | 2133 | 504 1629 | 53 | 15 | 38 | 2040 | 454 | 1586 16 24
Al 2011- 1 49 239 | Al |6204 |1,583 [4,621 | 340 | 98 | 242 |5763 |1,395 |4,368 34 67
states | 2015 ' ' ' ' ' '

Table 94. Crash count

s by collision type and manner of collision and crash severity at

single-point diamond interchange crossroad ramp ter minals
Collision Type | Total | Fl | PDO
Single-Vehicle Crashes
Collision with animal 0 0 0
Collision with fixed object 288 74 214
Collision with other object 8 3 5
Collision with parked vehicle 0 0 0
Other SV collision 44 21 23
Total SV crashes 340 98 242
Multiple-Vehicle Crashes
Head-on collision 83 54 29
Angle collision 573 205 368
Rear-end collision 4485 1056 3429
Sideswipe collision 579 63 516
Other MV collision 43 17 26
Total MV crashes 5763 1395 4368
Nonmotorized Crashes

Pedestrian 34 34 0
Bicycle 67 67 0
Total nonmotorized crashes 101 101 0
Total Crashes 6204 1594 4610

8.3 Safety Performance FunctionsbModel Development

SPFs for the crossroad ramp terminal of a single-point didrmderchange were initially
developed using Equation 56:

Oaoag ATLE=XIN(##&B)+ 2xIn k## &6, 0 @ ATEBMN ANE C OEqg56)

Where:

Nspf int

AADTxrd

AADTramp =
exit_free_right =
a,b,c,andd =

(crashes/year)
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AADT on the crossroad (veh/day)
um of ramp AADTSs (veh/day)

number of exit ramps with free-flow right turns (0pf.2)
estimated regression coefficients
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All SPFs were developed using a NB regression model lmaseall sites combined. Based on a
review of the number of states, sites, site-years, ashes for the database assembled, data for
all sites were used for model development to maartiie sample size rather than using a
portion of the data for model development and a porttomfodel validation. Separate models
using data from Arizona and Utah were initially explorad ahowed relatively consistent model
coefficients. This increased confidence in the appraagioo! all data for model development.
STATA 12.1 was used for modeling. The final SPFs based ortiBqu& for crossroad ramp
terminals at single-point diamond interchanges aogvehin Table 95. Table 95 shows the
estimated model coefficients and overdispersion paenestimate), their standard error, and
associated p-values (or significance level) folhesaverity level. Figures 71-73 graphically
present the SPFs shown in Table 95 for varioussooasl and ramp AADTSs.

SPFs for vehicle-pedestrian and vehicle-bicycle csaaherossroad ramp terminals of single-
point diamond interchanges could not be developed as padestd bicycle volumes were not
available. The SPFs in Table 95 predict the avecaggh frequency at the crossroad ramp
terminal for all crash types (i.e., multi-vehicle, )¢destrian, and bicyclist) for total, FI, and
PDO severity levels.

The estimated SPFs use both the crossroad AADT and suiT$on all ramps connected to
the interchange. The coefficients for these terragasitive and statistically significant (at
greater than 99% confidence level) in each SPRoadih their magnitudes fluctuate between the
Fl and PDO models. The estimated coefficient fossroad AADT was lower for PDO crashes
than for FI crashes. The estimated coefficientdonp AADT was higher for PDO crashes than
for FI crashes and greater than unity. This is@ased with the larger number of rear-end PDO
crashes occurring on the ramps at the study sitedavger ramp volumes.

Multiple models were tested considering the effettdifferent geometric attributes, including
the interchange length, number of turn lanes (régiat left), number of through lanes, and
number of approaches with a particular right turn cortyq@é. Only the right turn control type
was found to have a statistically significant effect. Hosvethe type of right turn control also
coincides with a particular state (i.e., Arizona uses mj@id control, Utah uses more signal
control and free-flow right turns), limiting the ability totiesate the effect of the right turn

control variable without confounding effects. The fraght turn on exit ramps variable was
included in the model because it was statisticgitipificant, and its coefficient was relatively
consistent between models. This variable is cagurot only the differences in right turn
capacity and its effect on rear-end exit ramp crashes, lautredsemoval of conflict points

within the defined ramp terminal area. The free-floght turns at the study locations are
accommodated by an auxiliary lane along the crossroaciheemoving the need for right-
turning vehicles to merge within the terminal aré&¥gther than presenting the free-flow right-
turn effects as CMFs, separate SPFs were developbd form of Equation 57 based on number
of exit ramps with free-flow right turns to the crossd + 0, 1, or 2. The final adjusted values for
the estimated parameters are presented in Table 96. drieeme additional base conditions for
the SPFs.
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0pa5 ATLE=XIN(H##&B)+ 2XIN K## &B 400 (Eq. 57)

Table 95. SPF coefficients for crossroad ramp termi  nals at single-point diamond
interchanges (based on Equation 56)

