Analysis Procedures Manual

April 2006

Oregon Department of Transportation
Transportation Development Division
Planning Section
Transportation Planning Analysis Unit
Salem, Oregon



ACKNOWLEDGEMENTS

The following individuals were contributors in the preparation of this manual.
Oregon Department of Transportation

Kent Belleque, P.E.
Alexander Bettinardi, P.E.
Rod Cathcart

Don Crownover, P.E.
Brian Dunn, P.E.

Simon Eng, P.E.
Christina Fera-Thomas
Meghan Hamilton

Mark Johnson, P.E.

Chi Mai, P.E.

Christina McDaniel-Wilson
Joseph Meek 111, P.E.
Nancy Murphy

Thanh Nguyen, P.E.
Douglas Norval, P.E.
Robert Nova

Gary Obery, P.E.

Peter Schuytema, P.E.
Dorothy Upton, P.E.

DKS Associates, Inc.

John Bosket, P.E.

Carl Springer, P.E.

Bob Schulte

CH2M Hill

Craig Grandstrom, P.E.

Copyright @ 2006 by the Oregon Department of Transportation. Permission is given to quote
and reproduce parts of this document if credit is given to the source. This project was funded in
part by the Federal Highway Administration, U.S. Department of Transportation.

The contents of this report reflect the views of the Oregon Department of Transportation,
Transportation Planning Analysis Unit, which is responsible for the facts and accuracy of the

information presented herein. The contents do not necessarily reflect the official views or
policies of the Federal Highway Administration.

Analysis Procedure Manual I Last Updated 1/2011



Table of Contents

1 LN RO 1510 LG I ] N 1-1
1.1 OVERVIEW OF MANUAL PURPOSE......uuttiiiiieiiiiiiitieiiie e e s s ssistbaeesssesssssssssasenssassssssssssssssseses 1-1
1.2 IMANUAL STRUCTURE .....ccctttttiiit ittt sttt e e st s seibbb e e e e s e s s s e bbb ba e s e s e e s s s sebb bbb e e e e e e e s s ssaabbbaeaeeeens 1-2
R I |V VY N[0 IO 1T 0Ny = 1-3
1.4 ODOT STRUCTURE ..ottt ittt et etitbbrr e e e s st e bbb re e e e e e s s s e bbb a e e e s e e s s s seb b bbb r e e s e e e st saabbbaeeeeeens 1-4
2 MANAGING ANALYSIS PROJECTS. ...ttt sabaaan e 2-1
A T U == 1 R 2-1
A Yol o) =1 | N c SO URRRRPPPP 2-2
2.2.1 How To DETERMINE THE TYPE AND SCOPE OF PROCEDURES TO APPLY .........ccvvveee. 2-2
2.2.2 STUDY SCOPING PROCEDURES.......cuttiiiiiiiiiiiiittiieise e e s s ssistbaesss s e s s s s sasbrassssessssssssssens 2-4
2.2.3 SCOPING A TRAFFIC IMPACT STUDY .1tttiiiiieiiiiiiitiireeeeeeessiisiinrseeseeesssssissssssssssssssnnnns 2-12
2.3 REVIEWING ANALYSISWORK ...oiiiiiiiiiiiiiiiiie e s iiittree e e e e e s s ssntbaeeessesssssabbrasesssessssnsssssens 2-13
2.4 COORDINATING WITH OTHER ODOT UNITS....oiicitiiiiiiee et 2-14
A T N =\ N[ o] = . B o] SRR 2-14
2.4.2 OTHER ODOT GROUPS.....utttiiiieeiiiiiiirieee e e e s isiitireeeeeessssssssssseesssessssssssssesessesssnnnns 2-15
3 TRANSPORTATION SYSTEM INVENTORY ..ottt 3-1
0 A U == 1 = 3-1
I o = W 3 1AV = N 0] =3 2RO 3-2
3.2.1  GEOMETRIC DATA ittt e e s e e e s saaabarees 3-2
3.2.2  OPERATIONAL DATA .ttt s st r e e s e e s s s s bbb ra e e e e e e e e s ssaabarees 3-2
3.2.3  SIMULATION-SPECIFIC DATA ..ottt saba b 3-3
3.2.4 FIELD INVENTORY WORKSHEET ...uvvttiiiiieeiiiiiirireriieeesssssssbesesssessssssssssssssesssssssssssens 3-3
3.3 VEHICLE COUNT SURVEYS ..uuttttiiiiieiiiiiiiirieiiieeesssssssbasesssasssssssssssssssssssssssssssssssssesssssssssssens 3-8
3.3.1 VEHICLE COUNT TYPES AND DURATIONS ......cuttiiiiiieiiiieiiiieieie e sivrreer e e saavnnes 3-8
3.3.2 OTHER SOURCES OF COUNT/VOLUME INFORMATION ....cvviiiriieierieeiiieeeerieesssveeeenees 3-9
3.3.3  VEHICLE COUNT PERIODS...cciiiiiiiiiititteiii ettt e e s s s svabrsen s s e e s s s s sabbbaeesesassseanns 3-11
3.3.4  VEHICLE COUNT LOCATIONS ....ceiiiiittttiiiiieeeisiiibtireess e e s s ssssbbrsessseeessssanbbsassssessssnnns 3-13
3.3.5  COUNT REQUESTS .uttiieiitiieeeeittieeeeeitteeeessttaeeesaitteeeesasbteesssssseseesssssaeeesanssseessasseneesns 3-17
3.4 TRAVEL TIME SURVEYS....i oo cttteiiiiee et i eiittiteete s e s s s s sesbbtaeessasssssssasbbasssssessssssbbaeesssassssssssrssens 3-19
G B 7N - G0 ]I I (o i [0 R 3-19
4.2 APPLICATIONS 11rtieiieeiiiiiittttreeeeeesssiiistbreeeseeessssssbbbseeeeeessssassbbrsseeseeesssassrbssseesessssines 3-19
3.4.3 NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM REPORT 398 .............. 3-19
3.5 SATURATION FLOW RATE STUDIES....ccctttiiiiiiii ittt ssitbreen s sabbraes s e s sasbanes 3-21
3.5.1 FIELD MEASUREMENTS OF SATURATION FLOW RATES.....ccciviiiiiiiii i 3-21
3.5.2 DEFAULT VALUES FOR BASE SATURATION FLOW RATES ....vvviiiiiiiiiiiiiiireeeeee e 3-21
3.0 CRASH DA T A ittt e e e st e e e e e e st s e bbb r e e e e e e e s s s abbbbaaeeseeeessnabrrrees 3-23

Analysis Procedure Manual ii Last Updated 1/2011



3.6.1 SAFETY PRIORITY INDEX SYSTEM ... iiiiiiieittieieeeeeeeeeesiieeeeeeeseeeesseasseeesssseesnnnanseeeees 3-23

3.6.2 SOURCES OF CRASH DATA ..eeiiiiii ittt ettt rre e e e e e sinrbree e e e e e s s nans 3-23
DATA RESOURCES FROM ODOT ...ttt snaararee e 3-25
A R I 1 V] = I [N ST OPPPPPPPRN 3-25
A = =1 =150 NN = O 3-25
R B == (0 51U [0 LT OPPPPPPPRN 3-25
DEVELOPING DESIGN HOUR VOLUMES ......ooiiiiii ettt 4-1
PURPOSE ... 4-1
GENERAL CONSIDERATIONS . utttttittietiiiiitibrteesteesssissbtrsesssessssssssssssssssesssssssssssssssessssssssssens 4-2
L R = (0 18] N1 01| N[ TP 4-2
4.2.2 INEED FOR BALANCING......uvttiiiiieeiii ittt ie e e s s st btree s s e e s s s sssbbrre e s s e e e s s ssssabbaeeresesesssans 4-2
4.2.3 DOCUMENTATION t1ttttiiiiiiiititrteetteeessisibrrreeessesssssiabbrsessseesssiasbbbsreeesessssssstbasseesessssinns 4-2
PEAK HOUR SELECTION Luttttiiiiiiiiiiiiiiiiiie e e sibtbae e s e s s s s sibbbraae s s s s s s s sabbbbaessseessssassbbsnssesens 4-14
SEASONAL FACTORS .ovviiiiiii ittt e e e e e s et a e e e e s e s s s s sb b b a et e e s e e e e s sssbbbaeeeesesssasnns 4-16
441 ON-SITEATR METHOD ....cccttttiiiiie ettt etbre e e e st bre e e e s e s e s ssabbbbae e e e e e s 4-16
44,2 SEASONAL TREND METHOD ...uuiiiiiiiiiiiiiiiiiiiie e ssiiiireees s s e s s ssisbbrese s s e e s s ssasssrsesseses 4-25
VOLUME DEVELOPMENT FOR SKETCH PLANNING ANALYSIS.....iiiiiiiiiieiieeciiiiiiineeeeen 4-28
0] 23 {07 XS3 1 |\ 4-30
4.6.1 HISTORICAL TRENDS......iiiiittttiiiiieeiisiiibbree e e e e e e s s s sabbbe e s s e e s s s s sabb b b e e e s s e s e s s ssabbbbaeeeeeens 4-30
4.6.2 CUMULATIVE ANALYSIS .. iitttteiitieeeiiiiiirrreeeeeessssisatasssessssssssssssssssssssssssissssssssesseens 4-31
4.6.3 URBAN TRAVEL DEMAND MODELS .....cuttiiiiiiiiiiiiiiitiiii e ssitireee s e sisbsrenese e 4-44
4.6.4 MODEL POST PROCESSING ...uttviiiiieeiiiiiiitireeeeeesssssirisseesessessssssnsssssesssessssssssssssessees 4-47
ASSESSING PERFORMANC E ...ttt ettt st are e e e e e e e naes 5-1
PURPOSE ... 5-1
CRASH ANALYSIS Luttttitiiiiiiiiiitiriete e e e e st ssibb b e s s e e ettt asb b b e e e e e s ae st s sa b bbb e e e s aeesssasbbbbaeeseeessssassbarens 5-2
5.2.1 CALCULATING CRASH RATES ....iiiiittiiii ettt sabbrae e saarares 5-2
5.2.2 IDENTIFYING CRASH PATTERNS ... cutttiiiiieeiiiiiittreriie e e s s ssibtbesesesesssssssbrsenssasssssssssssens 5-5
5.2.3  WHAT DATA TO REPORT ..tttiiiiii ittt e sttt e s e s sbbbra e e s s e s s s s sabbbaae e s e e s s s ssaababens 5-5
5.2.4 COUNTERMEASURE SELECTION ...uuvtvvieiiieeiiiiiirtrereseessssssssssesesssesssssssssssssssesssssssssssens 5-5
[ = N (010 = -\ (] = 5-7
R R A O W ol U] 1.y 1 [ 5-7
5.3.2  EXISTING CONDITIONS . .uttttiitietiiiiiitrtietieeessiiibtreeessessssssstrssssssessssssssbrsssssesssssssssssens 5-7
5.3.3  FUTURE CONDITIONS .. .uttttiiiiieeiiiiittrreireiee e s s sstsbtteesssessssssssbesssssesssssssssasssssesesssssssssens 5-8
ACCESS MANAGEMENT ....oottiiie ittt ettt 5-10
5.4.1 IMPACTS OF ACCESS MANAGEMENT IMPLEMENTATION....uuvuvuvurrrrrrrrrrnnrsnsrsrsssnsnnnns 5-10
54.2 ODOT Access MANAGEMENT PoLICIES: 1999 OREGON HIGHWAY PLAN............ 5-10
5.4.3 OAR 734-051: HIGHWAY APPROACHES, ACCESS CONTROL, SPACING STANDARDS

AND IVIEDIANS 1t ttttttiee et s ietbb ettt e e e e s s s bbb e e s e e e st s ab b bbb e e e e e e s s s aab b b beeee s e s e s e s b b bbb aeeeeeesssasabbbbeeeeeens 5-11
5.4.4 EVALUATION OF EXISTING ACCESS CONDITIONS...cciiieiiiiiirrrreireieeeesisisrrreeseeessssnnns 5-11
(OF0) N = I [og i =0 1V 1T 5-13
SIGHT DISTANGCE .. ttttiiii ittt e s e e ettt a bbb e e e e e e e s st s b bbb b e e e e eeesssaabbbbaeeeeessssaans 5-37

Analysis Procedure Manual \Y Last Updated 1/2011



5.7
5.8

6.1
6.2

6.3
6.4

7.1
7.2

7.3

7.4

7.5

8.1
8.2

MULTI-IMODAL ANALYSIS coiiiiiiiiiiititiiee e e et s eiitbreee s s e e s s s ssatbbrseesesessssssbbsaaeeseeesssassrrsseeesens 5-38
OTHER ANALYSIS ISSUES/PROCEDURES .....cccciiviiieiiitiiieesiitiieessissiseessissssessssessssssssesessans 5-39
SEGMENT ANALYSIS oo e e e e e e s e s b r e e e e e e e s e saaarees 6-1
PURPOSE ... 6-1
L YN 2 SO 6-2
6.2.1 BASIC FREEWAY SEGMENTS ...iiiiiiiittiiiiiee i iiibtrieesee s s s ssiastbsseessesssssasbssssssesssssssssssens 6-2
6.2.2 RAMPS AND RAMP JUNCTIONS ......ttttiiiiieeiiiiittieri i e e e s s ssibtbreee s s e s s s s sasbreens s e e e s s snsrsrens 6-2
6.2.3  WEAVING SEGMENTS ..uuttttiiitiieiiiiiiittieeeeesssiiirtreesssessssssstsssssssesssssssssssssssesssssssssssens 6-5
MULTIELANE HIGHWAY S ittt sttt s s bbb e s e e s s saabbbbaeee e 6-14
TWO-LANE HIGHWAYS ..o 6-15
6.4.1 TWO-WAY VS. DIRECTIONAL ANALYSIS.....ciiiicittreeiiieeesisiirirreersieessssssssssseesssessssnnns 6-15
6.4.2 PERFORMANCE IMEASURES .....ccoiiiiiiiitiiiiiee et siitbreess e e s s s s sbbbrsessssssssssanbbsassssessssnnns 6-15
6.4.3 PASSING AND CLIMBING LANES......ccutttiiiiieeeiiiirtiteiie e e s siiibreer s e e s s s sabrbaeese e e s s seanes 6-15
6.4.4 OTHER ANALYSIS PROCEDURES.....ccutttiiiiieeiiiiiiniiieeee e e s ssiiinsseesseessssssssssssssssssssnnnns 6-17
INTERSECTION ANALYSIS ..ottt a e e e e e s ebareees 7-1
PURPOSE ... 7-1
TURN LANE CRITERIA .otttiiiiiiii ittt ettt bre e e s e s st s bt bba e s s s e s s s s saabbbbae s e s s e s s ssanbbbaeeesessnsinns 7-2
7.2.1 LEFT TURN LANE CRITERIA — UNSIGNALIZED INTERSECTIONS......cccvvvvirireeeriiininnnne 7-2
7.2.2 RIGHT TURN LANE CRITERIA — UNSIGNALIZED INTERSECTIONS......ccvvvveeieeeersrnnrenee 7-5
7.2.3 CRITERIA FOR TURN LANES AT SIGNALIZED INTERSECTIONS .....cooovvrriiriieeenniinnnnnne 7-8
INTERSECTION CAPACITY ANALYSIS ..iiiiiiiitiiiiie e ssiiibtiee e s s e e s s siabbrsessseessssssbsrssssssesssssnns 7-9
7.3.1 FUNCTIONAL AREA OF INTERSECTION ...icciiiiiirtiiiiieeessiiiriireeeesessssssssssseesseessssssssssens 7-9
7.3.2 EFFECTS OF UPSTREAM OR DOWNSTREAM BOTTLENECKS....cciiiiiiiiirireeiieeeeessisveeen 7-9
7.3.3 PEAK DEMAND EXCEEDS OPERATIONAL CAPACITY ..oiiiiiriiiiiiiieeiisiiiirieee e ssnnnnens 7-9
7.3.4 ACTUAL VERSUS THEORETICAL CONDITIONS ....tuiiiieeiiieirrrreireeeesssssssrreereseeessssssssnens 7-9
7.3.5 UNSIGNALIZED INTERSECTION CAPACITY ...coiiiiriitiiiiieiiiiiiiirieesee e s ssinrrseeesseesnnnns 7-10
A N T 2 (0 18] N YN =10 1 R 7-11
7.3.7 SIGNALIZED INTERSECTION ANALYSIS .oviiiiiiiiiiitiiieiieee e ssiiiirreeseee e s ssissssseessesssnnnns 7-36
7.3.8 SOFTWARE AND TOOLS AVAILABLE FOR ANALYSIS ...coiivitttreiiiiee e e ssrrieeeee e e e e 7-51
7.3.9  SYNCHRO SETTINGS....iiicttttiiiiieiiiiiiitriiesie e et s ssbbbree e s e e s s s s sbbbbaeesseesssssabbbbaeessessssinns 7-55
TRAFFIC SIGNAL WARRANTS ...ttt e sibbrre e e st s b bba e s s s e e s s s sabbbbaae e s e s s s s snabbbbaeeseeens 7-68
7.4.1 PRELIMINARY SIGNAL WARRANTS ..utttiiiiieeiiiiiiiiiieeieeessssisinrseesseessssssssssssssssesssnnnns 7-69
7.4.2 MANUAL OF UNIFORM TRAFFIC CONTROL DEVICES SIGNAL WARRANTS ............. 7-80
ESTIMATING VEHICLE QUEUE LENGTHS ....ciitiiiiieitiiiitesiee sttt 7-82
7.5.1 METHODOLOGIES FOR SIGNALIZED MOVEMENTS ..ccvvieiiiiittireiee e e e ssirrreeeee e e e s 7-82
7.5.2 METHODOLOGIES FOR UNSIGNALIZED MOVEMENTS ....coiiiitiiiiiieeeiniiirineeeeeeeesnnns 7-85
TRAFFIC SIMULATION MODELS ...ttt 8-1
PURPOSE ...ttt e e e e e st e e e e e e e s s e bbb r e e e e e e e s e e e b bbb b e e e e e e e e s aaabrbrereeeens 8-1
TRAFFIC SIMULATION MODELING — GENERAL CALIBRATION INSTRUCTIONS............... 8-2

Analysis Procedure Manual v Last Updated 1/2011



8.3 SIMTRAFFIC ..ottt ettt ekt et e e e kbt e e b e e et e e e st e e e snbe e e nnbe e e nnbeeennneeans 8-5

B.3.1  OVERVIEW ....uttiiiiiiitiee e e eitiee e e ettt e e e sttt e e s e abae e e e s etbe e e e s abbeeeessabaeeeesanbeeeeesanbaeeessbbaneeanns 8-5
8.3.2  SIMULATION CALIBRATION......cittittttttiiiieeissisibbrersse e s s s sssabsbrsesesessssssbbbbasessesssssassrsrens 8-5
8.3.3  SIMULATION PREPARATION ....uviiieiiittiieeiiitreeesiireeeesaissressssissseessassssesssssssesssnsssseesans 8-6
8.3.4 SIMULATION SETTINGS WINDOW ....uutiiiiiiiiiiiiiriiiiiie e s ssistbreie s s e e s s s sibbsaees s e s s s sssssnens 8-7
8.3.5 SIMTRAFFIC PARAMETER FILE......ciiiiiiiiiitiiieiiitiee et eeree e st e e erre e e s s earaee e 8-10
8.3.6  SIMULATION EXECUTION ..tvtiiiiiii ittt ettt sbbbbs e s s e e s s s sibbbrae s s s e s s eans 8-13
8.3.7  SIMULATION OUTPUTS . uttiieiiitriieeiiitreeeesitreeessitreeeesabreessssssesesssssssssssssssssessssesessans 8-14
8.4 VISSIM = OVERVIEW.......ciiittiii i ittt ettt e ettt e ettt e e e s ebb e e e e s naba e e e s s bbae e e s sabbeeeesnabaneessnbeeens 8-22
8.5 PARAMICS = OVERVIEW ...iiitttiiiiiie e siitbttit st e e s s st bbb te s s s e s s s s saabb e e e s s s e s s s s sabbbbaee s s e e s s s sasbarens 8-24
8.6  CORSIM = OVERVIEW ....ccctviiiiiiiiiee ettt e e s sttt e s sitbaeaessateeessasbaesessabbaesessnbbseessssbaseessnsreeens 8-26
9 DETERMINING NEEDS ... oottt e s bbb s e e s s sabbaae e s 9-1
LS I R U == 1 SRR 9-1
9.2 STANDARDS FOR DETERMINING NEEDS ....ceviiiiiiiiiiitiiiiieieeesssssstreesseesssssssssssesssesssssssssssens 9-2
9.3 APPLICABLE OREGON HIGHWAY STANDARDS ....cccttttiiiiieeiiiiiiiiiieeie e ssisissssesssessssnsnsssens 9-4
LS IR R N |V T 1= T 1 2RO 9-4
SR 1 = = 9-5
9.4  ANALYSIS OF TRANSPORTATION SYSTEM .euiiiiiiiiiiiitiiiiieieeessssisbtreeresesssssssssssesssesssssnsssssens 9-7
0.4.1  EXISTING SYSTEM...ciiiiittttiiieieiiiiiiibteiisiee s s s sstibbbae st e e s s s ssababbsssssesssssbbbbaeessaessssassbarens 9-7
9.4.2 FUTURE NO-BUILD SYSTEM....cuttiiiiiitiiieeiiitieeeeiitreeessitteeeessisseeesssssssssssssssesssnssnsessns 9-7
9.4.3 TRAVEL DEMAND MANAGEMENT OPTIONS ....uvtiiiiiieiiiiiitiiiiiieieessssissreensseesssssnssssens 9-8
10 ANALYZING ALTERNATIVES......coiiioitieeeeieeseeeeeseessesses s sses s ssss s sense s 10-1
O R =T =T 1 PRSPPI 10-1
10.2 HIGHWAY DESIGN MANUAL GUIDELINES.......cccotteiiiieeesisiisirreeee s e e e s s sssssreeesssessssssssssens 10-2
10.3 SCREENING PRELIMINARY ALTERNATIVES ...iiiiititiiieeeesiiiitiirrine e sintirees s e ssssnnes 10-3
10.3.1 COORDINATION WITH STAKEHOLDERS.......ccotttitiieeiiiiiiiiireeeeee s ssiniissessessssssnssnsnens 10-3
10.3.2 POTENTIAL FACILITY SOLUTIONS wvvvviieeeeiiiittireeie i e e e s s ssibrreeeee s e s s ssssssbseenssssssssnssssnens 10-4
10.4 IDENTIFYING LIMITATIONS TO DESIGN CONCEPTS ....cootietttriiiiee e e ssirrrreere e e sasvvees 10-14
10.5 DOCUMENTATION OF SCREENING PROCESS......cuttiiiiiiiiiiiiiiiiiiiee e ssiiiireees e ssasnsnns 10-15
10.5.1 EVALUATION CRITERIA ..cciiiii ittt e ssitbre e e st ban e s e s s s s sbbbbaae s s e s s s s snaabarees 10-15
10.5.2 ALTERNATIVES NO LONGER CONSIDERED.....ccciiieeiiiiirrieieieieesssissrseeeseesessssssssnens 10-15
10.6 EVALUATING BUILD ALTERNATIVES . ...utiiiiiiiieittiteeieie e e s s ssssrsrersseessssssssssssesesasssssssssssens 10-16
10.6.1 ANALYSIS OF FUTURE CONDITIONS ....ccooiiittttiiiie e e e s seitrireee s e e s s s s sssvssensses e s s ssassnnens 10-16
10.6.2 PROGRESSION ANALYSIS .oiiiiiiiiiitiiiieieeeesiiibtieee e e e e s s s ssasbbresessessssssssssesssesssssssssssens 10-19
11 AIR AND NOISE TRAFFIC DAT A ettt e e e eaaraees 11-1
L1.1 PURPOSE .eiii ittt ettt ettt e e ettt e et e e e sttt e e e s aabb e e e e e bbb e e e e eabbeeeesaabbeeessaabaeeesanbbeeeesanbeeeenans 11-1
11.2  INPUT FOR NOISE ANALYSIS ..ooiuiiitieaiieaieesieeasteesiseasseesiseasseessseassesssnsassesssseassesssssensesssns 11-2
11.2.1 COMMON DATANEEDS......ccctiiiiiiieiiiii ittt 11-3
11.2.2 CALCULATIONS...utttteeiittteeeeiittreeesaitteesessbaeesssasbaeeesaasbeeeesaisbesessabsssesassressessasseseesans 11-5

Analysis Procedure Manual Vi Last Updated 1/2011



11.3
114

12

121
12.2

12.3

12.4

11.2.3 PROCESS ...ttt bbb et 11-14

INPUT FOR AIR QUALITY ANALYSIS .tttiitieiiitieesiieesieeesieessieeessseessnseesssssesssseessssssssnns 11-15
ELSBASE ..o e e e e s s aa b r e e e e e e anaan 11-16
11.4.1 OUTPUT AND FINAL PRODUCT ...utttiiiiiieiiiiiiiiiieiee e ssiitiree e e e e s snarrree e s e e e s snnnnnnes 11-17
TRAFFIC ANALYSIS REPORTS .ottt ebaree e e 12-1
PURPOSE ...ttt 12-1
BACKGROUND ..ottt bbb 12-2
12.2.1 TECHNICAL WRITING TIPS ....ciiiiiittiriiie ittt e e s sibbrae e e e s sbbbbaee s s e s s s ssasnarees 12-2
12.2.2 DIAGRAMS AND ILLUSTRATIONS ...uttiiieeeeiiiiitrrerieeieeesssssbsrsessesssssssssssssesssesssssssssssens 12-3
G T I =] IS TSSO 12-4
TECHNICAL MEMORANDUM ....cccoitiiiititiiiie e s siibbrre e e s s s s s s s bbb baae s s s e s s s ssabbbaeesssasssssssbssens 12-5
D T0t R U = = 1] OSSR 12-5
R T =TT 51U [0 = T 12-5
12.3.3 DISTRIBUTION .....ciiiiiittttiitieeeitieittbreeeeeesssssisbbbrreeseesssssbbbbaeseesesssssbbbbaaeeeeessssassbrrens 12-6
TRAFFIC NARRATIVE REPORT ..ottt ittt ettt s s arae s s e e s s bbb re e s e s e s s s s sabbraees 12-7
Bt R U = =T 1] =SOSR 12-7
S == T 51U [0 L 12-7
12.4.3 DISTRIBUTION .....ciiiiiiittttittieeiisieiitireeeseesssssisbbbseesseesssssssbbbaesessesssssbbbbaeresesssssasbbrens 12-9

Analysis Procedure Manual vii Last Updated 1/2011



Table of Exhibits

Exhibit 2-1 Common Procedures and Data Needs for Transportation Analysis Projects ........... 2-3
Exhibit 2-2 Process Of Traffic ANAIYSIS........cccuiieiiiieiicii e 2-6
Exhibit 3-1 Field Inventory Worksheet - Intended Setup........ccocvvriiiiinesieiee e 3-5
Exhibit 3-2 Completed Example Field Inventory WOrksheet.............ccocvevevieenviiesieese e 3-6
Exhibit 3-3 Suggested Sample Sizes for Arterial Streets.........ccovvveiiiiiiiiiinie e 3-20
Exhibit 3-4 Suggested Sample Sizes for Freeways/EXPresSWays.........ccceiverreiieeneereseeseennenns 3-20
Exhibit 4-1 RaW Traffic VOIUMES. ........ooiiiiieee e e 4-4
Exhibit 4-2 Raw Traffic VOIUMES (SNEEL 2) .......ecveiieiee e 4-5
Exhibit 4-3 Raw Traffic Volumes During System Peak HOUF ...........ccccceiiiniiiiiic i 4-6
Exhibit 4-4 Raw Traffic Volumes During System Peak Hour (Sheet 2)........cccccoccvvivevieiieiiennnn 4-7
Exhibit 4-5 Base Year 30th Highest Hour Volumes (Unbalanced)...........cccooeiiiiniiiicninnnenns 4-8
Exhibit 4-6 Base Year 30th Highest Hour Volumes (Unbalanced) (Sheet 2) ..........cccccceovvvvennnne 4-9
Exhibit 4-7 Balanced Base Year 30th Highest Hour VOIUMES...........ccoooeviiiiniiniineniec 4-10
Exhibit 4-8 Balanced Base Year 30" Highest Hour Volumes (Sheet 2) ..........ooovvvevevvrevennnnn. 4-11
Exhibit 4-9 Balanced Future Design Hour Volumes (DHV) ... 4-12
Exhibit 4-10 Balanced Future Design Hour VVolumes (DHV) (Sheet 2) .......cccccvvveveiiecinennenn, 4-13
Exhibit 4-11 Process for Development of 30th Highest Hour Volumes ...........cccccoooeiieiennnne 4-15
Exhibit 4-12 Two ATRS in Project Area - SCENArio #1........ccccveveiieieeieieese e 4-18
Exhibit 4-13 Two ATRS in Project Area - SCENAIiO # 2 ......cccoiviieiieieeie e 4-18
Exhibit 4-14 Two ATRS in Project Area - SCENArio # 3......cccoveieiierieieseese e 4-19
Exhibit 4-15 ATR Characteristic Table EXample ... 4-20
EXNibit 4-16 SEASONAI TIENAS .....ccuveiiieieite it 4-22
Exhibit 4-17 Example ATR Seasonal Trend Table (Year 2003) ........cccoceieeiininninneneenieen 4-25
Exhibit 4-18 Vacant Lots and Projected Trip Generation ...........cccccvevevieereeiesieesneseseeseeeens 4-35
Exhibit 4-19 Determining Percent of External-External Trips at External Stations.................. 4-35
Exhibit 4-20 External-External, External-Internal and Internal-External TripS...........ccccoveuuee. 4-36
Exhibit 4-21 Determining Percent of External-External Trips At External Stations................. 4-37
Exhibit 4-22 25-Year Internal-External, External-Internal Trip INCrease .........cccccceevvevvervennnne. 4-38
Exhibit 4-23 Example External Trip Attractions and Productions Probabilities....................... 4-39
Exhibit 4-24 Example External-Internal Trip Distribution............ccccoocviieiienii i, 4-39
Exhibit 4-25 Example Internal-External Trip DiStribution............cccoovveieiiiiiniieceee 4-39
Exhibit 4-26 Example Internal Trip Attractions and Productions Probabilities........................ 4-40
Exhibit 4-27 Example Internal Trip Attribution Distribution...........c.ccccceviiiiiinieieicc 4-40
Exhibit 4-28 Example Internal Trip Production Distribution............cccceoveveiieiiicie e 4-40
Exhibit 4-29 Eastbound AsSIgNMENt, BaSe YEAr .........cccoiieiiiiriieieiie e 4-42
Exhibit 4-30 Eastbound Assignment, External-EXternal.............cccccoveiiieiieiiiiiene e 4-42
Exhibit 4-31 Eastbound Assignment, External-Internal ..............ccocooiiiiiniiiiiinniee e 4-43
Exhibit 4-32 Eastbound Assignment, Internal-External ............ccccocovvveiieiicie i 4-43
Exhibit 4-33 Eastbound Assignment, Internal-Internal.............cccooi i 4-44
Exhibit 5-1 Equations for Crash Rate Calculations.............cccoovvevviieiiieie e 5-2
Exhibit 5-2 Access Points Per Mile vs. Crashes Per Mile ... 5-14

Analysis Procedure Manual viii Last Updated 1/2011



Exhibit 5-3 Percent of Driveway Crashes by MOVEMENL ..........ccoiviiiiiiiiieiiie e 5-15

Exhibit 5-4 Conflict Points for a Type A WEAVE. ........cccccveiieiieiie e 5-16
Exhibit 5-5 Conflict Points for a Type C (Three Lane Weave).........ccccoceveeieninneeneeiiesee i, 5-17
Exhibit 5-6 Conflict Points for the T-INterseCtion ...........ccccvvveiinieieiene e 5-18
Exhibit 5-7 Conflict Points for a Four-Leg Intersection of Two One-Way Roads.................... 5-18
Exhibit 5-8 Conflict Points by Lane for a Four-Leg Intersection of Two One-Way Roads......5-19
Exhibit 5-9 Conflict Points for a Four-Leg Intersection of a Two-Way Road and a One-Way
o - 1o [ ST TP PP PP PSPPI 5-19
Exhibit 5-10 Conflict Points for a Four-Leg INtersection ............ccoocvevviieieeienieniene e 5-20
Exhibit 5-11 Conflict Points for the Right-In/Right-Out Intersection...........ccccccevvvevviiereennnnn. 5-21
Exhibit 5-12 Conflict Points for a Median Separated Four-Leg Intersection...............cccccenuee. 5-21
Exhibit 5-13 Conflict Points for the Single Lane Roundabout...............cccoevviieiienc e, 5-22
Exhibit 5-14 Conflict Points for a Median with One Left Turn Ingress Intersection................ 5-22
Exhibit 5-15 Conflict Points for a Median with Two Left Turn Ingresses Intersection............ 5-23
Exhibit 5-16 Conflict Points for a Median with a Left Turn Ingress and Egress Intersection . 5-23
Exhibit 5-17 Conflict Points for a Median with One Left Turn Egress Intersection................. 5-24
Exhibit 5-18 Conflict Points for a Median with Two Left Turn Egresses Intersection............. 5-24
Exhibit 5-19 Conflict Points for a J-Turn INterseCtion ...........c.ccocuvevrienenencnene e 5-25
Exhibit 5-20 Conflict Points for a Jughandle INtersection............ccoccveieeienienieie e 5-26
Exhibit 5-21 Pedestrian Conflict Points for a Four-Leg Intersection .........ccccccceevveveeiieseennnnn 5-27
Exhibit 5-22 Pedestrian Conflict Points for a Median Separated Four-Leg Intersection .......... 5-27

Exhibit 5-23 Pedestrian Conflict Points for a Median with One Left Turn Ingress Intersection .. 5-
28

Exhibit 5-24 Conflict Points for a Directional Interchange........c.ccccoveiviieiicie e, 5-29
Exhibit 5-25 Conflict Points for a Left-Turn Flyover Intersection...........cccecvvvvieniiieninnnnnn, 5-30
Exhibit 5-26 Conflict Points for a Diamond INterchange .........cccccvevvvievieenesie i 5-31
Exhibit 5-27 Conflict Points for a Split Diamond Interchange............cccooevvviieiieiivcic e, 5-31
Exhibit 5-28 Conflict Points for a Single Point Urban Interchange ..........cccooveiiiiiiinnnnn. 5-32
Exhibit 5-29 Conflict Points for a Divergent Diamond Interchange..........ccccccoeevvveviiiicieennen, 5-33
Exhibit 5-30 Conflict Points for a Partial Cloverleaf Interchange............ccocovviniiiiiiciennn 5-34
Exhibit 5-31 Conflict Points with One Vehicle Path per Movement............cccccccevvveveiiieieenenn, 5-35
Exhibit 6-1 Freeway Merging Variables.............coiiiiiiiniieiee e 6-3
Exhibit 6-2 Freeway Diverging Variables ...........cccoooiiiiiiiiiicc e 6-4
EXNibit 6-3 WeaVing DIBQIAM .......ccuiiiieieiieitisiesie ettt 6-6
Exhibit 6-4 Weaving Configurations............ccceoieiiiieiicie s 6-8
Exhibit 6-5 Level of Service Criteria for Weaving SEgMENtS ..........cccovvvireriniieienene s 6-10
Exhibit 7-1 Left Turn Lane Criterion (TT1) ... 7-3
Exhibit 7-2 Right Turn Lane CritEITON ..........ooiiiiiiieiieeeeee e 7-6
Exhibit 7-4 Two-Way Stop Control INterseCtion............cccvevveieiieii e, 7-11
Exhibit 7-5 Roundabout Circulatory and Approach Entry FIOW ..........cccceoeiiiininiiiniie 7-13
Exhibit 7-6 Roundabout VVolume/Capacity Analysis and Design Progression...............c.c........ 7-19
Exhibit 7-7 Geometric Flexibility Diagram, directions numbered ............cccooevenenivnennnnenenn 7-20
Exhibit 7-8 Sample Single Lane Calculation Spreadsheet ............ccccovveviiiiiiecicce e, 7-21
Exhibit 7-9 Critical Lane VOIUMES ........c.oiiiiieie et 7-29
Exhibit 7-10 Signal Timing SNEEL 2..........coiiiiieceece e 7-40
Exhibit 7-11 Signal Timing Sheet 3 — Basic Phase Settings ..........ccccuvvvriiieiinenenineseeeenes 7-42

Analysis Procedure Manual IX Last Updated 1/2011



Exhibit 7-12 Signal Timing Sheet 3 - Advanced Phase Settings..........c.ccvvereriniiencsiienieenn 7-43

Exhibit 7-13 Actuated Gap TIME .......coieieiieieeie ettt ae e reenne e 7-45
Exhibit 7-14 Signal TIMING SNEET B..........oiiiiiiiiiieiee e 7-46
Exhibit 7-15 Signal TimiNg SNEEL 7.......cveiieie e 7-48
Exhibit 7-16 Signal Timing SNEEL 8..........oiiiiiiiie e e 7-50
Exhibit 7-17 Intersection Performance Assessment by Critical Volume ..........cccccevveieiivenee, 7-51
Exhibit 7-18 Conflicting Pedestrian MOVEMENTS..........cooiiiiiiiriinie e 7-56
EXhibit 7-19 Parking COUING ......cveiieiieie et enae e nne e e 7-57
Exhibit 7-20 Signal Phasing DIagram.........c.cocueiiiiiiieiieie ettt 7-58
Exhibit 7-21 Recommended Yellow, All-Red & Lost Time Adjustment Values .................... 7-59
Exhibit 7-22 Four-Leg Three-Approach Intersection HIUStration ............cccceecevveiieiiinneennne 7-61
Exhibit 7-23 Critical Gaps for Four-Leg Three-Approach Intersections...........cccccevveivervennnne. 7-61
Exhibit 7-24 ODOT Phasing Settings Defaults™ ... 7-62
Exhibit 7-25 Synchro-Adjusted ODOT Detector Type and POSItiON .........ccccceevvevveresieenieennenn, 7-65
Exhibit 7-26 Preliminary Traffic Signal Warrant Analysis FOrm ..........ccccccooeviiininnieiennnn 7-71
Exhibit 7-27 Signal Warrant AnalysisS EXamPpPIe..........ccovieiieieiieiieie e 7-74
Exhibit 7-28 Nomograph for Estimating Single Lane Left Turn Vehicle Queue Lengths at
SIgNAlIZEA INTEISECTIONS......veeieieie ettt et e e et e s e e sreeneeneesreeeeas 7-83
Exhibit 7-29 Selection Of "t" ValUES.........cooiiiiiiie e e 7-84
Exhibit 7-30 Storage Length Adjustments for TruCkS..........ccoccvivv i, 7-84
Exhibit 8-1 Simulation Construction and Application Flow Chart ...........cccocciviiiinninienennns 8-4
Exhibit 8-2 Example Vehicles Exited from Performance Report..........cccoccvvivevvevesiieneene e, 8-6
Exhibit 8-3 Default Lane AIIGNMENT ........ccoiiiiiiiie e 8-8
EXDiDit 8-4 HEAAWaY FACIOIS........cccvieiiieieiieeie ettt ae ettt aesra e e e e snaenneas 8-9
Exhibit 8-5 SimTraffic Default Vehicle Parameters............cccoeiieiiiii i 8-11
Exhibit 8-6 SimTraffic Default Driver Parameters..........coocvvieiineiininieeee s 8-12
Exhibit 8-7 ODOT Green REACE TIMES ......oiviiiiiiiiieieieite e 8-12
Exhibit 8-8 ODOT Intervals DefaultS..........coviieiieiiie e 8-13
Exhibit 8-9 Sample Queuing and BIOCKING REPOIt .........ccccieeiieiieiieie e 8-16
Exhibit 8-10 Sample QUEUING DIAGIAM.........cciiiiiiieieieie e 8-18
Exhibit 8-11 Sample Performance REPOI .........c.coviiieiiiie et 8-19
Exhibit 8-12 Sample Arterial FEPOIT ........ccoii i 8-19
Exhibit 8-13 Animated Vehicle and Signal Tracking..........cccccceivveiiiiiiieieeie e 8-20
Exhibit 8-14 Example Queue Length StatiC REPOIT .........ccviviiiiiiiiiccce e 8-21
Exhibit 9-1 Sources of Performance Measures by Project TYPe .......cccevveveiiieiveie s 9-3
Exhibit 9-2 Types of Performance Measures AppliCatioNS ............ccccoviririieieienenc e 9-4
Exhibit 9-3 2008 Crash Rates by Jurisdiction and Functional Classification................c.cccoveu.. 9-6
Exhibit 10-1 Intersection Traffic Control OPtioNS...........coceviiiiiiiiiecce e 10-8
Exhibit 10-2 Diamond INtErChange...........ooveiviiieie e 10-10
Exhibit 10-3 Compressed Diamond INterchange..........ccooveiiieiiniiinieieeee e 10-10
Exhibit 10-4 Tight Diamond INterchange..........cceeveiieiieie i 10-11
Exhibit 10-5 Split Diamond INtErChANGE ..........ooiiiiiiieieee e 10-11
Exhibit 10-6 Folded Diamond INterchange...........ccoovveiieieiieiiece e 10-11
Exhibit 10-7 Single Point Urban INterchange..........ccoooveiiiiininiseeeee e 10-12
Exhibit 10-8 Divergent DIamONQ...........cccvoieiiiiiiieiie et 10-12
Exhibit 10-9 Partial Cloverleaf INterchange ..........ccooooerireiiiiniseee e 10-13

Analysis Procedure Manual X Last Updated 1/2011



EXNIDIT 10-10 FUI CIOVEITEAT ... 10-13

Exhibit 10-11 Directional INterchange..........ccoeveieiieii e 10-13
Exhibit 11-1 Sample Link Diagram — Jackson School Road Interchange.............cccoceevveriennenn. 11-4
EXNibit 11-2 TruckSUM INPUL.......ooiieiee e 11-8
EXhiDit 11-3 TruckSUM OULPUL .....ocveiiieie et 11-9
Exhibit 11-4 EISBase Input Screen (Replacement pending.)........cccoevvivereeiesieesnesesieseenes 11-16
Exhibit 11-5 Traffic Analysis Output for Noise Analysis (Replacement pending.)................ 11-18

Analysis Procedure Manual Xi Last Updated 1/2011



Table of Examples

Example 4-1 Seasonal Factor — On-Site ATR .....ccooiiiiicc e 4-17
Example 4-2 Seasonal Factor — ATR Characteristics Table..........ccccoocvviviieniiiie i, 4-23
Example 4-3 Seasonal Factor — Seasonal Trend Table.........cccccooveiieiiiiiie e 4-26
Example 4-4 Converting ADT t0 DHV (K30) faCtor .......cccooiiiiiiiiiiecceeee e 4-28
Example 4-5 Future Volumes Using HiStoric Trend ..........cccoceiieeiieieieese e 4-30
Example 4-6 Cumulative ANalysis fOr TIA ... 4-32
Example 4-7 Zonal Cumulative ANalYSIS.......c.ccviiiiiieiieieceseese e se e e sre e 4-33
Example 4-8 Zonal Cumulative Analysis — E-1 and I-E Trip Forecast Generation................... 4-36
Example 4-9 Zonal Cumulative Analysis — E-1 and I-E Trip Distribution............ccccceevereenenn. 4-38
Example 4-10 Zonal Cumulative Analysis — I-1 Trip Generation and Distribution .................. 4-39
Example 4-11 Zonal Cumulative Analysis — I-1 ASSIgNMENT..........ccovviieiieeresie e 4-42
Example 4-12 Model Year Adjustment — Straightline Method ..., 4-46
Example 4-13 Model Year Adjustment — Geometric Method............cccccovveveiieviccc e, 4-46
Example 4-14 Post-Processing — Growth Method............ccoooieiiiiiie e 4-47
Example 4-15 Post-Processing — Difference Method...........ccccceiveiiiiiiiieccc e 4-48
Example 4-16 Post-Processing — Use 0f SCreenlings .........cccoveveeiiiiiiiniienie e 4-49
Example 5-1 Crash Rate Calculation and COmMPAariSON...........ccevuvrierieeresiiesieesesieesee e seeseeneens 5-3
Example 6-1 Weave Capacity EXamPIe .......coooiiiiii e 6-11
Example 7-1 Left Turn Lane Criterion EXample.........cccoov o 7-4
Example 7-2 Right Turn Lane Criterion EXample..........cccoiiiiiin e 7-8
Example 7-3 Single Lane Roundabout Calculation..............ccoceiveiieiiiieiecce e 7-22
Example 7-4 Single Lane Roundabout with Bypass Lane Calculation.............ccccccooeniinnnnnnne 7-25
Example 7-5 Multi-Lane Roundabout EXample..........cccooeviiieiieeiice e 7-28
Example 7-6 Multi-Lane Roundabout with Bypass Lane Calculation ............c.ccooveveiiienennnene. 7-32
Example 7-7 Signal Phase SPIILS .......ccviiiiieecccc e 7-44
Example 7-8 Critical MovEMENt ANAIYSIS.......ccviiiiiiiieiiee e 7-51
Example 7-9 Right Turn Discount for Shared Left/Through/Right Lane..............cccccvevvvvvvennnn. 7-72
Example 7-10 Right Turn Discount for Exclusive Right Lane Lane..........cccccooeviinciinnennnnne 7-75
Example 7-11 Right Turn Discount for Shared Through/Right Lane ...........ccccccvvvevviivcnieennnnn. 7-78
=0 ] o] L= TSR 11-17

Analysis Procedure Manual Xii Last Updated 1/2011



1 INTRODUCTION

1.1 Overview of Manual Purpose

The Analysis Procedures Manual (APM) was created to provide a comprehensive source of
information regarding current methodologies, practices and procedures for conducting long term
analysis of Oregon Department of Transportation (ODOT) plans and projects. Although this
information is extensive, it is not intended to be exhaustive.