Crash Severity Parameter Estimate Stzé?:joarrd Pr>F Significance Level
Intercept -15.31 1.70 -- --
IN(AADTyq) 0.69 0.17 0.000 Significant at 99% level
Total Crashes IN(AADT amp) 1.08 0.18 0.000 Significant at 99% level
exit_free_right -0.60 0.11 0.000 Significant at 99% level
Overdispersion 0.10 0.02 -- --
Intercept -16.71 2.06 - --
IN(AADT yrq) 0.88 0.20 0.000 Significant at 99% level
FI Crashes IN(AADT (amp) 0.88 0.21 0.000 Significant at 99% level
exit_free_right -0.58 0.13 0.000 Significant at 99% level
Overdispersion 0.11 0.03 -- -
Intercept -15.60 1.72 -- --
IN(AADTq) 0.61 0.17 0.000 Significant at 99% level
PDO Crashes IN(AADT (amp) 1.15 0.18 0.000 Significant at 99% level
exit_free_right -0.60 0.11 0.000 Significant at 99% level
Overdispersion 0.10 0.02 -- --

Base Conditions: 0, 1, and 2 are valid values for the number of exit ramps with free-flow right turns to the crossroad. There are no
additional base conditions.

Figure 71. Graphical representation of the SPF for  total crashes at crossroad ramp
terminals at single-point diamond interchanges
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Figure 72. Graphical representation of the SPF for  FI crashes at crossroad ramp terminals
at single-point diamond interchanges

Figure 73. Graphical representation of the SPF for ~ PDO crashes at crossroad ramp
terminals at single-point diamond interchanges
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Table 96. SPF coefficients for crossroad ramp termi

interchanges (based on Equation 57)

nals at single-point diamond

Crash s _ S_ur;ﬁb_?r of Ffree—FFlO\_/v SPF Coefficient Dispersion
rash Severit ight Turns from Exit
g Rgamp to Crossroad a b ¢ Parameter
0 -15.31 0.69 1.08 0.10
Total crashes 1 -15.91 0.69 1.08 0.10
2 -16.51 0.69 1.08 0.10
Fatal-and- injury 0 -16.71 0.88 0.88 0.11
crashes 1 -17.29 0.88 0.88 0.11
2 -17.87 0.88 0.88 0.11
Property- 0 -15.60 0.61 1.15 0.10
damage- only 1 -16.20 0.61 1.15 0.10
crashes 2 -16.80 0.61 1.15 0.10

There are no additional base conditions.

Tables 97 and 98 provide proportions for crash severity levels and colfipesmdnd manner of

collision, respectively, for crashes at crossraadp terminals of single-point diamond

interchanges. These proportions were calculateeldoais the observed data from both states

combined.

Table 98.

Table 97. Distributions for crash severity level at

single-point diamond interchanges

crossroad ramp terminals at

. Percentage of Percentage of
Crash Severity Level Total Crashes FI Crashes

Fatal 0.16 0.6
Incapacitating injury 1.19 4.7
Non-incapacitating injury 7.09 27.8
Possible injury 17.07 66.9
Total fatal plus injury 25.52

Property-damage-only 74.48

Total 100.0 100.0

Distributions for collision type and
terminals at single-point d

mann er of collision at crossroad ramp

iamond interchanges

Collision Type

Percentage of Total Crashes

FI | PDO
Single-Vehicle Crashes
Collision with animal 0.0 0.0
Collision with fixed object 4.6 4.6
Collision with other object 0.2 0.1
Collision with parked vehicle 0.0 0.0
Other SV collision 1.3 0.5

Multiple-Vehicle Crashes

Head-on collision 3.4 0.6
Angle collision 12.9 8.0
Rear-end collision 66.2 74.4
Sideswipe collision 4.0 11.2
Other MV collision 1.1 0.6
Nonmotorized Crashes

Pedestrian 2.1 0.0
Bicycle 4.2 0.0
Total Crashes 100.0 100.0

Following the development of the crash predictiordels for crossroad ramp terminals at

single-point diamond interchanges, compatibilityitesof the new models to confirm that the
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new models provide reasonable results over a broad range of input conditions and that the new
models integrate seamlessly with existing intersectiaslrcprediction models in the first edition

of the HSM was conducted. The graphical representabf the crash prediction models in

Figures 71-73 provide some sense of the reasonableness of theodels for crossroad ramp
terminals at single-point diamond interchanges hishgt from these figures suggests that the
models provide unreasonable results. Comparison afrétsf prediction models for crossroad

ramp terminals at single-point diamond interchanges to the crash prediction models for tight
diamond interchanges is presented in Section 9.3.