The APM shall be utilized by ODOT staff as well as external consultants and contractors
conducting and reviewing plans, projects and/or studies for ODOT. It also applies to work
performed under ODOT Grants.

The procedures addressed in this manual have been organized to follow the progression of
analysis conducted for a typical transportation plan or project. It begins with project scoping and
data collection, and ends with alternatives evaluation and production of the final report. There
are examples provided to “walk” the user through a process. These examples are denoted by
black bars at the beginning and end of the example.

While the direction provided represents recommended best-practices for producing consistent
and accurate results, it should be recognized that every project analysis presents a unique set of
problems to address. This manual is not intended to replace the need for sound engineering
judgment, which must continue to be a vital part in the process of applying the methodologies to
individual studies.
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1.2 Manual Structure

Acronyms are shown in parenthesis after a term, phrase or reference is listed the first time. The
acronym is used thereafter in the text.

Manuals, papers and other publication titles are italicized.

There are a number of references to web sites, web pages and web accessed documents.
Appendix A is a listing of all web links referenced.

Examples are identified with a solid bar the width of the page at the beginning and end of each
example.
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1.3 Manual Updates

Analysis techniques and project requirements change over time. The ability to immediately
incorporate new information into this manual is essential to providing users with the most current
resource possible. To accommodate expedient updating, the APM has been designed as an on-
line tool, and the on-line version is the official document.

As this is an on-line document, and will not be published and distributed as a traditional
publication, there is no user list for update notifications. It is the user’s responsibility to verify
they are using the most current version of information as their reference.

Update information will be detailed on the web page so that users can identify what has changed
and when. Updated pages will have the change date as part of the document footer.
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1.4 ODOT Structure
ODOT, through its ten Divisions, is responsible for developing Oregon's:

System of highways and bridges

Public transportation services

Rail passenger and freight systems

Bicycle and pedestrian paths

Driver licensing and vehicle registration programs o Motor carrier operations, and
Transportation safety programs

As part of the Transportation Development Division (TDD), the Transportation Planning Section
provides direction for long-term management and improvement of the transportation system
through analysis, modeling, research, policy development and coordination with other agencies.

Analysis and modeling for Regions 2-5 are the responsibility of the Transportation Planning
Analysis Unit (TPAU), which uses these tools to:

e Provide support and evaluation of corridor and transportation system plans.

e Provide transportation model development guidance to region staff, metropolitan
planning organizations (MPO) and local jurisdictions.

e Forecast transportation needs and evaluate the impacts of transportation, economic and
land use decisions.

e Help decision-makers find cost-effective ways to manage transportation facilities that
alleviate traffic congestion.

e Conduct transportation analysis to support project selection decisions for the Statewide
Transportation Improvement Program (STIP).

e Develop traffic data for environmental analysis and design recommendations during
project development.

Traffic analysis may also be conducted by Region staff, which is the case in Region 1. Analysis
conducted in Region 1 is the responsibility of the Traffic Section, which resides in the Technical
Center.

Note: All references in this manual to the Department refer to ODOT, and all references to
regions relate to ODOT regions.
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2 MANAGING ANALYSIS PROJECTS

2.1 Purpose

In general, transportation analysis projects and planning studies will follow a similar outline of
procedures for gathering and analyzing data. This chapter will provide guidance in common
procedures and data needs for:

e Scoping

e Reviewing Analysis Work
e Coordinating with Other ODOT Units
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2.2 Scoping

2.2.1 How to Determine the Type and Scope of Procedures to Apply

Selection of the appropriate analysis procedures from this manual will often be determined by
project-specific characteristics such as the type of project, the surrounding environment and land
uses, availability of data and the type of traffic controls present in the field. Generally, similar
types of projects will use the same analysis procedures to varying degrees. Exhibit 2-1 lists
common analysis procedures used for most projects, and identifies the various types of data
needed for each. Depending on the study and the project’s purpose and need, additional data may
be required.

In general, transportation planning studies involve less detailed analysis, and therefore, will
require the use of fewer or less complex analysis procedures to complete the work. Conversely,
transportation projects and land development proposals usually involve a more detailed level of
analysis, and may require the use of many or more complex analysis procedures. For further
information on project scoping and selection of traffic analysis procedures, refer to the Federal
Highway Administration’s (FHWA) website for Traffic Analysis Tools.

It is important that scopes of work that involve analysis by consultants specify that all analysis

input and output sheets shall be provided as the project progresses, in order to expedite the
review process.
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Exhibit 2-1 Common Procedures and Data Needs for Transportation Analysis

Projects
= s | > 2 > |2 |£
3L I8 12 |5 |B |c8lg [sglE |583
s Bl [ceRalz8EEls [EEC .28
= 22|12 |25(x 8|8L|E 5| ;;gg'cmﬁ
< @ o|o n=|wolc |9 e|lc 235 2|c 5|
S Bflc 638 E[ESIGES [EBEla6lS 8IS

\VVolumes

30" Highest Hour Volumes X | X | X

Design Hour VVolumes X | X ] X

Trend Line Analysis X X | X

Cumulative Analysis X X | X X

Forecasting Model X X | X X | X [ XE X

Trip Generation X

Trip Distribution/Assignment X X

Operating Conditions

Signalized Capacity X | X | X | X X | X

Unsignalized Capacity X | X | X | X

Preliminary Signal Warrants X | XX X | XA

Segment Analysis X X I x| xX][X®

Signal Warrants (per MUTCD) X X X | XA X

Turn Lane Criteria Analysis X X | x* X

Queuing Analysis XXX x[xX] x| x

Progression Analysis X | X | X[ X[XP] X| X

Weaving Analysis X | X [ X [ X [X®

Merge/Diverge Analysis X | X | X[ xX][|X®

Passing/Climbing Lanes X | X [ X [ X [X®

Simulation Modeling X I X[ X[ X [X°] XX

Arterial Analysis X | X | X[ xX[X°

Safety Assessment

Crash Analysis X X X

Sight Distance Evaluation X | X©

Access Spacing X | X®

Throat Design/Site Circulation X | X | X | X X

Planning Studies (e.g., Transportation System Plans, Corridor Plans, and Refinement Plans) do
not typically consider signal phasing or progression analysis, and only include general queuing
analysis to note blockages and spillbacks.

Ag5th percentile (operating) speed
BFree-flow speed

Design speed

PRunning speed

EPosted speed
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2.2.2 Study Scoping Procedures

The purpose of establishing a scope of work (SOW) for a transportation study is to define critical
parameters such as the study area boundaries, analysis requirements, data needs and the
identification of specific concerns to be addressed. An effective scope of work should always
produce a completed study that satisfies the needs of the corresponding project.

Common elements of a SOW for most types of transportation studies include:

Background or Purpose Statement
Obijectives of the Study

List of Work Tasks

Identification of Deliverables
Project Schedule

Project Budget

It is important that the work tasks and corresponding deliverables be clearly defined, and that the
party responsible for completing them is identified. The distribution list for deliverables should
generally include members of the Citizen’s Advisory Committee (CAC), the Project Team (PT),
the roadway designer, the Region Traffic Manager, and Traffic — Roadway Section (TRYS) if
signals are involved. Exhibit 2-1 can be used in conjunction with Exhibit 2-2 to assist the analyst
in creating the work tasks and deliverables by identifying potential analysis procedures for
implementation and their corresponding data needs. It should be recognized that this table and
figure are not exhaustive, nor do they require all analysis procedures identified for a given
project type to be implemented, and that engineering judgment will be needed to create an
appropriate list of work tasks. When completed, the work tasks identified and corresponding
deliverables should achieve the objectives of the study.

A useful tool during scoping is TransGIS. It can be used to quickly map and access key data,
such as:

Crashes

SIP segments

Congestion

Volumes

Rail, rail crossings

Pavement and bridge conditions
ATRs

Posted speed

STIP projects
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As an example, an analyst scoping a study could use TransGIS to map crash locations over the
last five years to identify areas where crashes are concentrated. Complete crash data can then be
accessed for groups of crashes identified on the map. The analyst may use this information to
identify in the SOW specific locations within the study area that need more detailed crash
analysis. The TranGIS tool is available on the TDD Transportation Data GIS Unit Website.
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Exhibit 2-2 Process of Traffic Analysis

Purpose and Scope of Project/Study

Chapter 2

Inventory

Chapter 3
Field Data Counts
Chapter 3.2 Chapter 3.3

A 4 {V
Crash Data Develop Volumes
Chapters 3.6 and 5.2 Existing and No-Build, Chapter 4

4 i

No-Build Conditions Analysis
Chapters 5-8

A

A 4 l
Develop Preliminary Develop Build Volumes Draft Memos
i —>
Alternatives Chapter 4 Chapter 12

In Cooperation with L e

Stakeholders !

|

[}

v |

[}

Preliminary Alternatives Screening and !

Analysis :

Chapters 5410 E

V‘ v |l
Discarded < Final Analysis of Selected Alternatives

Alternatives Chapters 5-10
JV , \ 4
Air and Noise Traffic Data _________ »  Final Report
Chapter 11 Chapter 12

+

The SOW should include the project title, highway name and number, and a purpose statement to
identify the project objectives. Timelines should be defined by number of weeks required to
complete each task. Target completion dates for each task should be established. Delays or
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additional work requests will extend the timelines. A typical analysis will include most, but not
necessarily all, of the following tasks.

e Task 1 - Transportation System Inventory

The purpose of this task is to review existing data and collect additional inventory data
for the study area. Note: Allow 6-8 weeks from date of request for counts requested from
ODOT.

The methodology for this task should specify the following:
o0 Count Request

= Locations of 16-hour manual classification counts to be taken at major and
minor road locations; consider if needed at minor road locations.

= Locations of 2 or 3-hour manual counts to be taken at major and minor
road locations; consider if needed at major accesses. See Chapter 4 to
determine the count duration.

= Locations of 48-hour or 7-day hose tube counts to be taken on free-flow
segments including interchange ramps.

o Field inventory data needed including, but not limited to:

= Speed Limits

= Lane Geometrics

= Intersection/Access Spacing
= Storage Bay Lengths

= Intersection Controls

0 Other inventory data needed including, but not limited to:

= 3-Year Crash Report for roadways through study area

= Map of area using Geographic Information System (GIS) for figures
= Functional class and freight/truck route data

= Comprehensive plan data (zoning code and map)

= State and local performance measures

= Saturation flow rates taken at major signalized intersections

o Other optional inventory data that may be needed, depending on project.

= Sight Distances

= Travel Times

= License Plate Surveys (can be expensive)

= Origin-Destination (O-D) Surveys (very expensive and require Oregon
Transportation Commission (OTC) approval for state highways)
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Task deliverables include inventory information, project area map and photo for use in
the following tasks.

e Task 2 — Develop No-Build (Existing and Future) Design Hour Volumes

The purpose of this task is to develop base year, build year and future year no- build
design hour volumes (30™ highest). The base year is the year of the study, or when most
of the data was gathered. The build year is the year that has the day of opening of the
project. Generally, the build year is one year (for small projects like intersections) to two
years (for large projects like interchanges) from the let date shown on the project
prospectus. The future (design) year is typically 20 years from the build year. For
example, a 2005 interchange project with a let date in 2009 would have a base year of
2005, a build year of 2011 and a future year of 2031.

The methodology for this task is to use the manual count data to obtain the 30™ highest
hour volumes (30HV). The seasonal factors developed from local ATRs (Automatic
Traffic Recorders) should be used to convert volumes to 30HV. Use yearly factors
developed from the historical-based Future VVolume Table to adjust counts up or down to
the base year. Volumes should be balanced as much as possible between intersections
with a single system peak hour.

The future volume development process should be summarized, whether by historical
trends, cumulative analysis, or with a transportation model.

Task deliverables include balanced base, build and future year 30HV no-build volumes
on figures for Technical Memorandum #1.

e Task 3 — Analysis of No-Build Transportation System

The purpose of this task is to evaluate no-build system conditions for the base, build and
future years.

The methodology for this task should use the base year, build year and future year data
developed in Task 2 along with current Highway Capacity Manual (HCM)-based analysis
software to evaluate the system by performing the following:

0 Use crash data from Task 1 and create segment crash rates to be compared with
published crash rates for similar facilities. Analyze the crash data for any patterns
and identify any possible countermeasures.

o Preliminary signal warrants (either TPAU’s ADT-based ones or Manual of
Uniform Traffic Control Devices (MUCTD) Warrant 1 will be evaluated for
unsignalized intersections. The results of any analysis involving signals or
intersections that meet preliminary signal warrants should be discussed with
Region Traffic prior to distribution.

o Evaluate the volume to capacity (v/c) and level of service (LOS) for the study
area for intersections, merge/diverge/weaving sections, freeway mainlines and
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highway segments. ODOT’s current analysis software preferences are Synchro,
SimTraffic, and HCS.

0 The output no-build v/cs must be compared with the Oregon Highway Plan
(OHP) v/c standards for state facilities. Non-state v/c or LOS need to be compared
with the appropriate local operational performance measure standard.

o Turn bay storage lengths will be compared to the 95™ percentile no-build queues.
Blocking of turn bays and upstream intersections must be noted. Simulation
modeling may be needed to evaluate the above if there are multiple signals
involved or congested conditions exist.

o0 Check if accesses, intersections and interchanges meet OHP and Division 51
spacing requirements.

The task deliverable is Technical Memorandum #1, which includes the crash analysis,
preliminary signal warrants, no-build system LOS, v/c, 95" percentile queues and
identification of access and spacing issues.

e Task 4 — Evaluate Preliminary Alternatives (Screening)

The purpose of this task is to work with the PT, the Region Roadway Section and the
TRS to develop and screen the preliminary alternatives.

The methodology for this task is to review goals and objectives with the PT considering
identified needs, and evaluate each preliminary alternative by comparing operations at
major intersections or other agreed upon key location(s) using the future design year
volumes. Models can also be used to screen alternatives effectively if the alternatives
have the potential to change traffic patterns beyond the local area. The future no-build
alternative needs to be included in the analysis as the baseline that the preliminary
alternatives are compared against.

Any comparisons using HCM-based v/c’s need to use the 2003 Highway Design Manual
(HDM) v/c’s. Model-based link v/c’s have different methodology and cannot be directly
compared to the HDM v/c’s. Model-based screening criteria should be based on relative
comparisons as much as possible.

The task deliverable is Technical Memorandum #2, with the screening criteria and results
shown for each alternative. A summary comparison table that shows how the alternatives
and the future no-build alternative perform against the screening-level criteria must be
included.
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e Task 5 — Evaluate Build Alternatives

The purpose of this task is to work with the PT, the Region Roadway Section and the
TRS to develop and completely evaluate the detailed alternatives that satisfy the future
transportation needs for this project.

The methodology for this task is:

o

Develop build and future year Design Hour Volumes (DHVSs) for each of the final
alternatives. Either distribute the no-build volumes on the build alternatives, or
create new build volumes for each alternative if currently diverting traffic that
would return with the new alternative is sufficient to invalidate the use of the no-
build volumes.

Preliminary signal warrants (either TPAU’s ADT-based ones or MUCTD Warrant
1) will be evaluated for unsignalized intersections.

Evaluate the v/c and LOS for the study area for intersections,
merge/diverge/weaving sections, freeway mainlines and highway segments.
ODOT’s current analysis software preferences are Synchro, SimTraffic, and HCS.
The output build v/c’s must be compared with the HDM design v/c’s for state
facilities. Non-state v/c or LOS need to be compared with the appropriate local
operational performance measure standard.

Determine turn bay storage lengths using the 95th percentile build queues.
Blocking of turn bays and upstream intersections must be noted. Simulation
modeling may be needed to evaluate the above if there are multiple signals
involved or congested conditions exist. If simulation is needed for each of the
alternatives, allow approximately 1 week per alternative. More than 1 week per
alternative will be needed for alternatives where multiple hours are being
evaluated.

Work with TRS/Region Traffic if new signals or changes to existing signals are
involved. A progression analysis for the study area is needed if more than one
signal is included in the alternative.

Check if accesses, intersections and interchanges meet or improve over

current conditions in the OHP and Division 51 spacing requirements.

The task deliverables include Technical Memorandum #3 with volumes, LOS, v/c and
95th percentile vehicle queues shown on diagrams for each alternative, a summary
comparison of the alternatives (including a table) and how they fared against the
evaluation criteria and each other. Also, the design storage lengths and other geometric
details need to be forwarded onto the appropriate design staff, either ODOT or
consultant.

e Task 6 — Draft Traffic Narrative

The purpose of this task is to select the final solution for the project and write the draft
traffic narrative report.
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The methodology for this task is to work with the PT and Region Roadway Design and
Region Traffic Sections. Use the goals, objectives, and evaluation criteria and
information from Technical Memorandums #1 through #3.

The task deliverables include the preferred alternative, draft traffic narrative and all
diagrams for both selected and non-selected alternatives. There may be more than one
alternative that meets the traffic/transportation related goals and objectives. In these cases
the decision making body will need to consider other information and make a decision on
the preferred alternative.

e Task 7a — Air/Noise Traffic Data for No-Build System

The purpose of this task is to produce air/noise traffic data for the no-build system
conditions. This includes the base year, build year and future no-build volumes. Larger
projects may also require the creation of short-term future year (10 year) data. The
analyst should contact the air/noise specialist who will be using this information before
beginning this task to ensure the correct information is provided. There may be some
differences in data requirements form project to project, depending on the needs of the
user of the data.

The methodology for this task is to use the balanced hourly volumes, average daily traffic
(ADT), LOS C for the base, build and future years and truck classification data to
compute the noise traffic data. Use the TruckSum summary spreadsheets (Chapter 11)
and the EISBase program. Work with the noise consultant to confirm years and data
results requirements. In congested areas air quality data might be needed, which involves
intersection LOS and number of stopping vehicles on each approach.

The task deliverables include the air/noise traffic data for the base, build and future no-
build years delivered to the air/noise consultant. Diagrams are also required as the
identification/location key for the data.

e Task 7b — Air/Noise Traffic Data for Preferred Alternative

The purpose of this task is to produce air/noise traffic data for the preferred alternative
for the build (opening year) and future design year.

The methodology for this task is to use the balanced hourly volumes, ADT, LOS C for
the build and (short and long-term) future years along with truck classification data to

compute the noise traffic data. Use the TruckSum summary spreadsheets (Chapter 11)
and the EISBase program. In congested areas air quality data that involves intersection
LOS and number of stopping vehicles on each approach might be needed.

The task deliverables include the air/noise traffic data for the build and future no-build

years delivered to the air/noise consultant. Diagrams are also required as the
identification/location key for the data.
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e Task 8 — Final Traffic Narrative
The purpose of this task is to produce the final traffic narrative.

The methodology for this task is to use the draft traffic narrative completed in Task 6.
Incorporate any changes since draft narrative was completed. Append the air/noise traffic
data sheets from Tasks 7a and 7b.

The task deliverable is the final traffic narrative delivered to project leader or team,
Geo/Hydro, Bridge (if necessary) and TRS.

2.2.3 Scoping a Traffic Impact Study

The purpose of providing a SOW for a TIS is to define the study area boundaries, establish the
analysis requirements and convey specific concerns to be addressed. The SOW should be created
with the goal of identifying the proposed development’s impacts to the transportation system, as
well as the potential infrastructure improvements necessary to mitigate development impacts.
Quite often the effectiveness of the final TIS in evaluating impacts and associated mitigation
options is dependent on the quality of the initial scoping.

Chapter 3.3 of ODOT’s Development Review Guidelines provides guidance on the preparation
and review of TIS’s, and should be consulted when creating a SOW for a TIS.
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2.3 Reviewing Analysis Work

Often times an analyst may be required to review work conducted by others, whether it was
performed within the Department or by a consultant. The following section provides general
guidance for reviewing traffic analysis that can be applied to any type of analysis project.
Specific guidance for the review of TISs can be found in ODOT’s Development Review
Guidelines.

When reviewing analysis conducted by others, knowledge of the study area is often very
beneficial. The reviewer should first examine all study area mapping and photographs available
and should visit the site, if practical to do so.

With any type of technical analysis the proper collection and processing of data is critical to
obtaining accurate results. Before reviewing the analysis itself, verify that the data used is
appropriate for the analysis conducted. Consider things such as the time of data collection, type
of data used and whether any processing of data (e.g., volume balancing) was conducted
correctly.

The calculations performed in the study should be checked for computational errors, and
procedures used should be appropriate for the given situation and in compliance with accepted
ODOT practices. Keep in mind that assumptions made by the analyst performing the work can
have a significant effect on analysis results, even if specific analysis procedures are followed
correctly. Knowledge of the study area, prevailing traffic conditions and accepted ODOT
analysis procedures will aid the reviewer in determining which assumptions are appropriate, and
which are not.

In addition to technical accuracy, the results of the analysis should be considered using a
“reasonableness” test. The reviewer should compare the subject data, such as the traffic volume
counts, lane configurations and traffic controls, and determine whether the conclusions and
recommendations of the study seem reasonable. This type of test can often help pinpoint sources
of error in analysis, and may address questions likely to arise when the project is presented to the
public.

When sources of error are detected in the analysis, the reviewer should not only note the error
itself, but should acknowledge the significance of the error to the results of the analysis. There
may be times when correcting the error would require a substantial amount of work, but the
results of the corrected analysis would not be significantly different and the recommendations of
the study would remain unchanged. Noting the significance of the error ahead of time will enable
the Department to determine whether correction is necessary or cost-effective.

Once the adequacy of the analysis has been verified, compare the results to ODOT’s adopted
performance measures. Check any proposed mitigation against ODOT’s design standards. Often
times the review process will require coordination with other units within the Department that
have specific expertise in, or authority over, certain elements of the design or approval of the
mitigation proposed.

Analysis Procedure Manual 2-13 Last Updated 1/2011



2.4 Coordinating with Other ODOT Units

The following section describes various units within ODOT that are commonly involved in
decision making regarding highway improvements. One or more of these units may need to be
contacted for input or to discuss problems and possible solutions regarding a specific project. It
is preferable to begin with staff at the Region or District level.

2.4.1 Transportation

Region Traffic Units

Region Traffic Units provide expertise to region and district staff on current traffic policies and
procedures. Staff is responsible for overseeing all traffic engineering design (including signal
and sign design) for Region projects. Staff actively participate as members of project
development teams (PDT) to help insure that traffic related issues are considered early in the
process, and to provide traffic information to the team. They also act as the traffic liaison to local
agencies on behalf of ODOT.

The Region Traffic Manager/Engineer may authorize standard applications of traffic control
devices, and some modifications to existing traffic control devices, provided the applications are
in compliance with the principles outlined in the Manual on Uniform Traffic Control Devices for
Streets and Highways and applicable ODOT policies and guidelines. A list of items that may be
authorized by the Region Traffic Manager/Engineer can be found in the ODOT Traffic Manual.

Traffic-Roadway Section (TRS)

This section prepares specifications, maintains standards for traffic devices and related facilities
and provides design expertise in materials, operations and construction support services. TRS
consists of five central units under the authority of the State Traffic Engineer: Roadway
Engineering, Office of Project Letting (OPL), Geometronics, Traffic Standards and Asset
Management (TSAM), and Traffic Engineering.

The State Traffic Engineer has delegated authority to approve the installation of traffic control
devices on state highways. This includes the installation of all new signals, major modifications
to existing signals and installation of any other traffic control device on state highways. All
delegated authority requests for State Traffic Engineer approval should follow roughly the same
process.

e Consultation with Region Traffic Unit; and
e A request sent through the Region Traffic Manager/Engineer with supporting
documentation.

A list of items that require approval by the State Traffic Engineer for use on state highways can
be found in the ODOT Traffic Manual.
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Transportation Planning Analysis Unit

The Transportation Planning Analysis Unit (TPAU) provides support and guidance for the
development of corridor and urban transportation system plans, transportation model
development and use of computer models to forecast transportation needs. TPAU also maintains
the Congestion Management System (CMS) and the Highway Economic Reporting System
(HERS) that decision-makers use to find cost-effective ways to manage transportation facilities
that alleviate traffic congestion. Other duties include supporting ODOT’s project development
process by conducting transportation analysis to aid project selection for the Statewide
Transportation Improvement Program (STIP) and developing data for environmental analysis.
TPAU often acts as a resource to Region Traffic Units requesting technical assistance.

2.4.2 Other ODOT Groups

Right of Way Section

The Right of Way (ROW) Section is responsible for the appraisal, acquisition and management
of property acquired for public projects, and assists people and businesses in relocating from the
acquired right of ways. This section should be consulted when proposed improvements require
more highway right of way than is currently available. The ROW Section also conducts research
regarding private property access rights when an approach application is submitted.

District Maintenance Offices

The District Maintenance Offices are responsible for the on-going preservation and operation of
state transportation facilities and the permitting of all activities (utility, access, miscellaneous)
within the highway right of way. They are often very familiar with local issues and the
operational and maintenance history of individual highways, and can offer valuable input during
the process of identifying needs and mitigation alternatives, in addition to tracking the status of
existing permits. Because they will ultimately be responsible for maintaining any proposed
improvements, they should be consulted during the selection and design of proposed mitigation
as well.

Region Roadway Engineering

Region Roadway Engineering is responsible for the design of new highways and highway
features. Early consultation with this unit when evaluating potential improvements can help in
identifying fatal flaws and ensure design standards can be met before recommending an
alternative for implementation.

Long-Range Planners
ODOT Regions have long-range planners who are familiar with the local government
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Transportation System Plans (TSPs) and Comprehensive Plans. TDD also has specialized long-
range planners for various travel modes. Coordination with the long- range planners can help
identify planned transportation improvements in the study area that could alter future traffic
patterns or conflict with proposed improvements.

Rail Division

The Rail Division has jurisdiction over railroad crossings and traffic control devices used within
crossing areas. They also have exclusive legal authority over public grade crossings and provide
coordination with the railroads for affected private rail crossings. The Rail Division should be
contacted any time a project will have an impact directly to or within 500 feet of a railroad or rail
crossing.

Bicycle and Pedestrian Program

This program is a group within TRS and provides technical assistance within the Department and
to local officials regarding walkway and bikeway design (construction and maintenance), issues
grants to local officials regarding bicycle and pedestrian issues and reviews construction plans
and TSPs to ensure that bicycle and pedestrian needs are met. They should be used as a resource
to use any time bicycle or pedestrian improvements are proposed or existing facilities are
impacted by other proposed highway improvements.

Region Environmental/Geo-Environmental Section

Environmental staff is responsible for coordinating environmental regulatory compliance for all
transportation improvement programs in the state that use federal funds. Potential issues
requiring involvement of the Geo-Environmental Section include:

Environmental justice

Threatened and endangered species
Wetlands

Historic buildings

Air quality

Noise

Erosion control

Stream-bank stabilization

Fish passage

Storm water quality and quantity

The ODOT Environmental Engineering Acoustical Group is responsible for ODOT’s traffic and
construction noise analyses, noise barrier design and noise mitigation recommendations. Their
work will often be dependent on data provided by Region traffic analysts and/or consultants as
described in Chapter 11.
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3 TRANSPORTATION SYSTEM INVENTORY

3.1 Purpose

Before any analysis can begin, data for the study area must be collected from the field or other
available sources. This chapter provides guidance in the selection criteria and collection methods
of appropriate data for use in transportation analysis. Topics covered include:

Field Inventory

Vehicle Count Surveys
Travel Time Surveys
Saturation Flow Rate Studies
Crash Data

Data Resources from ODOT
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3.2 Field Inventory

Specific data related to field conditions that may affect traffic safety and operations shall be
collected directly during a visit to the area. In addition, inventory data collected through other
sources such as previously conducted studies or databases maintained by the agency with
jurisdiction over the roadway should be field verified. There is no substitute for a field visit as an
analyst cannot get a good feel for the project area otherwise. Notes, photographs and/or video
should be taken of the project area in addition to the inventory data to reference, and possibly
include, as graphical elements in the final report. The most common types of field data needed
are discussed below.

3.2.1

Geometric Data

Geometric data typically includes:

3.2.2

Street names

Lane/shoulder/median widths

Lane configurations

Sidewalk widths and locations

Intersection and access spacing

Horizontal and vertical roadway alignments
Storage bay lengths (from stop-bar to start of taper)
Storage bay taper lengths

Bike lanes and width

Parking width and locations

Operational Data

Operational data typically includes:

Speed limits

Intersection controls (signalized, stop-controlled, yield, merge, etc.)

Signal characteristics (timed, actuated, split-phased, protected left turns, etc.)

Signing (especially turn prohibitions)

Parking locations, signing, striping, and frequency of parking maneuvers

Crosswalk location, width, and frequency of use

Bus stop locations and bus route frequency

General operations observed during peak period on field visit; note perceived and actual
problems, standing queues, poor access/intersection spacing, movements of vehicles and
pedestrians/bicyclists

Saturation flow studies

Travel time studies

Rail crossing locations, train frequency and duration of blockages
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3.2.3 Simulation-Specific Data

In addition to the geometric and operational field data, additional simulation specific data will be
required if a project will require a simulation to be performed. Simulation-specific data typically
may include:

e Number of detectors, length, and distances from stop bar or crosswalk

e Locations where vehicles improperly use the shoulder or median to move around
blockage points or due to driver confusion

e Turning Speeds (if unusual geometrics or conditions exist)

e Free-Flow speeds on ramps, highway segments, or on intersection discharge legs (can be
collected using road tubes or speed guns)

e Floating car travel times and average speeds (see Section 3.4)

e Lane Utilization, are some lanes used more heavily than others in the same approach,
what is causing the behavior

e If more than one lane is available to turn into from an approach, indicate the lane that
turning vehicles align into (left or right alignment) regardless if the movement is legally
proper or not.

e Important travel patterns (OD Data), Example: ~75% of traffic exiting the mall makes
left at Main Street

e Lane-change positioning lengths or land marks where vehicles tend to position
themselves in a lane to make an upcoming turn or merge

e List the approximate average and maximum queues for each lane

e Note any upstream intersections or bays blocked by congestion from the intersection
being observed and what percentage of the site visit hour did blocking occur <5%, 10%,
25%, 50%7?

e Arrival type for each approach (i.e. are the vehicles arriving in a platoon, if so, are they
arriving on red or green?)

3.2.4 Field Inventory Worksheet

The Field Inventory Worksheet has been designed by TPAU to be generic enough to aid in the
collection of field data for all projects at all detail levels from a single intersection realignment
project to a highway bypass project that will require a full calibrated simulation. For projects that
will NOT involve simulation, it is only recommended but not required that the field inventory
occur near the analysis time period. For projects requiring simulation, the simulation specific
field data and volumes collected MUST be collected at a time that represents the analysis time
period (the 30™ highest hour) as closely as possible. The field inventory should be collected by
the analyst that will be conducting the work (and/or overseeing the work), and if at all possible,
should be done at the time during the vehicle counts being collected for the study (Vehicle
Counts described in Section 3.3). See Chapter 8 for guidance and instruction on calibrating
simulations.

With large project areas, it may be very difficult or Io%istically impossible to obtain all counts
and inventory on a single day which represents the 30" highest hour. If counts cannot all be
collected on the same day (or year), every effort should be made to collect counts and field
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inventory at primary locations on a day that is on, or closely represents, the 30" highest hour. If
it is not possible for any of the counts to occur on a day representing the 30™ highest hour and/or
the field inventory can not be collected at a time that represents the 30" highest hour for the
primary locations in the study area, then short sample counts should be conducted during the
field inventory collection to factor the off- peak counts to the day the study area was visited. If
this is the case and simulation is required for the study, use the seasonal factor methodology
described in Section 4.4 to determine if the vehicle count day is representative of the 30" highest
hour. If the primary counts for the study area occurred during a period that is less than 90% of
the 30™ highest hour for that area seasonal trend type, then sample counts during the field
collection (which must occur in that 90% window) will be required for the calibration or
“existing” model. These rules are established to help ensure that calibration volumes 1) are near
the 30™ highest hour and 2) represent conditions that have been witnessed in the field.

The Field Inventory Worksheet, Exhibit 3-1 (actual worksheet form found in Appendix H), will
help facilitate the field data collection process for the field data listed above. The worksheet can
be used for projects where just geometry and observational data is required or for projects
requiring simulation where all the data listed above should be addressed. Exhibit 3-2 shows an
example of a completed worksheet for a simulation project. Note that the worksheet is intended
to be printed multiple times for a given project area. The collection of worksheets can be placed
in a three-ring binder providing a hard writing surface. Each copy of the worksheet can be used
for each intersection or area of interest in the study and all copies can be neatly organized in a
single project binder.
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Exhibit 3-1 Field Inventory Worksheet - Intended Setup
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Exhibit 3-2 Completed Example Field Inventory Worksheet

FIELD INVENTORY WORKSHEET

General Information

Agency ODOT-TOD-TPAU

Analyst Alex Bettinard!
Date & Time July 25" 2006 4-6:00 PM

Intersection Spring Hill Drive & US 20
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Weather Conditions

Count Coordination: Representative Time

Sample Count During Collection

Sketch, Label, & Describe the Location - see CheatShoot for Reminders on Collection
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‘Label the approaches, lane configurations, and directions fo correspond
with the table below
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Microsimulation Performance Measures
There are several outputs from microsimulation models that should be compared to field conditions.
Record the following conditions, approximated from your field observations
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Describe the severity of congestion al the intersection:  Little to no congestion most of the hour, except pk § min
Additional Notes and Observations
This Collection seemed to represent a peak hour/season and commuter driving
charageng cs. This data should he applicable to counts taken on days representing the
! Graphics from this Field Inventory Worksheet were copled from the Highway Capadity Manual 2000, Chapler 16, Appendix 1, Field
Saturation Flow Rate Stugy Worksheet,
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3.3 Vehicle Count Surveys

The data collected from vehicle count surveys is used in nearly all types of analysis procedures,
and can include information regarding volumes of vehicles, types of vehicles, vehicle speeds and
directions of vehicle flow. When such information is needed, the analyst must determine the
appropriate time and method of data collection to obtain the desired results.

How many counts of what type is dependent on the context of the plan or project goals and
objectives. For outsourced projects and plans, a draft scope/workplan with a completed objective
section is critical for efficient use of time, money and data for all involved parties. The level of
count detail required will be dictated by the level of detail in the plan or project. For example,
Transportation System Plans (TSP) will be less detailed than a TSP Refinement Plan.

3.3.1 Vehicle Count Types and Durations

Intersection Classification Counts

Intersection classification counts provide vital information for project development. They
provide peak hourly volumes (PHV), Average Daily Traffic (ADT) and vehicle classifications
such as cars, pickups, buses and trucks for each approach and movement. Additionally, the K-
factor (percent of ADT in the peak hour) and the D-factor (percent of traffic in a single direction)
can be derived from count data. These are then used to convert PHV to ADT. For further
explanation of traffic volume characteristics, refer to the HCM — Part I: Overview.

Intersection classification counts are typically 16-hours in duration, so average daily traffic
(ADT) and other relationships can be created. These counts are used at signalized intersections,
intersections that may become signalized, and other important major intersections, such as
interchange ramp terminals. A 16-hour count is needed when requirements exist such as multiple
peak periods, truck classifications, signal warrants, air quality and/or noise studies in
environmental documents. Sixteen—hour counts can also be easily used for other purposes such
as pavement design or other plans or projects. Typical count costs are variable depending on
travel, duration, and other specifics, but are around $1,100.

Intersection classification counts group 13 different types of vehicles, pedestrians and bicycles.
Refer to the FHWA vehicle classification descriptions in Chapter 11. Classification counts can
either be done manually in the field or by use of video cameras. ODOT typically uses video
cameras as it does not require the presence of a field technician throughout the duration of the
count, may have less influence on driver behavior in some situations, allows for more flexibility
in scheduling and processing counts, and provides a database that can be easily revisited if more
information is desired at a later time or if an error in the count is detected. Data is recorded in the
field and is then sent to the Transportation Systems Monitoring (TSM) Unit for processing.
Passenger and other two-axle vehicles are tabulated both with and without trailers. The number
of axles for single-unit trucks and for all single, double and triple trailer trucks is recorded along
with buses and motorcycles.

A number will be given to each count so that it can be accessed easily. A hardcopy will be stored
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in TSM’s files. Counts are sent to the requestor either electronically or hardcopy by mail. The
first page of the ODOT intersection count provides a sketch of the intersection counted, the date,
location, count number and the ADT for each movement. The second page provides a summary
of movements broken down into 1-hour increments. Some intersection counts will break the peak
periods into 15-minute intervals instead of 1-hour intervals. Specify 15-minute count intervals
for any period when peak hour factors are needed. The rest of the pages show individual turning
movements with the vehicle classifications, a summary of the bicycle and pedestrian counts and
a summary of the movement volumes. Sample intersection and tube counts have been included

in Appendix D for reference.

Peak Period Counts

Peak period counts capture the individual vehicle movements at a location. These counts are
typically used to capture the in/out turning movements at driveway accesses or to count all
movements at minor or unsignalized intersections that are not being considered for signalization.
Generally, separate truck percentages are not available. Peak period counts cannot be used to
create daily traffic volumes or perform any signal warrant work. Use of turning movement
counts are limited to counting in a single peak period. Typical peak periods are morning (6:00
AM - 9:00 AM), mid-day (11:00 AM - 1:00 PM), and evening (3:00 PM - 6:00 PM). A three-
hour count is a typical duration to capture the peak hour. A four-hour afternoon peak period
count can be obtained to capture both school and commuter peaks. For count durations of more
than four hours or when more than one peak period is needed, it is more practical to collect a 16-
hour count. Count durations less than three hours make it difficult to capture the peak hour and
should be avoided. Typical count costs are variable depending on travel, duration, and other
specifics, but are in the $600 range.

Road Tube Counts

Road tube counts are often employed when the details provided by intersection counts are not
needed or practical given the data needs. These count individual vehicles only or can be setup to
capture vehicle classifications. These counts are used to capture mid-block volumes on streets
and for segment volumes on most highways and interchange ramps. Road tubes are subject to
vandalism or damage, and should not be done where vehicles may stop on the tube (in congested
areas or near intersections) or cross the tube at an angle (near intersections or driveways) because
under or over-counting may occur. Tubes are also susceptible to be damaged on roadways with
speeds at or above 40 mph, and for safety reasons, cannot be placed on high-volume
expressways and freeways. Road tube counts are typically done in a 48-hour format so an entire
24-hour period can be obtained. A 7-day count can also be done if daily fluctuations over a week
are necessary to be captured and are only done on roadway segments. Typical road tube count
costs are around $200.

3.3.2 Other Sources of Count/Volume Information
Frequently, existing or alternative count sources are overlooked so these should be reviewed

before completing the initial count list. This can, in some cases, substantially reduce the number
of new counts, save on data collection costs, and cut down the number of SOW review iterations.
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Transportation System Monitoring (TSM) Unit Data

Previously Collected Counts

Besides obtaining new counts there are some other sources of count information which
may be used to reduce the overall new count requirement needs. ODOT has a large
quantity of traffic volume data and previously collected counts. Before any new counts
are ordered, the Transportation System Monitoring (TSM) Unit should be contacted to
determine if any previous usable counts are available for the study area.

In general, counts in the study area should be three years old or less. Older counts
between three and five years old can sometimes be used if they are the correct type and
no significant changes, such as new roads or developments, have occurred to influence
traffic flows. A newer count may not accurately represent the traffic flows on a roadway
section even if less than the three years old if recent development has occurred within or
near the study area since the count was taken.

If the count was completed earlier, not per request, provide the TSM data analyst with the
electronic number (refers to year and number) found in the lower right corner of the
cover sheet for the count printout. The TSM Unit will send either an electronic or
hardcopy version of the count.

State Highway Vehicle Classification Data

State Highway vehicle classification information is available through the TSM Unit’s
Internet page at: http://www.oregon.gov/ODOT/TD/TDATA/tsm/tvt.shtml.

With this information, the daily and hourly volumes can be obtained along with truck
classifications which will substantially reduce the need for 48-hour road tube counts.

Automatic Traffic Recorders/Automatic Vehicle Classifiers (ATR/AVC) Sites

ATR and AVC sites can be used as substitutes for classification and regular road tube
counts. Every ATR site is counted with a 24-hour classification count every three years
which is available from the TSM Unit. AVC’s continually classify data so classification
data will be available throughout a given year at these locations. AVC’s are currently
replacing ATR’s so soon all recorder sites will have classification abilities. ATR/AVC
“Critical Hour” listings are also available which breakdown a year’s worth of data down
to the hour level so a 30 HV can be easily obtained at that location.

Ramp Volume Diagrams

While 16-hour counts at an interchange ramp terminal are preferable, the ramp volume
diagrams in the Transportation Volume Tables and on the TSM Unit webpage can be
used to substitute if a count is not available and intersection turn movements or
intersection operations are not desired. Free-flow ramp volumes (i.e. between two
Interstate highways) can be obtained from the diagrams if a 48-hour tube count is not
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available or practical.

Other Jurisdiction’s Counting Programs

In addition, some counties (i.e. Deschutes) and larger cities (i.e. Medford, Portland) may have
traffic counting programs in place. The TSM Unit webpage also has links to many of these
jurisdiction’s Internet traffic data pages. These counts are typically daily volumes and can be
used to supplement the local system and can reduce the need for 48-hour road tube counts.
Sometimes intersection counts are available, but differing classification breakdowns and
durations from ODOT standards can make these difficult to use except for a source for local peak
period counts.

Traffic Signal Controller Counts

The 170-type and later traffic signal controllers have the ability to store loop detection
information that can be downloaded at a later date. This data is attractive to the end user as there
are a large number of usable installations available. However, experience with use of this data
shows that the count data is unreliable with a large undercount of turning vehicles. These counts
are better utilized for establishing relationships (i.e. seasonal adjustments for local streets).

Special Vehicle Counts (short duration)

Frequently on projects, there is a need to collect additional peak hour data for driveways, for a
check count, or other overlooked spot. Sometimes these counts are done for specific purposes
such as capturing headways, weaving movements, or saturation flow rates for simulation
calibration. These counts typically are collected by the project analyst rather than region or
consultant counting staff. Counts longer than an hour or in many locations should be done by
region staff or traffic count contractors.

These counts can be manually tabulated in case of a number of small adjacent driveway counts,
or use of a video camera or electronic count board. Video cameras can be useful assuming that a
good vantage point is available that will provide a clear view of all movements being counted.
When using video cameras to collect count surveys, be sure to have an adequately charged
battery and enough video tape to collect the amount of data needed.

Typically, when counts are not done by video, some sort of handheld electronic count device is
used. One of these is the Jamar board which has been used by ODOT in the past to collect
counts. These are now only used at the project analyst level. Limitations of the Jamar boards
prevent using these to do a full 13-class count. However, the boards can be used for volume-only
or limited class counts. These counters are necessary for saturation flow data capture or other
simulation/operational data (see Chapter 8). The Jamar traffic count is in raw form and can be
downloaded as text files. The data will need to be placed into a spreadsheet or run through
another program (the included software is no longer compatible with today’s operating systems)
to get the data to a useable form.

3.3.3 Vehicle Count Periods

For most traffic studies, the 30™ highest hour volumes (30 HV) should be used to represent
future volumes. The 30HV is the target hour based on the concept that designs are not done to
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the absolute highest hour of the entire year, but to design to meet most of the needs. Solutions in
plans and projects need to be done to the 30HV to be consistent with accepted analysis methods
and for comparisons with mobility standards.

To get a typical traffic mix of the 30 HV for the analysis, the counts should be taken as close to
the likely 30™ highest hour as possible. This typically requires collecting counts on a weekday
afternoon (usually in summer) in most larger urban areas, but may include weekends for high
recreation areas (the coast or Central Oregon), or areas experiencing lunch hour peaks or high
reverse direction flows during the day. In fully developed portions of Metropolitan Planning
Organization (MPO) areas, the 30" highest hour is generally assumed to be represented by the
weekday afternoon peak hour. Outside of fully developed MPO areas, a seasonal adjustment
will be required to convert the counts to 30 HV.

Seasonal adjustments should not be more than 30% because the traffic flow characteristics are
most likely NOT represented by the count information. A seasonal adjustment greater than 30%
indicates that the count was taken at the wrong time of year. Turn movement patterns may be so
different they cannot be adequately represented by a seasonal adjustment. Count timing is critical
especially if the project/plan SOW will not be complete until after October. Please refer to
Section 4.4 in the Analysis Procedure Manual or contact the Transportation Planning Analysis
Unit (TPAU) for advice.

Counting Considerations to Minimize Seasonal Adjustments

e Coastal or summer recreational areas should be counted during the traditional summer
period (Memorial Day to Labor Day). Outside of coastal/recreational areas, most areas
can be counted from March to October. Larger MPO areas or commuter-based corridors
can be counted most months, but should generally avoid December to February as these
are the lowest traveled months, have a number of holidays, and have the most weather-
related problems. Winter recreation areas (i.e. Mt. Hood area) should be counted in the
December to February timeframe to capture the peak periods. Recreational areas (or
routes that travel to or between recreational areas) may require counting on the weekends.

e Road tube count placement is limited to the April to October period because of studded
tire damage potential.

e In general, days potentially influenced by state or federal holidays or other significant
events (such as local festivals) that may alter normal traffic patterns should be avoided.

e Itisalso common to avoid Monday and Friday counts when weekday data is desired, as
the trip characteristics on these days generally differ from the remainder of the week.

e Consideration should also be given to the presence of generators such as schools and
major employers or attractions that experience significant peaks in generated trips that
may or may not occur during the other peaks because of shift changes or event
scheduling.

e In agricultural areas, truck traffic may be highly seasonal and have a substantial impact
on the system. Counts may have to be timed carefully to balance the overall peak months
with the harvest periods.

e In the Portland Metro area, while infrequent, there may be times when additional data
must be collected to capture the 2" hour, needed to evaluate the adopted 2-hour OHP
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mobility standard. This is generally only necessary when the operational threshold for the
second hour of the peak period is lower than the threshold for the first hour of the peak
period and the analysis shows the first hour operating below its threshold, but above the
threshold for the second hour.

3.3.4 Vehicle Count Locations

Vehicle count locations should be identified in the project workplan/SOW, and should be
determined based on the needs of the subject plan or project. For example, planning efforts that
are expected to generate potential highway projects within three years will require more detailed
counts than a standalone or long-range plans, such as TSP’s.

For planning projects it is important to correspond with the local jurisdiction and TPAU/Region
Traffic to make sure that count needs cover the system to be analyzed at the appropriate level of
detail and address areas of concern. The grant/project manager should meet with TPAU/Region
Traffic staff to discuss traffic count requirements after the objective section of the SOW (or
project prospectus) is completed as this section provides the context for the plan/project. For
Transportation Growth Management (TGM) grants, it is usually more efficient to arrange a
meeting with the appropriate TPAU/region staff to go over multiple studies at once. For
construction projects, the project team or at least the region traffic engineer/manager, the
environmental lead, and/or project leader should be consulted.

While differences of opinion may exist on the number and type of counts versus the available
budget, remember that the ultimate goal will be to have enough data to answer the questions,
address the needs, and cover the level of detail in the plan/project as described by the project
objectives and the local jurisdiction(s). Staff will need to come to an agreement whether the data
collection budget and/or the number/type of counts need to change.

The following plan/project-specific count location guidelines do not cover every possibility or
combination of elements, but are intended to help generate a reasonable starting point for
discussion. The location guidelines are generally laid out in an increasing level of detail.

County Transportation System Plan (TSP)

The arterial and major collector system needs to be documented (counted). It is generally
unnecessary to count lower functional class roads as these usually carry very little traffic, and
possibly are unpaved unless the county government wants a specific roadway included because
of operational concerns. Analysis at the County level is more system-based with a higher
emphasis on ADT rather than peak hour and many of the analysis tools require ADT as an input.

e Need to have at least ADT-level count coverage of the arterial and major collectors.
Acceptable previously taken counts may exist at the state or local level.

e Major arterial intersections with other arterial and major collector intersections should be
counted where operational concerns exist. State highway segments (between major
intersections) should use the TSM Unit’s vehicle classification data to capture volumes
and truck classifications.

e The TSM Unit’s ramp volume diagrams (where available) should be used to capture any
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free-flow ramp connections.

County arterials and major collectors should have at least a 48-hour classification tube
count performed so truck traffic can be captured and ADT can be calculated.

Peak period counts should be obtained at signalized intersections, unsignalized highway
to highway junctions, and county arterial — highway intersections. If this is a TSP Update,
refer to the old TSP to find the critical intersections that should be counted.

City Transportation System Plan (TSP)

The arterial and collector system needs to be documented (counted). It is generally unnecessary
to count lower functional classes unless the roadway is area-significant, provides an alternate
path for trips to bypass congested areas (as in a parallel local street), or the local government has
previously identified operational concerns. Analysis at the City level is more centered on the
peak periods and individual facilities/intersections which require more detail.

Need to have at least ADT-level count coverage of the arterial and collectors. Acceptable
previously taken counts may exist at the state or local level.

Major cities (i.e. MPQO’s) need to have at least the arterial system counted.

Medium cities (10,000 — 49,999 pop.) need to have the arterial and
representative/significant collectors counted.

Small cities (<10,000 pop.) need to have the arterial and significant collectors counted.
Major arterial intersections with other arterial and significant collector intersections
should be counted. Peak period counts should be obtained at minor arterial/collector
signalized intersections, unsignalized highway to highway junctions, city arterial —
highway intersections, and major private development accesses (i.e. regional shopping
mall). If this is a TSP Update, refer to the old TSP to find the critical intersections that
should be counted.

Significant collectors extend across the city for a considerable distance, are a direct route,
or extend outside the city.

If multiple signals exist, it may not be necessary to have a count at every one, but a
reasonable representation of the system needs to be counted.

Bracketing peak period counts with 16-hour counts is an acceptable practice. Each major
roadway should have truck traffic captured on it in at least one location.

Sixteen-hour counts should be obtained at interchange ramp terminals and signalized
major arterial intersections. The TSM Unit’s ramp volume diagrams (where available)
should be used to capture any free-flow ramp connections.

State highway segments (between major intersections) should use the TSM Unit’s vehicle
classification data to capture volumes and truck classifications.

City arterials and collectors should have at least a 48-hour tube count performed so ADT
can be calculated. Larger cities may already have this count data.

If detailed refinement plans and/or actual highway projects are expected out of the TSP
within three years and plan to use the TSP data, then the counted major intersections
should be 16-hour counts with the lesser unsignalized intersections or access points using
peak period counts.

Interchange Area Management Plan (IAMP)
The roadway system needs to be counted within at least a half-mile radius of the interchange.
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Analysis at the IAMP level can be close to a project-level of detail (see project section)
depending on whether it is standalone or not. If the IAMP is part of a project, then the IAMP
should be using the project counts and volumes and no new counts should be necessary unless
the counts are very old (greater than three to five years). It may be necessary to obtain a few
“check counts” to see if volumes are substantially different before replacing all or most of the
counts. If the IAMP is a standalone plan but it is anticipated that a project may occur within three
years, then the IAMP needs a project-level count request. If the IAMP is a standalone plan but no
project is anticipated within three years:

e Major arterial intersections with other arterial and major collector/collector intersections
should be counted.

e Sixteen-hour counts should be obtained at the ramp terminal intersections, other
arterial/arterial intersections, or unsignalized intersections that may need to be signalized.

e Peak period counts should be obtained at other existing signalized and unsignalized
intersections and unsignalized intersections.

e If multiple signals exist, it is unnecessary to have 16-hour counts at every one. Bracketing
peak period counts with 16-hour counts is an acceptable practice. Each major roadway
should have truck traffic captured on it in at least one location.

e Most, if not all, driveway accesses should be counted with peak period counts as many of
these will be rerouted to new connections.

e State highway segments (between major intersections) should use the TSM Unit’s vehicle
classification data to capture volumes and truck classifications.

e The TSM Unit’s ramp volume diagrams (where available) should be used to capture any
free-flow ramp connections.

Refinement/Management/Facility Plans

The arterial and collector system needs to be counted within the defined study area limits. It is
generally not necessary to count lower functional classes unless the roadway is area-significant,
provides an alternate path for trips to bypass congested areas (as in a parallel local street), or the
local government has previously identified operational concerns. If it is anticipated that a project
may occur within three years, then a project-level count request is needed. If no project is
anticipated within three years:

e Major arterial intersections with other arterial and major collector/collector intersections
should be counted.

e Facilities parallel to the subject arterial should be counted.

e Longer roadway sections without intersections should use road tube counts.

e Sixteen-hour counts should be obtained at signalized intersections and major unsignalized
intersections (i.e., ramp terminals, four-way stops) to capture truck traffic or where larger
scale improvements may be needed.

e Bracketing peak period counts with 16-hour counts is an acceptable practice. Each major
roadway should have truck traffic captured on it in at least one location.

e Unsignalized intersections or major accesses should be counted with peak period counts.

e If an Interstate Highway or statewide expressway exists in the study area, the mainline
shall be counted by direction between interchanges in addition to any interchange ramp
terminals. Road tube counts may be necessary to capture movements on ramps or
connections.

Analysis Procedure Manual 3-15 Last Updated 1/2011



Local Street Network (LSN) /Downtown Plan

These kinds of plans are generally trying to identify new roadway or multimodal connections to
control congestion on the state highway or make limited improvements in the downtown area.
The arterial and collector system need to be counted. It is generally not necessary to count lower
functional classes unless the roadway is the only access to a neighborhood, provides an alternate
path for trips to bypass congested areas (as in a parallel local street), or the local government has
previously identified operational concerns. Larger numbers of peak period counts may be
necessary with a few 16-hour counts at major intersections.

e Major arterial intersections with other arterial and collector intersections should be
counted.

e Sixteen-hour counts should be obtained at signalized intersections and major unsignalized
intersections (i.e., ramp terminals, four-way stops) to capture truck traffic or where larger
scale improvements may be needed.

e If multiple signals exist, it is unnecessary to have 16-hour counts at each one. Each major
roadway should have truck traffic captured on it in at least one location.

e Unsignalized intersections or major accesses should be counted with peak period counts.

e Bracketing peak period counts with 16-hour counts is an acceptable practice. Each major
roadway should have truck traffic captured on it in at least one location.

e State highway segments (between major intersections) should use the TSM Unit’s vehicle
classification data to capture volumes and truck classifications.

e The TSM Unit’s ramp volume diagrams should be used to capture any free-flow ramp
connections.

Pedestrian Plans/ Trail Plans

Generally, counts are only needed if the state highway system will be affected by removing or
narrowing through travel lanes or if new crossings are to be added. Count requirements in the
lane reduction areas should follow the LSN/Downtown Plan recommendations above.

Plans with proposed mid-block trail crossings of state highways or local arterials should have a
48-hour classification road tube count performed at the crossing location. For plans with existing
pedestrian crossings (formally defined or not) where the number of crossing pedestrians is
desired, the crossing count should be replaced with a 16-hour video classification count.

Traffic Impact Studies (TIS)

For TIS’s, the analysis area and study intersections are typically selected from estimates of
anticipated impacts from added traffic based on site trip generation and distribution, and existing
intersection operations. Count requests need to be developed with the guidance of the Region
Access Management Engineer or appropriate region staff and the Development Review
Guidelines.

e Sixteen-hour counts should be obtained at major unsignalized intersections (i.e., ramp
terminals, four-way stops) to capture truck traffic; obtain the basis for signal warrants, or
where larger scale improvements may be needed.

e Signalized intersections may use a 16-hour count or a peak period count depending on the
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particular study area.

e If multiple signals exist, it may not be necessary to have 16-hour counts at each one.
Bracketing peak period counts with 16-hour counts is an acceptable practice. Each major
roadway should have truck traffic captured on it in at least one location.

e Unsignalized intersections and accesses should be counted with peak period counts.

e The Interstate/expressway/highway mainline shall be counted by direction in addition to
any interchange ramp terminals. Road tube counts may be necessary to capture
movements on ramps or connections.

Construction Projects

For most other project types (modernization, safety, operations, etc) the analysis area and study
intersections are selected by considering the problem that is being addressed by the project and
the information that is required to fully assess the problem and propose appropriate solutions.
Project analysis is needed to support roadway and intersection control improvements, pavement
and bridge design, air quality, and noise mitigation. Larger projects especially those with
required environmental studies (such as noise and air quality) may require many full 16-hour
classification counts.

e Sixteen-hour classification counts should be obtained at signalized intersections and
major unsignalized intersections (i.e., ramp terminals, four-way stops) to capture truck
traffic or where larger scale improvements may be needed.

e Truck classification data needs to be captured on each roadway segment in the study area.

e Minor unsignalized intersections and accesses should be counted with peak period
counts.

e Significant driveway accesses should be counted as many of these will be rerouted to new
connections.

e If an Interstate Highway or grade-separated highway exists in the study area, the mainline
shall be counted by direction between interchanges in addition to any interchange ramp
terminals. Road tube counts may be necessary to capture movements on ramps or
connections.

3.3.5 Count Requests

When ordering counts, the request must contain the name of the contact person (requestor), the
person to whom the data will be sent, the locations, time periods, dates, types of counts and
collection methods must be clearly communicated to those conducting the counts. Count
requests should group different count types (classification, peak period, road tube) separately for
clarity. The count request also lists any special requests, count intervals, count time windows
(start and finish dates) and an expense account charge number. A couple examples of a special
request would be counting only on a specific day or counting certain intersections at the same
time at complex intersections.

A map showing the count locations, durations and other special requirements should also be
provided to help eliminate misunderstandings since often times the text is separated from the
map. Please keep in mind that the field counting staff usually only has the map in hand so all
pertinent information (count locations, durations, types, intervals, and special requests) needs to
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be on the map. See the sample count request memo and map in Appendix D.

When ordering intersection counts, be sure to specify the duration and type for each location.
Fifteen-minute intervals must be specified for at least the standard morning, noon and evening
peak periods in 16-hour counts. Peak period counts should always be done in 15-minute
intervals. It is not required, but very helpful if 48-hour road tube counts are counted in 15-minute
intervals as well.

Specify the latest acceptable date by which the count is needed for analysis. Keep in mind that it
can take at least five weeks from the date of the request date to get the count scheduled (not
including weather restrictions) and then another three to four weeks to have the count processed,
recorded and distributed. Therefore, counts need to be requested about nine weeks ahead (or
more if weather is a factor) of when they will be needed for the analysis work.

Count requests should be sent to the Region Traffic Manager and a courtesy copy (cc) to the
TSM Unit to alert them that these counts are requested and need to be scheduled. If Region does
not have the resources to do the count, it will be contracted out to a consultant. Region requires
the same count request information/format for a consultant to do the work. In addition, most of
the raw counts are processed into a readable format in the TSM Unit before being released to the
requestor. The TSM Unit needs know what counts are out there so staff resources can be
allocated. The TSM Unit coordinates the counting schedules of all Region traffic counting staff.
Keeping the TSM Unit in the loop allows for these counts to be added to the count databases
which can limit counting needs by others and help limit project delays.
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3.4 Travel Time Surveys

Travel time surveys measure the duration of time taken for a vehicle to travel from one point to
another along a designated route, and are often used to quantify congestion over a corridor. The
data collected from travel time surveys works well with statistical analysis, and the results are
often more easily understood by the public than other methods used for measuring congestion.

3.4.1 Data Collection

The most common method used for collection of this data involves the use of a “floating car.”
The elapsed time is measured from a car driven along the designated route maintaining an
average travel speed relative to other cars on the roadway. Other methods include license plate
matching and the use of various intelligent transportation system technologies. Travel time data
is collected at the beginning and end of a designated route, and can be collected between
predetermined points along the route as well, depending on the level of information desired.

When collecting travel time data, all runs should be taken under good weather conditions and
during a time that is representative of the time period of interest for the study. Also, be sure to
distribute the travel time runs over several days of the week and over multiple weeks (collections
over weeks, still need to be representative of the time period of interest for the study).

3.4.2 Applications

The data collected during travel time surveys can be used to measure congestion in several ways,
but the most common application involves before and after comparisons, usually measuring the
changes in performance resulting from a transportation improvement. Because travel time
surveys can not be used to predict changes in performance, a sample of data must be collected
for every scenario of interest under actual conditions or during the actual time period of interest.

Other common uses of travel time data include the calculation of average travel speed, which is
used to define the level of service for urban streets, and the calculation of delay by comparing
measured travel speeds to desired travel speeds. Additionally, travel time data can be used for
calibration and validation of micro-simulation models.

Travel time data can also be used in a cumulative analysis procedure. If travel time data is
collected for all roadways in the study area, the shortest time method can be used to assign traffic
volumes to the roadway network.

3.4.3 National Cooperative Highway Research Program Report 398
National Cooperative Highway Research Program (NCHRP) Report 398" represents a

comprehensive source of information regarding travel time surveys. It provides guidance on the
uses of travel time data, includes comparisons of travel time surveys to other congestion

! Lomax, T., Turner, S., and Shunk, G. “Quantifying Congestion, VVolumes 1 & 2”, NCHRP Report 398, TRB,
National Research Council, National Academy Press, Washington, D.C., 1997.
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measuring techniques, identifies the strengths and weaknesses of travel time surveys and
provides recommendations for proper data collection and analysis. All travel time surveys
conducted should be performed in accordance with the recommended practices in this report.

When collecting travel time data, all runs should be taken under good weather conditions and
during a time that is representative of the time period of interest for the study. Also, be sure to
distribute the travel time runs over several days of the week and over multiple weeks. The
number of runs required to obtain a statistically representative sample size with a good
confidence level can be determined from the following tables from NCHRP Report 398.

Exhibit 3-3 Suggested Sample Sizes for Arterial Streets

Number of Average Minimum Number of
Arterial Street Signal Density Test Coefficient of Runs — 90%
Group Sections | Variation %% | Confidence, 10%
Relative Error”
Low — less than 3 signals per mile 320 9% 2 (6) runs®
Medium — 3 to 6 signals per mile 433 12% 4 (6) runs®
High — greater than 6 signals per mile 109 15% 6 runs

& Coefficient of variation (c.v.) = mean speed (mph)/speed standard deviation (mph).

b Sample size for 90% confidence level, 10% relative error was used as an example. Precision levels should be set
by local agencies in accordance with uses of data and desired precision.

¢ Four runs considered practical minimum on arterial streets.

Source: NCHRP Project 7-13, Reference (2).

Exhibit 3-4 Suggested Sample Sizes for Freeways/Expressways

Average Minimum Number of
Coefficient of Runs -
DI 0ElF (LG SR Variation %° 90%Confidence,
10% Relative Error”
Low — less than 15,000 ADT per lane 9% 2 (5) runs®
Medium — 15,000 — 20,000 ADT per lane 11% 3 (5) runs’
High — greater than 20,000 ADT per land 17% 8 runs

& Coefficient of variation (c.v.) = mean speed (mph)/speed standard deviation (mph).

> Sample size for 90% confidence level, 10% relative error was used as an example. Precision levels should be set by
local agencies in accordance with uses of data and desired precision.

¢ Five runs considered practical minimum on freeways.

Source: NCHRP Project 7-13, Reference (2).
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3.5 Saturation Flow Rate Studies

The saturation flow rate is a critical component in the analysis of signalized intersection capacity
and can be defined as the flow in vehicles per hour that can be accommodated by a lane group
assuming that the green phase is displayed 100 percent of the time. Saturation flow rate data is
collected on an ongoing basis. Copies of saturation flow rate studies should be sent to TPAU so
that the work on developing the default values can continually be improved. To date, this
research has shown that a default saturation flow rate of 1750 passenger cars per hour of green
per lane is appropriate in most cases, with some exceptions as noted below?. See the
Transportation Analysis webpage on the TDD Planning Section website for the latest
information on saturation flow rates.

3.5.1 Field Measurements of Saturation Flow Rates

Field measurement of saturation flow rates is preferred over estimation. Using default values and
adjustment factors will produce more accurate results and does not require further modification.
If possible, saturation flow rates should be collected at no less than one major intersection on
each main study area roadway. When using these values in analysis be sure to set all of the
adjustment factors to 1.0. The measurement of the saturation flow rate in the field shall be in
accordance with methodology described in Appendix H in Chapter 16 of the Highway Capacity
Manual 2000 (HCM) and submitted on the HCM Field Saturation Flow Rate Study Worksheet.

Once the field saturated flow rate is obtained, the ideal (unadjusted) saturation flow rate should
be back-calculated by applying adjustment factors to account for the influence of lane widths,
heavy vehicles, approach grades, on-street parking, bus stops, area type, lane utilization, turning
movements and bicycle and pedestrian conflicts. Heavy vehicles, parking maneuvers, turning
movements, and bicycle and pedestrian conflicts must be collected during the same period as the
field saturation flow study to be able to back- calculate an accurate value.

3.5.2 Default Values for Base Saturation Flow Rates

Except in larger urban areas, field conditions generally do not allow the HCM saturation flow
study procedures to be met. A roadway approach may not have long enough queues during the
study or intersection spacing may be so tight that long enough queues without gaps are not
possible. In these cases, a default ideal unadjusted saturation flow is determined as follows:

e Outside of the Portland, Salem and Eugene MPO urban areas the unadjusted saturation
flow rate is 1750 passenger cars per hour of green per lane (pcphgl).

e Inside the Portland, Salem and Eugene MPO urban growth boundaries an unadjusted
saturation flow rate of 1900 pcphgl may be used, unless one or more of the following
conditions is present, in which case 1750 pcphgl shall be used. Conditions indicating use
of lower base saturation flow rate inside urban growth boundaries:

0 On-street parking
0 Greater than 5% trucks

2 Based on NCHRP Report 599, Default Values for Highway Capacity and Level of Service Analysis, TRB, 2008,
and Metropolitan Statistical Area (MSA) population estimates from the U.S. Census Bureau as of July 1, 2007.
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o

o

Roadways intersect at severe skew angle (i.e., greater than 20 degrees off
perpendicular)

One or more driveway approach(es) with a combined volume in excess of 5 vph,
are present downstream of the intersection within the functional area (see Section
7-3) or upstream within the length of the standing queue

Poor signal spacing or observed queue spillbacks between signals during the peak
hour

Less than 12-foot travel lanes

The ideal (unadjusted) saturation flow rate is converted to an actual flow rate by applying
adjustment factors to account for the influence of lane widths, heavy vehicles, approach
grades, on-street parking, bus stops, area type, lane utilization, turning movements and
bicycle and pedestrian conflicts. Theoretically, once adjusted, the result would be
equivalent to the field measured value.
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3.6 Crash Data

Crash data can come from a variety of sources, and is useful for identifying problem areas of the
highway experiencing an above-average frequency of crashes or reoccurring crash patterns. The
analysis procedures that use this data are described in Chapters 5-7, while the data itself is
described below.

3.6.1 Safety Priority Index System

The Safety Priority Index System (SPIS) is a method developed by ODOT in 1986 to identify
hazardous locations on state highways. Major revisions in the reporting were made in 1999. The
SPIS score is based on three years of crash data, and considers crash frequency, crash rate and
crash severity. ODOT bases its SPIS on 0.10-mile segments to account for variances in how
crash locations are reported. To become a SPIS site, a location must meet one of the following
criteria:

e Three or more crashes have occurred at the same location over the previous three years.
e One or more fatal crashes have occurred at the same location over the previous three
years.

The use of this information is discussed in Chapters 5-7, and the documentation on how the SPIS
is calculated can be found at the Safety Priority Index System website.

3.6.2 Sources of Crash Data

Oregon Motor Vehicle Traffic Crash Database

ODOT’s Crash Analysis and Reporting (CAR) Unit provides motor vehicle crash data through
database creation, maintenance and quality assurance, information and reports and limited
database access. Crash data since 1985 is maintained at all times. Vehicle crashes include those
coded for city streets, county roads and state highways. The CAR Unit website offers a variety of
publications containing information on monthly and annual crash summaries.

Depending on the level of analysis needed, there are various reports that can be obtained. It
should be noted that even though this database often represents the most current data available,
data for a given year is typically not available until at least 6 months into the following year.

Detailed information for individual crashes can also be obtained by contacting the CAR Unit and
specifying the segment of highway (roadway) and time period of interest. Because crashes are
reported by milepoint, a concern or cause may be located just outside of the analysis area.
Therefore, the area of requested crash data should always be greater than the area of analysis.
Internal ODOT users can access the crash data reports via the Intranet Transviewer application,
except for non-state highway crashes, which are obtained from the CAR Unit. While several
years of data may be available for any given roadway segment, it is common practice to analyze
only the most recent 3 to 5 years of data as factors such as traffic volumes, environmental
conditions and roadway characteristics may change with time.
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Although there are other sources of information, such as police departments and local groups that
collect information, the ODOT CAR Unit data is the standard source. Oftentimes these other
sources include reporting calls, not the actual investigation/report, and groups often include near-
misses and/or don’t have all the facts, so the report is erroneous. The CAR data has the checks
and balances built into the data collection that matches “both sides of the reports” for a crash,
treating all areas the same so comparisons can be made. This is also the database used to
calculate all the comparison rates published in the crash rate books.

Accident Summary Database

Produced annually since 1990, this database/software combination for use on a desktop computer
is useful to generate quick summary reports that are often sufficient to answer questions when
there is not time to do a detailed analysis. The accident summary database uses three years of
crash data, the middle year traffic volume estimate and the annual SPIS numbers to generate a
report that includes an estimated crash rate.

TransGIS Mapping Tool

TransGIS is a mapping tool that provides a graphical display of many types of safety, volume
and crash data on a state map. The user can choose the information that is displayed, and can
zoom into the map to increase detail as well as display city and county maps behind this data.

Collision Diagrams
The CAR Unit can create a crash diagram that depicts the crashes on a given roadway section.
However, this is typically used to evaluate operational issues, not analytical ones.

Crash Rate Tables

Crash Rate Tables have been published annually by the CAR Unit since 1948. Tables in the front
of the book list statewide crash rates for several categories of the State Highway System. More
tables list the crash rates for selected sections of each state highway, as well as a rural/urban
break out. Additional tables list intersection crash data and fatal crash data. The use of these
tables is discussed further in Chapter 5.

Statewide Transportation Improvement Program — Safety Investment Program (STIP —
SIP)

The Statewide Transportation Improvement Program - Safety Investment Program (STIP-SIP) is
a process to selectively place safety countermeasures on roadways with a history of fatal and
serious injury crashes, and perform minimal safety upgrades on roadways with low fatality and
severe injury crash history. Because of its operational nature, this information is typically
furnished by either Region Traffic or the TRS. The use of the STIP-SIP information in
identification of crash patterns is discussed in Chapter 5.
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3.7 Data Resources from ODOT

ODOT, through its Transportation Data Section, collects substantial data for system inventory,
volumes and crash information that can be used for the purpose of conducting traffic studies.
Because much of this data is collected and processed by different units within the Department,
clear and frequent communication between units regarding what is desired and what is available
is critical for ensuring these resources are readily accessible. Furthermore, good communication
between units will help to obtain the right data in a timely manner, which is important for
maintaining project schedules. Coordinate with the appropriate ODOT department or staff as
noted below.

3.7.1 Timelines

e Traffic count request letters should be submitted at least five weeks before counts need to
be taken. Allow one additional month for the Transportation Systems Monitoring Unit to
process the counts, total lead time nine weeks.

e Crash data requests from the CAR Unit should be made two to four weeks before the
information is needed.

e Allow about one month to gather remaining inventory data from the Intranet Transviewer
application, TransGIS (Internet or Intranet), or the Roadway Inventory and Classification
Services (RICS) Unit.

3.7.2 Personnel

Transportation Systems Monitoring or Region Traffic staff provide count data.
RICS Unit staff provide inventory log data; Region as, necessary.

Region Traffic staff provide signal timing sheets.

Crash Analysis and Reporting Unit staff provide crash data.

The project analyst will be responsible for all other system inventory data.

3.7.3 Product
Typical project area inventories may include:

Project area map

Photos for use during the project

Complete record of geometric and operational data for each study area roadway
Copies of all vehicle count surveys taken

Travel time survey data, where applicable

Saturation flow rate data and calculations

e Crash data
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4 DEVELOPING DESIGN HOUR VOLUMES

4.1 Purpose

DHVs are used for ODOT planning and project level analyses. The DHV is defined as the future
year 30 HV. The following procedure outlines the development of the DHV for a single
intersection based on the application of seasonal factors and growth rates to manual counts.

Daily traffic count volumes cannot be used alone for design or operational analysis of
transportation projects. This chapter will outline the procedure for developing the DHVs used for
ODOT planning and project level analysis. Topics covered include:

General Considerations

Peak Hour Selection

Seasonal Factors

Volume Development for Sketch Planning
Forecasting

Comprehensive Example
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4.2 General Considerations

4.2.1 Rounding

The 30 HV or DHV need to be rounded before the network is balanced. The traffic volumes are
not that precise to go down to one vehicle, especially beyond the existing year. Balancing the
network is easier if the network is not down to the individual vehicle. Round volumes to the
nearest five for the existing, build year and any short-term future years. Twenty-year future
volumes can either be rounded to the nearest five or ten vehicles. Volumes less than five vehicles
should use the “<5” symbol instead of using zero.

4.2.2 Need for Balancing

The 30 HV and the DHV networks need to be balanced. Balancing is simply, “what goes into an
intersection or segment needs to come out.” Without balancing, it is possible to have two
intersections with nothing between them with the volume that leaves one intersection and enters
the next one be 200 vph or more different. Interstates and expressways with interchanges and no
accesses need to balance perfectly from one intersection or interchange to another. Roadways
with accesses probably will not balance perfectly, but should be consistent from intersection to
intersection.

The timing of the traffic counts can help determine how easy a network is to balance. Counts that
are spread throughout the allowable three-year span taken at different time of the year will be
harder to balance than counts all taken on the same day or within a week of each other.

4.2.3 Documentation

It is critical that after every step in the 30 HV and DHV processes that all of the assumptions and
factors are carefully documented, preferably on the graphical figures themselves. Seasonal
adjustments, ATR 30 HV adjustments, yearly growth factors, 20- year growth factors, ATR’s
used, peak hour assumed are some of the items that need to be documented. If all is documented
then anyone can easily review the work or pick up on it quickly without questioning what the
assumptions were. The documentation figures will eventually end up in the final report or in the
technical appendix. The volume documentation should include:

e Figure showing raw traffic volumes with hour, month, day and year that the peak hour
occurred. Also show the lane configurations and the intersection control type. See Exhibit
4-1 and Exhibit 4-2

e Figure showing raw traffic volumes for the system peak hour. See Exhibit 4-3 and
Exhibit 4-4. Figure showing unbalanced base year 30 HV. Show any yearly growth
factors to adjust counts to base year plus any seasonal factors used. See Exhibit 4-5 and
Exhibit 4-6.

e Figure showing balanced base year 30 HV. See Exhibit 4-7 and Exhibit 4-8.

e Figure showing balanced future year DHV. Note on the figure how future volumes were
developed. If historic trends were used, cite the source. If the cumulative method was
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used, include a land use map, information that documents trip generation and through
movement growth. If a model was used, attach the base and future year model runs. See
Exhibit 4-9 and Exhibit 4-10.
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Exhibit 4-1 Raw Traffic Volumes

Show the peak hour raw traffic volumes from the manual counts
Show the time the peak hour occurred (hour, month, day, and year
Show count type (manual, video, tube) and duration

NO SCALE

Show the lane configurations and intersection control type

October 1
3:00 - 4:0
7 hr Man

Cooley Rd.

August 2, 2039\ 151 S
3:00 - 4:00 PM __}

3 hr Manual 180

\ Robal Rd.

Hunnell Rd.

August 3, 2001
3:45-4:45PM
July 27, 2001 14 hr Video
3:45 - 4:45PM
14 hr Video

OREGON DEPARTMENT OF TRANSPORTATION T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT

. . File : .ppt Il Prepared By: I
Project Title
Raw Count Data - Il T I FIGURE Al
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Exhibit 4-2 Raw Traffic Volumes (Sheet 2)

If needed, use more than one figure to show count locations.
Don’t crowd too much on one figure.
October 1999 NO SCALE
October 1999 4:00 - 5:00 PM 'e,,%_
11:00 - 12:00 PM 7 hr Manual /eh,o
7 hr Manual v
Y
(<)
2
October 1999
12:00 - 1:00 PM
4 hr Manual
WE &
July 26, 2001 L
2:45 - 3:45 PM 3 7
3 hr Manual e
0000
August 3, 2001
3:00 - 4:00 PM L 0000
7 5 5 OJ 3 hr Manual \ \ 53
11
6 o
138 -L 2 0000
29 ] A 0000 \
82 2 38 Y 8
n W}» 58 201 u k
Robal I 30
0000
/ 0000
4
c 0
Jv”o NE LS AN 8 16
0000
J 99 A 0000 October 1999
> 3:00 - 4:.00 PM
<
86 t S 19 6 hr Manual
86 *+—— 30
—TF 268 i
34 110 20 October 1999
3:00 - 4:.00 PM
o 6 hr Manual
July 27, 2001
3:45 - 4:45 PM
3 hr Manual
OREGON DEPARTMENT OF TRANSPORTATION T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT
: : File : .ppt Il Prepared By: I
Project Title
FIGURE A2
Raw Count Data Date : I| Reviewed By: I
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Exhibit 4-3 Raw Traffic Volumes During System Peak Hour

Show raw count data with selected system peak hour. In this
example, the system peak hour was from 3:45 to 4:45 PM. Peak
hour selection can be based on the majority of intersections,

the major intersections, or the intersection that the analyst has the most confidence in. G, NOSCALE

Hunnell Rd.

OREGON DEPARTMENT OF TRANSPORTATION TP AU

TRANSPORTATION PLANNING ANALYSIS UNIT

Project Title |File :.ppt || Prepared By: I
Raw Count Data with System Peak Hour 3:45 - 4:45 PM | FIGURE B1

| Date : " Reviewed By:
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Exhibit 4-4 Raw Traffic Volumes During System Peak Hour (Sheet 2)

This example used the major intersections to judge what the
system peak hour should be.

NO SCALE

G

OREGON DEPARTMENT OF TRANSPORTATION T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT
Project Title | File - ppt Il Prepared By: I FIGURE B2
Raw Count Data with System Peak Hour 3:45 - 4:45 PM | Date : Il Reviewed By: |
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Exhibit 4-5 Base Year 30th Highest Hour Volumes (Unbalanced)

The next two sheets show the base year 30th highest hour
unbalanced volumes. You need to document the growth rate and seasonal
factor used to adjust the raw counts to get to the base year 30HV.

Cooley Rd. | | [ 1.05 growth and 1.12 seasonal

Trorm?

NO SCALE

adjustment made to October 1999
count to get to year 2001 DHV.

1.01 seasonal adjustment
made to July 2001 count to
get to year 2001 DHV.

and 1.12 seasonal adjustment
made to October 1999 count
to get to year 2001 DHV.

A\

25
80
} 125 1.01 seasonal adjustment
—— = 160 made to August 2001 count
5 to get to year 2001 DHV.
14
E
bal Rd E
ol .

1.01 seasonal adjustment B

made to August 2001 count

to get to year 2001 DHV.

<
—\ x{:,o NELSAND HHs o
E——— 78 & L
&l A 1210
L / $ 240 20
135 }é
j 105 L 2 ﬁv 10 1650 0
720 750 f 110 135 10
110 80 4-]
245
SlivAlll "
0000 i
1,05 growth (west side only) 0000 1.01 seasonal adjustment

Ny

made to August 2001 count
to get to year 2001 DHV.

OREGON DEPARTMENT OF TRANSPORTATION

T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT
Project Title | File - ppt Il Prepared BY: I
Unbalanced Base Year 30HV | Date : " Reviewed By: | FIGURE C1
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Exhibit 4-6 Base Year 30th Highest Hour Volumes (Unbalanced) (Sheet 2)

This sheet is also the appropriate place to note any
special considerations like adjusting driveway accesses.
See note in lower right-hand corner.

1.01 seasonal adjustment NO SCALE
1.01 seasonal adjustment made to August 2001 count G,%o'
made to August 2001 count to get to year 2001 DHV. Yiey,
to get to year 2001 DHV. o

S
10 S
9
() <5 5
%,

0000
» <5 0000 _.< 0000
0000 10
5 5 1.01 seasonal adjustment
5 w made to August 2001 count
8

to get to year 2001 DHV.

O D A\ P>

1.12 seasonal adjustment - C:/

made to October 1999 count 1.12 seasonal adjustment > -

to get to year 2001 DHV. made to October 1999 coun 7

[*~——— to get to year 2001 DHV. | o) — 0000
0000
<5
5

1.12 seasonal adjustment
D made to October 1999 count]
to get to year 2001 DHV.

1.12 seasonal adjustment
made to October 1999 count]
to get to year 2001 DHV.

Note: Driveway counts that are mostly made of primary
trips will not grow proportionately with highway growth.

OREGON DEPARTMENT OF TRANSPORTATION T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT

. . File : .ppt Il Prepared By: I
Project Title | L P y

Unbalanced Base Year 30HV | FIGURE C2

| Date : " Reviewed By:
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Exhibit 4-7 Balanced Base Year 30th Highest Hour VVolumes

The next two sheets show the balanced base year 30th
highest hour volumes. This figure can be used in Technical Memo #1
with some minor changes in the title box and figure number.

NO SCALE

Hunnell Rd.

OREGON DEPARTMENT OF TRANSPORTATION T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT

. . File : .ppt Il Prepared By: I
Project Title | PP

Balanced Base Year 30HV

FIGURE D1

| Date : " Reviewed By: |
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Exhibit 4-8 Balanced Base Year 30™ Highest Hour Volumes (Sheet 2)

NO SCALE
G

OREGON DEPARTMENT OF TRANSPORTATION T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT

. . File : .ppt Prepared By: I
Project Title | Lo Il P y

Balanced Base Year 30HV

FIGURE D2

| Date : Il Reviewed By: I
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Exhibit 4-9 Balanced Future Design Hour Volumes (DHV)

The next two sheets show the balanced future design hour volumes (DHV).
This figure can be used in Technical Memo #1with some minor

NO SCALE

changes in the title box and figure number. Include a text box that indicates how the
future traffic volumes were developed. If historic data was used, cite the source. If the
cumulative method was used include a land use map, and include information that
documents the trip generation and through movement growth. If a transportation
model was used, attach the base and future year model run sheets.

N7 g

Cooley Rd.

Hunnell Rd.

OREGON DEPARTMENT OF TRANSPORTATION T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT

| File : .ppt Il Prepared By:

Project Title
Future Year DHV | Date : Il Reviewed By:

” FIGURE E1
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Exhibit 4-10 Balanced Future Design Hour Volumes (DHV) (Sheet 2)

For this example, TPAU’s future volume trends indicate that the growth rate is
3% per year. A 1.60 growth factor was applied to obtain the future design year volumes.

NO SCALE
G

OREGON DEPARTMENT OF TRANSPORTATION T P A U  TRANSPORTATION PLANNING ANALYSIS UNIT
: " File : .ppt Il Prepared By: I
Project Title
FIGURE E2
Future Year DHY Date : I| Reviewed By: I
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4.3 Peak Hour Selection

Daily traffic volumes, while useful for planning purposes, cannot alone be used for design or
operational analysis purposes. Once all of the traffic counts have been obtained, the intersection
counts should be adjusted to a single system peak hour. The peak hour is the single hour of the
day that has the highest hourly volume. Use of the 15-minute breakdowns in the traffic counts is
necessary in order to determine the true peak hour, resulting in a time period such as 4:00 PM to
5:00 PM or, just as easily, 4:45 PM to 5:45 PM. The final selection of a peak hour may be based
on a simple majority of counts that have the same peak hour, using a controlling intersection, or
the count(s) that the analyst believes are the most accurate. Counts that have longer durations or
that are taken close to the 30 HV are generally more accurate. A procedure using TruckSum to
determine the system peak hour volumes and other factors when the count peak hour is different
from the system peak hour is provided in Chapter 11.

Generally PM peak hour volumes are higher than AM peak hour volumes. In areas where there
are large industries with shift changes, the hour during the shift change may be as high as or
higher than the PM peak hour for the remainder of the transportation network. If this is true,
another set of volumes should be developed. VVolumes for the non-standard peak hour should be
developed along with the PM peak hour volumes so that all of the volumes may be analyzed at a
later date. Multiple sets of volumes may be necessary in these circumstances, which may include
areas of heavy industrial, retail or recreational uses; coastal routes; or on routes with highly
directional commuter flows.

The peak hour from a manual count is converted to the 30 HV by applying a seasonal factor. The
30 HV is then used for design and analysis purposes. Experience has shown that the 30 HV in
large urban areas usually occurs on a weekday during the peak month of the year. The 30 HV for
an urban area typically ranges from 9- to 12-percent of the Average Annual Daily Traffic
(AADT). For a recreational route, the 30 HV usually occurs on a summer weekend and ranges
from 11- to 25-percent of the AADT.

It is recommended a top 200- to 500-hour count listing of the ATR(s) is obtained from the
Transportation Systems Monitoring Unit. The 30 HV at the ATR(s) will be included in the list so
that it will be possible to determine when the 30 HV occurs during the day and in the week.
Manual counts can then be timed for the period when the 30 HV will likely occur, minimizing
seasonal adjustments.

Exhibit 4-11 is a simplified flow chart of the process for developing 30™ highest hour volumes.
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Exhibit 4-11 Process for Development of 30th Highest Hour Volumes

Notes

Yes

Determine
when 30 HV
occurs using

data from ATR

Is ATR on site or
close by,andisthe

project area ADT within
10% of the ATRADT?

Yes

1. Using ATR characteristic Table and filters
from left to right.

2. The 30 Highest Hour Valume (HV) will likely
No occur during the peak month on a weekday in
large urban areas and on weekends in
recreational areas.