Regarding seamlessly integrating the new crash predlictamels for crossroad ramp terminals
at single-point diamond interchanges with existinglenarediction models in Chapter 19 of the
HSM, the primary issue that needs to be clearly additessbe approach for defining crashes
associated with the crossroad ramp terminals at singig-gi@mond interchanges. As stated in
Section 8.1, crashes associated with the crossrogmteaminals at single-point diamond
interchanges are defined as follows:

Crashes occurring on the crossroad within the reamminal boundary, defined as a point
100 ft from the gore or curb return of the outertmasnp connection, and having one of
the following attributes:

- atintersection

- intersection-related

- atdriveway

- driveway-related

- involving a pedestrian or bicyclist

Crashes occurring on a ramp with at least one of the following attributes:

- atintersection

- intersection-related

- involving a pedestrian or bicyclist

- located on an exit ramp and manner of collision is rear-end

This definition departs from the NCHRP Project 17-45ldB8d/ approach for defining ramp
terminal crashes, using a different distance referendefine the crossroad ramp terminal
boundary, so this needs to be clearly stated in the second edition of the HSM. No other issues
were identified concerning integrating the new crasdiptien models for crossroad ramp
terminals at single-point diamond interchanges wiiktarg crash prediction models in

Chapter 19 of the HSM.
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8.4 Crash Modification Factors

During the development of the crash prediction nette crossroad ramp terminals at
single-point diamond interchanges, three potential sources of CMFs for usker8RFEs were
considered:

CMFs developed as part of this research based on a cross-sectional study design and
regression modeling

CMFs already incorporated into the first edition of the HSM and applicable to crossroad
ramp terminals at single-point diamond interchanges

High-quality CMFs applicable to crossroad ramp tewats at single-point diamond
interchanges developed using defensible study designsdbservational before-after
evaluation studies using SPFsbthe EB method), as refedendeHWA's CMF
Clearinghouse with four or five-star quality ratingr based on a review of relevant
intersection safety literature

Based on a review of the CMFs already incorporated in$teeflition of the HSM and other
potential high-quality CMFs developed using defensihidystlesigns, no CMFs were identified
that were adaptable to the predictive models fossnmoad ramp terminals at single-point
diamond interchanges. New potential CMFs were erplduring regression modeling, but only
the right turn configuration from the exit ramps to the crossroad (i.e., free-flow versus
yield/stop/signal control) showed consistent andstiedlly significant safety effects. As noted
in Section 8.3, instead of presenting the free-flow right-effects as CMFs, separate SPFs are
recommended for three exit ramp to crossroad rigint ¢onfigurations (defined by the number
of exit ramps with free-flow right turns to the csosadbO, 1, or 2). No additional base
conditions or CMFs are recommended for use witfifREs for crossroad ramp terminals as
single-point diamond interchanges. The lack of o#ffects is not necessarily surprising.
Crossroad ramp terminals at single-point diamond inteigdsare relatively similar in some of
their major features (e.g., one intersection through hvallcat-grade traffic movements are
made, signal timing, presence of exclusive left-turn [ar&smmple sizes did not allow any
differences in safety performance to be detected atlwets of detail (e.g., number of
exclusive left-turn lanes, number of cross street through lanes).

8.5 Severity Distribution Functions

Development of SDFs was explored for crossroad rempinals at single-point diamond
interchanges using methods outlined in Sectior82Rthis report. SDFs were not used in the
development of crash prediction methods in the first@dif the HSM but were subsequently
used in the Supplement to the HSM for freeways ampsa AASHTO, 2014). The database
used to explore SDFs for crossroad ramp terminals at gpoghe-diamond interchanges
consisted of the same crashes and crossroad ramp terasnhks database used to estimate the
SPFs, but restructured so that the basic observatii (i.e., database row) was a crash instead
of a ramp terminal. No traffic or geometric variables showetistent and statistically
significant effects in the SDFs for crossroad raerminals at single-point diamond
interchanges.
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8.6 Summary of Recommended Models for Incorporation in the HSM

In summary, several crash prediction models were dpgdléor crossroad ramp terminals at
single-point diamond interchanges for consideratiotiné second edition of the HSM. The final

models for Fl and PDO severity levels presented in Ta_ in
B | consistent with ixismethods in HSM Chapter [§9. Separate

SPFs are presented in the form of Equation 57 based on number of exit ramps with free-flow
right turns to the crossroad (x O, 1, or 2).

Attempts to develop SDFs for crossroad ramp terminals giespoint diamond interchanges
proved unsuccessful for the reasons explainedétid®e4.6. The SPFs by severity for crossroad
ramp terminals at single-point diamond interchanges peowvid Table 96, combined with the
severity distributions provided in Table 97, are recommended for addressing craigi aeve
these intersection types, without use of SDFs. The SPFs predict FI and #b€scseparately.
Additional disaggregation of FI crashes into fatal, inc#péing injury, non-incapacitating

injury, and possible injury crashes can be accoimgtisising the severity distributions provided
in Table 97.

Appendix A presents recommended text for incorporatingitiaé recommended models for
crossroad ramp terminals at single-point diamond integgsinto Chapter 19 of the HSM.
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PA 45, SR 3014 & Old 322 Local Connector




Old 322 Local Connector Road (2050 Build North, Central, & South Alternative)
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New PA 45/0ld 322 Local Connector Road Intersection (2050 Build North, Central, & South Alternatives)
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[SR 0045 Roundabout Only (2050 Build North, Central, & South Alternatives)|
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[Old Route SR 0322 (2050 Build North Alternative)|
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[SR 0322 (2050 Build North Diamond Interchange Alternative)|
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[Old Route SR 0322 (2050 Build Central Alternative)|
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[Old Route SR 0322 (2050 Build South Alternative)|
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