Use Seasonal
Are there No
any similar Trend table to
ATRs ? » determine peak

month.

te 1
(see note 1) (see note 2)

Take counts

during 30 HV

Is counted 30
HV within 10%

Can counts
be taken
during 30 b
HvV?
Take counts when
less than 30%
> seasonal
Yes No adjustment
required

A

No
Apply seasonal

Adjust counts adjustment and

to ATR's 30 HV

of ATR's 30 HV? document
Balance network and develop
figures for technical report
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4.4 Seasonal Factors

Since manual counts are taken throughout the year, data derived from a count taken in a
particular month may need to be converted to the peak month by applying a seasonal factor. This
can be accomplished using data collected from the ODOT ATR stations.

There are 141 ATR stations throughout the State Highway System. Most of these locations have
loops in the roadway that count traffic flows for 24 hours a day/365 days a year, and have been
in operation for many years. ATR information is available from the ODOT Transportation
(Traffic) Volume Tables (TVT) located on the TDD Transportation Data Traffic Counting
Program web site, as well as the ATR Characteristic Table and the Seasonal Trend Table located
on the Transportation Analysis webpage of the TDD Planning Section website.

ATRs provide the percentage of AADT that occurs in the count month and in the peak month.
This information can then be used to develop a seasonal adjustment that may be applied to the
manual count using one of the following three methods.

e On-Site ATR Method
e ATR Characteristic Table Method
e ATR Seasonal Trend Table Method

The On-Site ATR Method is the best and most accurate method to use, followed by the ATR
Characteristic Table Method and then the ATR Trend Table Method. All of the seasonal
adjustment tables and ATR information are updated annually.

Seasonal factors greater than 30% should be avoided. Factors such as these indicate that a count
was NOT taken at or close to the time that the 30 HV occurs. Using a winter count with a high
seasonal factor to represent the peak summer period will likely not represent traffic turning
movements accurately, as driving patterns change in the winter compared to the summer. As an
example, suppose a count was taken at a rural intersection in the winter months with one of the
minor legs of the intersection serving a campground beyond the intersection. The turning volume
in the direction of the campground may be small or non-existent; say 5 vph. Even with a seasonal
factor of 50%, this would result in an adjusted volume of only 8 vph, compared to an actual
summer 30 HV that may be 20 vph. Simply factoring for the season would still leave the turning
movements too low.

441 On-Site ATR Method

The On-Site ATR Method is used when there is an ATR within or near the project area. If
located outside of the project area, there should be no major intersections between the ATR and
the project area, and it should be within a minimal distance so that the traffic characteristics such
as road class, number of lanes, rural/urban area, etc., are comparable. It is also important to
check that the project area’s AADT in the Transportation Volume Table is within +/- 10% of the
ATRs AADT.
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Example 4-1 Seasonal Factor — On-Site ATR

On-Site ATR in Project Area

A traffic count was taken June 15th-18th along Kings Valley Highway No. 191 (OR 223) at MP
28.00.

e Step 1: Transportation Volume Table - ATR 02-005, located on Kings Valley
Highway at MP 26.40, can be used.

e Step 2: ATR Trend Summary - The ATR number corresponds to a table in the last half
of the TVT that contains yearly summaries for each ATR. From the column titled
“Average Weekday Traffic/Percent of ADT,” the count month and peak month
percentage of ADT should be recorded. This information should be obtained from TVT’s
for the past five years. The peak month is the month with the highest percentage. The
highest and lowest percentages should be eliminated to account for construction activity
that may have occurred in the vicinity of the ATRs during the five year period. An
average percent of ADT is then calculated for the remaining three years. The percentages
shown in the TVT represent the 15th day of the month, so interpolation is needed if the
count was taken near the beginning or end of a month.

Seasonal Adjustment Using ATR #02-005

2003 2002 2001 2000 1999
Peak Month
112% 113% 121% 111% 110%
(July)
Cou(rj'ltjr':"e;’”th 108% 108% 108% 114% 115%

Note: Shaded values dropped from average calculation.

As shown above, the percentage of ADT values listed during June and July for the past five years
are reviewed to calculate the average. The highest and lowest values, shown as shaded, are
dropped from this calculation. The average monthly factors are determined as follows:

e The average peak month (July) is: (112%+113%+111%) / 3 = 112%.
e The average count month (June) is: (108%+108%+114%) / 3 = 110%.
e The seasonal adjustment is July/June = 112%/110% = 1.02.

Therefore, traffic volumes in the month of July are 1.02 times greater than in June. To convert
the June traffic data to the 30 HV:

30 HV = (June PHV) x (Peak Month Percent of ADT/Count Month Percent of ADT).

If one of the peak hour turning movement volumes was 75 vph in June, then the 30 HV for July
would be 1.02 x 75 vph = 77 vph.
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Procedure for seasonal adjustment when 2 ATR’s are within the project area:

Scenario # 1: See Exhibit 4-12. In this scenario, the project area has two ATRs at each
end. The project area ADT, roadway characteristics and roadway functional class are the
same as at both ATRs. In order to seasonally factor the peak hour volumes within the
project area, an average of the two ATR seasonal factors recommended.

Exhibit 4-12 Two ATRs in Project Area - Scenario #1

Senario # 2: Scenario 2 has two ATRs on US20 (See Exhibit 4-13) within the project area
at each end. The roadways east of US97 have the same ADT and characteristics as ATR
2 while the west side has the same ADT and characteristics as ATR 1. With this scenario,
each side of US97 should be seasonally factored using the ATR on that side.

Exhibit 4-13 Two ATRs in Project Area - Scenario # 2

PROJECT AREA

Scenario # 3: In this scenario one ATR is located on US20 and another on US97. If US20
within the project area has the same roadway characteristics as at ATR 1, the seasonal
adjustment factor at ATR 1 should be used for US20. The same process should be applied
for US97 if US97 has the same roadway characteristics as at ATR 2. Otherwise, an
average of the seasonal factors from both ATRs should be applied for the project area.
(See Exhibit 4-14).
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Exhibit 4-14 Two ATRs in Project Area - Scenario # 3

PROJECT AREA

ATR Characteristic Table Method

The ATR Characteristic Table provides general characteristics for each ATR in Oregon, and
should be used when there is not an ATR on-site. The Characteristic Table is a filterable Excel
table that will often provide more than one ATR with similar characteristics. See example in
Exhibit 4-15.

Averaging multiple ATRs with similar characteristics will yield a more appropriate factor than if
only one ATR is used. Follow the steps described in the on-site ATR Method for averaging
count and peak months over 5 years for each ATR with similar characteristics. The factor used to
convert the traffic data to 30 HVs will be an average of these similar characteristic ATR factors.
Seasonal Traffic Trend groupings for the table were constructed by plotting the monthly percent
of AADT for each ATR. The plots were then grouped into trends with the greatest influence in
traffic patterns.
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It is important to note that the trends provided in the table are not the only trends attributed to
each ATR, but are the dominant trends. After the seasonal traffic trend characteristic is selected,
other trend groupings, including area type (e.g., urban, rural), number of lanes and weekly traffic
trends are broken down to provide more comparable sub-groupings.

ATRs are characterized by only one of eleven seasonal trends, described below and illustrated in
Exhibit 4-16. Project areas should be characterized by these trends in the order listed below.

1. Interstate Urbanized: ATRs located on any section of urbanized (areas of population >
50,000).interstate. (Example: I-5, lowa Street - ATR #26-016.)

2. Interstate Non-Urbanized: ATRs located on any non-urbanized interstate section.
(Example: 1-84, west of Troutdale - ATR #26-001.)

3. Commuter: ATRs characterized by small seasonal changes in traffic patterns and
commuting between city pairs. (Example: OR 22, West Salem Bridges - ATR #24-014.)
Note: Also for non-state streets in urbanized cities.

4. Coastal Destination: ATRs characterized by summer peaks to/or within larger coastal city
destinations as well as favorable routes from the valley. Favorable routes for Coastal
Destinations include: Salmon River Highway (OR 18), Corvallis-Newport Highway (US
20/0R 34), Alsea Highway (OR 34), and Florence-Eugene Highway (OR 126). (Example:
OR 18, east of Valley Junction - ATR #27-001.) Note: This grouping does not include the
Sunset Highway.

5. Coastal Destination Route: ATRs characterized by high summer peaks on predominantly
rural routes to/or between large coastal cities and coastal destinations. Rural routes include
the Sunset Highway (US 26) from the Wilson River Hwy. junction, Umpqua Highway (OR
38), and Redwood Highway (OR 199). (Example: US 101, south of Rockaway - ATR #29-
001.)

6. Agriculture: ATRs characterized by peaking in the late summer and fall harvest months.
(Example: Kings Valley Highway - ATR #02-005.)

7. Recreational Summer: ATRs characterized by high summer peaks in recreational areas.
(Example: Crater Lake Highway, south of Fort Klamath - ATR #18-021.)

8. Recreational Summer/Winter: ATRs characterized by both summer and winter peaks in
recreational areas. (Example: Timberline Highway - ATR #03-008.)

9. Recreational Winter: ATRs characterized by high winter peaks in recreational areas.
(Example: Century Drive Highway, Mt. Bachelor - ATR #09-011.)

If the project area trend does not fall into Trends 1 through 9, either Trend 10 or 11 should be
used.

10. Summer: ATRs characterized by a smaller summer increase in traffic patterns when
compared to Recreational Summer. (Example: US 26, south of Warm Springs - ATR #16-
006.) Note: Also for non-state streets in small cities.

11. Summer < 2,500 ADT: ATRs with less than 2,500 ADT characterized by a smaller summer
increase in traffic patterns when compared to Recreational Summer. Could be used, for
example, for many rural off-system county roads. (Example: OR 31, east of Silver Lake -
ATR #19-010.)
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Exhibit 4-16 Seasonal Trends
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ATRs are also characterized by weekly traffic trends and ADT.

e Weekday: Traffic volume trends greatest on weekdays; typical for commuter trend and
urban areas.

e Weekend: Traffic volume trends greatest on weekends; typical for recreational trend and
coastal destination trend.

e Steady: Traffic volume trends that are steady throughout the week without significant
peaks on the weekend or weekdays.

ATRS are also characterized by area type and number of lanes.

e Urbanized: ATRs within areas of population > 50,000. (Examples: Portland and Salem)
Urban Fringe: ATRs influenced by an urban area, such as an MPO area. (Example:
Wilsonville)

e Small Urban: ATRs within areas of population between 5,000 and 49,999. (Examples:
Albany and Pendleton)

e Small Urban Fringe: ATRs influenced by a small urban area. (Examples: US 101 south
of Coos Bay and I-5 north of Albany)

e Rural: ATRs on routes outside of areas with population <5,000.

e Rural Populated: ATRs in cities with a population of less than 5,000. This also includes
unincorporated communities. (Examples: Sisters and Tillamook)

To use the table, filter through the column characteristics from left to right to create a list of
ATRs with similar characteristics. Starting with the “Seasonal Traffic Trend” column, filter out
the traffic trend that best describes the project area. Next, filter the area type, number of lanes,
and weekly traffic trend. Make sure that the section of highway where the ATR(s) is located and
the project area for which the seasonal adjustments are being made have similar traffic
characteristics. To be considered comparable, the AADT of the characteristic ATR should be
within +/- 10% of the Transportation Volume Table AADT for the project area.

Example 4-2 Seasonal Factor — ATR Characteristics Table

ATR Characteristic Table Method for a Project Area

A count was taken June 15th—18th along Corvallis-Lebanon Highway No. 210 (OR 34), west of
I-5 at MP 5.35. The Transportation Volume Table AADT is 28,100.

e Step 1: Transportation Volume Table: There are no ATRs on this section of the
highway.

e Step 2: ATR Characteristic Table: This section of highway can be categorized as
Commuter/Urban Fringe/Five-Lanes. Filtering through the ATR Characteristic Table
from left to right, two ATRs have similar characteristics to the project area. However,
ATR 26-003 has an AADT of 39,100 and is an expressway. As previously noted,
characteristic AADT counts should be within +/- 10% of the Transportation Volume
Table AADT in order to be considered comparable to the project area. Alternatively,
ATR 27-006 is not an expressway and has an AADT of 26,900, which is within 10% of
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the TVT AADT. The characteristics of these two representative locations are summarized

below.

Example ATR Characteristic Table (Year 2003)

Characteristics ATR Location 1 ATR Location 2
Seasonal Traffic Trend Commuter Commuter
Area Type Urban Fringe Urban Fringe
Number of Lanes 5 5
Weekly Traffic Trend Weekday Weekday
2003 ADT 39,100 26,900
Statewide Hwy
OHP Classification (Expressway) Statewide Hwy
ATR 26-003 27-006
County Multnomah Polk
Highway Route, Name OR 26, Mt. Hood Hwy, E of | OR 22, Willamina-Salem Hwy
and Location Gresham Oak Knoll
ATR Milepoint 14.36 194
State Hwy Number 26 30

e Step 3: ATR Trend Summary: Data from ATR #27-006 is located in the ATR summary
in the back of the TVT and under the “ATR Trend Summaries” on ODOT’s Traffic
Counter Program website TDD Transportation Data Traffic Counting Program. The
count was taken on June 15th, which is in the middle of the month, so the ATR
percentages from the TVT can be used directly without interpolation. The peak month
was found to be August for two of the three years. Because ATR #27-006 is relatively
new, the percentages were averaged over the existing three years (not the normal five
year historical data), as shown below.

Seasonal Adjustment Using ATR #27-006

2003 2002 2001
Peak Month (August) 110% 110% 110%
Count Month (June) 107% 106% 106%

e The average peak month (August) is: (110%+110%+110%) /3 = 110%.
e The average count month (June) is: (107%+106%+106%) /3 = 106%.
e The seasonal adjustment is August/June = 1 10%/106% = 1.04.

Therefore, traffic volumes in the month of August are 1.04 times greater than in June. To convert
the June traffic data to the 30 11V: 30 11V = (June P11V) x (Peak Month Percent of ADT/Count
Month Percent of ADT).

If one of the peak hour turning movement volumes were 100 vph in June, then the 30 11V for
August would be 1.04 x 100 vph = 104 vph.
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4.4.2 Seasonal Trend Method

The seasonal trend table is used when there is not an ATR nearby or in a representative area. The
Seasonal Trend Table was constructed by averaging seasonal trend groupings from the ATR
Characteristic Table. Essentially, by using a factor from the table, the average for the entire trend
grouping is applied to the project area as shown in Exhibit 4-17.

Exhibit 4-17 Example ATR Seasonal Trend Table (Year 2003)

Peak
Period
Seasonal
Factor

Jan 1 Jan 15 Feb 1 Feb 15 Dec 15

Recreation

. 1.2349 1.2922 1.4023 1.5123 1.1776 0.8582
Summer/Winter

Recreation

. 0.9119 1.0561 1.0292 1.0023 0.7676 0.7676
Winter

To determine the appropriate seasonal trend, select from the list the trend that best describes the
project area. Trends should be characterized in the same order as previously described in the
ATR Characteristic Table Method. The Seasonal Factor Table is updated yearly. It is not
necessary to average 5 years worth of seasonal factors for this method, or compare AADTS
because, as previously stated, this method uses an average of all ATRs in the characteristic trend.
In certain areas, averaging seasonal trends may yield a more appropriate factor than just a single
trend. These areas include:

e Coastal Destination and Coastal Destination Route Trends: It may be necessary to
average trends in areas such as Warrenton, Depoe Bay and Yachats. While these cities
are destinations along the Oregon Coast, they do not have the summer influx of traffic
associated with larger coastal destinations such as Lincoln City and Seaside. A Coastal
Destination Trend Factor for these areas may be too high, while a Coastal Destination
Route Trend Factor may be to low. When analyzing coastal cities such as these, it is
appropriate to average the trends to yield a more reasonable factor.

e Summer and Commuter Trends: It may be necessary to average trends when analyzing
mid-sized cities such as Philomath, Dallas and Sutherlin. For urbanized areas the
commuter trend is appropriate, while for smaller areas the summer trend is appropriate.
However, for mid-sized areas such as these, the summer or commuter trends may alone
be too high or too low. A more reasonable factor would be obtained by averaging the
summer and commuter trends.

e Interstate and Interstate Urbanized Trends: It may be necessary to average trends
when analyzing interstates in small urban and fringe areas (urban and small urban) such
as Albany, Wilsonville and north of Roseburg. For rural areas the interstate trend is
appropriate, while for urbanized areas the interstate urbanized trend is appropriate. For
small urban and fringe areas such as these, however, these trends may alone be too high
or too low. A more reasonable factor would be obtained by averaging the interstate and
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interstate urbanized trends.

It is important to note that these are the only trend grouping pairs that would be appropriate to
average, with the exception of interchange ramps, which should use an average of the mainline
and cross road seasonal adjustments. Interstate should only be averaged with interstate
urbanized, and should never be averaged with Coastal or Recreational. The same is true for the
other trends not listed in the above examples. The Seasonal Trend Table is located on the
Transportation Analysis webpage of the TDD Planning website.

Factoring count data to the peak month requires dividing the seasonal factor for the count period
by the seasonal factor for the peak period. The peak period seasonal factor for a traffic trend is
the lowest value in the row, and is highlighted in the last column in the table.

Seasonal factors are given for the 1st and the 15th of each month so if the count date is not at the
beginning/end or in the middle of a month interpolation is needed.

Example 4-3 Seasonal Factor — Seasonal Trend Table

This example demonstrates the Seasonal Trend Method for a Project Area.

A count of 11,000 was taken July 1st — 5th along Oregon Coast Highway No. 9 (US 101) at MP
63.19 (north of Tillamook).

e Step 1: Transportation Volume Table: There are no ATRs on this section of the
highway.

e Step 2: ATR Characteristic Table: This section of highway can be categorized as
Coastal Destination/Populated Rural/Two-Lanes. Filtering through the ATR
Characteristic Table, from left to right, two ATRs have similar characteristics to the
project area. However, none of the characteristic ADT values are within +/- 10% of the
Transportation Volume Table ADT for the project area. Refer to the table below for
details regarding these two candidate locations.
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Example ATR Characteristic Table (Year 2003)

Characteristics ATR Location 1 ATR Location 2
Seasonal Traffic Trend Coastal Destination Coastal Destination
Area Type Pop Rural Pop Rural

Number of Lanes 2 2

Weekly Traffic Trend Weekday Weekend

2003 ADT 6600 19500

OHP Classification StateW|dBeyl\;|v\;v)3//-Scen|c Statewide Hwy (Expressway)
ATR 26-003 27-006

County Multnomah Polk

Highway Route, Name US 101, Oregon Coast Hwy, |OR 18, Salmon River Hwy, E of
and Location S of Bandon Valley Junction

ATR MP 275.87 23.76

State Hwy Number 9 39

e Step 3: Seasonal Trend Table: Since there are no ATRs with similar characteristics, the
Seasonal Trend Table must be used. The correct values are obtained by following the
“Coastal Destination” row to the “Jul_1” count month column, and to the “Peak Period
Seasonal Factor” column at the end of the table, as summarized below.

Seasonal Trend Table (Year 2003)
Jun 15 Jul 1 Jul 15 Aug 1 Peak Period Seasonal

0.9948 0.9546 0.8940 | 0.8334 0.8334

Coastal
Destination

e The peak period seasonal factor is 0.83 34.
e The count date seasonal factor (July 1st) is 0.9546.

e The seasonal adjustment is: Count Date Seasonal Factor/Peak Period Seasonal Factor =
.9546 /.8334 = 1.15.

Therefore, the peak period volumes for a Coastal Destination are 1.15 times greater than volumes
for the 1st — 5th of July.

To convert the July traffic data to the 30 HV:
30 HV = (July PHV) x (Count Date Seasonal Factor / Peak Period Seasonal Factor).

If one of the peak hour turning movement volumes were 100 vph in July, then the 30 HV would
be 1.15 x 100 vph = 115 vph.
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4.5 Volume Development for Sketch Planning Analysis

For certain planning studies, such as a county TSP analysis, sketch planning level analysis of
highway segments may be appropriate, for all or portions of the study. To develop planning-level
design hour volumes, TVT AADT volumes can be used. The TVT AADT volumes are used to
derive the 30 HV by multiplying by the K-30 factor. A K factor is the ratio between a peak hour
and the ADT. The K-30 factor is the ratio of the 30™ highest hour to the AADT and should be
used for this purpose. Short term count K factors should not be used for this purpose. A
background report on this topic is available on the TPAU website®.

K-30 factors are derived from ATRs and can be found in the TVT section on Summary of

4 Use of Short-Term Interval Counts to Determine K Factors, Don R. Crownover, P.E., ODOT
Transportation Systems Monitoring (TSM) Unit, August, 2006. Trends at ATRs. They are listed
under Historical Traffic Data, Percent of ADT for the 30™ Hour. A representative ATR needs to
be identified following the procedures described in Section 4.3.

Example 4-4 Converting ADT to DHV (Kj) factor

This example illustrates how to calculate and apply the K-30 Factor.

Find the 30 HV for sketch planning analysis for a segment of Kings Valley Highway No. 191
(OR 223) at MP 28.00.

e Step 1: Transportation Volume Table — The TVT is used to find the AADT for this
segment.

The 2005 AADT from the Transportation Volume Table is found to be 1200.

e Step 2: ATR Trend Summary — ATR 02-005, located on Kings Valley Highway at MP
26.40, can be used for this location. The ATR number corresponds to a table in the last
half of the TVT that contains yearly summaries for each ATR. From the column titled
“Percent of ADT” the 30™ Hour percent of ADT should be recorded for the past five
years. The highest and lowest percentages should be eliminated to account for
construction activity that may have occurred in the vicinity of the ATR during the five-
year period. An average percent of ADT is then calculated for the remaining three years.

K-30 Factors Using ATR #02-005
2003 2002 2001 2000 1999

K-30 kil 13.9% 11.3% 11.0% 11.3%
Note: Shaded values dropped from average calculation.

As shown in Example 4-1, the percentage of ADT values listed during June and July for the past

# Use of Short-Term Interval Counts to Determin K Factors, Don R. Crownover, P.E., ODOT Transportation
Systems Monitoring (TSM) Unit, August, 2006.
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five years are reviewed to calculate the average. The highest and lowest values, shown as shaded,
are dropped from this calculation. The average K-30 factor is determined as follows:

e The average K-30 factor is: (11 .3%+1 1 .0%+1 1.3%) / 3 = 11.2%.
Calculate the two-way 30 HV:
30 HV = (AADT) x (Average K-30 Factor) = 1200 x 0.112 = 134 vph.
Obtain D-30 factor from critical hour listing.

From 2003 critical hour listing for ATR 02-005
D-30 NB = 0.56 and D-30 SB = 0.44

Calculate the directional 30 HV:

30 HV NB = (30 HV) x (D-30 factor) = 134 x 0.56 = 75 vph.
30 HV = (30 HV) x (1-D-30 factor) = 134 x 0.44 = 59 vph, round to 60 vph.
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4.6 Forecasting

The analyst should work with the PT to determine the future year before beginning any
forecasting. The design hour that is used for many projects is 20 years after the year of project
opening. In planning, a 20-year horizon is typically used when evaluating transportation needs
and solutions. TIS horizon year procedures are provided in the Development Review Guidelines.
For refinement and other similar plans, the horizon year should be 25 to 30 years out, which
would increase the life of the plan, especially if the project development process does not
directly follow. There are three main methods for estimating DHVs:

e Historical Trends
e Cumulative Analysis
e Urban Travel Demand Models

4.6.1 Historical Trends

The historical trends method uses traffic volumes from previous years to project future volumes.
This method assumes that the future growth trend will be similar to the historical trend. It is used
mainly in rural or small urban areas where significant growth is not anticipated. Current and
future year traffic volumes are available in the Future Volumes Table webpage.

The Future Volumes Table is updated annually. Within the table, the milepoint location for the
project highway that most closely resembles the traffic flows for the section being analyzed is
selected. Sometimes, another milepoint may be closer to the section being analyzed, but there
may be a cross street that affects traffic volumes on the highway so that the growth rate is
different.

There are three columns in the table for the most recent three years of traffic count data. Only
one of the columns is filled; corresponding to the last year that the location was counted. The far
right column contains the R-squared value for the regression equation that was used to estimate
the historical trend. The R-squared value measures the degree of correlation between the
dependent variable (historical traffic volumes) and the independent variable (time). A value of
1.0 indicates an exact linear relationship between the historical counts and time. Ideally, the R-
squared value should exceed 0.75. However, values higher than 0.50 are still acceptable, if there
is nothing else available. Conversely, a low R-squared value indicates a weak relationship. In
this case, the table should be investigated for a nearby location having similar traffic
characteristics and a more acceptable R-squared value.

Example 4-5 Future Volumes Using Historic Trend

In this example, the forecast 20 year traffic volumes are developed based on historical counts.

For the Lava Butte ATR (#09-003) located on US 97 at MP 142.41, The following table shows
the 1999 traffic volume, Year 2019 traffic volume and the R-squared value.
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Example Future Volumes Table

Hwy#| DIR | MP Description 1999 | 2019 | RSQ
4 1 14101 .01 miles S of Badger Rd 28400 | 47200 | 0.9212
4 1 [141.52 .22 miles S of Murphy Rd 24000 | 41400 | 0.656
4 1 14221 ATR 09-003 - Lava Butte 19600 | 32000 | 0.9338
4 1 | 143.47 .01 miles S of Galen Baker Rd 14200 | 23600 | 0.7328
4 1 |153.09 .01 miles S South Century Dr 9600 | 11100 | 0.5788

RSQ = Root Mean Square

Based on the data above, the 20-year growth factor would be 1.63 (32,000/19,600). Assuming
linear growth in the future, the annual growth factor would be (1.63 —1.0) /20 = 0.032, or 3.2%.
The R-squared value of 0.9338 is acceptable, indicating a strong relationship. To convert the
1997 30 HV from Example 1 to a 2019 DHV, the 1997 30 HV is multiplied by the 20-year
growth factor, with an additional two years of growth added to this.

2019 DHV = 1997 DHV x (20-Year Growth Rate + 2 x Annual Growth Rate) = 112 vph
X (1.63 + (2 x 0.032))

=112 vph x 1.694

=190 vph

When dividing the estimated future year volume by the most recent count volume it is important
to note the numeric difference between the two years. In the example above, a 20-year growth
rate was used between 1999 and 2019. Other highways may have been last counted in 1997 or
1998. This would mean that a 21- or 22-year growth rate should be applied. Dividing the total
growth by 20 years would, in these cases, overestimate the growth rate.

For areas with multiple growth factors, discard any with an R-squared value less than 0.75.
Remaining growth factors that are within 1 or 2 percent can be averaged.

4.6.2 Cumulative Analysis

The cumulative analysis method is generally used to forecast volumes for small urban areas that
are growing at a fairly uniform rate or for areas where only minor changes are expected to take
place. This method is also used to project land use changes and effects on the transportation
system. Due to increased traffic volumes practical use is limited to small urban areas or in sub-
areas of larger regions because of the complexity in tracking changes associated with larger
areas, such as an increase in parallel routes and/or the number of alternatives in the analysis.

The cumulative method uses information on existing and planned land uses in addition to
historical trends to predict total future traffic volumes. Total future volumes are estimated as the
sum of the existing volumes plus future background traffic plus future development traffic
(optional).

Total Traffic Volumes = Existing Volumes + Future Background Traffic
+ Future Development Traffic (optional)
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Future development traffic only applies in case of a TIS. As described in Section 4.2, the existing
30 HV traffic is derived using counts and seasonal adjustments. The future background traffic
includes additional traffic from the growth in through trips (may be estimated based on historical
growth trends), traffic generated by approved and pending developments and build-out
development of vacant land (as determined from current zoning and land use densities). In some
cases, the vacant land growth rate may not reach build out by the forecast horizon year. If
historical development rates indicate full development is not expected within the horizon year,
then a lesser growth level should be assumed. Traffic generated by future development is
estimated using the Institute of Transportation Engineers (ITE) Trip Generation Manual (if
manual trip calculations are used) or a travel demand model for larger studies. In case of a TIS,
the future development traffic is the specific development analyzed in the TIS. The analyst
should be cautioned not to double count the impact of the subject property with the future build-
out of vacant developable land covered in the background traffic portion. The generated traffic is
then distributed throughout the study area according to O-D study data, if available, or local
knowledge.

Example 4-6 Cumulative Analysis for TIA

This example demonstrates the addition of local development trips to the DHV forecast. The
example continues the use of the DHV obtained in Example 4-4, which was projected to increase
from 112 vph in 1997 to 190 vph in 2019 based on the historical growth trend. Assume that the
land use in the area is currently exclusive forest use.

Increases in through trips are assumed in the 78 vph increase in the historical trend method.
Future traffic growth will be related only to the increase in forest area use, i.e., N0 new
development is reflected in the historical growth trend. In 2001, however, a new housing
development was approved for construction, with completion by 2003. This is a 50-acre
development with single-family homes on 2-acre lots resulting in 25 new homes.

From the ITE Trip Generation Manual, it is estimated that 25 single-family detached houses
generate 25 peak hour trips total. Of the 25 trips in the afternoon peak hour, 16 are returning
home. From O-D study data and existing traffic patterns, it is estimated that 15 of the 16
homeward trips are a part of the same turning movement containing the projected 190 vph from
Example 4. The other 10 trips are a part of different turning movements, therefore:

2019 Future Volumes = 2019 DHV + 2019 Development VVolumes
=190 vph + 15 vph
=205 vph

It is important to not double count traffic when using the cumulative method. If the turning
movement described in this example accessed only a local street, the historical growth increase
would not be applied since this is used only for through traffic on streets that extend beyond the
study boundary. Thus, the only increase in turning volumes would be due to the new 25 single-
family homes, and the turning volume would be 112 vph + 15 vph = 127 vph instead of 205 vph.
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Example 4-7 Zonal Cumulative Analysis

The following procedure may be used for applying the cumulative method for projects.
(Generally, this level of effort is too complex for a Transportation Impact Study.)

e ldentify the study area. The study area should be defined such that all relevant facilities
are included, since there may be other roadways that could directly influence the traffic
patterns on the facilities being analyzed.

Divide the study area into zones as shown below. In areas where development is not expected to

occur uniformly, but vary widely between zones, it is recommended that select link and zone tree
data be reviewed to identify potential changes in travel patterns and traffic growth along specific
facilities.
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Exhibit 4-18 Vacant Lots and Projected Trip Generation

5
@ @ © @) o)
Vacant Lots Building 2027 .
Zone | 5002) Rate Built Lots VOEL lillp EEn
(Enter/EXxit)
1 537 80 537 (Buildout =7 yrs)| 542 (349/193)
2 984 30 750 (Built by 2027) 758 (488/270)

167 (Buildout = 10

3 167 17
yrs.)

169 (109/60)

640 (Buildout =19

4 640 35
yrs.)

646 (416/230)

Using the base year 30 HV, remove the percentage of external-external trips from the total
external trips. If the origin-destination survey is available, use it. Otherwise, based on the 30
HVs, directionally hold a volume at one end (external station) and proceed to the other end
(external station) by subtracting all turn volumes at each intersection downstream, as shown in
Exhibit 4-19.

Exhibit 4-19 Determining Percent of External-External Trips at External Stations

310 | - N 407
— | — 5
280 237

305

Assume no other accesses between external-stations 1 and 2:
The eastbound external-external trip is 237 vehicles.
The westbound external-external trip is 310 vehicles.

External trips are those trips that have at least one end located outside of the study
area, as defined by the cordon line. The cordon line is an imaginary line that
denotes the boundary of the study area. See

Exhibit 4-20.

External-external (through) trips are trips with both ends (origin and destination) outside of the
cordon line.
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External-internal and internal-external trips are trips with one end outside of the cordon line.

The trips that do not cross the cordon line are internal-internal trips.

Exhibit 4-20 External-External, External-Internal and Internal-External Trips

Study Area I-E

A

E-1

y

Determine the percentage of external-external trips then calculate the increased external-internal
and internal-external trips for the design year at the external stations as follows:

e Apply the growth factor to the base year 30 HVs to estimate the design year 30 HVs. See
Exhibit 4-18, Column (4).

e Based on the percentage of external-external trips, calculate the base year external-
external trips. See Exhibit 4-18, Column (3).

e Calculate the increase in external-external trips for the design year as the product of the
percentage of external-external trips and the difference between the design year 30 HVs
and the base year 30 HVs. See Exhibit 4-18, column (6).

e Calculate the increase in external-internal and internal-external trips for the design year
as the difference between the design year 30 HVs and the sum of the base year 30 HVs
and the increase in external-external trips for the design year. See Exhibit 4-18, column

(7).

Example 4-8 Zonal Cumulative Analysis — E-1 and I-E Trip Forecast Generation

External-Internal and Internal-External trip forecasts are demonstrated in this example.

Using the information in Exhibit 4-21, find the increase in external-internal and internal-external
trips over 25 years.
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Exhibit 4-21 Determining Percent of External-External Trips At External Stations

Ext-Ext = 605 ,. ........... Zone 3 """"""""""" Ext-Ext = 605
Int-Ext = 95 Zonel Ext-Int = 130
Bt < 520 " Zone 2 Zone 4
Iibendl R 2 Ext-Ext = 520
Btint=105 4 e/ N\ Int-Ext = 110
65 13

Assumptions:

eZones 1-4 are have vacant lots and their trip productions and
attractions are as shown in Table 4-9.

oGrowth factors at external stations 1 and 2 are 1.83 and 1.53,
respectively, over 25 years.

Solution:
As given in Exhibit 4-21.

e Traffic volumes at the exte
e The probability of an exter

0.83 and the probability of
e Traffic volumes at the exte
e The probability of an exter

0.82 and the probability of
e The estimated increase in i

rnal-station 1 are 625 entering and 700 exiting.

nal-external trip entering at the external-station 1 is 520/625 =
an external-external trip exiting at Node 1 is 605/700 = 0.86.
rnal-station 2 are 735 entering and 630 exiting.

nal-external trip entering at the external-station 2 is 605/735 =
an external-external trip exiting at Node 2 is 520/630 = 0.82.
nternal-external and external-internal trips over 25 years is

shown in Exhibit 4-22, column (7).
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Exhibit 4-22 25-Year Internal-External, External-Internal Trip Increase

(3) 4) (5) (6) (7
EXt | pirection| @) | (@ | 2002 | 2027 | E-E | 2027E-E [2027E-, I-E
Trip 2002 |Growth| E-E DHV | Trip | Trip Growth |Trip Growth
Table DHV | Factor |=(1)*(5)|=(1)*(2)| Prob. | =(5)*((4)-(1)) | = (4)-(1)-(6)
Enter
External-| (atiry | 625 | 183 | 519 | 1144 | 083 431 88
station 1| EXit | 200 | 163 | o2 | 1281 | 0.86 500 81
(prod.)
Enter
Extornal- | (atiry | 735 | 153 | 603 | 1125 | 0.2 320 70
station2 | EXit | o3y | 153 | 517 | 964 | 0.82 274 64
(prod.)

After the external-external trip growth has been removed from the total external trip growth, the
remaining trips are distributed to the internal zones according to the following procedure.

e Distribution of growth in external-internal trips:
o0 Calculate the attraction probability of each zone’s new trip attractions by dividing
its new trip attractions by the study area’s total new trip attractions.
o Distribute the growth in external-internal trips for each external station by
multiplying these trips by each zone’s attraction probability.
e Distribution of growth in internal-external trips:
o0 Calculate the production probability of each zone’s new trip productions by
dividing its new trip productions by the study area’s total new trip productions.
o Distribute the growth in internal-external trips for each external station by
multiplying these trips by each zone’s production probability.

Example 4-9 Zonal Cumulative Analysis — E-1 and I-E Trip Distribution

In this example, I-E and E-I trips are distributed to the identified zones.

Distribute the new external-internal and internal-external trips in Exhibit 4-22 to the four zones
shown in Exhibit 4-21. The new trip productions and attractions for these zones are shown in
Exhibit 4-22.

Solution:

The calculation of the attraction and production probabilities is shown in Exhibit 4-23. For

example, Zone 1’s attraction probability is 349/1362 = 0.256 and its production probability is
193/753 = 0.256.
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Exhibit 4-23 Example External Trip Attractions and Productions Probabilities

Zone 1 2 3 4 Total
Total New Trips 542 758 169 646 2115
Trip Attractions 349 488 109 416 1362
Attraction Probability 0.256 0.358 0.080 0.305 1.0
Trip Productions 193 270 60 230 753
Production Probability 0.256 0.359 0.080 0.305 1.0

The distribution of new external-internal trips is shown in Exhibit 4-24. For example, Zone 1’s
new external-internal trips at external-station 1 are 88*0.256 = 23.

Exhibit 4-24 Example External-Internal Trip Distribution

Exter_nal- New E-I Trips Zonel Zone 2 Zone 3 Zone 4
station
1 88 23 32 7 27
2 70 18 25 6 21

The distribution of new internal-external trips is shown in Exhibit 4-25. For example, Zone 1°s
new internal-external trips at external-station 1 are 81*0.256 = 21.

Exhibit 4-25 Example Internal-External Trip Distribution

Extelfnal- New I-E Trips Zone 1 Zone 2 Zone 3 Zone 4
station
1 81 21 29 6 25
2 64 16 23 5 20

After the new external-internal and internal-external trips have been distributed for each zone,
the remaining new attractions and productions are internal-internal trips. For Example 4-8, the
total internal-internal trips for Zone 1 are the difference between Zone 1’s total new
attraction/production trips and Zone 1’s total new internal-external/external-internal trips (542 -
23-18-21- 16 = 464).

To distribute the internal-internal trips for each zone, use the same distribution process as
described in the new external-internal and internal-external trips distribution.

Example 4-10 Zonal Cumulative Analysis — I-1 Trip Generation and Distribution

This example illustrates the trip distribution of Internal to Internal trips

Find and distribute the internal-internal trips for each zone as shown in Exhibit 4-21.
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Solution:

The internal-internal trips for each zone and the associated attraction and
production probabilities are shown in

Exhibit 4-26.

Exhibit 4-26 Example Internal Trip Attractions and Productions Probabilities

Zone 1 Zone 2 Zone 3 Zone 4 Total

Total Internal-Internal Trips 464 649 145 553 1811

Internal Attractions 308 431 96 368 1203
Attraction Probability 0.256 0.358 0.080 0.306 1

Internal Productions 156 218 49 185 608
Production Probability 0.257 0.358 0.081 0.304 1

The distribution of new internal-internal attractions are shown in Exhibit 4-27. For example, the

attraction trips to Zone 1 from Zone 2 are 308*0.358 = 110.

Exhibit 4-27 Example Internal Trip Attribution Distribution

Zone I-1 Attraction Zone 1 Zone 2 Zone 3 Zone 4
1 308 79 110 25 94
2 431 110 154 34 132
3 96 25 34 8 29
4 368 94 132 30 112

The distribution of new internal-internal productions is shown in Exhibit 4-28. For example, the
production trips from Zone 1 from Zone 2 are 156*0.358 = 56.

Exhibit 4-28 Example Internal Trip Production Distribution

Zone I-1 Attraction Zone 1 Zone 2 Zone 3 Zone 4
1 156 40 56 13 47
2 218 56 78 18 66
3 49 13 18 4 15
4 185 48 66 15 56

Following trip distribution, the next step in the procedure is traffic assignment, which involves
assigning traffic to the road network. Trip assignment is the process used to estimate paths the
trip will take, which ultimately results in traffic flow on the network. It assigns the trips to

specific routes and establishes volumes on links, taking into consideration network

characteristics to find the shortest path between origins and destinations. Identify the specific
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roadways that will be selected for each trip based on network link travel times. This step is a
manual process that requires the use of engineering judgment.
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Example 4-11 Zonal Cumulative Analysis — I-1 Assignment

Referring to the example intersection in Exhibit 4-29, a possible set of assignment paths
associated with the future eastbound through movement may be:

e Base-year 525 eastbound through trips.

Exhibit 4-29 Eastbound Assignment, Base Year

!’ Zone 1 \ zone

Zone 4 ,

e 431 growth external-external trips. See Exhibit 4-22, column (6).

Exhibit 4-30 Eastbound Assignment, External-External

e From Exhibit 4-24, the total external-internal trips from external-station 1 to Zone 3 is 7.
These seven trips can access to Zone 3 by turning left at the intersection or through
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downstream access via the mainline. From Exhibit 4-31, two of the seven trips will travel
to Zone 3 by turning left at the intersection and the remaining five trips will travel to
Zone 3 through downstream access via the mainline. The same process is followed for
trips from the external-station 1 to Zone 4. And the total external-internal trips from
external-stationl to Zone 4 are 27. Same engineering judgment from Zone 3 applies to
Zone 4 depending on the accessibility to Zone 4. Here, assuming 20 out of 27 will access
to Zone 4 by downstream accesses.

Exhibit 4-31 Eastbound Assignment, External-Internal

External-
station 1 5

to zone 3

External-

station 1 20
to zone 4 ;
7

From Exhibit 4-25, the total internal-external trips from Zone 1 to external-station 2 are 16. The
assignment of these trips depends on the accessibility from Zone 1 to the external station 2 is 16.
From Exhibit 4-32, 10 of the 16 trips (depending on the accessibility from Zone 1 to the road
network) will travel to external station 2 by using upstream access points. The remaining six trips
will travel to external station 2 by turning left at the intersection.

Exhibit 4-32 Eastbound Assignment, Internal-External

......
Zone 1to
External-
station 2

—‘L 0 °
15

..............

Zone 2to
External-
station 2
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From Exhibit 4-28, there are internal-internal production trips from Zone 1 to
Zones 2, 3 and 4, and from Zone 2 to Zones 1, 3 and 4. Assuming internal-internal
production trips from Zone 1 to Zones 2 and 3 and from Zone 2 to Zones 1 and 4
are not gone through the intersection, there are only internal-internal production
trips between Zone 1 and 4 and Zones 2 and 3. The total internal-internal
production trips from Zone 1 to Zone 4 is 48 trips and from Zone 2 to Zone 3 is 18
trips.

Exhibit 4-33
e shows the internal-internal trip assignment from Zone 1 to Zone 4 and from Zone 2 to

Zone 3 based on its network accessibility assumption.

Exhibit 4-33 Eastbound Assignment, Internal-Internal

Production

trips 6

from zone 1

Production
' trips

from zone 2
0 zane

So the future eastbound through movement at the example intersection is a sum of 525, 431, 5,
20, 10, 15, 20 and 10 that equals 1036 vehicles.

4.6.3 Urban Travel Demand Models

The output from urban travel demand models may be used to estimate future traffic growth. A
map of the transportation models used by ODOT is available on the Planning Section website on
the Transportation Modeling References webpage. Transportation models use current and
projected land use and transportation network data to estimate current and future travel demand.
The data is obtained from many different sources, including census data, state employment data,
O-D surveys, household travel surveys, traffic counts and field surveys.

Model output can be produced for either the daily period or specific time periods throughout the
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day, such as the AM and PM peak hours, AM and PM peak periods and mid-day period.
Seasonal adjustments should not be applied to model output. Model output cannot be directly
input into traffic analysis software, because it must first be adjusted (post processed) to reflect
project specific actual (counted) current traffic volumes. However, the relative difference
between the model output for two scenarios (e.g., current and future conditions) can be used
directly such as for the screening of preliminary alternatives.

Common Modeling Terms

e Links - Represent road segments and are identified by nodes at each end.

e Nodes - Indicate the intersections of links.

e TAZ (Transportation Analysis Zone) - The model or study area is broken into sections.
Each of these sections is called an analysis zone.

e Centroids (special nodes) - They represent the center of an activity zone called a TAZ.
This is not necessarily the geometric center of the zone.

e Centroid Connectors - Links that connect centroid nodes with the model network. These
can represent local streets not included in the model network. Centroid Connectors
provide the linkage between the trips associated with the TAZ land uses and the roadway
segments (or links).

e Screenlines - Imaginary lines that are strategically drawn across network links. The
volumes on the links crossed by the screenlines are summed. One use of a screenline
might be to compare the volume of traffic entering and leaving the study area for each
alternative.

e Cordon - An imaginary boundary (non-linear) strategically drawn across an area. The
volumes on the links crossing the cordon are typically summed to understand the amount
of trips entering and exiting an area.

e Model Volumes and 30 HV Volumes - These two volumes cannot be compared directly.
Models are mathematical representations of the population and employment data that is
arranged by TAZ. What matters is the relative (proportional) change between two sets of
model data. This change is applied to the field data. This is what is meant by post-
processing. Post-processing is basically applying proportions and percents.

Growth Pattern Types

Growth pattern types can all be present in a model in different areas. The analyst must have
knowledge of the project area and what the model assumes for the study area in order to properly
pick the future growth curve. The growth curve can be a combination of two conditions on the
overall timeline. For instance, for the first 10 years the growth is linear, but the last 10 years the
growth is geometric. Growth curves can also be estimated by using a combination of differently
sloped lines (piecewise, such as linear with different growth rates).

e Exponential (compound) - Compound growth is typically associated with brand new
growth in an area that has plenty of land and road capacity. This is typically limited to
five years or less. Use of an exponential curve over a prolonged period can seriously
overestimate future growth.

e Straight-Line - Steady growth over time.

e Logarithmic (Decelerating) - Growth tapers off as land approaches built-out status and

Analysis Procedure Manual 4-45 Last Updated 1/2011



capacity of roadways. Future growth is mainly contributed by growth in background
(through) traffic.

Centroid connectors can be useful in determining detailed growth estimate data. These
connectors provide loading points from the TAZ’s to the model network. These also represent
the local streets that are not in the model. The growth rates determined from the centroid
connectors can be applied to obtain future volumes on streets/driveways not in the model. This
technique should be used with caution, however, as centroid connectors may represent multiple
streets and are not calibrated.

Note: The following is applied on a directional link basis. Post-processing travel demand model
data is applied on each directional link within the study area, so the use of spreadsheets is highly
recommended.

The base year of model used should be adjusted to conform to base year of project by
interpolating between the model base and future scenarios. This can be generally done with
straight-line growth as the adjustments are short. The base and future are compared to produce a
(typically) 20-year growth factor, which is reduced to a yearly growth factor. The ideal situation
is to have the base year of the project and the model base year the same.

Example 4-12 Model Year Adjustment — Straightline Method

Yearly model growth = ((2020 model/ 2000 model) -1) / 20
2004 model = ((yearly model growth * 4) + 1) * 2000 model

Once the base model year is adjusted, then the future model year can be calculated. Ideally, the
future model year is the same as the project future year. If future model year and project future
year are not the same, use the appropriate growth pattern and resulting curve equation to
extrapolate out to the future model year. Models are generally updated every five years. This is
about the limit for extrapolating beyond the future year, otherwise the chance that zones will be
“overbuilt” quickly increases.

However, in undeveloped territory and/or built-out areas another curve growth method may be
more appropriate.

Example 4-13 Model Year Adjustment — Geometric Method

Use geometric growth to calculate 2025 DHV from 2004 adjusted model data and 2020 future
model data.

Geometric growth equation: F = P(1+i)n

F is the future year total volume; P is the existing year volume; i is the growth rate; and n is the
number of years between the existing year and the projected future year. The n can be also be
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adjusted to any intermediate future year to provide the future year volume.

2025 model = 2004 model (1+ i1g) ~ %
iz = ((2020 model/2004 model) ~ %6y — 1

4.6.4 Model Post Processing

Post-processing is a method for developing future traffic volumes based on traffic counts and the
relative differences between model scenarios. The entire post-processing procedure and
guidelines are explained in detail in the NCHRP Report 255, which is available on the
Transportation Modeling References webpage on the TDD Planning Section website. The basis
of post-processing is to multiply current counted traffic volumes by the relative difference
between current and future modeled volumes in order to obtain adjusted future volume estimates.

There are multiple methods available to convert model volumes into design hour volumes, but
the two most common are the growth method and the difference method. See NCHRP Report
255.

Growth Method

The Growth Method uses growth equations to calculate future design hour volumes. Caution
should be used with the method as it may severely overestimate growth on links that have little
volume in the base year and significant volume in the future year. The basic form of the growth
method (per NCHRP Report 255) is:

Future model year / Base model year = Future DHV / Base 30 HV

Example 4-14 Post-Processing — Growth Method

e Example: 2025 DHV = (2025 Model / 2004 Model)* 2004 30 HV
e If the 2025 Model had 800 vph, the 2004 Model had 50 vph and the 2004 30 HV had 550
vph, the growth method using a simple linear method would be:

2025 DHV = (800/50)* 550 = 8,800 vph
e Using a geometric form the equation would be:

2025 DHV = 2004 30 HV * (i16 + 1)~ 21

Difference (Incremental) Method

The Difference (Incremental) Method should be used in areas where large differences in base
and future model link volumes exist. This method is preferred in NCHRP Report 255. The basic
form of the difference method is:
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Future DHV = Base 30 HV + (Future model year — Base model year)

Example 4-15 Post-Processing — Difference Method

2025 DHV = 2004 30 HV + (2025 Model -2004 model)

Using the same numbers from the growth method above, using the difference method would be:
2025 DHV =550 + (800 — 50) = 1,300 vph.

Both methods should be compared in a spreadsheet on a directional link basis using percent and
absolute difference. Areas with large percent and absolute differences should use the difference
method. Areas that compare favorably can use one or the other or an average of the two. The
analyst will need to analyze the data to find the natural breakpoints of when and where to use
each method.

The two previous examples show the large difference between the growth and difference
methods where the growth method overestimates the future 2025 volume because the base year
model volume is much smaller than the future model year volume. In this case the difference
method would be used.

If the 2004 Model had 600 instead of 50, the growth method would result in 733 vph and the
difference method would result in 750 vph. When the base and future models are closer, the
results from the two methods are much closer. In this case, the growth method or an average of
the growth and difference method would be used.

Link growth rates can be averaged together to reduce the number of calculations/adjustments
necessary if they are close together (less than 10%).

Screenlines
Screenlines can be used for calculating overall growth rates or used for calculating volumes on
new links (links that only exist in one of the scenarios that you are comparing).

Screenlines are useful where there are significant differences in growth within the study area.
Screenlines should be strategically placed to cross the major links of the different growth areas.
The same screenlines are drawn for the base model year as the future model year on the model
volume plots. The link volumes crossed by each screenline are summed. The future summation
of each screenline is divided by the corresponding base screenline summation. This provides the
growth rate for the different areas cut by the screenlines.

The main use of screenlines is to determine the future design hour volume of links that exist only
in one scenario. This comes up when a new route is added to a scenario. This can occur with
both no-build and build alternative scenarios.

Latent Demand
An effect that may be observed from model results is where the Future Build volume is
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significantly greater than the future No Build volume, for the same year. This can occur where
the Future No Build demand has exceeded capacity, and a portion has shifted to avoid
congestion. The shifted demand is called latent demand. Demand can shift in a variety of ways,
for example to other routes, modes, destinations, or time periods. Once the facility is at capacity,
peak hour volumes no longer increase over time, while latent demand may continue to increase.
When a Build alternative alleviates the congestion, a portion of the shifted demand may return,
which is reflected by an increase in the Future Build volume.

Example 4-16 Post-Processing — Use of Screenlines

For example, assume a roadway network in the future no-build year had two north-south links at
Main Street and EIm Street, but a build alternative added a new north-south link at Oak Street for
a total of three north-south links. The analyst has the model outputs for the scenarios with and
without the new connection and the future no-build DHV diagram (without the connection).

1. Draw a screenline across Main and Elm Streets in the future no-build model scenario, and
sum up the future no-build model volumes for each street as well as the total north-south
future model volume.

Future No-Build Model Scenario

1st Ave

(@)=} oo
o= oW
< < MM

__________________________ Screenlipe

2. Draw a screenline across Main, EIm and Oak Streets in the build alternative scenario and
sum up the build alternative model volumes for each street as well as the total north-south
build alternative model volume. Also calculate the directional (northbound and southbound)
splits for all three streets.
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Build Alternative Model Scenario

|15‘Ave
olo olo olo
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__________________________ Screknlipe
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Main Street Total = 350 + 300 = 650 vph

Elm Street Total = 100 + 150 = 250 vph

Oak Street Total = 600 + 500 = 1100 vph

Total North-South Volume = 650 + 250 = 2000 vph

Note: in this example, the build alternative scenario pulls in 25% more traffic (2000 vph
vs. 1500 vph) than the future no-build model scenario. This is a result of previously
diverting traffic returning to the route that it wants to use. In this case the analyst must
use the build alternative model scenario to create the future design hour volumes. If the
difference was less than 10%, then the analyst could use the future no-build volume
distributed on the build network.

Directional Splits Calculation:
Northbound Main Street = 300/650 = 0.46
Southbound Main Street =1 - 0.46 = 0.54
Northbound Elm Street = 150/250 = 0.60
Southbound EIm Street =1 - 0.60 = 0.40
Northbound Oak Street = 500/1100 = 0.45
Southbound Oak Street =1 —0.45 = 0.55

3. Draw a screenline across Main and EIm Streets in the future DHV diagram, and sum up the
total future DHV volumes for each street as well as the total future north-south DHV volume.
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Future No-Build DHV

1st Ave

................... Screenline

Main Street Total = 610 + 520 = 1130 vph
Elm Street Total = 350 + 390 = 740 vph
Total North-South VVolume = 1870 vph

4. Calculate the total north-south build alternative DHV by creating a ratio by dividing the build
alternative grand total (Main/EIm/Oak Streets) by the future grand total (Main/EIm Streets)
and then multiplying this ratio with the future DHV (Main/EIm Streets).

General equation form:

Build Alternative Model/Future No-Build Model = Build Alternative
DHV/Future No-Build DHV

Modified equation to solve for the total Build Alternative DHV:

Build Alternative DHV = (Build Alternative Model/Future No-Build Model) x Future
No-Build DHV

Build Alternative DHV = (2000/1500) x 1870 = 2493 vph

5. Calculate the percentage splits for each of the build alternative north-south links.

Main Street split = 650/2000 = 0.325 (32.5%)
Elm Street split — 250/2000 = 0.125 (12.5%)
Oak Street split — 1100/2000 = 0.55 (55%)

6. Apply the percentage split for the new link (Oak Street) to the future build alternative grand
total calculated in Step 4. This will determine the total build alternative DHV on the new link
(Oak Street). Repeat for the other north-south screenline links (Main and EIm Street)

Build Alternative DHV (Oak) = Oak Street split (from Step 5) x Build Alternative DHV
total (from Step 4)

Build Alternative DHV (Oak) = 0.55 x 2493 = 1371 vph
Build Alternative DHV (Main) = 0.325 x 2493 = 810 vph
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Build Alternative DHV (EIlm) = 0.125 x 2493 = 312 vph

7. Apply the directional splits from Step 2 to the DHV totals for each street calculated in Step 6.
This will compute the directional DHV for each street.

Future Build DHV

1st Ave

435
375
125
185
755
615

Main St
Elm St
_Oak St

Main Street DHV (NB) = 0.46 x 810 = 373 vph
Main Street DHV (SB) = 0.54 x 810 = 437 vph

Elm Street DHV (NB) = 0.60 x 312 = 187 vph
Elm Street DHV (SB = 0.40 x 312 = 125 vph

Oak Street DHV (NB) = 0.45 x 1371 = 617 vph
Oak Street DHV (SB) = 0.55 x 1371 = 754 vph

Turn Movements

Future No-Build

Once the growth rates have been determined and applied to the project roadway network the
future turning movements need to be calculated. The volume of traffic entering each intersection
must balance with the traffic leaving the intersection. Typically the no-build turning movement
volumes are the same as the existing year movements with a growth factor applied. Impacts from
other projects should show up in the future no-build model run, and would impact the growth
rate or methodology used to calculate the future no-build design volumes.

There are times when another project is expected to impact the travel patterns in the study area,
and the turning movements would have to be manually adjusted to reflect this. The turning
movements provided by the model can help point out some of these impacts. Note: A capacity
constrained demand model should indicate the shift in travel patterns and the directional link
volumes from the model should be used as a starting point to arrive at a future DHV, arriving at a
post-processed set of volumes requires a method such as described above or in NCHRP 255. The
origin and destination matrix can also be a helpful tool to obtain the distribution of trips between
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zones. Model runs with and without committed/STIP projects can be run to determine the
impacts, if any, from nearby financially constrained future projects.

Future Build

At this point the directional design hour volumes have been calculated for each link so the
intersection approach volumes are known. The volume of traffic entering each intersection
should balance with the traffic leaving the intersection.

Build turning movements are a combination of considering the known travel pattern changes and
the existing turning movements. The model-assigned turning movements can be used as a
starting place if the movements are converted to percentages. In difficult cases the origin and
destination matrix (or select link plots, discussed in the next section) can be requested from the
modeler. Developing the build turning movements in some cases is not a straightforward
process. It may involve looking at all the possible movements and using your best judgment and
knowledge of the area. Changes are also made as the intersection is balanced to hold the link
volumes. The link volumes need to be held as much as possible to preserve the future growth
ratios.

There are matrix-based programs that assign turning volumes based on the link volume. These
automate the NCHRP Report 255 Chapter 9 turning movement process, which can save
considerable time over a hand calculation. The intersection approach volumes and the exiting
volumes are entered. The programs typically assume that more traffic is attracted to the higher
volume links and will weight the movements accordingly. The program goes through an iterative
process to closely match the data that was entered. All matrix programs use the NCHRP 255
method, which is the Fratar Method of balancing volumes.

Select-Link/Select-Zone Plot

Models are much more useful than just obtaining future growth rates. A select-link or select-zone
plot can be requested. Select-link/select-zone plots show the distribution of volume from/to a
given link or zone across the model network. This is useful in determining, for example, volume
distribution for a future development not included in the model. Another example is using select-
links to determine the percentage of through trips through the project area. They also can be used
to help show the analyst if trip assignments are reasonable after network changes are made.
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5 ASSESSING PERFORMANCE

5.1 Purpose

The analysis of the existing transportation system uses the data collected and developed as
described in previous chapters to evaluate the transportation system prior to making any changes
to land use or infrastructure. This chapter presents analysis procedures not specific to traffic flow
type and identifies specific methodologies and input parameters to be used on ODOT projects.
Topics covered include:

Crash Analysis

Peak Hour Factors

Access Management

Conflict Points

Sight Distance

Multi-Modal Analysis

Other Analysis Issues/Procedures
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5.2 Crash Analysis

Crash analysis typically involves the identification of the problem areas on facilities
experiencing an above-average frequency of crashes or reoccurring crash patterns and an
investigation of conditions that may contribute to the problem identified. If an analyst generally
understands crash trends within a study, the analyst can use the information in the analysis and
recommendations. This analysis should not be confused with the operational analysis that would
be done separately by Region Traffic staff.

5.2.1 Calculating Crash Rates

Crash rates are commonly used to determine if the frequency of crashes experienced at a given
intersection or segment of roadway is above average. Because the total number of crashes
experienced on a segment or intersection of roadway(s) is typically proportional to the number of
vehicles using that facility, rates are often calculated to allow for comparisons of different
facilities. The most common basis for comparison is to calculate the number of crashes
experienced per million users. Specifically, for roadway segments, the number of crashes per
million vehicle miles of travel (MVM) is calculated and for intersections, the number of crashes
per million entering vehicles (MEV). These rates can also be calculated using only specific crash
types such as fatalities, fatal, injury or property damage only crashes. The corresponding
formulas for these calculations are shown in Exhibit 5-1.

Exhibit 5-1 Equations for Crash Rate Calculations

Description EXxpression Formula
Segment Crash Rate Annual number of crashes 6
- : - L Annual number of crashes x 10
(crashes per million times one million, divided by
. . i . (AADT) x (365 days/year) x
vehicle miles of travel, the annual vehicle-miles of 7
MVM) travel (segment length in miles)

Annual number of crashes
times one million, divided by | Annual number of crashes x 10°
the annual volume of entering (AADT) x (365 days/year)

traffic.

Intersection Crash Rate
(crashes per million
entering vehicles, MEV)

Note that care should be taken when calculating crash rates for segments that are less than one
mile. The resulting rate for a short section can appear to be much higher than is actually the case.
Evaluate crash rates for short sections by trying small changes in the number of crashes. If the
changes in crash rate are dramatic then either this type of crash rate should not be used or its use
should be accompanied with a warning. Whenever possible crash rates for short sections should
be normalized (or lengthen the section) to a full one-mile section without including features that
will significantly influence the outcome, e.g., a major intersection hosting a high concentration
of crashes.

For reporting crash rates on state highways, ODOT uses the segment crash rate. ODOT does not

have an established standard intersection crash rate to compare with as a baseline. The ODOT
CAR Unit publishes an annual document called the Oregon State Highway Crash Rate Tables,
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available at: http://www.oregon.gov/ODOT/TD/TDATA/car/CAR_Publications.shtml.

In this document crash rates for given segments of all state highways are calculated and listed for
each of the last five years. In addition to this a variety of summaries of crash rates for state
highways considering fatalities and different highway types, as well as information about the
data used in the crash rate calculations, is provided.

Of particular interest is Table I, which shows statewide average crash rates for each of the last
five years, for freeways and non-freeways on the state highway system, by urban and rural area
and by primary and secondary designation. This table is often used in crash analysis to compare
the segment crash rate calculated for a study highway to the statewide average rate shown in the
table for a comparable highway type. In the selection of the appropriate highway type for
comparison, the analyst must determine whether the study highway segment is classified as a
freeway or non-freeway, is located within an urban or rural area and is on the primary or
secondary highway system (a listing of primary and secondary highways is included after Table
IV). Note that the category “State Highway System” provided alongside the primary and
secondary system categories in Table Il is merely a combination of the primary and secondary
highway systems and should not be used for most crash rate comparisons.

Example 5-1 Crash Rate Calculation and Comparison

A principal highway segment in a rural area has experienced 22 reported crashes over the last 3
years. The segment ADT is 23,000 and length is 1.6 miles.

Number of Crashes X 1,000,000
Length (in miles) X ADT X (Yrs X 365)

22 X 1,000,000
1.6 X 23,000 X 3Yrs X 365

0.55 Crashes per Million Vehicle Miles (MVM)

Rate =

As shown in in the table below, the statewide average crash rates are as follows:

2005 0.67
2006 0.69
2007 0.68

Average 0.68

The segment crash rate of 0.55 is less than the average statewide rate of 0.68.
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Statewide Crash Rate Table

TABLE II: FIVE-YEAR COMPARISON OF STATE HIGHWAY CRASH RATES

Table |l presents a comparison of state highway crash rates for the past five years, for urban and
rural areas, by functional classification. Mileage is shown for the current data year only.

See Table IV for information on official highway mileage and VMT daia.

JURISDICTION AND 2007 2006 2005 2004 2003

FUNCTIONAL CLASSIFICATION MILES* Rate Rate Rate Rate Rate
TOTAL STATE HWY SYSTEM 7,455.23 0.85 0.85 0.87 0.79 0.98
Interstate Freeways 72957 0.38 0.39 041 0.38 042
Other Fwys/Expressways 52.26 0.73 0.78 0.80 0.78 0.87
Mon-Freeways (combined) 6,673.40 1.27 1.26 125 113 145
Other Principal Arterials 3281.04 1.28 1.29 128 1.16 152
Minor Arterials 1,964.61 1.20 1.14 1.14 1.02 120
Urban Collectors 8.69 1.10 0.68 1.19 123 2.08
Rural Major Collectors 1,382.20 1.25 111 114 0.93 125
Rural Minor Collectors 36.86 0.64 0.66 1.30 0.32 1.30
Rural Local 0.00 0.00 16.52 4.23 2.68 8.06

<

Rural Areas 6,414.01 0.58 0.58 0.59 0.51 0.59
Interstate Freeways 53937 0.28 0.29 0.31 0.25 0.26
Non-Freeways (combined) 587464 0.79 0.77 077 0.68 0.80

Other Principal Arterials 2,658.39 0.68 0.69 0.67 0.61 0.71
Minor Arterials 1,839.04 0.99 0.93 0.98 0.83 0.97
Rural Major Collectors 1,340.60 1.24 1.08 1.10 092 120
Rural Minor Collectors 36.61 0.69 0.36 140 0.35 140
Rural Local 0.00 0.00 16.52 423 268 8.06

* Couplet and Roadway 3 data are included. Frontage moad and connection data are excluded.

When comparing a statewide average rate to a segment crash rate for a study highway, simply
exceeding the statewide average rate should not be interpreted as proof that a section is
hazardous. A segment crash rate that exceeds the statewide average crash rate should merely be
considered as an indication that further investigation is necessary. It should also be stated that
cost effective improvements to increase safety could still be identified even with a segment crash
rate lower than the statewide average.

When an intersection crash rate may be appropriate to report, a rule of thumb is that intersections
with a crash rate of 1.0 or greater is generally considered to be an indication that further
investigation is warranted. . This is not to say whether a location is “bad” if over or “okay” if
under 1.0. It should also be stated that cost effective improvements to increase safety could still
be identified even with an intersection crash rate lower than the statewide average.

Another analysis tool that ODOT uses is the Safety Priority Index System (SPIS) which provides
an alternative method of ranking for intersections and segments of roadways on State Highways.
SPIS incorporates crash rate, frequency and severity components to provide a single index to
compare a roadway or intersection.
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The top 5% SPIS ranking requires the Region Traffic offices to conduct a safety investigation
each year to determine if there is an appropriate safety improvement fix to the problem. The
SPIS ranking can be determined by contacting the appropriate Region Traffic Office for
assistance or at the following intranet website
http://intranet.odot.state.or.us/tstrafmgt/PSMS/SP1S/spis.htm. The Traffic-Roadway Section is
contracting with Oregon State University and Portland State University to develop a Safety
Investigations Manual which is planned to be available in Fall of 2009.

5.2.2 ldentifying Crash Patterns

The commonly used procedure to identify crash patterns is categorizing crashes by
characteristics such as types, time of day, weather conditions and locations. In this form it may
be easier for the analyst to identify crash trends such as a high number of a certain type of crash
or a location or movement that experiences a disproportionate amount of the total crashes.

Caution should be exercised when identifying actual crash locations from reported data. Crashes
may be reported at the nearest integer milepoint even if they occurred hundreds of feet away, i.e.,
a crash reported at milepoint 12 even though it actually occurred at milepoint 12.34. This can be
evidenced by clusters of crashes reported at even milepoints. Crash data should be checked for
discrepancies such as where a crash occurred on a curve, but the reported milepoint is located on
a straightaway section.

5.2.3 What Data to Report

An analysis report should contain summarized information about crashes within the study area.
The summary should contain trends, crash rates and a general discussion of the crashes. If on the
state highway the report should contain the segment crash rate and reference to the most recent
SPIS data.

5.2.4 Countermeasure Selection

While crash patterns found should be addressed during the alternatives analysis, countermeasure
selection is generally not addressed in most transportation analysis projects, but is conducted as a
separate effort that may be initiated by the identification of crash patterns in the project report.
However, the following discussion will help provide an understanding of the potential uses of
crash analysis. Countermeasures can generally be grouped into three categories: education,
enforcement and engineering.

e Education related countermeasures include a variety of public information campaigns
using a broad range of media to reach a target audience. These types of countermeasures
can be effective in reducing driver error by making motorists aware of the risks and
consequences of certain driving behaviors and environments encountered.

e Enforcement countermeasures typically involve increased policing activity to encourage
compliance with existing traffic controls and regulations. Increased enforcement is often
implemented when engineering countermeasures are already present, but have become
ineffective due to frequent violations by motorists. The application of enforcement
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countermeasures is typically carried out by the Region Traffic Section.

e Engineering countermeasures include a broad range of improvements or modifications to
the transportation system in an attempt to improve roadway safety. Such countermeasures
may include geometric improvements, ITS applications, changes to traffic controls
(signing, striping, signals, etc.), changes to roadway surfacing, or operational
enhancements.

There are many resources that provide potential countermeasures to select from for a given crash
pattern. When selecting countermeasures, the analyst should coordinate with the ODOT TRS.
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5.3 Peak Hour Factors

Peak hour factors (PHF) are used to account for the non-uniformity of traffic flow within the
peak hour by converting hourly volumes to peak flow rates associated with a selected interval of
time within the peak hour. The most common interval of time selected for traffic analysis is the
peak 15 minutes. In areas near capacity the peak 15-minute flow can cause up to several hours of
congestion. This typically happens when the demand exceeds the available capacity of the
transportation system resulting in “peak hour spreading”, which is the extension of the peak
period caused by a system breakdown. Therefore, it is often essential that the transportation
system be designed to accommodate the peak 15 minutes of the peak hour.

Peak hour factors should be applied in most capacity analyses in accordance with the HCM,
which selected 15-minute flow rates as the basis for most of its procedures. It is especially
critical to examine the peak 15-minute period when potential queue lengths may become an
issue, and at locations with sharp peaking characteristics such as employment sites and locations
with low peak hour factors (less than 0.90).

5.3.1 Calculation

The PHF is typically calculated using data from traffic counts. It is the traffic volume during the
peak 60-minute period divided by four times the volume during the peak 15-minute period.

PHF = Volume During Peak 60-Minute Period
4 x (Volume During Peak 15-Minute Period)

5.3.2 Existing Conditions

PHFs calculated from actual traffic count data should always be used for analysis of existing
conditions. For all applications other than sketch planning-level analysis, traffic count data
should be obtained in 15-minute intervals, and one of the three methods for calculation and
application of PHFs described below should be followed. Each of the methods should be
reviewed and the method that best represents the conditions should be used. In the following
methods the system peak hour is first selected, and PHFs are calculated within that hour. For
sketch planning-level analysis where traffic counts are not provided in 15-minute intervals, the
HCM suggests the following defaults:

e 0.95 for congested conditions
e 0.92 for urban areas
e 0.88 for rural areas

e Existing PHF — Method 1: This analysis method uses an intersection PHF to estimate
peak 15-minute period equivalent hourly flow rates from the peak 60-minute period
volumes. The peak 15-minute period with the highest intersection total entering volume
(TEV) should be used to determine the PHF for each intersection. The application of
global PHF’s is generally not appropriate when count data is available. The intersection
PHF is calculated as follows.
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0 Step 1: Determine the peak 15-minute period that has the highest intersection
total entering volume (TEV).

0 Step 2: Calculate the intersection PHF based on the time period determined in
Step 1, by dividing the TEV peak 60-minute volume by four times the TEV
occurring during the peak 15 minutes.

0 Step 3: In the analysis, apply the intersection PHF from Step 2 to each movement
peak 60-minute volume.

e Existing PHF - Method 2: As an option, in cases where unusual peaking occurs on
individual approaches, approach PHFs can be determined from the traffic count volumes.
The peak 15-minute period with the highest intersection TEV should be used to
determine the PHFs. PHFs are calculated for each approach or movement as follows. If
an approach or movement PHF is calculated to exceed 1, entering a value of 1.00 will
ensure a slightly conservative analysis.

0 Step 1: Determine the peak 15-minute period that has the highest intersection
total entering volume (TEV).

0 Step 2: Calculate the PHF for each approach or movement based on the time
period determined in Step 1 by dividing the approach peak 60-minute volume by
four times the approach or movement peak 15-minute volume.

o0 Step 3: In the analysis, apply the approach or movement PHFs from Step 2 to the
approach or movement peak 60-minute volumes (usually calculated by the
analysis software).

e Existing PHF - Method 3: As an additional option in cases where unusual peaking
occurs on individual approaches, the traffic count volumes for all movements that occur
during the single peak 15-minute period can be used directly in software that multiplies
the peak 15-minute period volumes by a factor of four. If this method is used both the
actual 60-minute period hourly volumes and the equivalent peak 15-minute hourly flow
rates should be shown on the Existing Traffic flow diagrams, and clearly labeled to avoid
confusion.

0 Step 1: Determine the peak 15-minute period that has the highest intersection
total entering volume (TEV).

0 Step 2: For the time period determined in Step 1, enter the peak 15-minute
volumes directly in the software.

0 Step 3: Select software analysis procedure based on the peak 15-minute period.

0 Step 4: On the flow diagrams show and clearly label both the actual 60-minute
period hourly volumes and the equivalent peak 15-minute hourly flow rates to
avoid confusion.

5.3.3 Future Conditions

Because traffic flow patterns may change over time and future conditions can not be directly
measured, analysis of future years should incorporate the following default values by approach
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for the PHF unless better information is available:

e 0.85 for minor street inflows and outflows
e 0.90 for minor arterials
e 0.95 for major streets

Engineering judgment must be used in the selection of PHFs for future years. In cases where the
existing PHF is higher than the default value for the future PHF, it may be appropriate to retain
the existing value for the future year, as PHFs do not typically decrease as traffic volumes and
congestion increase. Likewise for areas that have low existing peak hour factors, using the future
PHF default values could produce results that would underestimate the future traffic conditions.
For areas with aggressive traffic demand management strategies contained in an adopted plan, a
different PHF (to reflect spreading of the demand) may be used for future year analysis if agreed
to by ODOT during the scoping process. For areas with pronounced peaking characteristics, such
as industrial sites and schools, PHFs lower than the default values listed above should be used.
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5.4 Access Management

Access management includes the spacing, design, operation and control of all public and private
approaches (driveways, streets, ramps, etc.) to a roadway in a manner that balances the
competing needs of property access with safe and efficient travel on the transportation system in
accordance with pre-established management objectives. These management objectives typically
reflect a functional hierarchy where facilities such as freeways and major arterials give priority to
through travel, while minor collectors and local streets provide for more direct property access.

5.4.1 Impacts of Access Management Implementation

Because every approach to a roadway creates new conflict and decision points, the reduction and
orderly provision of access can have direct benefits to safety and the efficient flow of traffic.
Drivers are more likely to have a collision when required to react to multiple conflicts.
Numerous studies from around the nation have shown that reducing access density reduces crash
rates.* Therefore, the implementation of cost-effective access management techniques, such as
median construction, left turn prohibitions, and approach consolidation, can extend the life of
existing transportation facilities delaying the construction of more expensive improvement
projects and preserving the investment in the infrastructure.

Some of the benefits of access management include:

Reduction in vehicular crash rates.

Improved travel efficiency with fewer delays.

Enhanced bicycle and pedestrian environment with fewer vehicle conflicts.
Improved pedestrian crossings where medians can be used as refuges.
Improved movement of goods and services.

Reduction in vehicular emissions.

Improved fuel efficiency.

Avoiding impacts to private properties from roadway widening.

Efficient customer access to adjacent businesses.

5.4.2 ODOT Access Management Policies: 1999 Oregon Highway Plan

ODOT’s policies regarding access management are published in Goal 3 of the 1999 Oregon
Highway Plan (OHP), which includes the establishment of a highway classification system and
corresponding management objectives and spacing standards, direction for the use of medians,
special consideration for interchange areas, and an allowance for deviations and appeals. These
policies were used as the basis for the rules and procedures adopted for the governing of highway
approaches in OAR 734-051.

* Access Management Manual, Transportation Research Board, Washington, D.C., 2003, p. 15.
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5.4.3 OAR 734-051: Highway Approaches, Access Control, Spacing Standards and
Medians

The administrative rules contained within OAR 734-051 govern all approaches in existence and
approach applications filed after March 1, 2004. While these rules are based on the policies from
the 1999 OHP, they have the force and effect of law and shall overrule the policies should any
conflict arise. The rules contain detailed procedures and criteria that shall be followed for all
decisions affecting highway access including approach applications, site plan reviews and project
development.

5.4.4 Evaluation of Existing Access Conditions

The extent to which existing access conditions are evaluated may depend on the type of project.
An evaluation of access conditions as part of a planning study, such as a transportation system
plan or refinement plan, may be conducted at a lower level of detail if recommendations for
improvements are not intended to be carried out immediately. However, for development review
and transportation facility projects, where action will occur within a time frame of less than 5
years, a greater amount of information will be needed.

Long-Range Implementation: Planning Level Evaluation

For projects such as transportation system plans, corridor plans and refinement plans,
recommendations regarding access management are somewhat conceptual and generally focus
on long-range implementation over a 20-year planning period. Detailed information about
individual properties is not necessary since things like property ownership and site circulation
may change before any action is taken. For these types of projects existing approach spacing and
local street connectivity are the primary elements of interest.

For a given corridor, the number of existing approaches and the distances between them should
be recorded and compared to the applicable access management spacing standards for that
facility. It may be easier to display this information by presenting it as an access density, where
the number of existing access points per mile is compared to the maximum access points per
mile that would be allowed under the access management spacing standards. In addition, any
physical restrictions such as topography, waterways and historic features that may limit the
ability to meet access management spacing standards should be recognized.

The condition of the existing local street system should also be examined, because improved
connectivity can divert trips away from the highway and provide alternate means of property
access. Identify the number and location of public street approaches to the highway and compare
it to what would be allowed by the applicable access management spacing standards. If some
public approaches are too close together, look for opportunities to consolidate them or increase
the distance between them. Opportunities to construct parallel roadways (e.g., frontage roads)
and new public approaches that would have adequate spacing and could provide shared access to
multiple properties should also be explored. In addition, existing public approaches maintaining
poor alignment or inadequate sight distance should be identified for improvement by future
projects.
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Short-Range Implementation: Land Development and Transportation Projects

For projects where some or all recommended actions on individual approaches will be carried
out within 5 years or less, a significant amount of information will be needed to assure each
property is addressed appropriately. These types of projects typically include land development
proposals, transportation facility projects, access management plans (AMPS) and interchange
area management plans (IAMPs). The types of information needed can generally be categorized
as either physical characteristics or access rights. Work with the District permits personnel to get
detailed data.

As with the long-range planning projects, when assessing existing conditions, the existing access
spacing should be compared to the applicable access management spacing standards, and
potential improvements to the local street system should be considered. In addition, opportunities
to make immediate improvements to property access must be explored, such as the elimination
of approaches, relocation of approaches to non-state facilities and the establishment of shared
approaches between multiple properties.

For more detailed recommendations and requirements regarding the treatment of access
proposals, ODOT’s Access Management Manual and PD-03, an Operational Notice titled
“Project Development Access Management Sub-Teams,” which has been included in the Access
Management Manual, should be consulted. Adopted AMPs and IAMPs should also be consulted,
if they exist.
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5.5 Conflict Points

Introduction

Every roadway access creates conflict points for drivers, pedestrians, and bicyclists. Conflict
points are locations where one vehicle path impacts another. Each conflict point is a possible
crash location. Crashes occur at conflict points when one roadway user fails to yield to another.
The crash potential associated with each conflict point varies depending on the complexity and
volume of the movements. Multi-lane highways increase the number of conflict points as well as
the crash potential because of the increased exposure area, exposure time, and potential for
obstructed sight distance by vehicles in adjacent lanes. Reducing conflict points decreases crash
potential. Conflict points are classified as diverging, merging, weaving, turning, and crossing.

Crossing paths are major conflicts. Diverging, merging, and weaving paths are minor conflict
points. Diverging conflicts occur where one path separates into two. Merging conflicts occur
where two paths come together. Weaving conflicts involve vehicles changing paths. Both major
and minor conflict points may occur at high speeds, but minor conflicts typically involve
vehicles traveling in the same direction. Vehicles crossing paths at high speeds may not have the
sight distance or ability to minimize the severity of the crash.

Turning and crossing conflicts can also involve pedestrians and bicyclists. A crossing conflict
point, which includes pedestrians and bicyclists, occurs where a vehicle path passes through a
crosswalk or bike path; a turning conflict point occurs where the turning vehicle path passes
through a crosswalk or bike path. Pedestrian crashes are not limited by locations. The pedestrian
- vehicle conflicts are counted separately from vehicle - vehicle conflict points.

This section is a reference only. Every intersection is unique and must be analyzed appropriately.
The analysis should consider geometry, permitted turn movements, the level of control of non-
permitted movements, and the number of lanes for each movement. Reducing conflict points
allows drivers to move through an area with less distraction so that traffic flows smoothly at
constant speeds. With fewer conflict points, drivers can better maintain their attention on
roadway conditions.

Conflict points can be reduced through three measures:

1. Limit the number and/or type of access points

2. Install medians, channelization, and other control devices (e.g., roundabouts) to restrict or
control turning movements

3. Grade separate traffic flows

Limit the number and/or type of access points
Limiting driveways or access points should be considered at locations with poor sight distance,
high crash rates, high volume-to-capacity ratios, or poor access to facilities.

Sight distance can be improved by clearing signs and foliage or directing traffic to one access
point where drivers have adequate sight distance. Improving the sight distance serves both the
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general traffic flow and vehicles entering the general traffic flow. The access point may funnel
entering traffic to one location, so that drivers passing by the access are aware of entering traffic.

Combining driveways is another way to reduce accesses and conflict points. Closely spaced
driveways can cause traffic to slow and increase the crash potential. Accommodating entering
traffic at one location simplifies driver tasks. Combining multiple driveways into one joint-use
driveway directs traffic more safely, clearly, and efficiently.

Exhibit 5-2 shows the relationship between access density and accident rates in
Lincoln City and Lincoln Beach. Crashes increase as access points increase. The
area labeled City Limit in

Exhibit 5-2 is Lincoln City on US101, which has a high density of access points. The area
labeled Parkway is in Lincoln Beach where a non-traversable landscaped median limits access to
driveways and side streets. Crash rates in the Parkway section are greatly reduced.

Exhibit 5-2 Access Points Per Mile vs. Crashes Per Mile
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Locating driveways on lower classification roadways or backage/frontage roads also reduces the
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number of conflict points along the roadway. Removing driveways from an arterial or a collector
decreases delay caused by turning vehicles. Diverting traffic to local roads directs traffic to one
access point and simplifies conditions.

Refer to the Oregon Administrative Rule (OAR) 734, Division 51 for information concerning
signal spacing, backage/frontage roads, or access rights. Sometimes access rights to individual
parcels are obtained. Rules regarding obtaining property access rights to state highways, signal
spacing, and backage/frontage roads are found in OAR 734, Division 51 and on the Access
Management Unit’s (AMU) website at www.oregon.gov/ODOT/HWY/ACCESSMGT/.

Non-traversable median or traffic control devices to restrict turning movements

Medians are a highway element sometimes provided to separate traffic traveling in opposite
directions. A median can be traversable or non-traversable. A traversable median may be a
painted or concrete mountable median which allows traffic over it. A non-traversable median is a
physical barrier (examples include the Jersey barrier, landscaped, or grassy median) that
separates opposing traffic and prohibits movement across the median. Installing a non-
traversable median restricts turning and crossing movements at roadway accesses. Non-
traversable medians reduce conflict points by eliminating turn movements that impact the
general traffic flow. More information about median types can be found in Chapter 5.5 of the
Highway Design Manual (HDM).

A median that impacts the State Highway Freight System must comply with the ORS 366.215
which states that the Oregon Transportation Commission (OTC) may not permanently reduce the
vehicle-carrying capacity of an identified freight route when altering, relocating, changing, or
realigning a state highway unless safety or access considerations require the reduction.

According to the Transportation Research Board, Access Management Manual 2003, 47% of
crashes involve left turn ingress movements and 27% of crashes involve left turn egress
movements, shown in Exhibit 5-3. Controlling turn movements can sometimes allow one turn
direction and divert others elsewhere.

Exhibit 5-3 Percent of Driveway Crashes by Movement

16%

27%

10% ﬁ
| 47%

Non-traversable medians reduce overall crash rates, improve pedestrian safety, and enhance
visuals. They restrict traffic from making complex left turns and provide median openings at
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designated locations. They may provide a pedestrian refuge between directions of traffic and
decrease pedestrian clearance intervals. A Georgia study presented at the Fourth National
Conference on Access Management in Portland reports that a highway with a non-traversable
median has 78% less pedestrian fatalities per 100 miles of road than a highway with a two-way
left-turn lane (http://www.accessmanagement.info/pdf/AMOOPAPR.pdf). Landscaping large
medians improves the aesthetics of the roadway. Although medians improve the roadway, they
are costly and may require the acquisition of right-of-way.

Grade-Separated Roadways

Grade-separated roadways are where one roadway crosses over the other. Grade separation
should be considered for safety or where an at-grade signal cannot accommodate traffic capacity.
Conflict points are decreased by removing major flow grade crossings and by re-routing turning
traffic. Interchanges are grade-separated connections of two or more roads. Interchanges reduce
conflict points and the severity of crashes, increasing safety. Although interchanges occupy a
large amount of space and require costly structural work, they reduce delay and improve the
safety and efficiency of a corridor.

It can be difficult to accommodate pedestrians at interchanges because of the separation of paths.
For more information about accommodating pedestrians or bicyclists, refer to the Oregon
Bicycle and Pedestrian Plan:

http://www.oregon.qov/ODOT/HWY/BIKEPED/planproc.shtml.

Weaving Sections

Weaving sections, where vehicles traveling in the same direction cross paths, create several
conflict points. Exhibit 5-4 and Exhibit 5-5 show two examples of weaving vehicle paths
entering and exiting the roadway. A ramp weave and a major weave (Type A weaves) have five
minor conflict points. The combination of a major weave with lane balance at the exit gore (Type
C weave) has seven minor conflict points. More information about weaving sections can be
found in Chapter 6.

Exhibit 5-4 Conflict Points for a Type A Weave
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Exhibit 5-5 Conflict Points for a Type C (Three Lane Weave)
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Unchannelized Intersections

Unchannelized intersections are located where two roadways with traversable medians and no
turn restrictions intersect. Unchannelized intersections allow full access to traffic. Every
intersection should be analyzed as a unique situation. Unchannelized intersections may have
other forms of traffic control such as a traffic signal. A traffic signal does not reduce the number
of conflict points, but increases driver communication and awareness. For movements that
operate with separate signal phases the exposure to conflicts is significantly reduced when
compared to movements that operate with unsignalized control or permissive signal phasing.

NOTE: The intersections analyzed and illustrated in the figures typically show the number
of conflict points for one lane of travel per movement. Any additional lanes must be
included in the analysis. The conflict points range from 5 at the intersection of two one-way
roads to 32 at a four-way intersection

T-Intersection

A T-intersection is where one roadway ends at its intersection with another roadway. The T-
intersection shown in Exhibit 5-6 permits turns in all directions. The intersection in the figure has
nine conflict points, three of which are major.
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Exhibit 5-6 Conflict Points for the T-Intersection
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Four-Leg Intersection of Two One-Way Roads

One-way roads limit the types of turns needed, reducing conflict points. Couplets are typically
grids of one way streets. Couplets often have multiple lanes in each direction and move traffic
more efficiently through a corridor. The four-leg intersection of one-way roads is shown in
Exhibit 5-7 and an intersection with two lanes in each direction is shown in Exhibit 5-8.

Exhibit 5-7 Conflict Points for a Four-Leg Intersection of Two One-Way Roads
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Exhibit 5-8 Conflict Points by Lane for a Four-Leg Intersection of Two One-Way
Roads
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Four-Leg Intersection of a Two-Way Road and a One-Way Road
A four-leg intersection of a two-way road and a one-way road is shown in Exhibit 5-9. The one-
way road may be part of a couplet. The one-way road limits turns and reduces conflict points.

Exhibit 5-9 Conflict Points for a Four-Leg Intersection of a Two-Way Road and a
One-Way Road
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Four-Leg Intersection

The four-leg intersection with no medians, shown in Exhibit 5-10, has the most conflict points of
all intersections. The four-leg intersection allows movement in all directions and is the most
familiar to drivers.
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Exhibit 5-10 Conflict Points for a Four-Leg Intersection
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Channelized Intersections
A channelized intersection has restricted turn movements by signs, pavement markings, medians
or some other type of traffic control. Channelized intersections include, but are not exclusive to
right-in/right-out intersection; non-traversable median separated four leg intersection, left turn
ingress intersection, left turn egress intersection, and roundabout. Both ends of the non-
traversable median should be analyzed for the required traffic control to meet traffic needs
safely.

Intersections and driveways that are restricted to right-in/right-out have two conflict points, but
complex channelized intersections may have up to eleven conflict points.

Right-In/Right-Out Intersection

The right-in/right-out geometry shown in Exhibit 5-11 restricts traffic to right turn movements
only and forces roadway users to complete a left turn at another location. This improves safety at
the location of the intersection, but requires left turning vehicles to travel further to get to their
destination.
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Exhibit 5-11 Conflict Points for the Right-In/Right-Out Intersection
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Non-Traversable Median Separated Four-Leg Intersection

Installing a non-traversable median changes the traffic flows of the typical four-leg intersection
by effectively creating two right-in/right-out intersections as shown in Exhibit 5-12. Left turning
or crossing vehicles must complete that maneuver at another location, eliminating the major
conflict points. This reduces the conflict points from the typical 32 to just four. The intersection
is restricted to right turns, improving safety and operations, but does add out of direction travel.

<—

Exhibit 5-12 Conflict Points for a Median Separated Four-Leg Intersection
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Roundabout

Roundabouts are considered at locations where speeds and volumes may not require a traffic
signal for smooth operations. The roundabout, shown in Exhibit 5-13, directs all traffic to move
in a counter-clockwise direction allowing movements in all directions. This limits conflict points
to merging and diverging movements. Bypass lanes would produce additional conflict points at
their respective merge and diverge locations. Chapter 7 contains capacity analysis procedures for
roundabouts and bypass lanes.
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Exhibit 5-13 Conflict Points for the Single Lane Roundabout
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Left Turn Ingress Intersection
The left turn ingress intersection shown in

Exhibit 5-14 permits one direction of traffic to turn left, from a turn bay, while the opposing left
and crossing movements are prohibited. The permitted left turn may have significantly higher
volumes or may service a critical access.

Exhibit 5-14 Conflict Points for a Median with One Left Turn Ingress Intersection
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Two Left Turn Ingresses Intersection

Exhibit 5-15 shows the geometry for two left turn ingresses. Only the traffic turning left into the
access street is permitted through the median. Vehicles can remain in the median until there is a
sufficient gap to complete the turn. More left turn egress and left turn ingress examples are

<
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/
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shown in Exhibit 5-16 through Exhibit 5-18. Locations that provide a median restricting egress
or ingress turns require median openings for vehicles to make U-turns. The median openings add
a merge and a diverge point to the segment or intersection. Any intersection along a median that
permits U-turns must be analyzed for conflict points, with the inclusion of the merge and diverge
conflict points caused by the U-turn.

Exhibit 5-15 Conflict Points for a Median with Two Left Turn Ingresses
Intersection
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Other Ingress and Egress Examples

Exhibit 5-16 Conflict Points for a Median with a Left Turn Ingress and Egress
Intersection
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Exhibit 5-17 Conflict Points for a Median with One Left Turn Egress Intersection
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Exhibit 5-18 Conflict Points for a Median with Two Left Turn Egresses
Intersection
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Some intersections require creative accommodations for left turning vehicles. The treatment of
left turns must be considered at intersections with restricted turns, high volumes or high speeds
to achieve the greatest capacity and safety for traffic.
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Indirect Left Turns

J-Turn

The J-turn provides an opportunity for vehicles to turn left on either side of a non-traversable
median. The median restricts intersections and driveways to right-in/right-out which reduces the
conflict points. Vehicles can turn left at median openings which may be accompanied by a stand
alone J-turn, a J-turn intersection, or a signalized J-turn intersection. The J-turn intersection
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shown in Exhibit 5-19 has thirteen conflict points. Locations where the J-Turn does not meet a
crossing roadway or driveway have three conflict points: one diverge, one crossing, and one
merge conflict point.

The J-turn intersection also provides turning vehicles an opportunity to join traffic moving in its
desired direction. An add-lane at the J-turn will eliminate the merge conflict point, shown in
Exhibit 5-19, and increase the capacity of the segment. The J-turn reduces the congestion and
improves the safety of median openings. A J-turn intersection may or may not have pedestrian
crossings.

Exhibit 5-19 Conflict Points for a J-Turn Intersection
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Note: The J-Turn is sometimes located at an intersection. J

Jughandle Intersection

This jughandle intersection, shown in Exhibit 5-20, is commonly used when there are high left
turn volumes which can not be accommodated by a signalized intersection. The left turning
traffic passes through the intersection as a through movement both before and after diverging
onto a loop ramp to complete the left turn. This reduces the congestion by removing phases from
the traffic signal and improves the safety of the intersection by reducing the number of conflict
points. The jughandle can be located in various quadrants of the intersection depending on the
restricted turn movements.

Note: Jughandle configurations are not always installed as pairs and are not always accompanied
with right turn bypass lanes.
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Exhibit 5-20 Conflict Points for a Jughandle Intersection
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Pedestrian Conflict Points

Pedestrian conflict points are counted separately from vehicle-vehicle conflict points. Pedestrian
conflict points are located at the intersection crosswalks. Turning vehicles and crossing vehicles
are counted separately. Sometimes pedestrian movements need to be furnished away from the
intersection. Locations where no crosswalk is located, such as the main line of an intersection
with two left turn ingresses, may be serviced by an overpass or pedestrians may cross further
down the road at a designated pedestrian crossing or signal. Intersections with wide cross
sections, such as a median separated four-way intersection, are more attractive to pedestrians
when it has a non-traversable landscaped median. The median serves as a pedestrian refuge and
can decrease the pedestrian clearance intervals. Exhibit 5-21 through Exhibit 5-23 show various
examples of pedestrian conflict points from two one-way roads to a four-way intersection with
restricted left turn ingresses.
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Exhibit 5-21 Pedestrian Conflict Points for a Four-Leg Intersection
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Exhibit 5-22 Pedestrian Conflict Points for a Median Separated Four-Leg
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Exhibit 5-23 Pedestrian Conflict Points for a Median with One Left Turn Ingress
Intersection
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Grade-Separated Access

High speed and high volume junctions may need grade-separated access to meet traffic capacity
and safety. Interchanges remove major flow grade crossings increasing capacity and reducing
conflict points. Interchanges may have as few as six conflict points (directional interchange) or
as many as twenty-eight conflict points (left turn flyover).

Directional Interchange

The directional interchange has all free flow ramps with only six (three diverging and three
merging) minor conflict points in the system as seen in Exhibit 5-24. It is similar to a T-
intersection with large volumes and high speeds. Traffic does not cross paths due to the grade
separation. Each free flow connection has a merge and diverge conflict point. Due to the high
volumes and speed, pedestrian crossing does not occur at the street level.

The full directional interchange, shown in Exhibit 5-24 has three levels of grade separation. A
partial directional interchange is a junction where one leg has lower speeds and is accommodated
by a loop ramp. A partial directional interchange has only two levels of grade separation. Since
each free flow ramp has one merge and one diverge conflict point, the partial directional
interchange has the same conflict points as the full directional interchange. Likewise, a four way
directional interchange would have eight conflict points, four merge and four diverge.
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Exhibit 5-24 Conflict Points for a Directional Interchange
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Left-Turn Flyover Intersection
The left-turn flyover intersection, shown in

Exhibit 5-25, is commonly used when one direction has high left turn volumes which cannot be
accommodated by a signalized intersection. The left turning traffic is grade-separated as it
crosses over the opposing traffic, reducing conflict points and congestion. Pedestrian crossings
may or may not be modified from the standard intersection.
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Exhibit 5-25 Conflict Points for a Left-Turn Flyover Intersection
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Diamond Interchange

The diamond interchange has four ramps and may have traffic control at the minor road. Traffic
is directed to turn on or off each ramp creating conflict points. There is potential for weaving
conflicts if this interchange has two or more lanes in each direction. Conventional, compressed,
and tight diamond interchanges all travel the same paths and the conflict points are the same.
Exhibit 5-26 shows the conflict point configuration for a conventional diamond interchange.

Pedestrian crossings are generally not provided at locations along the major, free-flowing
movement.
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Exhibit 5-26 Conflict Points for a Diamond Interchange
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Split Diamond Interchange

A split diamond interchange, shown in Exhibit 5-27, has only four ramps which connect to each
other with segments that travel parallel to the major roadway. This type of interchange is
appropriate where minor roads are one-way streets and will most likely be accompanied with
traffic signals at the ramp terminals. 1t may be furnished on a regular grid system where the
minor streets are two-way as well.

Exhibit 5-27 Conflict Points for a Split Diamond Interchange
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Single Point Urban Interchange (SPUI)

The single point urban interchange has four ramps that converge to one point which is controlled
by a traffic signal. All minor movement vehicles must travel through the same grade-separated
intersection. This type of interchange conserves space and provides large capacity, since the
signal operates with fewer phases. These conflict points are shown in Exhibit 5-28.

Exhibit 5-28 Conflict Points for a Single Point Urban Interchange
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Divergent Diamond Interchange

The divergent diamond interchange has four ramps where vehicles that want to turn right may
get on or off the roadway as shown in Exhibit 5-29. The divergent diamond is designed so that as
traffic on the minor roadway approaches the interchange intersections, the opposing lanes change
which side of the road is being used. This allows turn conflicts to be merge/diverge rather than
crossing. Vehicles that want to turn left follow the appropriate traffic flow and merge into the
receiving lane without interference of opposing traffic. The divergent diamond overlap allows
vehicles to turn left at the designated signalized intersections reducing crossing paths and
conflict points. This configuration also allows the use of fewer phases in the traffic signal
operation.

Due to high speeds and high volumes, the divergent diamond must consider appropriate
pedestrian crossings. There have been designs that show pedestrian crossings over the ramps and
down the middle of the minor leg.
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Exhibit 5-29 Conflict Points for a Divergent Diamond Interchange
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Partial Cloverleaf Interchange

The partial cloverleaf, shown in Exhibit 5-30, reduces conflict points by providing elevated
ramps to maneuver on and off the roadway. The on-ramps are free flow but the off ramps are
controlled by traffic signs or signals. Vehicle paths cross only for left turning traffic from the
ramps. There is potential for weaving conflicts if this interchange has two or more lanes in each
direction.

Although a full cloverleaf configuration is a possible design, Oregon and many other states no
longer use them because of the short distance between the merging/diverging paths of the ramps.
If pedestrian crossings were present, they would direct people over the ramps where the speeds
are lowest and drivers have adequate sight distance.
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Exhibit 5-30 Conflict Points for a Partial Cloverleaf Interchange
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Conflict Point Summary Table

Exhibit 5-31 is a compilation of geometric alternatives and types of conflict points. The conflict
points in the table account for one vehicle path for every movement and should only be used for
general guidance. Every segment, intersection or interchange is unique and should not be
assumed to have the generic characteristics of this table.

Exhibit 5-31 shows the number of crossing, diverging, merging and weaving conflict points. It
sums the minor and major conflict points and shows the number of potential pedestrian conflict
points. Turning movements and through movements were counted for the pedestrian conflicts at
each potential location for a crosswalk. Total vehicle-vehicle conflict points range from two for
the right-in-right-out intersection to thirty-two for the four-leg intersection. The number of
conflict points reflects the number of approaches, permitted movements, and geometric
alternatives. The conflict points do not reflect the number of lanes as the values provided in
Exhibit 5-31 have only one lane per movement.
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5.6 Sight Distance

The length of roadway ahead that is visible to a driver is often referred to as “sight distance.”
The amount of visible roadway needed by a driver at any given time depends on the maneuvers
or decisions that must be made at that moment. The four basic categories of sight distance are:

APwnhE

Intersection Sight Distance (Desirable)
Stopping Sight Distance (Minimum)
Decision Sight Distance

Passing Sight Distance

While each of these is briefly described below, intersection and stopping sight distance are most
frequently examined in traffic analysis. For additional information on sight distance refer to
ODOT’s Highway Design Manual.

Intersection sight distance (desirable) is considered adequate when drivers at or
approaching an intersection have an unobstructed view of the entire intersection and of
sufficient lengths of the intersecting highways to permit the drivers to anticipate and
avoid potential collisions. Sight distance must be unobstructed along both approaches at
an intersection and across the corners to allow the vehicles simultaneously approaching to
see each other and react in time to prevent a collision. Intersection sight distance should
be obtained at every road approach, whether it be a signalized intersection or private
driveway. In no case should the sight distance be lower than safe stopping sight distance
(minimum).

Stopping sight distance (minimum) is the minimum distance required for a vehicle
traveling at a particular design speed to come to a complete stop after an obstacle on the
road becomes visible. Stopping sight distance is normally sufficient to allow an alert and
prudent driver to come to a hurried stop under normal circumstances.

Decision sight distance should be provided at locations where multiple information
processing, decision making and corrective actions are needed. Sample locations where
decision sight distance is needed include unusual intersection or interchange
configuration and lane drops.

Passing sight distance is the minimum distance required for a vehicle to safely and
comfortably pass another vehicle. If adequate passing sight distance opportunities cannot
be accommodated in the project design, passing lanes or climbing lanes should be
considered. See Chapter 6.
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5.7 Multi-Modal Analysis
This section left intentionally blank while under development.
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5.8 Other Analysis Issues/Procedures

While working on various types of projects, a number of situations may arise requiring analysis
methodologies not discussed in this manual. Under these circumstances the ODOT Region
Traffic staff or the Transportation Planning Analysis Unit should be contacted for a
recommendation. Note: Region Traffic and TRS are responsible for work zone and pavement
design analysis. If ODOT does not have a preferred analysis methodology to offer, there are a
number of technical resources available for consultation. Non-standard analysis submissions
shall include thorough documentation of assumptions, methods and calculations and engineer’s
stamp. A listing of several common resources for transportation analysis techniques is included

in Appendix A.
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6 SEGMENT ANALYSIS

6.1 Purpose
For analysis purposes, roadway facilities are separated into categories that are specific to traffic
flow type: Uninterrupted and Interrupted traffic flow.

This chapter presents commonly used segment (uninterrupted flow) analysis procedures and
identifies specific methodologies and input parameters to be used on ODOT projects. Topics
covered include:

e Freeways

e Multi-Lane Highways
e Two-Lane Highways
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6.2 Freeways

The analysis of freeways is generally broken down into the major components of the freeway
system including basic freeway segments, ramps and ramp junctions and weaving segments. The
analysis procedures used for each of these components are described below.

6.2.1 Basic Freeway Segments

Basic freeway segments include the portions of freeway where flow is not influenced by the
diverging, merging, or weaving associated with ramp/freeway connections. The common
methodology used for analyzing basic freeway segment operations is from Chapter 23 of the
HCM. The primary factors that affect operations on basic freeway segments include: lane widths,
lateral clearance, the number of lanes, interchange density, heavy vehicles, grades and driver
familiarity. For a complete description of the analysis methodology, refer to Chapter 23 of the
HCM.

While the HCM methodology uses level of service as a performance measure (based on vehicle
density in passenger cars per mile per lane), volume/capacity ratios can be calculated from this
analysis for comparison against ODOT’s adopted mobility standards by following the steps listed
below.

1. Assuming level of service E/F threshold represents capacity, determine the segment capacity
by interpolating between the values for “maximum service flow rate” at level of service E
displayed in Exhibit 23-2 of the HCM for the appropriate free-flow speed. Free-flow speed
will be either calculated by this methodology assumed to be 5 mph greater than posted, or
observed in the field.

2. Divide the calculated flow rate (vp) by the interpolated capacity to obtain a volume/capacity
ratio. Note: The units are passenger cars per hour per lane (pcphpl), not vehicles per hour.

6.2.2 Ramps and Ramp Junctions

The analysis associated with operations at ramp junctions with the freeway mainline typically
involves the effects of vehicles either merging onto or diverging from the mainline. The common
methodologies used for analyzing these movements are those from Chapter 25 of the HCM.
These methodologies focus on an influence area of 1,500 feet (downstream from ramp if
merging and upstream from ramp if diverging). It should be noted that while the HCM
methodology defines the influence area of merging or diverging traffic to be within 1,500 feet,
the effects can extend outside of this area. The analysis for merging and diverging areas is
discussed further below.

Merging Analysis

Merging analysis is often conducted at freeway on-ramps where vehicles from the ramp are
entering a lane used by mainline traffic. In following the HCM methodology for merging
analysis, there are three primary steps:
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Predicting the flow rates entering lanes 1 and 2.

Determining capacity.

3. Determining level of service. Note that the performance measure of level of service is not
used by ODOT and, therefore, this step will not be discussed.

no

The primary factors influencing the flow rates in lanes 1 and 2 (v12) immediately upstream of the
merge influence area are the total freeway flow rate approaching the merge area (vg), the total
ramp flow rate (vg), the length of the acceleration lane and the ramp free-flow speed at the point
of merging. The total flow rate entering the merge influence area (vr12) is calculated by adding
the flow rate remaining in lanes 1 and 2 (v12) and the total ramp flow rate (vg), as illustrated in
Exhibit 6-1.

Exhibit 6-1 Freeway Merging Variables

1,500 ff -————»

Once the total flow rate entering the merge influence area (vri2) has been calculated, it can be
divided by the maximum desirable flow rate entering the merge influence area (4600 passenger
cars per hour) to obtain a volume to capacity ratio for the merge influence area. When total flow
rates for merge influence areas exceed capacity, locally high densities will occur, but freeway
queuing will not always form as a result because mainline traffic will typically shift into the
outermost lanes to avoid the merging traffic. Freeway queues are more likely to result in these
situations where there are only two lanes for mainline traffic, forcing all vehicles to pass through
the merge influence area. The HCM attempts to account for the amount of V1, traffic with the
equations on HCM Exhibit 25-5. These equations are based on variables such as acceleration
length, distance to next ramp, ramp volume, etc.

In addition to determining the volume to capacity ratio of the merge influence area, the volume
to capacity of the downstream basic freeway segment should be checked to ensure the added
traffic from the ramp does not create a downstream bottleneck. In cases where the total departing
freeway flow rate (Veo) is greater than the capacity of the downstream freeway segment (see
Section 6.2.1), queues will form immediately downstream that will result in failure at the ramp
connection, regardless of the whether flow rate entering the merge influence area has exceeded
its capacity or not.

Exhibit 25-7 in the HCM displays capacities for merge areas including downstream freeway
segment capacities (taken from Basic Freeway Segment chapter), as well as merge influence area
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capacities (where the maximum vg;2 is always 4600 passenger cars per hour).

Diverging Analysis

Diverging analysis is often conducted at freeway off-ramps where vehicles from the mainline are
departing to the ramp from a lane used by mainline traffic. The HCM methodology for diverging
analysis is similar to that discussed above for merging, with three primary steps:

1. Predicting the approaching freeway flow in lanes 1 and 2.

2. Determining capacity.

3. Determining the density of flow within the ramp influence area. This step will not be
discussed as the density is used to determine the performance measure of level of service,
which is not used by ODOT.

For diverging analysis, the approaching flow rate in lanes 1 and 2 (v1,) is predicted for a point
immediately upstream of the deceleration lane and includes the ramp flow rate (vg) as illustrated
in Exhibit 6-2. Models for predicting vi, can be found in Exhibit 25-12 of the HCM.

Exhibit 6-2 Freeway Diverging Variables

— T = — — -

The primary cause of failure in diverge areas is inadequate capacity of an exit leg, whether on the
freeway itself or the off-ramp. Capacities for downstream freeway legs can be obtained from
Exhibit 25-14 (taken from Basic Freeway Segment chapter) from the HCM, and off-ramp
capacities can be obtained from Exhibit 25-3. With these capacities known, volume to capacity
ratios can be calculated by dividing the downstream freeway flow rate (Veo) by the downstream
freeway leg capacity and the ramp flow rate (vg) by the ramp capacity.

Failure in diverge areas can also occur when the capacity of the freeway segment within the
diverge area is exceeded. Capacities for upstream freeway segments can be obtained from
Exhibit 25-14 (same as for downstream freeway segments) from the HCM. With this capacity
known, a volume to capacity ratio can be calculated by dividing the freeway flow rate upstream
of the diverge (vg) by the capacity of the upstream freeway segment.

In addition to these conditions, the flow rate entering lanes 1 and 2 (vi,) immediately upstream

of the deceleration lane should be checked to see if it exceeds the maximum desirable level. A
volume to capacity ratio for this area can be calculated by dividing the approaching flow rate
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(v12) by the maximum desirable flow rate of 4400 passenger cars per hour (Exhibit 25-14 of
HCM). Unlike the other conditions described above, the condition where the flow rate entering
lanes 1 and 2 exceeds the maximum desirable level may create locally high densities, but may
not always result in freeway queuing because mainline traffic will typically shift into the
outermost lanes to avoid the diverging traffic. Freeway queues are more likely to result in these
situations where there are only two lanes for mainline traffic, forcing all vehicles to pass through
the diverging area.

6.2.3 Weaving Segments

Weaving Configurations

Another necessary step before the analysis can be conducted is the determination of the weaving
type, which is based on the number of lane changes required of each weaving movement. The
HCM methodology identifies three types of geometric configurations for weaving areas. Each of
these types of configurations is described below, with diagrams provided in Exhibit 6-4.

e Type A: Weaving vehicles in both directions must make one lane change to successfully
complete a weaving maneuver.

e Type B: Weaving vehicles in one direction may complete a weaving maneuver without
making a lane change, whereas other vehicles in the weaving segment must make one
lane change to successfully complete a weaving maneuver.

e Type C: Weaving vehicles in one direction may complete a weaving maneuver without
making a lane change, whereas other vehicles in the weaving segment must make two or
more lane change to successfully complete a weaving maneuver.

Typically weaving segments are formed when merge areas are followed closely by diverge areas
(within 2,500 feet) and the two are joined by an auxiliary lane requiring the crossing of two or
more traffic streams traveling in the same general direction along a significant length of highway
without the aid of traffic control devices. Note that when one-lane on-ramps are followed by one-
lane off-ramps and the two are not connected by an auxiliary lane, weaving analysis is not
conducted and the merge and diverge areas are analyzed independently using the procedures
previously described. Recognition of configurations that could result in weaving is critical in
highway operations analysis, as weaving areas require intense lane changing maneuvers that
create a significant amount of turbulence. ODOT prefers the use of the HCM methodology for
analyzing weaving maneuvers, but also supports the use of the Leisch Method in cases where
engineering judgment suggests HCM results are not accurately reflecting conditions. For
weaving areas greater than 2,500 feet use the more conservative of either the merge/diverge or
Leisch methods.

The HCM discusses weaving concepts in Chapter 13 and the analysis methodology in Chapter
24. While most analysts will take advantage of the practicality of the Highway Capacity
Software (HCS), which will perform all needed calculations to analyze weaving areas, it is
important to have a basic understanding of weaving characteristics and key input parameters for
use with HCS.
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Weaving Diagrams

With a weaving area identified for analysis, a weaving segment diagram should be created to
clearly identify the traffic flow rates associated with each movement, i.e., mainline to mainline,
mainline to off-ramp, on-ramp to mainline, and on-ramp to off-ramp. An example of a weaving
segment diagram is shown in Exhibit 6-3.

Exhibit 6-3 Weaving Diagram
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As can be seen, identifying the volume of traffic associated with each movement will require
specialized data collection compared to typical counts that would only count traffic entering and
leaving the area without noting its origin. Origin-destination surveys may provide the best data to
use for a weaving analysis, but are not always practical to conduct and can be expensive. Some
types of origin-destination studies, such as where traffic is stopped to conduct interviews, are
more expensive than others such as license plate surveys. The less costly types of surveys are
commonly through direct observation (usually recorded with video in the field and counted later)
where all movements can be seen from one vantage point or through license plate identification.
Another method sometimes available is the use of select-link output from a transportation
demand model in combination with a common volume survey where a travel demand model has
been created for the area. This method is especially useful for future scenarios where travel
patterns may be different than current conditions. If either of these methods is not possible or
practical for the particular area, the analyst may be required to apply engineering judgment in
considering area characteristics such as land uses, topography and the area transportation
network to create these movements from a common volume survey.

Weaving sections come in three configurations; Type A, B and C. Exhibit 6-4 shows the three
types. Type A requires a lane change to get into or out of the auxiliary lane. Type A weaves are
the most common type which occur mainly between interchanges that have a large portion of
local trips that travel between them. High weaving volumes can cause Type A weaves to have
poor operations. Type B weaves only require one lane change for either the mainline or ramp
movement. These do not "trap” vehicles in the weaving section, so speeds are higher and operate
much better than Type A weaves. Type C weaves require more than one lane change to perform
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the weaving maneuver and generally only operate well if the movement that must change lanes
multiple times has a small volume. Type C weaves are relatively uncommon, are generally
discouraged, but may exist in older highway alignments.
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Exhibit 6-4 Weaving Configurations
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Constrained vs. Unconstrained Conditions

Applying the weaving methodology, other geometric characteristics must be described including
whether the weaving area is operating under constrained or unconstrained conditions and
identifying the length of the weaving area. The determination of whether a weaving segment is
operating under constrained or unconstrained conditions is based on the relationship between the
number of lanes that must be used by weaving vehicles to achieve equilibrium with non-weaving
vehicles (Nw) and the maximum number of lanes that can be used by weaving vehicles for a
given configuration (Nw(max)). Where Nw < Nw(max), conditions are described as
unconstrained because there are no impediments to weaving vehicles’ ability to achieve
equilibrium with non-weaving traffic. Where Nw > Nw (max), conditions are considered to be
constrained because weaving vehicles are not provided enough roadway width as would be
needed to reach equilibrium. Under constrained operation weaving vehicles often experience
operating conditions much worse than those experienced by non-weaving vehicles, while under
unconstrained conditions weaving and non-weaving vehicles usually experience similar
operating conditions.

The calculation of Ny and Nyw(max) is determined by the configuration type, i.e., Type A, B, or
C, and speeds of weaving and non-weaving vehicles. See Exhibit 24-7 in the HCM. When using
the HCS to perform calculations, the analyst will only be required to determine the configuration
type, free-flow speed and total number of lanes in the weaving section. However, an
understanding of the characteristics of constrained and unconstrained conditions is important
when analyzing weaving areas.

Weaving Length

Because weaving vehicles must execute all lane changes between the entry and exit gores,
weaving lengths are measured from a point at the merge gore where the right edge of the freeway
shoulder lane and the left edge of the merging lane are 2-feet apart to a point at the diverge gore
where the two edges are 12-feet apart. Weaving lengths are limited to 2,500 feet in the HCM
methodology. For weaving areas greater than 2,500 feet, use the more conservative of either the
merge/diverge or Leisch methods.

Weaving Density

The key element of the HCM weaving analysis methodology is the calculation of the weaving
area density, which is determined by incorporating weaving characteristics such as flow rate,
configuration and free-flow speed. For a complete description of the density calculation refer to
Chapter 24 of the HCM. The HCM uses the performance measure of level of service to rate
weaving operations, which is directly related to the density calculated according to Exhibit 6-5.
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Exhibit 6-5 Level of Service Criteria for Weaving Segments

Density (Passenger Cars/Mile/Lane)
g Multi-Lane and Collector-
L Freeway Weaving Segment Distributor* Weaving
Segments
A <10.0 <12.0
B 10.0 - 20.0 12.0-24.0
C 20.0 — 28.0 24.0-32.0
D 28.0 - 35.0 32.0-36.0
E 35.0-43.0 36.0—40.0
F >43.0 >40.0

* See page 24-19 of the HCM - research is unclear on applicability of LOS criteria to collector-distributor roads.

Weaving Capacity

While ODOT does not use level of service for evaluating facility performance, the density of the
weaving section is still used to determine the volume to capacity ratio. If the capacity of the
weaving section is equated to the level of service E/F threshold shown in Exhibit 6-5, then the
capacity of a freeway weaving section would occur at a density of 43 passenger cars per mile per
lane. The capacity in passenger cars per hour at this density can be found through the following
iterative process.

1. Complete the analysis using the HCM methodology. While this methodology will produce a
level of service, which is not needed, it will also produce a density.

2. The capacity of the weaving section will be equal to the total entering flow rate that results in
a calculated density of 43 passenger cars per mile per lane (for freeways). Using the flow
rates from the initial analysis, begin an iterative process by multiplying each movement flow
rate by a common factor until the resulting density reaches, but does not exceed, 43
passenger cars per mile per lane.

3. Add the individual movement flow rates that produced the target density to obtain the total
entering flow rate, which will be taken as the weaving section capacity.

The volume to capacity ratio for the section can now be calculated by dividing the original total
entering flow rate by the capacity (total entering flow rate resulting in target density). This
process of iteration will typically require fewer than ten attempts. The same procedure can be
used for weaving analysis of non-freeway facilities, but a different target density for the capacity
will be required, as shown in Exhibit 6-5 for multi-lane and collector-distributor roadways.

In addition to v/c ratio, the weaving section volume ration (VR) and speeds should be reported.
The VR is the ratio of the weaving flow rate to the total flow rate. The HCM provides
recommended upper limits on volume ratios. The difference between weaving and non-weaving
speeds is a form of speed differential, which is preferred to be 10 mph or less for safety.
Conditions exceeding these values should be examined using more detailed analysis methods
such as simulation.
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Example 6-1 Weave Capacity Example

Given: Type A weave

e 12 ftlanes e 5% Trucks

e 6 ft lateral clearance e PHF=0.95

e 1000 ft weaving distance e Driver population factor = 0.95

e 35 mph posted speed e Volumes in vehicles per hour

e Multilane highway e Weaving and non-weaving
segment flow distributions

Find: Volume-to-Capacity ratio for weaving section

This example problem is based off of an actual project alternative. The lane and volume diagram
shows the layout of the Type A weaving section and the volumes in vehicles per hour. The
weaving section was created between a free-right turn at “B” and a loop off-ramp at “D” on a
multilane roadway at an interchange.

Lane and Volume Diagram

D B
95 < 1000 ft . 6‘/
\ N/
S ___240%—
C A

The lane volumes were converted into weaving (A-D and B-C) and non-weaving (B-D and A-C)
volumes as shown below. In this case, future distributions were available from a cumulative
analysis procedure. Other sources of weaving volumes include field collected origin-destination
data such as by tracking vehicle license plates. Where a travel demand model is present, select
link runs can help estimate weaving movements.
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Weaving Flow Diagram
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The given information is then input into the HCM weaving procedure. The HCM result is a flow
rate (in passenger cars per hour) of 1673 pc/h with a corresponding density of 17.41 pc/mi. The
target density is 40 pc/mi, which is the density at capacity (v/c = 1.00) for a multilane or
collector-distributor roadway. The table below was then iteratively created by multiplying the
flow rates by a common factor until the density was as close as possible to 40 pc/mi.

Multiplied Flow Rates

Iteration | Factor - e D EHE I:’Iaot\(lav DETElR]

(pc/h) (pc/h) (pc/h) (pc/h) (pc/h) (pc/h)
1 1x 19 825 253 576 1673 17.41
2 2X 38 1650 506 1152 3346 47.83
3 1.5x 57 1238 380 864 2539 33.76
4 1.8x 34 1485 455 1037 3011 41.92
5 1.7x 32 1402 430 979 2843 39.04
6 1.74x 33 1436 440 1002 2911 40.20
7 1.73x 33 1427 438 996 2894 39.91
8 1.735x 33 1431 439 999 2902 40.05
9 1.733x 33 1430 438 993 2899 39.99

As can be seen from the last line in the table, the target density was reached at a flow rate of
(rounded) 2900 pc/h. The 2900 pc/h flow rate is taken as the capacity in the v/c calculation. The
sum of the original weaving and non-weaving flow rates is taken as the volume in the v/c
calculation. The resulting v/c ratio would be:

Weaving v/c = 1673 /2900 = 0.58

Analysis Procedure Manual 6-12 Last Updated 1/2011



This v/c ratio is of an acceptable level. However, in doing the calculations it was found that the
VR of 0.50 exceeds the maximum allowed by the methodology (0.45). Note: “c” at the end of
HCM Exhibit 24-8 indicates that 3-lane type A segments do not operate well at volume ratios
above .45, and may have poor operations and localized queuing. In addition, the difference
between the weaving speeds (27 mph) and the non-weaving speeds (40 mph) is greater than 10
mph, which indicates a much greater potential crash risk. Simulation afterwards confirmed the
poor operations as predicted even though the v/c ratio was acceptable.

It should also be noted, if using the HCS to perform calculations, that this program will provide
warnings on the output sheet regarding limitations of this methodology that may not be reflected
in the analysis results. It is the analyst’s responsibility to check these conditions to be sure the
analysis results are valid. In addition, as with all types of analysis procedures, the analyst should
verify that the results obtained appear to be reasonable for the given scenario. If they are not, the
assumptions and input parameters should be reevaluated for errors. Should the results continue to
appear inaccurate after making these types of adjustment, the analyst may consider applying a
different methodology.
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6.3 Multi-Lane Highways

Analysis procedures for uninterrupted-flow multi-lane highways are provided in Chapter 21 of
the HCM. Highways analyzed with this procedure must maintain a minimum of two travel lanes
in each direction, would typically have direct access allowed through driveways and at-grade
intersections, and must maintain uninterrupted flow. Highways with access limited to on-ramps
and off-ramps should be analyzed using the Basic Freeway Segment methodology. In addition,
highways experiencing interrupted flow from influences such as traffic signals and on-street
parking should be analyzed using a different methodology, such as the Urban Streets
methodology from the HCM.

These procedures are very similar to those previously described for basic freeway segments, with
slightly different input data needs. The most notable differences include the need to account for
median type and access density. For a complete description of the analysis methodology, refer to
Chapter 21 of the HCM.

While the HCM methodology uses level of service as a performance measure (based on vehicle
density in passenger cars per mile per lane), volume/capacity ratios can be calculated from this
analysis for comparison against ODOT’s adopted mobility standards by following the steps listed
below. Note that separate volume/capacity ratios must be calculated for each direction of travel.

1. Assuming level of service E/F threshold represents capacity, determine the segment capacity
by interpolating between the values for “maximum service flow rate” at level of service E
displayed in Exhibit 21-2 of the HCM for the appropriate free-flow speed. Free-flow speed
will be either calculated by this methodology or assumed.

2. Divide the calculated flow rate (vp) by the interpolated capacity to obtain a volume/capacity
ratio.
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6.4 Two-Lane Highways

The HCM provides procedures for the operational analysis of two-lane highways modeled as
two-way or directional segments, using level of service (LOS) and volume to capacity (v/c)
ratios as performance measures. The application of these procedures on ODOT facilities is
discussed below. For a complete description of the methodology, refer to Chapter 20 of the
HCM.

6.4.1 Two-Way vs. Directional Analysis

While the ability to analyze two-lane highways as two-way or directional segments is offered by
the HCM, only the analysis of ODOT facilities as directional segments is considered acceptable.
The two-way analysis averages the two directions together, which can result in a combined v/c
ratio that is within the adopted standard where the v/c ratio for one of the directions fails to meet
the standard. In reality the v/c ratio of the highway is controlled by the highest direction, and
should be reported as such.

Furthermore, the two-way analysis is not compatible with the multi-lane analysis. Because of
this, it is possible to analyze a two-lane highway before and after widening to four lanes and
obtain a higher v/c ratio for the four-lane condition. This inconsistency is corrected if the two-
lane highway is analyzed by direction.

6.4.2 Performance Measures

The HCM defines the LOS for two-lane highway analysis by the percent time-spent-following
and average travel speed. However, ODOT has no established standard for the amount of time-
spent-following that is acceptable, or how such a standard might be different for various
classifications of highways. Time spent following can be used for relative comparisons among
alternatives. These measures can also understate performance in developed areas where driver
expectations may be consistent with slower travel speeds and restricted passing opportunities. In
addition, the calculation of the performance measures of percent time-spent-following and
average travel speed have a large amount of uncertainty and error and, therefore, should not be
considered reliable. As a result, only the v/c ratio will be considered as an acceptable measure of
performance for two-lane highway segments.

The capacity of a two-lane highway is generally assumed to be 1,700 passenger cars per hour per
direction of travel, with a maximum of 3,200 passenger cars per hour per direction of travel for
both directions combined. To calculate the v/c ratio for a directional segment, the passenger car
equivalent peak 15-minute flow rate is divided by the appropriate capacity.

6.4.3 Passing and Climbing Lanes
Both passing and climbing lanes are low-cost improvements that can be very effective in
improving the operation of two-lane highways and can reduce the need to widen highways to

four lanes. The HCM includes methodologies for analyzing these types of facilities in Chapter
20.
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When analyzing either passing or climbing lanes it must be determined whether a no-passing
restriction will be placed on opposing traffic in the area of the added lane. If passing by opposing
traffic will not be allowed, the operations of opposing traffic must be reanalyzed to include this
restriction.

While the methodologies described below can be used to evaluate the operations of passing and
climbing lanes, the appropriate locations and lengths to use for design should be determined
through the use of ODOT’s HDM.

Passing Lanes

Passing lanes are typically used where there may be inadequate passing opportunities, either
because of sight distance limitations or as traffic volumes approach capacity. By providing a safe
place to pass, passing lanes tend to reduce unsafe passing maneuvers. In addition to improving
operations in the segment containing the passing lane, operations of the highway downstream of
the passing lane may also be improved for up to several miles before queues begin to reform.
Exhibit 20-23 in the HCM shows the general relationship between the directional flow rate and
the length of the downstream roadway affected. The HCM methodology is applicable to
directional segments of two-lane highways that include the entire passing lane, and should also
include the full effective downstream length (Exhibit 20-23), if possible.

A critical part of passing lane analysis using the HCM methodology includes dividing the
analysis segment into four regions.

Upstream of the passing lane.

The passing lane, including tapers.

Downstream of the passing lane, but within its effective length.
Downstream of the passing lane, but beyond its effective length.

PwnpPE

When using the Highway Capacity Software (HCS) to perform calculations, only the total
segment length, length upstream of the passing lane and length of the passing lane are needed for
input. The program will automatically calculate the other lengths based on these lengths and the
directional flow rate. As with the Two-Lane Highway analysis, a volume to capacity ratio for a
directional segment must be obtained by dividing the passenger car equivalent peak 15-minute
flow rate by the appropriate capacity. For a complete description of the remaining analysis
assumptions and methodology, see Chapter 20 in the HCM.

The analysis methodology in the HCM for passing lanes is intended to be applied to highways on
level or rolling terrain only. Added lanes on mountainous terrain or on specific grades should be
analyzed as climbing lanes.

Climbing Lanes

Climbing lanes are similar to passing lanes, but are generally used where grades cause
unreasonable reductions in operating speeds of some vehicles. An unreasonable reduction in
operating speeds is typically considered to occur where speed differentials of more than 10 mph
are created. These lanes increase the capacity of a two-lane highway by providing a specific lane
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for slower vehicles to travel in while climbing an extended grade. This enables faster vehicles to
pass these slower vehicles safely without having to leave the main travel lane. While climbing
lanes are typically thought of as being associated with upgrades, they can also be applied to
downgrades where heavy vehicles must drive in a low gear to avoid speeding out of control.

When analyzing the downgrade direction, passenger car equivalents for trucks operating at crawl
speeds are available in Exhibit 20-18 of the HCM. For all other heavy vehicles, the passenger car
equivalents in the HCM for level terrain should be used (Exhibit 20-9).

6.4.4 Other Analysis Procedures

Because of the deficiencies in the HCM procedures noted above, and the fact that volume to
capacity ratios do not describe two-lane highway operations very well on their own, new
methods and performance measures for evaluating two-lane highway operations are being
considered. As an example, the Florida Department of Transportation has developed a modified
version of the HCM methodology that more accurately reflects performance in developed areas
by creating a unique class (Class I11) for two-lane highways through developed areas, selecting
percent free-flow speed as the performance measure and establishing new LOS thresholds to
better reflect driver expectations in these areas. While ODOT has not accepted this methodology,
it does represent one possible approach that will require further research.
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7 INTERSECTION ANALYSIS

7.1 Purpose
This chapter presents commonly used intersection (interrupted flow) analysis procedures and

identifies specific methodologies and input parameters to be used on ODOT projects. Topics
covered include:

Turn Lane Criteria

Intersection Capacity Analysis
Traffic Signal Warrants
Estimating Vehicle Queue Lengths
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7.2 Turn Lane Criteria

Proposed left or right turn lanes at unsignalized intersections and private approach roads must
meet the installation criteria contained in the Highway Design Manual (HDM). Meeting the
criteria does not require a turn lane to be installed. Engineering judgment must be used to
determine if an installation would be safe and practical. The ODOT Traffic Manual provides
further guidance on the use of right and left turn lanes.

7.2.1 Left Turn Lane Criteria — Unsignalized Intersections

Purpose

A left turn lane improves safety and increases the capacity of the roadway by reducing the speed
differential between the through and the left turn vehicles. Furthermore, the left turn lane
provides the turning vehicle with a potential waiting area until acceptable gaps in the opposing
traffic allow them to complete the turn. Installation of a left turn lane must be consistent with the
access management strategy for the roadway.

Left Turn Lane Evaluation Process
e A left turn lane should be installed, if criteria 1 (Volume) or 2 (Crash) or 3 (Special
Cases) are met, unless a subsequent evaluation eliminate it as an option; and
e The Region Traffic Engineer must approve all proposed left turn lanes on state highways,
regardless of funding source; and
e Complies with Access Management Spacing Standards; and
e Conforms to applicable local, regional and state plans.

Criterion 1:  Vehicular Volume

The vehicular volume criterion is intended for application where the volume of intersecting
traffic is the principal reason for considering installation of a left turn lane. The volume criteria is
determined by the Texas Transportation Institute (TTI) curves in Exhibit 7-1.

The criteria is not met from zero to ten left turn vehicle per hour, but indicates that careful
consideration be given to installing a left turn lane due to the increased potential for accidents in
the through lanes. While the turn volumes are low, the adverse safety and operations impacts
may require installation of a left turn. The final determination will be based on a field study.
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Exhibit 7-1 Left Turn Lane Criterion (TTI)
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Criterion 2: Crash Experience
The crash experience criteria are satisfied when:

1. Adequate trial of other remedies with satisfactory observance and enforcement has failed to
reduce the accident frequency; and

2. A history of crashes of the type susceptible to correction by a left turn lane (such as where a
vehicle waiting to make a left turn from a through lane was struck from the rear); and

3. The safety benefits outweigh the associated improvement costs; and

4. The installation of the left turn lane does not adversely impact the operations of the roadway.

Criterion 3: Special Cases

1. Railroad Crossings: If arailroad is parallel to the roadway and adversely affects left turns,
a worst case scenario should be used in determining the storage requirements for the left turn
lane design. The left turn lane storage length depends on the amount of time the roadway is
closed, the expected number of vehicle arrivals and the location of the crossing or other
obstruction. The analysis should consider all of the variables influencing the design of the
left turn lane and may allow a design for conditions other than the worst case storage
requirements, providing safety is not compromised.

2. Passing Lane: Special consideration must be given to installing a left turn lane for those
locations where left turns may occur and other mitigation options are not acceptable.

3. Geometric/Safety Concerns: Consider sight distance, alignment, operating speeds, nearby
access movements and other safety related concerns.
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4.

5.

Non-Traversable Median: As required in the Median Policy, a left turn lane must be
installed for any break in a non-traversable median.

Signalized Intersection: Consideration shall be given to installing left turn lanes at a
signalized intersection. The State Traffic Engineer shall review and approve all proposed left
turn lanes at signalized intersection locations on the state highway system.

Other Conditions: Other surrounding conditions, such as a drawbridge, could adversely
affect left turns and must be treated in a manner similar to that for railroad crossings.

Evaluation Guidelines

1.

o

The evaluation should indicate the installation of a left turn lane will improve the overall
safety and/or operation of the intersection and the roadway. If these requirements are not met,
the left turn lane should not be installed or, if already in place, not allowed to remain in
operation.

Alternatives Considered: List all alternatives that were considered, including alternative
locations. Briefly discuss alternatives to the left turn lane considered to diminish
congestion/delays resulting in criteria being met.

Access Management: Address access management issues such as the long term access
management strategy for the state roadway, spacing standards, other accesses that may be
located nearby, breaks in barrier/curb, etc.

Land Use Concerns: Include how the proposed left turn lane addresses land use concerns
and transportation plans.

Plan: Include a plan or diagram of proposed location of left turn lane.

Operational Requirements: Consider storage length requirements, deceleration distance,
desired alignment distance, etc. For signalized intersections, installing a left turn lane must be
consistent with the requirements in the Traffic Signal Guidelines.

Example 7-1 Left Turn Lane Criterion Example

Left Turn VVolume Criterion Example

Volume Criterion Example shown below shows an unsignalized intersection with a shared
through-right lane and a shared through-left lane on the Highway. The peak hour volumes and
lane configurations are included in the figure. The 85th percentile speed is 45 mph and the
intersection is located in a city with a population of 60,000. Do the NB and SB left turn
movements meet the volume criterion?
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Volume Criterion Example
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Southbound: The southbound advancing volume is 555 (90 + 250 + 200 + 15) and the
northbound opposing volume is 515 vehicles (the opposing left turns are not counted as
opposing volumes). The volume for the y-axis on Exhibit 7-1 is determined using the
equation:

y-axis volume = ((Advancing Volume/Number of Advancing Lanes) +
(Opposing Volume/Number of Opposing Lanes)) y-axis
= (555/2 + 515/2) = 535

To determine if the southbound left turn volume criteria is met, use the 45 mph curve in
Exhibit 7-1, 535 for the y-axis and 15 left-turns for the x-axis. The volume criterion is not
met in the southbound direction.

Northbound: The northbound advancing volume is 555 (40 + 200 + 300 + 15) and the
southbound opposing volume is 540 vehicles (the opposing left turns are not counted as
opposing volumes). The volume for the y-axis on Exhibit 7-1 is (555/2+ 540/2) = 548. To
determine if the southbound left turn volume criteria is met, use the 45 mph curve in
Exhibit 7-1, 548 for the y-axis and 40 left-turns for the x-axis. The volume criterion is
met in the northbound direction.

7.2.2 Right Turn Lane Criteria — Unsignalized Intersections

Purpose

The purpose of a right turn lane at an unsignalized intersection is to improve safety and to
maximize the capacity of a roadway by reducing the speed differential between the right turning
vehicles and the other vehicles on the roadway.
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Right Turn Lane Evaluation Process

1. Arright turn lane should be installed, if criteria 1 (Volume) or 2 (Crash) or 3 (Special Cases)
are met, unless a subsequent evaluation eliminates it as an option; and

2. The Region Traffic Engineer must approve all proposed right turn lanes on state highways,
regardless of funding source; and

3. Complies with Access Management Spacing Standards; and

4. Conforms to applicable local, regional and state plans.

Criterion 1: Vehicular Volume

The vehicular volume criterion is intended for application where the volume of intersecting
traffic is the principal reason for considering installation of a right turn lane. The vehicular
volume criteria are determined using the curve in Exhibit 7-2.

Exhibit 7-2 Right Turn Lane Criterion

Right Turn Lane Criterion
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(including right turn volume)

Approaching DHV in Qutside Lane

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Right-Turn Volume (vph)

Note: If there is no right turn lane, a shoulder needs to be provided. If this intersection is in a
rural area and is a connection to a public street, a right turn lane is needed.
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Criterion 2: Crash Experience

The crash experience criterion is satisfied when:

1.

2.
3.
4.

Adequate trial of other remedies with satisfactory observance and enforcement has failed to
reduce the accident frequency; and

A history of crashes of the type susceptible to correction by a right turn lane; and

The safety benefits outweigh the associated improvements costs; and

The installation of the right turn lane minimizes impacts to the safety of vehicles, bicycles or
pedestrians along the roadway.

Criterion 3: Special Cases

Railroad Crossings: If a railroad is parallel to the roadway and adversely affects right turns,
a worst case scenario should be used in determining the storage requirements for the right
turn lane design. The right turn lane storage length depends on the amount of time the
roadway is closed, the expected number of vehicle arrivals and the location of the crossing or
other obstruction. The analysis should consider all of the variables influencing the design of
the right turn lane and may allow a design for conditions other than the worst case storage
requirements, providing safety is not compromised.

Passing Lane: Special consideration must be given to installing a right turn lane for those
locations where right turns may occur and other mitigation options are not acceptable.
Geometric/Safety Concerns: Consider sight distance, alignment, operating speeds, nearby
access movements and other safety related concerns.

Other Conditions: Other surrounding conditions, such as a drawbridge, could adversely
affect right turns and must be treated in a manner similar to that for railroad crossings.

Evaluation Guidelines

1.

o

The evaluation should indicate the installation of a right turn lane will improve the overall
safety and/or operation of the intersection and the roadway. If these requirements are not met,
the right turn lane should not be installed or, if already in place, should be reevaluated for
continued use.

Alternatives Considered: List all alternatives that were considered, including alternative
locations. Briefly discuss alternatives to the right turn lane considered to diminish
congestion/delays resulting in criteria being met.

Access Management: Address access management issues such as the long term access
management strategy for the state roadway, spacing standards, other accesses that may be
located nearby, breaks in barrier/curb, etc.

Land Use Concerns: Include how the proposed right turn lane addresses land use concerns
and transportation plans.

Plan: Include a plan or diagram of proposed location of right turn lane.

Operational Requirements: Consider storage length requirements, deceleration distance,
desired alignment distance, etc. For signalized intersections, installing a right turn lane must
be consistent with the requirements in the Traffic Signal Guidelines.
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Example 7-2 Right Turn Lane Criterion Example

Right Turn Vehicular Volume Criterion Example

VVolume Criterion Example shown below shows an unsignalized intersection with a shared
through-right lane and a shared through-left lane on the Highway. The peak hour volumes and
lane configurations are included in the figure. The 85th percentile speed is 45 mph and the
intersection is located in a city with a population of 60,000. Determine if a NB or SB right turn
lane meets the criteria.

Volume Criterion Example
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35 MPH \ 3501 400
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The northbound outside lane has 400 through vehicles and 15 right turning vehicles for a total of
415 vehicles. Using the 45 mph curve in Exhibit 7-2, along with 415 approaching vehicles and
15 right turning vehicles we find that the vehicular volume criterion is not met.

The southbound outside lane has 600 through vehicles and 90 right turning vehicles for a total of
690 vehicles. Using the 45 mph curve in Exhibit 7-2, along with 690 approaching vehicles and
90 right turning vehicles we find that the vehicular volume criterion is met.

7.2.3 Criteria for Turn Lanes at Signalized Intersections

Turn lanes at signalized intersections are determined differently than at unsignalized
intersections. At signalized intersections a left turn lane is always desirable, while a right turn
lane is generally determined based on signal capacity needs. At signalized intersections,
installation of turn lanes must be consistent with the requirements in ODOT’s Traffic Signal
Policy and Guidelines and the Traffic Manual and approval must be received.
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7.3 Intersection Capacity Analysis

7.3.1 Functional Area of Intersection
Addendum A
7.3.2 Effects of Upstream or Downstream Bottlenecks

Intersection analysis can be affected by upstream and downstream bottlenecks on the roadway
network. If there is an upstream bottleneck it could restrict the flow of vehicles, ultimately
reducing the potential for vehicles to access a study intersection. This potential reduction in
vehicle volume at the intersection could result in a lower v/c ratio, indicating that “additional”
capacity is available at the intersection. Improving areas that bottleneck could create new areas
that fail, but previously indicated available capacity due to the original bottleneck. The analyst
should be aware of the potential for an improvement to push a problem elsewhere.

Downstream bottlenecks can have a similar effect by producing a queue spillback, which would
prevent vehicles from passing through a study intersection upstream. In this situation, the
unserved vehicles will queue beyond the study intersection, but will not be captured as part of
the demand when a vehicle count is collected. This low vehicle count at the study intersection
could result in a capacity analysis that shows a lower v/c ratio than would be calculated if the
bottleneck were not occurring.

7.3.3 Peak Demand Exceeds Operational Capacity

In general, analysis of existing conditions should not render results for v/c ratio calculations of
greater than 1.0. This would indicate that more vehicles actually proceeded through an
intersection than there is available capacity for. If a v/c ratio of greater than 1.0 is calculated for
existing conditions, the default parameters used in analysis should be checked for
reasonableness. A common cause of this is the use of default saturation flow rates that do not
reflect actual conditions. If the existing v/c ratio calculated is greater than 1.10, the local field
data should be checked and possibly additional data collected to refine the analysis. Also check
the parameters that are used to calculate the adjusted saturation flow rate (PHF, lane utilization,
etc.).

During future year analysis a v/c ratio calculation may result in a value higher than 1.0. This
condition may result from a latent demand of vehicles at an intersection. This should be
considered as a demand-to-capacity ratio (d/c) rather than an actual v/c ratio and would indicate
conditions where mitigation could be considered to improve intersection operations.

7.3.4 Actual Versus Theoretical Conditions
When analysis is conducted on an intersection, the analysis is typically representative of isolated

intersection operations. In actuality multiple factors may play a part in the operations of the
intersection. These could be factors such as upstream or downstream intersections, coordinated
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signal systems, closely spaced intersections, etc. These factors should be considered when
conducting signalized intersection analysis to help replicate what is actually occurring in the
field.

7.3.5 Unsignalized Intersection Capacity

Capacity analysis for unsignalized intersections should generally follow the established
methodology of the current HCM for both two-way and all-way stop control.

Two-Way Stop Control

For two-way stop control, the HCM employs a procedure for analyzing unsignalized
intersections that is primarily based on an established hierarchy of intersection movements
(based on assigned ROW) and a gap acceptance model. The major components of the gap
acceptance model include the critical gap and follow-up time; where the critical gap is the
minimum time interval in the major street traffic stream that allows intersection entry for one
minor street vehicle and the follow-up time is the time between the departure of one vehicle from
the minor street and the departure of the next vehicle using the same major street gap under a
condition of continuous queuing on the minor street.

Substitution for the default values of critical gap and follow-up times used in the HCM shall only
be permitted after conducting a thorough field investigation and obtaining ODOT approval.

At two-way stop intersections, the controlling movement (usually a minor street left turn) often
controls the overall intersection performance. Therefore, the v/c ratio for that movement will
typically be the one reported and evaluated against the adopted mobility standard. This is
especially important to recognize when analyzing two-way stop-controlled intersections where
the very low v/c ratios for the unimpeded, high-volume major street movements will overshadow
the higher v/c ratios for the lower-volume minor street movements. In these situations the
unimpeded v/c ratio is often very low, even though the minor street movements are near or over
capacity. However, as there may be times when the mainline v/c ratio is near the mobility
standard, it should always be acknowledged before deferring to minor street movements.

Special Note

For intersections where the minor street is one-way: Synchro 6 and 7 do not use
the proper gap times for an intersection with a one-way minor street, such as at an
interchange ramp terminal. Synchro 6/7 are using the gap times appropriate for a
four-legged intersection with four approaches; however, one-way minor street
intersections have four legs, but only three approaches. See

Exhibit 7-3.
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Exhibit 7-3 Two-Way Stop Control Intersection

The critical gap times (t;) need to be changed for the minor street left turn only. The value is
different depending on how many lanes are on the major street.

Critical Gap tc(s)

e Two Lane Major Street = 6.4
e Four/Six Lane Major Street = 6.8

All other critical gap times stay the same. After the value is changed it will be in red to indicate a
user-overridden value. Deleting the value out and pressing “enter” will revert the value back to
the default setting.

All-Way Stop Control

For all-way stop controlled intersections, the HCM procedure is based on an analysis of each
approach independently. The procedure determines the capacity of each approach, which is used
to calculate v/c ratios. The highest v/c ratio approach will be the one reported and evaluated
against the adopted mobility standard.

7.3.6 Roundabouts

Roundabouts are increasing in popularity as an intersection form with less control. Research has
shown roundabouts reduce crashes and vehicle delay. They are most effective with equal traffic
on all approaches or with one-way streets (ramp terminals). However, they cannot supply as
much capacity as traffic signals with multiple through or turn lanes and do not provide smooth
progression of arterial traffic flows. The ODOT Traffic Manual and HDM contain roundabout
guidelines, standards and siting criteria. Roundabout capacity analysis will employ the NCHRP
Report 572 method.

TPAU has adopted the NCHRP Report 572 method for roundabouts. Unlike the earlier Highway
Capacity Manual (HCM) Lower and Upper methods, the NCHRP Report 572 method is based on
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a statistically correct number of sites and observations so that definitive conclusions could be
made. Procedures will likely be in the next update of the HCM 2000.

Report 572 shows U.S. drivers use roundabouts more conservatively than international drivers.
Thus, the resulting roundabout capacity is lower than international calculation methods. Past use
of SIDRA and German G2 methods was conservative, but correct, as they are relatively close to
the NCHRP Report 572 resultant capacity.

NCHRP Report 572 Method
The general capacity equation is as follows:

C=Ae exp(— B ‘Vc)
Where

C = Entry capacity (passenger cars per hour; pc/h)
A = Coefficient

B = Coefficient

V. = Circulating (conflicting) flow (pc/h)

A and B coefficient equations:

-

A= BBCy B=L
L 3600

where

tr = Follow-up headway (s)
t. = Critical Headway (s)

t; = Follow-up headway (s)
t. = Critical Headway (s)

Conflicting flow is defined as the circulating flow that conflicts with the subject entry flow
(Exhibit 7-4). Entry flow must yield to circulating flow. NCHRP research recommends
circulating flows up to 1,200 pc/h for a single lane roundabout and from 200 pc/h to about 1,800
pc/h for a multilane roundabout.
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Exhibit 7-4 Roundabout Circulatory and Approach Entry Flow

= Circulatory Lane Flow Path

= Approach Lane Flow Path

Average values of the A and B coefficients are used in the general equation. This equation can be
customized to fit driver behavior in an area. When changing driver familiarity over time,

NCHRP research found little correlation between t; and t;. Research also showed changes in the
A and B coefficients are likely to be small. Obtaining t. and tf values for A and B requires a
statistically correct number of observations at multiple roundabouts in the same general area, an
intensive effort.

Heavy Vehicle Factors and Passenger Cars Units

Volumes and resulting capacities in vehicles per hour (vph) are converted to passenger cars per
hour (pc/h), using a heavy vehicle factor with a passenger car equivalent for trucks, ET. The
heavy vehicle factor is calculated with the truck percentage and ET. The PHF and heavy vehicle
factor are then used to calculate the entry/circulating flows.

At signals, the truck equivalency factor generally has a default value of 2.0, depending on
approach conditions, HCM 2000 (page 16-10). The appendices to the NCHRP Report 572 state
that the passenger car equivalent for heavy vehicles should be 2.0; roundabouts are no more
efficient than signals in respect to the heavy vehicle flow rate. Roundabouts may even be worse
than signals if heavy (long) vehicles can not merge into gaps in circulatory flow. A value of 2.0
should be used unless approach conditions warrant a different value, in such cases use the HCM,
Chapter 20 (Exhibit 20-9) for two-lane highways and Chapter 21 (Exhibit 21-8) for multilane
highways. In the HCM 2000, Exhibit 20-9, trucks must be subtracted out of the count (vph) in
order to look up ET with passenger cars per hour (pc/h) flow rates. Total vehicles per hour
should then be adjusted by the appropriate peak hour factor (PHF) from a recent count.

The 2003 HDM (page 9 - 36) states that roundabouts should not have high truck volumes, nor be
located on grades that limit visibility or complicate construction. The 2003 HDM (9 - 36) also
states that roundabout traffic should mostly comprise of commuter and local traffic. Therefore,
the percent of trucks, buses and recreational vehicles should be low.
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For level grade, the HCM 2000 requires the use of Equation 20-4 or 21-4.

1
Fwv =
1+P (ET D+ P, (ER -1
where

Pt = portion of trucks in the traffic stream, expressed as a decimal
Pr = portion of RVs in the traffic stream, expressed as a decimal

Er = passenger-car equivalent for trucks, obtained from Exhibit 20-9
Er = passenger-car equivalent for RVs, obtained from Exhibit 20-9

For roundabout analysis, ODOT considers all heavy vehicles, such as recreational vehicles and
buses, to be trucks in analysis, a conservative approach. According to the HCM 2000, combining
recreational vehicles and buses with the truck classification is acceptable when the truck and bus
percentage is five times the percentage of recreational vehicles. The HCM 2000, Chapter 12:
Highway Concepts, states this combination is acceptable (at any ratio) if the relative proportions
of recreational vehicles, trucks and buses are not known. As counts with recreational vehicles
counted separately become available, this may be revisited.

With trucks, buses and recreation vehicles combined, the HCM 2000 heavy vehicle factor
equation simplifies to:

1
Frv =
1+P. (E, -1)
where

Pt = portion of trucks in the traffic stream, expressed as a decimal
Et = passenger-car equivalent for trucks, obtained from Exhibit 20-9

The heavy vehicle factor is then used to convert vehicles per hour (veh/h) into passenger cars per

hour (pc/h) in the general form shown below. There are several forms of this equation in the
HCM 2000.

V= ¥
PHFeF,,

where
V), = 15 minute passenger car equivalent flow rate (pc/h)

V = hourly volume (veh/h)
PHF = Peak Hour Factor
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For general use at single lane roundabouts, the capacity v/c ratio and control delay equations are:

Capacity
C =1130eexp(-Be\/ )
where

C= Entry capacity (passenger cars per hour; pc/h)
¢ = Circulating (conflicting) flow (pc/h)
B = Coefficient, 0.0010 for single lane roundabouts, 0.0007 for multilane

V/C Ratio

vV _ Volume...(pc/h)  Entry...Flow
/:Ieg Capacity...(pc/h)  Entry...Capacity
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Control Delay
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where

d = Average control delay (s/veh)

C = Capacity of subject lane (veh/h)

T = Time period: T = 1 for actual one hour analysis, T = 0.25 if using PHF
V = Flow in subject lane (veh/h)

With Control Delay calculated, it is then used to determine LOS and queue lengths.

Multilane Roundabout

For multilane roundabouts, the critical entry lane is used. The critical entry lane, the entry lane
with the highest volume, is determined by field observation and/or traffic count. If only one entry
lane is available (planned), the volume is assigned to that lane. If multiple lanes are available, the
volume is distributed based on field observations (data). In the case of an existing one lane
approach, the NCHRP Report 572 recommends an equal through path distribution between the
two future entry lanes (except for bypass lanes). It is better to assign lane distributions based on
field observations (data). Traffic counts of intersections with two lane streets (existing) will
obviously not show lane distributions for four lane streets (future need). Driveway counts of
attractions near the intersection can be of use in predicting lane utilization. Location and
characteristics of the area should be considered, such as nearby attractions and driver type.

The critical lane is generally the right lane of entry. The critical lane volume calculation
determines the entry lane flow in the v/c and delay equations. The entire flow, in both circulatory
lanes, is used to calculate circulating (conflicting) flow. Entering vehicles generally yield to
vehicles in both circulatory lanes. Multilane roundabouts may not have two lanes completely
circulate 360 degrees around the roundabout, having single lane circular sections. Approaches in
these sections should use the single lane coefficient when calculating entry capacity.

Bypass Lanes

The bypass lane volume is subtracted out of the appropriate right turn volume. If the bypass lane
flow yields or merges into an exiting flow (or lane) on a leg, then the capacity of the bypass lane
should be calculated. The exiting flow is used as the circulating or conflicting flow and the
bypass lane volume must yield as the entry flow. Use of the single or multilane capacity equation
depends on how many lanes exit the roundabout. No calculation is necessary if the bypass lane
enters as an add-lane on the exit leg.

V/C Ratio & Level of Service
After C or Cq; is obtained, the volume-to-capacity (v/c) ratio of the legs can be calculated.
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vV _ Volume...(pc/h) _ Entry...Flow
/:Ieg Capacity...(pc/h)  Entry...Capacity

There is no overall v/c for a roundabout; all approach legs must be calculated. The reported v/c is
the highest approach leg v/c calculated. The maximum v/c allowed is 0.80 on state highways. If
an approach leg v/c ratio is over 0.80, the roundabout should not be constructed. However, the
limiting v/c ratio is determined by the State Traffic Engineer (with consultation from Region
Traffic) based on functional class, highway designation, traffic characteristics and system
continuity.

Level of service (LOS) for a non-state highway roundabout follows the same approach delay
methodology used for unsignalized intersections as shown in HCM 2000, Chapter 17. The
individual approach LOS thresholds are also the same as unsignalized intersections. As with v/c,
an individual LOS for each approach should be calculated, with the highest LOS controlling.
Applicability or flexibility of local LOS standards should be considered.

Queuing

The NCHRP Report 572 method uses the same queuing model used in unsignalized intersections
in the HCM 2000. This queuing model drastically underestimates the queues of major street left
turns and minor street right turns at unsignalized intersections. A minor right turn at a
roundabout is equivalent to the unsignalized intersection version with slightly less delay at the
yield-controlled approach. The queuing model might not predict a higher level of delay, since the
likelihood of a vehicle being stopped on approach is higher with larger circulating peak hour
flows.

TPAU has researched queuing methods and adopted the Two-Minute Rule for queues at
roundabouts, as used for unsignalized intersections, until further evaluation is made. Unmodified
volumes, in vehicles per hour (vph), should be used instead of passenger car (pc/h) for queuing
calculations.

Logical Analysis and Design Progression

Start your analysis by considering a single lane roundabout with future volumes 20 years beyond
the build date. If an approach v/c is over 0.80 due to right turn volumes, then a bypass lane
should be analyzed for that movement. When the bypass lane traffic merges into an exiting lane,
then the capacity of the bypass lane should be calculated (see Example 7-4). The bypass lane
capacity is calculated, much like one leg of a roundabout, with the lane exiting the roundabout
having the right of way (as with circulating flow) and the bypass lane yielding (approach lane
flow) when there is no add lane. If the high v/c on an approach is not due to a heavy right turn
movement, then a partial multilane roundabout should be considered (not all of the circulating
lanes must have more than one lane). A full multilane roundabout should be analyzed next. If a
multilane roundabout approach has a v/c over 0.80 due to a heavy right turn movement, then
consider a bypass lane. A heavy left or thru movement causing a high v/c ratio indicates a
roundabout is a poor alternative, based on volume and capacity. Exhibit 7-5 shows the design
progression in flow chart form.
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Roundabout Siting Considerations
Along with the analysis of a roundabout, the HDM 2003 states that proposed roundabouts:

e Should not have more than 4 approach legs.

e Should meet acceptable v/c ratios for the proposed design life.

e Should have approach roadway posted speeds 35 mph or less.

e Should have normal circular geometry.

e Should have similar or balanced volumes on all approach legs.

e Should be at an intersection of two highways with roughly the same functional
classification or no more than one level of difference.

e Should be mostly commuter and local traffic (not freight).

e Should not have high pedestrian volumes.

e Should not have high volumes of large trucks.

e Should not be located within an interconnected signal system.

e Should not be in locations where exiting vehicles would be interrupted by queues from

signals, railroads, drawbridges, ramp meters or by operational problems created by left
turns, accesses, etc.

e Should not be located where grades or topography limit visibility or greatly complicate
construction.

For roundabouts on State Highways, remember that roundabouts deflect vehicle paths in order to
reduce speed, HCM 2000 (Chapter 10). Speed into and through roundabouts is controlled by
physical features of the roundabout and not by signs or pavement markings. Consideration
should be made to the proximity of a fire or police station or emergency route. Signals can offer
signal preemption to ensure emergency vehicles pass through an intersection uninhibited, but
roundabouts do not provide as much control.
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Exhibit 7-5 Roundabout VVolume/Capacity Analysis and Design Progression
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Roundabout Calculator Spreadsheets

Single and multilane roundabout calculator spreadsheets have been developed to expedite
capacity and queuing calculations. These roundabout spreadsheets are available on the TPAU
analysis software webpage: http://www.oregon.qov/ODOT/TD/TP/TAS.shtml. Eight leg
positions are available for geometric flexibility (Exhibit 7-6). Volumes are entered (Exhibit 7-7)
in a “from” (top of column) “to” (left side) format to assign volumes to legs. ET, PHF and
percent trucks are input for each leg. The spreadsheet calculates the circulating flows and entry
lane capacity. Entry leg v/c ratio, approach control delay, LOS and the 95th percentile queue
(using the two minute rule) are calculated for each leg with entry volumes entered.

Exhibit 7-6 Geometric Flexibility Diagram, directions numbered

N (1)
NW (8) NE(2)
W (7) o E@®)
SW (6) se@w 1T
S (5) North

Even though each spreadsheet can handle up to eight leg positions, the 2003 HDM states that
roundabouts should not have more than four approach legs and normal circular geometry.

Single and multilane roundabout calculator spreadsheets are shown in Exhibit 7-7 and Example
3. Making an entry other than the default PHF, ET or the truck percentage will highlight the
entry background yellow, showing changes to the spreadsheet (Exhibit 7-7, under Volume
Characteristics).
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Exhibit 7-7 Sample Single Lane Calculation Spreadsheet

General & Site Information

; — N (1
Analyst: . Count C_:arsm Circle NW (8) @ NE (2)
Agency/Company: State Highway DOT
Date: 1/9/2008
Project Name: City desires a W (7) E@)
Intersection: Mill Street and EIm
Analysis Time Period: 4to 5 PM (with PHF)
Jurisdiction: City/ ODOT SW (6) e T
Year: 20 years beyond Build S (5) North
Volumes Roundabout Approach/Entry Legs
N(@) NE®@) E@R) SEM@) S(B) SW(®6) W@ NWwW(
Input N (1), vph 0 25 100 300
Volumes NE (2), vph
to Leg # E (3), vph 15 0 600 425
SE (4), vph
S(5),vph | 55 45 0 100
SW (6), vph
W (7),vph | 65 235 70 0
NW (8), vph
Output Total Vehicles | 135 0 305 0 770 0 825 0
Volume Characteristics N(@) NE@ E@B SEM@4 S(B) SW(@®B) W({@ NW(
% Trucks 4.0 0.0 5.0 0.0 7.0 0.0 1.5 0.0
E; 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
PHF 0.89 0.92 0.92 0.92 0.92 0.92 0.90 0.92
Fav 0.962 | 1.000 | 0.952 | 1.000 | 0.935 | 1.000 | 0.985 | 1.000
Entry/Conflicting Flows N@) NE®@) E@ SEM@) S(B) SW(@®6) W@ NWwW(@
Flowto Leg# N (1), pc/h 0 0 29 0 116 0 338 0
NE (2), pc/h 0 0 0 0 0 0 0 0
E (3),pc/h | 18 0 0 0 698 0 479 0
SE (4), pc/h 0 0 0 0 0 0 0 0
S(5),pc/h | 64 0 51 0 0 0 113 0
SW (6), pc/h 0 0 0 0 0 0 0 0
W (7),pc/h | 76 0 268 0 81 0 0 0
NW (8), pc/h 0 0 0 0 0 0 0 0
Entry flow, pc/h | 158 0 348 0 896 0 930 0
Conflicting flow, pc/h | 401 884 536 1731 835 1064 133 559
Results N(@) NE@) E@B SEM@) S(B) SW(@®) W@ NWwW(@®
Entry Capacity, pc/h 757 NA 661 NA 490 NA 989 NA
Leg v/c ratio 0.21 0.53 1.83 0.94
Control Delay, s/pc 6.0 11.3 395.0 31.7
LOS A B F D
95th Percentile Queue (ft) 221 0 508 0 1320 0 1292 0
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Example 7-3 Single Lane Roundabout Calculation

A roundabout is proposed for the intersection of Mill Street and EIm Street. A single lane
roundabout will be analyzed in this example. The figure below shows the intersection volumes

20 years beyond the build date.

Volume
The first step is to take the 30™ highest hour intersection volumes (see figure below) and enter
them into the spreadsheet (see following section of spreadsheet), traveling from approach legs

(top row) to exit legs (left column).

Future 30th Highest Intersection VVolumes

NO SCALE
T
g
C/) R .o' °
‘.
o
Elm Street
&
00)
Entry Leg Volume Table
Volumes Roundabout Approach/Entry Legs
N1 NE@ E@B SE@ S(B) SW(@®) W@ NW(@®8)
Input N (1), vph 0 25 100 300
Volumes NE (2), vph
to Leg # E (3), vph 15 0 600 425
SE (4), vph
S (5), vph 55 45 0 100
SW (6), vph
W (7), vph 65 235 70 0
NW (8), vph
Output Total Vehicles | 135 0 305 770 0 825 0
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Heavy Vehicle Factors and Passenger Cars Units

The PHF and percent trucks for the intersection should be attained from a recent count. The
default value for ET for each approach will be used. The heavy vehicle factor is then calculated
with the truck percentage and ET (see section of spreadsheet below). Using the north leg heavy
vehicle factor calculation as an example, with trucks, bus and recreation vehicles combined, the
HCM 2000 Two-Lane Highways Equation 20-4 simplifies to:

e 1 ~ 1 ~
" 14P(E; -1) 1+0.04¢(2.0-1)

0.962

where

P+ = portion of trucks in the traffic stream, expressed as a decimal
Er = passenger-car equivalent for trucks, obtained from Exhibit 20-9

FHYV Calculation in Volume Characteristics
Volume Characteristics N1 NE@ E@B SE4) S(B) SW(@® W@ NW(@®
% Trucks 4.0 0.0 5.0 0.0 7.0 0.0 15 0.0
E; 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
PHF | 0.89 0.92 0.92 0.92 0.92 0.92 0.90 0.92
Fuv | 0962 | 1.000 | 0.952 | 1.000 | 0.935 1.000 0.985 1.000

The PHF and heavy vehicle factor are used to calculate the entry/circulating flows (see section of
spreadsheet below). The flows are calculated in passenger car equivalents with the following
equation.

v, - v _15vehh _18pc/h
PHFeF,, 0.89¢0.962

where
V,, = 15 minute passenger car equivalent flow rate (pc/h)

V = hourly volume (veh/h)
PHF = Peak Hour Factor
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Circulating Flow Output from Spreadsheet

Entry/Conflicting Flows N1 NE@ E@B SE4) S(B) SW(@® W@ NW(@®
Flowto Leg# N (1), pc/h 0 0 29 0 116 0 338 0
NE (2), pc/h 0 0 0 0 0 0 0 0
E@),pch| 18 0 0 0 698 0 479 0
SE (4), pc/h 0 0 0 0 0 0 0 0
S(5),pc/h | 64 0 51 0 0 0 113 0
SW (6), pc/h 0 0 0 0 0 0 0 0
W (7),pcih | 76 0 268 0 81 0 0 0
NW (8), pc/h 0 0 0 0 0 0 0 0
Entry flow, pc/h | 158 0 348 0 896 0 930 0
Conflicting flow, pc/h | 401 884 536 173 835 1064 133 559

Capacity and V/C Calculation
The capacity and v/c calculations are:

Capacity
C =1130eexp(-Be\/ )

where

C = Entry capacity (passenger cars per hour; pc/h)

V. = Circulating (conflicting) flow (pc/h)

B = Coefficient, 0.0010 for single lane roundabouts

The north leg, N (1), capacity is:

Cy =1130eexp(-0.0010401) = 757 pc/h

With the capacity known, the volume to capacity ratio (\V/C) of the north leg is:

_ Volume...(pc/h)

Entry... Flow

158

V
CN(l)

Control Delay

The average control delay equation is:

3600 v

d +900T
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where

d = Average control delay (s/veh)

C = Capacity of subject lane (veh/h)

T = Time period: T =1 for actual one hour analysis, T = 0.25 if using PHF
V = Flow in subject lane (veh/h)

d

_ 3600 900(0.25)( 128 _1
7 757

158 _
757

]

3600
757

158
757

450(0.25)

=6.0 s/veh

The results table calculates entry capacity, v/c ratio, control delay, LOS and 95th percentile
queue (see below). The v/c ratio of the S (5) and W (7) legs do not meet standard.

Results Table

Results N@A NE E@) SE S(B) SW®G) W NW
Entry Capacity, pc/h 757 NA 661 NA | 490 NA 989 NA
Leg v/c ratio 0.21 0.53 1.83 0.94
Control Delay, s/pc 6.0 11.3 395 31.7
LOS A B F D
95th Percentile Queue 221 0 508 0 |1320] 0 [1292| O

The south approach v/c over 1.0 is unacceptable. To mitigate this high v/c, a bypass lane should

be considered because of the heavy right turn causing the high approach v/c (Example 7-4).

Example 7-4 Single Lane Roundabout with Bypass Lane Calculation

For this example, the south leg (5), with a heavy right turn volume, will be analyzed for a bypass

lane, subtracting the approach right turn volume (following Exhibit 7-5 flow chart). This
subtraction will lower the S (5) approach leg volume from 770 to 170 (see highlighted cell in

spreadsheet below).
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Entry Leg Volume Table

Volumes Roundabout Approach/Entry Legs
N@A) NE@ E@B SEM#4) S(B) SW(®G W({@ NW(@®
Input N (1), vph 0 25 100 300
Volume NE (2), vph
toLeg# E(3),vph 15 0 0 425
SE (4), vph
S (5), vph 55 45 0 100
SW (6), vph
W (7), vph 65 235 70 0
NW (8), vph
Output Total Vehicles 135 0 305 0 170 0 825 0

The truck percentage of the S (5) approach should be checked as it may have changed. The 600
vehicles (including trucks) no longer enter the roundabout, check the count for the truck
percentage of the movement. The combined truck percentage for the through and left movements
should be used. The section of the spreadsheet below shows the percent trucks input change and
the change in the heavy vehicle factor as a result of removing some (from 770 to 170) of the
vehicles approaching the roundabout (see above).

VVolume Characteristics with Bypass Lane Volume Removed

Volume Characteristics N@) NE(@2 E®R SE(4) S(B) SW(®) WI([7) NW(8
% Trucks 4.0 0.0 5.0 0.0 4.0 0.0 15 0.0
E: 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
PHF 0.89 0.92 0.92 0.92 0.92 0.92 0.90 0.92
Fay 0.962 1.000 0.952 1.000 | 0.962 | 1.000 | 0.985 | 1.000

As already stated, if the bypass lane flow yields or merges into an exiting flow (or lane) on a leg,
the capacity of the bypass lane should be calculated. The exiting flow is used as the circulating or
conflicting flow and the bypass lane volume yields as the entry flow. Use of the single or
multilane capacity equation depends on how many lanes exit the roundabout. Calculation of the
bypass lane capacity is not necessary if the bypass lane enters an add-lane on the exit leg. The
PHF should also be checked, but in this case it remains the same.
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Single lane Spreadsheet, Bypass Lane Volume Removed

General & Site Information N (@)
Analyst: Count Carsin Circle ;
Agen)éy/Company: ODOT NW (8) ,»-»"‘NE )
Date: current date g
Project I\_Iame: CiFy wants roundabout W (7) E (3)
Intersection: Mill and Elm Street
Analysis Time Period: 410 5PM (with PHF)
Jurisdiction: City/ODOT sw &) e U
Year: 20 years beyond build s (5) North
Volumes Roundabout Approach/Entry Legs
N(@) NE@ E@B) SE@ S(B) SW(@®) W({@) NW(@)
Input N (1), vph 0 25 100 300
Volumes NE (2), vph
to Leg # E (3), wyph 15 0 0 425
SE (4), wph
S (5), wph 55 45 0 100
SW (6), vph
W (7), vph 65 235 70 0
NW (8), vph
Output Total Vehicles 135 0 305 0 170 0 825 0
Volume Characteristics N NE E SE S SW W NW
% Trucks 4.0 0.0 5.0 0.0 4.0 0.0 15 0.0
E, 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
PHF 0.89 0.92 0.92 0.92 0.92 0.92 0.90 0.92
Frv 0.962 1.000 0.952 1.000 0.962 1.000 0.985 1.000
Entry/Conflicting Flows N NE E SE S SW W NW
Flowto Leg # N (1), pcu/h 0 0 29 0 113 0 338 0
NE (2), pcu/h 0 0 0 0 0 0 0 0
E (3), pcu/h 18 0 0 0 0 0 479 0
SE (4), pcu/h 0 0 0 0 0 0 0 0
S(5),pcuh | 64 0 51 0 0 0 113 0
SW (6), pcu/h 0 0 0 0 0 0 0 0
W (7), pcu/h 76 0 268 0 79 0 0 0
NW (8), pcu/h 0 0 0 0 0 0 0 0
Entry flow, pcu/h 158 0 348 0 192 0 930 0
Conflicting flow, pcu/h 399 879 531 1027 835 1064 133 556
Results N NE E SE S SW W NW
Entry Capacity, pcwh 758 NA 665 NA 490 NA 989 NA
Leg v/c ratio 0.21 0.52 0.39 0.94
Control Delay, s/pcu 6.0 11.2 12.0 31.7
LOS A B B D
95th Percentile Queue (ft) 221 0 508 0 279 0 1292 0
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The v/c of leg S (5) was over 1.0 (Results Table), but is now acceptable at 0.39 (see above) with

a bypass lane taking the right turn movements out of the roundabout. The west leg approach still

has a v/c over 0.80, due to a heavy through and left turn volume (see above). The next step of the
analysis progression would be to look at a partial multilane roundabout (see flowchart). The next
example skips right to the full multilane roundabout analysis.

Example 7-5 Multi-Lane Roundabout Example

A heavy through and/or left turn movement cannot be improved with a bypass lane. Therefore,
this example will now consider a multilane roundabout alternative. While this example has
jumped steps to a full multilane analysis, one should first consider a partial multilane
roundabout. For partial multilane roundabouts, with a single lane section, both analysis methods
are required (both spreadsheets). Application depends upon the number of lanes in each section.

Volume

A key difference in the multilane spreadsheet is the volume inputs for each of two approach
lanes (see figure and spreadsheet below). There are two lanes (columns) for each leg. The lane
with a 1 next to the geometric leg, S1 (1), is the inside approach lane and the lane with a 2, S2
(1), is the outside approach (curb) lane. The geometric leg, S and the number in parenthesis, (1),
designate the approach for both lanes. Approaches with only one lane should consistently use
one lane.

Roundabout Circulatory and Approach Entry Flow

gy

NO SCALE

------- = Circulatory Lane Flow Path

— = Approach Lane Flow Path

Lane distribution of the right turn movements should be to the outside lane and left turn
movements to the inside lane (see above). For this example, field observation indicates lane
distribution of 65 percent of the approach lanes through movements using the outside lane (see
below).
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Multilane Approach Leg Volume Table

Volumes Roundabout Approach/Entry Legs
N1(1) N2(1) NE1(2) NE2(2 El(3) E2 (3) SE1 (4) SE2 (4)
Volumes N (1),vph 0 0 0 25
to Leg # NE (2),vph
E (3), vph 0 15 0 0
SE (4), vph
S (5), vph 19 36 45 0
SW (6), vph
W (7), vph 65 0 82 153
NW (8), vph
Entry Volume, vph 84 51 0 0 127 178 0 0
S1(5) S2(5) SWI1(6) SW2(6) W1(7) W2(7) NWI1(8) NW2(8)
N (1), vph 35 65 300 0
NE (2), vph
E (3), vph 0 600 149 276
SE (4), vph
S (5), vph 0 0 0 100
SW (6), vph
W (7), vph 70 0 0 0
NW (8), vph
Entry Volume, vph 105 665 0 0 449 376 0 0

The highest entry lane volume of the two approach lanes is the critical lane volume (see
spreadsheet below). This critical lane volume is adjusted by the heavy vehicle factor and PHF
(next spreadsheet) to attain the critical lane entry flow (see Results Table). Heavy Vehicle Factor
depends upon passenger car equivalents for trucks and the truck percentage.

Exhibit 7-8 Critical Lane VVolumes

Critical Lane Volumes N NE E SE S SW W NW
N (1), vph 0 0 25 0 65 0 300 0
NE (2), vph 0 0 0 0 0 0 0 0
E (3), vph 0 0 0 0 600 0 149 0
SE (4), vph 0 0 0 0 0 0 0 0
S (5), vph 19 0 0 0 0 0 0 0
SW (6), vph 0 0 0 0 0 0 0 0
W (7),vph | 65 0 153 0 0 0 0 0
NW (8), vph 0 0 0 0 0 0 0 0
Entry Volume, vph 84 0 178 0 665 0 449 0

Heavy Vehicle Factors and Passenger Cars Units

Truck percentage (see spreadsheet below) is kept the same for both lanes. One should have
classifier counts for each approach lane or local data of similar existing roundabouts in the site
area before altering the multilane spreadsheet and entering a truck percentage for each lane.

There is no change in PHF attained from the count. ET also remained the same as in the single
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lane roundabout. With the PHF, ET and truck percentage, the heavy vehicle factor is calculated
(see below).

Volume Characteristics with Bypass Lane Volume Removed

Volume Characteristics N NE E SE S SW_ W NW
PHF 089 | 092 [ 092 | 092 | 092 | 092 | 090 [ 0.92
E, 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
% Trucks 4.0 0.0 5.0 0.0 4.0 0.0 1.5 0.0
Frv 0.962 | 1.000 | 0.952 | 1.000 | 0.962 | 1.000 | 0.985 | 1.00

Just as the single lane roundabout, the heavy vehicle factor calculation is:

1
Fav =
1+ P, (E, -1)
where

P+ = portion of trucks in the traffic stream, expressed as a decimal
Et = passenger-car equivalent for trucks, obtained from Exhibit 20-9

The original volume is then factored by the PHF and the heavy vehicle factor to attain the entry
flows (passenger car units), some of which are summed to calculate circulating flows (see
below).

Entry/Circulating Flows

Entry/Conflicting Flows N NE E SE S SW W NW
Flow to N (1), pcu/h 0 0 29 0 113 0 338 0
Leg # NE (2), pcu/h 0 0 0 0 0 0 0 0

E (3), pcu/h 18 0 0 0 678 0 479 0

SE (4), pcu/h 0 0 0 0 0 0 0 0

S (5), pcu/h 64 0 51 0 0 0 113 0

SW (6), pcu/h 0 0 0 0 0 0 0 0

W (7), pcu/h 76 0 268 0 79 0 0 0

NW (8), pcu/h 0 0 0 0 0 0 0 0
Conflicting flow, pcu/h | 399 879 531 1706 835 1064 133 556

The circulating flow is then used in the following equation to attain critical entry capacity.

Capacity
C =1130eexp(-Be\/ )

where
C = Entry capacity (passenger cars per hour; pc/h)
V. = Circulating (conflicting) flow (pc/h)
B = Coefficient, 0.0007 for multilane
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The north leg, N, critical entry capacity is:

Cor, =1130 e exp(~0.0007 # 399) = 855

pc/h

With the capacity known and the factored entry volume, the volume to capacity ratio (V/C) of
the north leg is:

vV _ Volume...(pc/h) _ Critical...Entry...Flow 98
%:IegN Capacity...(pc/h) Critical...Entry.. Capamty 855

Control Delay
The average control delay equation is:

(3600jv

(3600 )\V

d =209 goor| ¥ 144V 1] 4L CJC
c C C 4507

where

d = Average control delay (s/veh)

C = Capacity of subject lane (veh/h)

T = Time period:T = 1 for actual one hour analysis,T = .025 if using PHF
V = Flow in subject lane (veh/h)

(3600j 98

(36001 98

d, =359 900(0.25) 2 _1. (ﬁ‘lj 2855 855 1 g oveh
855 855 855 450(0.25)

These equations are used in comprising the results table (below). The critical lane entry flow is
the critical lane volume factored by the heavy vehicle factor and the PHF. The queue calculation
is simply a lookup on a volume table, based on the two minute rule, with car lengths factored by
the truck percentage.

Results Table

Results N NE E SE S SW W NW
Crit. Entry Capacity pcu/h 855 NA 779 NA 630 NA 1029 | NA
Crit. Lane Entry Flow pcu/h 98 0 203 0 797 0 506 0
Leg v/c ratio 0.12 0.26 1.27 0.49

Control Delay s/pcu 4.8 6.2 148.0 6.8

LOS A A F A

95th Percentile Queue  ft 138 0 296 0 1156 0 703 0
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Be sure to follow the flow chart and adhere to the siting criteria. The high v/c ratio of the south
leg, with a high right turn movement, was alleviated with the use of a bypass lane (Example 7-4).
The high v/c ratio of the west leg required a multilane roundabout due to the large volume of
through and left turn movements (Example 7-5). Example 7-5 shows an improvement of the
south leg v/c from 1.70 to 1.27, which is still not acceptable.

Example 7-6 Multi-Lane Roundabout with Bypass Lane Calculation

Since the south leg v/c of Example 7-5 is still unacceptably high, Example 7-6 will analyze a
south leg bypass. The spreadsheet results are shown below for a south leg bypass on a multilane
roundabout, taking the large right turn volume out of the leg.
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Multilane Spreadsheet with a South Leg Bypass

General & Site Information
Analyst: Count C;arsin NW N NE
Agency/Company: State Highway
Date: 1/9/2008
Project Name: City desires roundabout w E
Intersection: Mill and Elm Street
Analysis Time Period: 4 PM to 5 PM (with PHF)
Jurisdiction: City / ODOT sw “SE (4) ﬁ
Year: 20 years beyond Build s (5) Nort
Volumes Roundabout Approach/Entry Legs
NE1 NE2 E2 SE1
N1 (1) N2 (1) (2) (2) E1Q) @ (4) SE2 (4)
Volumes N (1), vph 0 0 0 25
to Leg # NE (2), vph
E (3), vph 0 15 0 0
SE (4), vph
S(),vph | 19 36 45 0
SW (6), vph
W (7), vph | 65 0 82 153
NW (8), vph
Entry Volume, vph 84 51 0 0 127 178 0 0
SW1 SW2 W1 W2 NW1 NW2
S1(5 S2() (8 (6) @) @ (®) 8)
N (1), vph 35 65 300 0
NE (2), vph
E (3), vph 0 0 149 | 276
SE (4), vph
S (5), vph 0 0 0 100
SW (6), vph
W (7), vph 70 0 0 0
NW (8), vph
Entry Volume, vph 105 65 0 0 449 376 0 0
Critical Lane Volumes N NE E SE § SW W NW
N (1), vph 0 0 25 0 35 0 300 0
NE (2), vph 0 0 0 0 0 0 0 0
E (3), vph 0 0 0 0 0 0 149 0
SE (4), vph 0 0 0 0 0 0 0 0
S(5),vph | 19 0 0 0 0 0 0 0
SW (6), vph 0 0 0 0 0 0 0 0
W (7), vph 65 0 153 0 70 0 0 0
NW (8), vph 0 0 0 0 0 0 0 0
Entry Volume, vph 84 0 178 0 105 0 449 0
Volume Characteristics N NE E SE S SW W NW
PHF 0.89 0.92 0.92 0.92 0.92 0.92 0.90 0.92
E; 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
% Trucks 4.0 0.0 5.0 0.0 4.0 0.0 1.5 0.0
Frv 0.962 | 1.000 | 0.952 | 1.000 | 0.962 | 1.000 | 0.985 1.000
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YVolume Characteristics M NE E SE 5 sW w NW
PHF 0.g9 0.9 0.9z 0.92 0.9z 0.9z 0.90 0.9z
E: 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
% Trucks 4.0 0.0 5.0 0.0 4.0 0.0 1.5 0.0
Fior 092 1.000 0952 1000 | 092 | 1.000 | 0925 1.000
Eniry/ Conflicting Flows | NE E SE 5 SW w W
Flow to H (1), pow'h 1] 1] 29 1] 113 1] 338 ]
Leg# ME (Z), pruw'h 1] 0 ] 0 1] 1] ] ]
E (3, powh 12 0 1] 0 1] 1] 479 1]
SE(d, powh 1] 0 1] 0 1] 1] 1] 1]
205, pow'h 64 0 5 0 1] 1] 113 1]
SV, powh 1] 0 1] 0 1] 1] 1] 1]
W T, powh Th 0 268 0 7o 1] 1] 1]
MW (E), pow'h 1] 0 ] 0 1] 1] ] ]
Conflicting flow, powh 399 279 531 1027 E35 1064 133 556
Resulis Iy NE E B ] W W NW
Crit. Entry Capacity 853 HA Ti9 HA a30 HaA 1029 HA
Crit. Lane Entry Flow o8 0 203 1] 119 1] 06 1]
Legw/c ratio 01z 0.6 019 0.49
Control Delay 4.3 6.2 7.0 6.2
L3 & & & &
Q5th Fercentile Qlueue ft 128 1] 206 1] 172 1] 03 ]

The LOS and v/c ratios are now acceptable. If the bypass lane emptied into an add lane and all
results were acceptable, then the analysis would be complete. However, it is desired that the
bypass lane merge into the lane that exits the roundabout. The bypass lane flow merging into the
exit leg is now analyzed, see figure below for location. The capacity of the East exit leg to accept
the bypass volume must now be calculated.

The bypass volume is analyzed as a leg of a single leg approach to a roundabout. The bypass
flow must yield to the exiting flow, just as the approach flow of a roundabout must yield to the
circulatory flow.

The spreadsheet below calculates the capacity of the East leg to accept the bypass volume. The
bypass lane v/c ratio is unacceptable at 0.97. The LOS is unacceptable at E (see spreadsheet
below), with a queue of 700 feet. Such a queue length will have an adverse affect on the
roundabout and the surrounding system. If a roundabout is still desired as a potential alternative,
then an add lane must be built alongside the two east leg exiting lanes.
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Merge Point Analysis Location

NO SCALE

--------- = Circulatory Lane Flow Path

= Approach Lane Flow Path

--------- = Exiting Lane Flow Path

— = = =Bypass Lane Flow Path

N ———— -

Bypass Flow Merge Point
of Analysis
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Bypass Merge Point Analysis without Add Lane Calculation

Heavy right still causes high v/c (Example 7-6) NW
Bypass Lane Merge Point Analysis W
of dual exit lanes and a single bypass
lane
sw’ T
Bypass from Leg: S(5 Nort
to the leg adjacent in the counterclockwise direction
Volumes Circulatory  Circulatory = Approach
Exit leg Exit leg Bypass
Flow Flow
(inner) (outer) Lane Flow
Sum of E (exiting E inner) 440 Total inner Circulatory Flow (all 8 2cells)
Sum of E (exiting E outer) 600 Total outer Circulatory Flow (all 8 1cells)
Critical exiting Lane Volume 600 greater volume but do not remove flow from roundabout
Removed
roundabout

S to E right turn volume volume 600 Remove this from roundabout volume

Volume Characteristics Exit leg Bypass
% Trucks 2.0 2.0 7.0
E; 2.0 2.0 2.0
PHF 0.92 0.92 0.92
Fiv 0.980 0.935
Entry/Conflicting Flows
Entry Flow 698
Conflicting Flow 665
Results
Entry Capacity, pc/h 709
Bypass Lane vi/c ratio 0.98
Control Delay, s/pc 49.0
LOS E
95th Percentile Queue (ft) 955

7.3.7 Signalized Intersection Analysis

Signalized intersection control can generally be classified into three categories; pre-timed, semi-
actuated and fully-actuated operations. A pre-timed signal has the cycle length, phases, green
times and change phases all preset to be constant for every cycle. A semi-actuated signal
operates by designating a “main street” that is served until actuation from the “side street”
occurs. Under this type of operation the cycle length and green times may vary based on vehicle
demand. ODOT has effectively upgraded all formerly semi-actuated intersections to fully
actuated. A fully-actuated signal allows detection on all legs and phases of the intersection and
cycle lengths and green times are determined based on the demand for each movement.

In addition to the type of signal operating, each signalized intersection has characteristics
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associated with it related to how the timing of a signal is allocated over a cycle. These
characteristics relate to phases, intervals, change intervals, green time, lost time, yellow and all-
red clearance times and effective green time. All of these characteristics can be part of signalized
operations and can affect the overall intersection operations. For more information on
characteristics of signals and signal operations analysis refer Chapter 16 of the HCM.

Saturation Flow Rates

As previously discussed in Chapters 3-5, saturation flow rates are critical components in the
analysis of signalized intersection capacity and can be defined as the flow in vehicles per hour
that can be accommodated by a lane group assuming that the green phase is displayed 100
percent of the time. Saturation flow rates can be measured in the field or calculated by applying
adjustment factors to a default “ideal” saturation flow rate. For more information regarding the
calculation and application of saturation flow rates, refer to Chapter 3.

Signalized Intersection v/c Ratio

For signalized intersections, the OHP v/c ratio is based on the overall intersection v/c ratio, not
the movement v/c ratio as explained in Action 1F of the OHP. The intersection v/c ratio is also
known as the critical v/c ratio or Xc in the HCM. The intersection v/c ratio is not generally
affected by the approach green times (except in cases with shared left turns). See HCM equation
16-8 below.

X[ [e5)

where:

Xc = critical v/c ratio for intersection

S = summation of flow ratios for all critical lane groups i
C = cycle length(s)
L = total lost time per cycle, computed as lost time, tL, for critical path of movement(s)

Analysis Procedures Regarding Signal Timing

Capacity analysis of signalized intersections should be performed in accordance with the
methods and default parameters contained in this manual. ODOT has established the following
criteria for traffic impact studies with regard to the timing chosen for the capacity analysis of
signalized intersections. ODOT reserves the right to reject any operational improvements that in
its judgment would compromise the safety and efficiency of the facility.

Phase Splits

Thirteen seconds is the lowest maximum green split that should be used. Clear documentation of
the selected maximum splits for each phase must be provided in the analysis. The total side street
splits should not be greater than the highway splits. Except in cases where the analyst is directed

otherwise by ODOT staff, the splits are considered optimized when they yield the lowest overall

intersection v/c ratio. This optimization should be done for each capacity analysis.
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Non-Coordinated Signals

Cycle lengths and phase splits should be optimized to meet an ideal level of service, queuing
and/or volume to capacity ratio for a non-coordinated traffic signal intersection. If simulation is
going to be needed, existing signal timing will be necessary for the calibration process.
Otherwise, unless directed to do so by ODOT staff, the use of the existing timing is not required.
The cycle length for the analysis should not exceed 60 seconds for a two-phased traffic signal, 90
seconds for a three-phased traffic signal (e.g., protected highway left turns and permissive side
streets left turns) or 120 seconds for a four or more phased traffic signal. The signal cycle length
should cover the pedestrian clearance time for all crosswalks. For information on pedestrian
crossings, see ODOT Traffic Signal Policy and Guidelines.

Signals in Coordinated Signal System

At the start of a project, ODOT staff will determine whether the analysts should use the existing
signal timings for all analysis scenarios or develop optimized timings for the coordinated system.
The existing timings may need to be used to calibrate a simulation model. If the existing timings
are to be used in the analysis, Region traffic shall provide timing files, timing sheets or Synchro
files of the existing settings. If optimized timings are to be developed, those settings are subject
to approval by ODOT and those conditions become the baseline for all comparisons.

The following settings should be optimized for each analysis scenario when the analyst is asked
to use optimum coordination settings.

Cycle Length

Phase Length (Splits)

Phase Sequence (Lead/Lag Left Turns)
Intersection Offsets

The optimum settings must meet the criteria established in OAR 734-020-0480 as it relates to
progression analysis while also attempting to find the lowest v/c ratio for each intersection. This
OAR only applies when modifications are proposed to a signal which would affect the settings of
the coordination plans. Examples of these modifications are changes in cycle length, decreased
green time for mainline, additional phases, longer crosswalks and intersection relocation. Note:

If Synchro is to be used to optimize a series of coordinated intersections review Section 7.3.8 and
ensure that all necessary data is entered. If SimTraffic will be eventually used, ensure that
Section 7.3.8 and Chapter 8 is followed.

Future Signals

For future signals, left turns should be assumed to have the appropriate phasing (i.e., permitted,
protected-permitted or protected only) according to the criteria for left turn treatment contained
in the current ODOT Traffic Signal Policy and Guidelines. The Region Traffic Section and the
Traffic-Roadway Section should be consulted any time a new signal is proposed. It should
always be considered that while new traffic signals provide a benefit to some users, the capacity
of the mainline is typically cut in half by new signal installations and improper or unjustified
signals can increase the frequency of rear-end collisions, delays, disobedience of signal
indications and the use of less adequate routes.

Analysis Procedure Manual 7-38 Last Updated 1/2011



Signal Timing Sheets

If it is desired to closely match the current traffic operations, the timing parameters installed in
the signal controller need to be used in the analysis. The field timing parameters are recorded on
the signal timing sheets located in the signal cabinet. Signal timing sheets should be obtained
from the Region Traffic office as they generally have the most recent copies from the signal
cabinet. Signal timing changes frequently, so the analyst should make sure to have the most
recent version. For the analyst, not all of the included sheets are necessary, but it is important
that all of the needed sheets are obtained. The following shows the important sheets (Exhibit 7-9
through Exhibit 7-15, Sheets 2, 3, 6, 7 and 8. Sheets 4 and 5 are required if multiple timing plans
exist) and what to look for on each sheet. The example signal timing sheet used to illustrate this
section is the intersection of US 97 (Bend Parkway) and Pinebrook Boulevard in Bend.

Sheet 2 — Phase Rotation Diagram

The phase rotation diagram shows how the signal operates through its cycle. This diagram is
needed so the signal is entered correctly into Synchro or other program. For complicated phasing
the diagram is an invaluable source. Exhibit 7-9 shows a phase rotation diagram for US 97 and
Pinebrook Boulevard, which is a two-phase signal. Many timing sheets, especially the electronic
ones, are missing the phase rotation diagram. Contact the appropriate Region Traffic section to
obtain.

Analysis Procedure Manual 7-39 Last Updated 1/2011



TT0Z/T parepdn 1se ov-2 [enue| 81npadoid sisAfeuy

‘uonesado ubis
Bulurep aoUBAPY pue ‘aoueIea)d Moj[aA Uyseyy ¥y 4oy ubis ondo Jagi4
‘sindino s|qewweiboid MOQ/QOL ‘Sioredipul uo A3 ‘sdesno H
win] 1y Aq pasn ale g¢ pue ‘¢ ‘9¢ ‘Ge-TD ‘sindino moj|ak pad (g) 3 | ud ploH BwaN
° 8 ‘dwaaid snq Buigesip jo Aem Ajuo ay1 si uoneoo| siyl ul 5'5z Buusiuz (v) a |ywad 10 ¥y
"@+0+g UONEI0T ‘9 193YS 23S "L/ PUB ‘9L ‘GL ‘¥9 ‘€9 ‘pG suid TO (g) O | nwiad ¥
& N 3+0+8 UoNe207 ‘9 199YS 23S (2) g | ud leald ¥y
O 4z uoneooj ul xx se Jsounybu CIAEEIEE N
4 t pue @/ uonedo| Ul X'x se paieua subip 1sow ya1 "(0TS-100) JaguinN aseyd
. ‘ou [e207 UBIp € pue (£ 0} 0) "ou e8Iy Aq pawo) st ou dl MHC (T) wnwiuiy v
T peosjey
S - S9IO0N Kejaqg 6
E H m oG 11anaY pay 8 sdeplano
o U T a wnwiuy i
A |l (5) uonealpul pijos = § ! . an3
H O MU ‘yseld = T O = 0 EVA sloyedipuj uQ A3 0 Kejaq 9
P R vl lledjopusje= T 2 11e9 Jo pua / el 1 wnwiuiy S
|[ed jo uelsie = Q pawn wnwiuiw A3 OA3
P 0 Aejag 14
0TS - TOO 8907 1e20| uBIp IST
E e / - 0 'ON ealy| az ’? 'ON BaIY MHC T wnuwiuiy €
ﬂw an3
5 D 9L 1090101 YIH| o ferea ¢
- 1 wnwiuy T
A (uopesado @8} VA3
m 1u0) & % v ud 10} s Jjo 90103 / 49 E# JoulLL shg 0 Aejeq 0
H (uonelado aa14) 9 » z saseyd / Bulwi J13laweled K3 uonoun4
(Aoy+3) eyeq uondwaaid
F~ () uondwaaid as felaq sng
6’. Q, .’ 0 QO 210409 awn Aejdg € 3719vl
- (€ ‘sindul 1O
] i . o 99 sin an
oy subisseal anjea 018z UoN T'TTTTUTT T T I3] veddeopuen]
i I & A S oy Usel | o m— —— — s - — 1
| S yseld =T
A | | N == = weibeiq uoneloy ase
| i ac | .
175 (S) (@) mollak —
_ — E G 19y ubis 10y awn Aejag Buiure p, 9oueApY
- A Q (g) (2) uo suin ubis 1aye uaal9 jo pug
l — & A N u2316 10y BWN PuBIXJ v Buiure )\ 99UBApY| 19quINN aseyd
: NO=T L | Puodas OT/T
urisa
* +_.m X 4o -0 € STV unisoy < T
o P le2ay ON=T s|leday pad T = kepuns S anuIn
-~ |[e9ay = 0 4 I UoNBUIPI00D Nm_am_n_ 2 1NoH
‘ - P (1) €6z 01 0 abuey| 190 42 JaquinN i BANdY / [1eD £ | X33Mm 0 Aeg
S9SN € + O uoNesoT 4 sed
(paniusad 10N 8 % £ "Ud) 2z pag Buneold $0019 T yiuow
uo=T1 3#0=0 0 ELEERN
'SON ‘Bma 'S 'L =
S9JON anfeA 3pod uonoaun4 k) uonaung
weibelg uoneloy aseyd (8p0D + @) snoaue||93sIN (Aay + D) "ISIN pue A3 ‘420|D
N
Grawoso 9 F19VL € 31avl -
L
SUISURIL ® MBIADIRI] O} J8jaJ SIaquinN a|qel I}
I
joouqauld @ L6 AMH :u0lB207 0
papIoA 183ys areq 1109}48 Ul 198YsS areq

2 199ys Bulwi ] eubis 6-2 uqiyx3




Sheet 3 — Table 1 Phase Functions

Table 1 (Exhibit 7-10) shows the basic phasing properties and Exhibit 7-11 shows the pedestrian
timings and the advanced actuated phasing properties needed for signalized analysis and
simulation programs. Vehicle Recall (Key =0) shows what phases will appear for at least a
minimum amount of time in each cycle the signal would return to if there is no demand on the
side street. Permitted Phase (Key=4) shows what phases are present at this intersection. Overlap
A-D (Key A-D) shows what phases operate together on each of the overlap outputs on the
controller. If there are no checked boxes in this section, then there are no overlapping phases, but
there may be signal heads displaying outputs from two phases such as the common vertical five-
section right-turn signal head.

Sheet 3 — Table 1 Phase Timing

For non-coordinated signals, the cycle length and phase splits can be determined from the Phase
Timing portion of Table 1. If multiple timing plans exist then they will be listed on Sheet 4
and/or Sheet 5. The only values that are needed to determine splits and cycle lengths from this
portion of Table 1 are the maximum greens (Key = ph + 0), max 2 greens (Key = ph +1), yellow
time (Key = ph + C) and all-red time or red clear (Key = ph + D).

The cycle length of actuated signals will vary from cycle to cycle depending on the vehicle
demand. Synchro’s phase splits include yellow and all-red, which is different from the maximum
green on the timing sheet. Synchro also forces the maximum greens to add up perfectly to the
cycle length. Therefore, the maximum cycle length needs to be proportionally adjusted down to
match with Synchro’s cycle length (the cycle length that is entered into the program). The
maximum cycle length can be determined by summing the maximum greens (or max 2 greens if
those are used in the analysis hour) and the yellow/all-red for each phase. The max green values
on Sheet 3 are just that, i.e., maximum green times. The total maximum split used in Synchro
will be the sum of the max green (or max 2 green), yellow and all-red. To convert the Sheet 3
timing into Synchro-compatible timing, the following is done.

1. Add up the Synchro cycle lengths from Sheet 3 by summing the maximum greens.

2. Add the yellow time and all-red time to the cycle length calculated in Step 1 to obtain the
maximum cycle length.

3. The Synchro phase lengths are calculated by dividing the green + yellow + all-red time for a
phase by the maximum cycle length. This ratio is then multiplied by the Step 1 Synchro cycle
length.

4. Repeat for each phase.

The sum of the Synchro phases should add up to the Step 1 cycle length.
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Example 7-7 Signal Phase Splits

Example values for Sheet 3 are (Exhibit 7-10):

e Vehicle Recall = Phases 2 and 6 (US 97)

e Permitted Phases = 2, 4, 6 and 8. From the phase rotation diagram in Exhibit 7-9 it is seen
that Phase 2 and 6 on US 97 go together and Phase 4 and 8 on Pinebrook go together.

e Overlaps = No overlapping phases

If this signal was not coordinated (it isn’t) then the maximum cycle length would be the
maximum greens plus the yellow times plus the all-red times. In checking Sheet 8 (Exhibit 7-15),
it is found that the max 2 green time is in effect starting at 4:30 PM, so the max 2 green time will
be used to calculate the cycle length.

Maximum Cycle length = Max 2 green for Phase 2 and 6 + Max 2 green for Phase 4 and 8 +
yellow x 2 phases + all-red x 1 phase = 40 + 35 + (4 x 2) + 1= 84 seconds.

Synchro phase split conversion:

Synchro Cycle length =40+ 35=75s

Maximum cycle length =75 + 4(2) +1 =84 s
Synchro Phase 2&6 = ((40+4 +1) /84) x 75=40s
Synchro Phase 4&8 = ((35+4) /84)x 75= 355
Check =40 +35 = 75 s = Step 1 cycle length

agrwdE

In the above example the differences in the phase splits are small, resulting in Synchro splits that
are the same as the timing sheet splits. The splits are different if the maximum greens were used
instead of the max 2 greens, as shown below.

Synchro Cycle length =50+ 30=80s

Maximum cycle length =80 + 4(2) +1 =89 s
Synchro Phase 2&6 = (50 +4 +1) / 89) x 80 =49 s
Synchro Phase 4&8 = ((30 +4) /89) x 80 =31s
Check =49 +31 = 80 s = Step 1 cycle length

arODE

For most new actuated signals, additional settings need to be pulled from Table 1. Pedestrian
settings can have a large impact on signal operation and the resulting intersection v/c especially
if there are a large number of pedestrian calls per hour on an approach. For creating a calibrated
simulation, the actual pedestrian timing should be used as shown in Table 1 (Key=ph + 2 and
Key = ph + 3) If the timing is not known, the ODOT standard walk time is 7.0 seconds with the
curb-to-curb flashing don’t walk time based on a 4.0 ft/s walk time.

Table 1 also covers the actuated signal phasing parameters that are needed for creating timing
plans and calibrated simulations. These five parameters are:
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e Minimum Green (Key= ph + 5) - Minimum green time that a signal indication will
occur for once the phase is served..

e Time Before Reduce (TBR) (Key= ph + 6) — Time elapsed before gap time is reduced

e Time To Reduce (TTR)(Key = ph + 7) - Time elapsed during gap time reduction to
minimum.

e Passage (Key = ph +9) — This is the time that a phase is initially extended after a call is
placed on a vehicle approach. Also known as initial gap.

e Minimum Gap (Key = ph + A) — Gap time after reduction until end of phase.

Exhibit 7-12 shows the progression of the gap time from when a green indication starts at the
initial gap in the TBR period down to the minimum gap time. During the TTR period, the initial
gap time is reduced down to the minimum gap time as specified on the timing sheet. If during the
minimum gap time, the minimum gap is exceeded, then the signal will turn yellow (also known
as a “gap out”). If vehicles keep approaching, the passage time will extend the green time to the
maximum green time and then turn yellow (also known as a “max out”). Having a signal gap out
is preferable, as dilemma vehicles (vehicles that either quickly accelerate or decelerate under
yellow) can occur under max out conditions.

Exhibit 7-12 Actuated Gap Time

Initial G| b Gaps of this length will * t
Gap p aps of this length wil “gap ou
Time TBR | TTR Minimum Gap Gaps longer than
A Max green will
“max out”
>
y \
Phase Time
Max Green

Sheet 6 — Table 6 Operation

Table 6 indicates whether or not the signal is ever coordinated over the course of a day or week.
If Mode (Key = B+0+4) is a non-zero value, then the intersection is coordinated. The intersection
may or may not be in coordination during the analysis periods. The actual times that coordination
plans are in effect are entered on Sheet 8 of the local controller or on Table 5 of the On-Street
Master Controller. Exhibit 7-13 shows that the example intersection is coordinated, but is not the
master.
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Sheet 7 — Table 7 Coordination Timing

If a signal operates in coordinated mode, then the timing shows up in Table 7. Timing values
such as lead-lag settings on Sheet 7 override the values on Sheet 3. A signal controller will not
exceed the max greens from Sheet 3 nor the force-offs (when the phase is forced “off” by the
clock) on Sheet 7. The cycle length shown on Sheet 7 can be directly entered into Synchro.
Using the force-offs the actual phase splits can be calculated. These values can also be directly
entered into Synchro.

Exhibit 7-14 shows Table 7 for the example. In this case, Plan 2 with the 80 second cycle length
IS in operation during the afternoon peak. Read down the column. At 0 seconds Phases 2 and 6
are forced off. At 35 seconds Phases 4 and 8 are forced “off.” Phases 2 and 6 operate from 35
seconds around to 0 seconds on the clock (80 — 35 = 45 seconds). In this case Phase 2 and 6 are
45 seconds and Phase 4 and 8 are 35 seconds. Note how this is would be different if this
intersection was not coordinated, as shown under Sheet 3.
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Exhibit 7-14 Signal Timing Sheet 7

Date sheet in effect: Date sheet voided:
Location: Hwy 97 @ Pinebrook
TABLE 7 (10f2)
Hardwire | Dial 1 | 2 | 3
Conversion | Offset 1] 2] 3 ] 1] 2 ] 3 ] 1] 2 ] 3
N Coordination Timing (B + Plan No. + Key)
Parameter Q
¥ 1 2 3 4 5 6 7 8 I |
e umber
Cycle Length 0 70 80|
1 |
2 0 o]
Forceafts 3 Coordination Timing Plans
for Phase 4 31 35
Indicated 5 |
by Key No. 5 0 °| . .
- Plan #2 is used in the
5 31 35 example.
Offset 9 45 48
Permissive A 2 2
MaxDwel | B 30[ 35 Sheet 8 of the master
1[213l4l516l718 1] B
T IR XXX cmr=—pjcontroller shows when each
1 D [Coord. Phases X X 4 D |Coord. Phases o - :
E [Pem._2 Ph. elem 2o T1plan is in effect. ]
Min. Recall Min. Recall
C|JLead Phases | X] [IX] IX] IX| C|Lead Phases C [Cead Phases
2 D [Coord. Phases X X 5 D |Coord. Phases 8 D |Coord. Phases
E |Perm. 2 Ph. E |Perm. 2 Ph. E |Perm. 2 Ph.
F [Min. Recall F |Min. Recall F |Min. Recall
C |Lead Phases C |Lead Phases C |Lead Phases
3 D [Coord. Phases 6 D |Coord. Phases 9 D |Coord. Phases
E |Perm. 2 Ph. E |Perm. 2 Ph. E |Perm. 2 Ph.
F |Min. Recall F [Min. Recall F [Min. Recall
TABLE 7 (20f2)
Coordination Timing (B + D + Key 1 + Key 2)
N 10 1 12 13 14 15 16 17 18 |
Parameter & Number
X 7 8 9 A B C D E F Key 1
Cycle Length 0
1
2
Forceoffs 8
for Phase 4
Indicated 5
by Key No.
y Key No 5
7
8
Offset 9
Permissive A
Max. Dwell B
112131415161718 112131415161718 112131415161718
CJLead Phases CJLead Phases CJLead Phases’
10 | D |Coord. Phases 13 | D |Coord. Phases 16 | D [Coord. Phases
E E E
["F [Min. Recall ["F [Min. Recall ["F [Min. Recall
C|Lead Phases C |Lead Phases C |Lead Phases
11 | D [Coord. Phases 14 | D |Coord. Phases 17 | D [Coord. Phases
E E E
-F Min. Recall -F Min. Recall -F Min. Recall
C|Lead Phases C |Lead Phases C |Lead Phases
12 | D [Coord. Phases 15 | D |Coord. Phases 18 | D [Coord. Phases
E E E
-F Min. Recall -F Min. Recall -F Min. Recall
SHEET 7

Sheet 8 — Table 5 Time Clock Control

Table 5 shows the times that various timing plans and max greens are in effect for a particular
intersection. In the absence of timing sheets from an on-street master controller (noted as “OSM”
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on the front of the timing sheet), the analyst will have to contact Region Traffic to verify which
timing plan on Sheet 7 is in effect during the desired analysis period. Generally, during the PM
peak plan #2 is in effect. The master controller would indicate in Table 5 which coordination
plan shown on Sheet 7 would be operating at any given time. The function codes in the right-
hand column in Table 5 can tell the analyst what maximum green applies. Code 128 is for the
maximum green while Code 129 is for the max 2 green. Codes 100, 101 and 102 apply to Page 0,
1, 2 (on Sheets 3, 4 or 5) respectively, so the analyst can determine what phase timing is in
effect. Codes 131 and 132 are just to tell the controller to count the traffic volume data in 15-
minute intervals or 60-minute intervals, respectively.

Exhibit 7-15 shows the timing plans in effect for the example intersection. The controller for this
intersection is coordinated, but is not the master. If this signal was not coordinated, Code 129
would be indicated starting at 4:30 PM, in which case the max 2 green would be used for
calculating the cycle length and phase splits.

If this controller was the master controller, an event would be listed showing when each plan
went into effect. Event 7 has been added to the table to illustrate this.
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7.3.8 Software and Tools Available for Analysis

There are many software programs and tools available for traffic analysis. The following is a
brief discussion on a few of the most common tools. For more information on the selection of the
appropriate tool, see the FHWA Traffic Analysis Toolbox, Volume II: Decision Support
Methodology for Selecting Traffic Analysis Tools.

Critical Movement Analysis

The critical movement analysis method is a sketch planning-level tool used to get a quick
ballpark estimate of whether the existing or forecasted volumes at a signalized intersection will
be under, near or over the intersection’s capacity. It is for estimation only, not used to report v/c
ratios as a final product or to compare to mobility standards. The analysis requires the
intersection approach volumes, number of lanes and lane geometry on each approach.

Each of the movement pairs in conflict at the intersection (e.g., the westbound left and the
eastbound through movements) are the focus of the analysis. The total volume included in each
conflict pair is calculated to find the highest (or critical movement pair) for each roadway. Where
multiple lanes exist in a lane group, use available data on lane utilization; if there is no data on
lane utilization, for this procedure assume an even distribution per lane.

The critical movement pairs for each roadway are then summed and compared with the
following standards, as shown in Exhibit 7-16:

Exhibit 7-16 Intersection Performance Assessment by Critical Volume

Sum of Critical Volumes Performance
(Vehicles/Hour/Lane)
0to 1,200 Under Capacity
1,201 to 1,400 Near Capacity
1,401 and Above Over Capacity

Critical movement analysis only estimates the intersection's ability to accommodate the projected
volumes. It does not estimate vehicle delay, level of service or vehicle queue lengths.

Example 7-8 Critical Movement Analysis

The figure below illustrates the signalized intersection of a five-lane highway with a two-lane
cross-street. For this intersection, conduct critical movement analysis.
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Critical Movement Analysis Example

f

NORTH ZI
e — — — == _
<« 500
— 200 et - e 28 T
_ 450 —2 | — — —_ -
HED >

\ 100 —2

325

Solution:
For the east-west roadway, the conflict pairs include:

200 (EB LT) + 525 (WB TH/RT) = 725
200 (EB LT) + 500 (WB TH) = 700

125 (WB LT) + 450 (highest EB TH) = 575
125 (WB LT) + 100 (EB RT) = 225

The highest total volume in a conflict pair occurs for the EB LT and WB TH/RT. Therefore, the
critical movement volume for the east-west roadway is 725 vehicles.

For the north-south roadway, the conflict pairs include:

e 350 (SB TH/RT) = 350
e 325(NB TH/RT) =325

For these approaches there are no conflicting movements, so the highest total volume on an
approach is taken as the critical movement. Therefore, the critical movement volume for the
north-south roadway is 350 vehicles.

The sum of the critical movement volumes for the intersection becomes:

725 (east-west) + 350 (north-south) = 1,075
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Compared to the performance thresholds shown in Exhibit 7-16 this intersection is estimated to
be operating under capacity.

Intersection Capacity Utilization

The Intersection Capacity Utilization (ICU) method is another signalized intersection sketch
planning-level tool used to get a quick ballpark estimate of how much reserve capacity is
available or how much the intersection is over capacity. It compares the current traffic volume to
the intersection’s ultimate capacity. It is for estimation only not used to report v/c ratios as a final
product or to compare to mobility standards. The method sums the amount of time required to
serve all movements at saturation for a given cycle length and divides by that reference cycle
length. This method is similar to taking a sum of critical volume to saturation flow ratios (v/s),
yet allows minimum timings to be considered. While it does not predict delay, it can be used to
predict how often an intersection will experience congestion. The ICU method can provide
reasonable estimates for intersection capacity conditions, but should not be used for detailed
operational analysis.

The ICU is timing plan independent, yet has rules to insure that minimum timing constraints are
taken into account. This removes the choice of timing plan from the capacity results. The ICU
can also be used on unsignalized intersections to determine the capacity utilization if the
intersection were to be signalized.

The ICU Level of Service (LOS) should not be confused with delay-based levels of service such
as the HCM. Both are providing information about the performance of an intersection, but are
measuring a different objective function. The ICU LOS reports out the amount of reserve
capacity or capacity deficit. The delay based LOS reports out on the average delay experienced
by motorists.

SIGCAP2, UNSIG10

SIGCAP2 is an ODOT developed computer program similar to the ICU. It is also based on the
1985 HCM. It is a sketch planning-level tool, timing plan independent, used to get a quick
ballpark estimate of a signalized intersection v/c ratio. It is for estimation only, not used to report
v/c ratios as a final product nor to compare to mobility standards. It can be used to estimate LOS
C volumes for Environmental traffic data.

UNSIG10 is an ODOT written computer program that analyzes unsignalized intersections. It is a
sketch planning-level tool used to get a quick ballpark estimate of whether and by what
magnitude the existing or forecasted volumes at a signalized intersection will be under, near or
over the intersection’s capacity. It is for estimation only, not used to report v/c ratios as a final
product nor to compare to mobility standards. It can be used to estimate LOS C volumes for
Environmental traffic data.

Traffix

Traffix is a computer program that calculates level of service at isolated signalized and
unsignalized intersections based on the HCM methods. There is no interaction between the
intersections, similar to the Highway Capacity Software (next software covered). This program is
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frequently used for evaluating the impacts of proposed developments. It facilitates the process of
trip distribution and assignment over a street network making it easier to test multiple
development scenarios and different mitigation measures. The Traffix program uses Zones,
Gates, Paths, Routes and Attractions to simulate an existing network and the addition of a
potential development. The program can be used to develop both existing and future traffic
volumes for several alternatives, evaluate potential signal timing (but not progression) and
generate Level of Service and HCM reports for intersections (signalized and unsignalized). A
Traffix file can be converted over to a Synchro file (some details don’t transfer), saving time
creating new files and inputting different volume scenarios.

Local jurisdictions often use Traffix to track various development proposals and to keep an
inventory of their network. Traffix is often used for TIAs and similar analysis work. This tool is
also used when working with cumulative analysis of small communities and small regional
projects. Traffix may be a better tool for analysis in an area with several new developments or
experiencing unusually fast growth that out paces historical growth rates.

There are some limitations of Traffix. Traffix does not use ODOT’s accepted analysis procedure
for roundabouts. The electronic files (input and output) will need to be provided. Screen prints
may also be required to show various inputs. Traffix queue lengths must not be used for
unsignalized intersections and may only be used for isolated signalized intersections where no
simulation is being performed. Gates may be needed between attractions to show trips occurring
between attractions. In a model based forecast, volumes should be post processed and are not
considered to be when using a factor or multiplier in this program.

Highway Capacity Software

Highway Capacity Software (HCS) implements the procedures defined in the HCM for
analyzing capacity and determining LOS for signalized intersections, unsignalized intersections,
urban streets (arterials), freeways, weaving areas, ramp junctions, multi-lane highways, two-lane
highways and transit. Intersection analysis is based on the methodologies presented in Chapters
16 and 17 of the HCM. While the HCS is a widely used tool, it can only accurately analyze
intersections in an isolated environment, free from the effects of other intersections.

Synchro/SimTraffic

Synchro is a complete software package for modeling and optimizing traffic signal timings.
Synchro implements both the Intersection Capacity Utilization (ICU) 2003 method for
determining intersection capacity, as well as the methods of the HCM, Chapters 15, 16 and 17;
Urban Streets, Signalized Intersections and Unsignalized Intersections and reports both results.
For analysis of ODOT facilities, the signalized intersection v/c ratio or the unsignalized highest
movement v/c ratio obtained from the HCM Signalized and Unsignalized reports shall be used.

Synchro is the preferred analysis tool for areas where surrounding intersection operations can
influence each other, as it will consider the effects of the coded transportation network on each
intersection. This software is also suggested for projects where traffic simulation will be desired,
because the street network and operational parameters used can be directly transferred to the
SimTraffic program or other simulation programs. ODOT has conducted extensive research on
the use of Synchro for analyzing state facilities and has documented several procedures for

Analysis Procedure Manual 7-54 Last Updated 1/2011



implementation and default values, which are provided in the next section. NOTE: Many of these
procedures also apply to other programs, such as HCS-Signals and should be used where
applicable.

7.3.9

Synchro Settings

This section shows the ODOT Synchro settings organized by window. The Simulation Settings
Window is only used by SimTraffic and is covered in Section 8.3. The bullet points below only
cover the important inputs.

Lane Window

Ideal Saturated Flow Rate — default is 1900; however, ODOT’s default is 1750 (see
Section 3.5.2). The best way to determine the Saturated Flow Rate is to measure it in the
field. (See HCM 2000 Chapter 16, Appendix H)

Lane Utilization Factor, F_y, — is calculated by Synchro, but may be overridden and can
have a large impact on the movement saturation flow rate. This factor shall be calculated
by the analyst if groups of two or more lanes exist including through and turn lanes that
might be affected by uneven lane distribution. Uneven lane distribution can either occur
with nearby downstream turn movements or where through lanes drop or add.

FLu = 1/(n * (Proportion in Heaviest Travel Lane))
where

n=number of lanes in lane group

Volume Window

Conflicting Peds — enter the number of pedestrians that conflict with the permissive right
turn movements and the permissive left-turn movements. This value will generate
pedestrians in SimTraffic for unsignalized intersections, so this value should only be
coded for actual pedestrian paths.

In Exhibit 7-17, pedestrians in Crosswalk A conflict with the northbound lefts and
pedestrians in Crosswalk B conflict with the northbound rights. Pedestrians will not
reduce the saturation flow rate for protected turn movements or through movements.
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Exhibit 7-17 Conflicting Pedestrian Movements

e Peak Hour Factor (PHF) — enter the peak hour factors. For current year analysis, use the
actual PHF determined from the manual counts. For future year analysis, use the ODOT
PHF default values unless the current PHF’s are larger as shown in Section 5.3.

e Heavy Vehicles — enter the percentage of trucks and buses for the hour being analyzed
for each approach or movement. These values should match the classification count
information.

e Adjacent Parking Lane — if there is on street parking for this approach, check the box
for the adjacent parking lane and enter the number of parking maneuvers per hour. Enter
parking maneuvers for each lane group that is affected. Note that parking with zero
parking maneuvers per hour is different from no parking as the adjacent parking lane still
has an impact. Exhibit 7-18 shows typical parking scenarios and shows the affected lane
groups.
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Exhibit 7-18 Parking Coding

Lane Configurations Affected Lane Groups

Left Through Right

Storage

1Th h,
[ | et X
[

l TTE 2 Through X

) . 1 Left, 1 Through,
m T \ I 1eRight L:)%ugg X X
] [ Storage

. 1 Left Long
T r Storage, X X X
| 1 Through,

1 Short Right
|:| Storage

Tﬁ 2 Through X

e Traffic From Mid-Block - this is the proportion of traffic that comes from driveways
and minor unsignalized intersections. This field should be used instead of trying to code
multiple adjacent driveways which will result in excessive congestion.
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Timing / Signing Window

e Exhibit 7-19 shows the ODOT default for signal phasing. This is different from the
Synchro defaults. (Alternatively, if Main Street ran E-W, phase 6 would be WB.) This
needs to be appropriately set for each intersection to have the signal operation work
correctly.

Exhibit 7-19 Signal Phasing Diagram

m 25
.
. 4
Sid 3_}
Stlreit g —™ (7
nl

16
Main Street

e Description — This field can be used to record changes to settings when modifying
alternatives, timing, calibrating simulations, or when reviewing other’s files.

e Controller Type:

0 Actuated-Uncoordinated — This is the primary controller type used by ODOT in
isolated situations. When analyzing for a new isolated signal, this is generally the
correct controller type to assume;

o0 Actuated-Coordinated — This is the primary controller type used by ODOT in
progressed network situations;

0 Pretimed — This is used primarily in grid network situations (i.e. downtown
networks) or older controllers on city streets;

0 Semi Actuated-Uncoordinated — No longer used by ODOT for permanent
controller types, but it may be found on city or county facilities.

0 Unsignalized — Stopped controlled intersections;

0 Roundabouts — Synchro 7.0 will analyze single-lane roundabouts using the older
HCM methodology which is not the same as ODOT’s. Please refer to Section
7.3.6 for roundabout analysis procedures

For existing networks, the type of controller can be determined by observation or through

contacting your Region Traffic office. In new construction, the analysis will determine
what controller type will be necessary.
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Cycle Length (s) — Good guidance for a maximum initial cycle length is determined by
the number of phases: two phase = 60 s, three phase = 90 s, four phase =120 s.

Referenced to — ODOT standard is set to “Beginning of yellow” For Type 170 signal
controllers. Newer Type 2070 controllers use “Beginning of Green.” This specifies the
phase the offset is referenced to.

Reference Phase — the coordinated phases for an actuated signal. ODOT uses the
mainline phases 2 and 6.

Yellow and All-Red Time — Use the ODOT defaults as shown in Exhibit 7-20 when
grades do not exceed 3 percent. For grades that do exceed 3 percent, the ITE formula
below should be used for the yellow clearance intervals. Left turns may be treated as 25
mph approaches.

ITE Yellow Clearance Intervals

y=t+—
2a+2Gg

Where:
y = length of the yellow interval, to the nearest 0.1 sec
t = driver perception-reaction time, recommended as 1.0 sec
v = velocity of approaching vehicle, in ft/sec (or m/sec)
a = deceleration rate, recommended as, 10 ft/sec? (3.05 m/sec?)
g = acceleration due to gravity, 32 ft/sec® (9.8 m/sec?)
G = grade of approach (3% downgrade would appear as -0.03)

Lost Time Adjust — ODOT default for lost time is 4.0 seconds (unless unusual
conditions exist that would warrant a longer time). Synchro 7 redefined the lost time
calculation so it is necessary to adjust the lost time up or down to match the default. The
lost time adjustment is equal to the difference between the sum of the yellow and all-red
times and the lost time default. See Exhibit 7-20 for the default lost time adjustments.

Exhibit 7-20 Recommended Yellow, All-Red & Lost Time Adjustment Values”

85" Percentile Yellow All Red Lost Time

Speed (mph) (s) (s) Adjustment (s)
25 35 0.5 0.0
30 35 0.5 0.0
35 4.0 0.5 -0.5
40 4.3 0.5 -0.8
45 4.7 0.7 -14
50 5.0 1.0 -2.0
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55 5.0 1.0 -2.0

* These yellow and all-red values are generally applicable where downgrades are less than or equal to 3

Description — This field can be used to record changes to settings when modifying alternatives,
timing, calibrating simulations, or when reviewing other’s files.

Controller Type:

0 Actuated-Uncoordinated — This is the primary controller type used by ODOT in
isolated situations. When analyzing for a new isolated signal, this is generally the
correct controller type to assume;

o0 Actuated-Coordinated — This is the primary controller type used by ODOT in
progressed network situations;

0 Pretimed — This is used primarily in grid network situations (i.e. downtown
networks) or older controllers on city streets;

0 Semi Actuated-Uncoordinated — No longer used by ODOT for permanent
controller types, but it may be found on city or county facilities.

o0 Unsignalized — Stopped controlled intersections;

o0 Roundabouts — Synchro 7.0 will analyze single-lane roundabouts using the older
HCM methodology which is not the same as ODOT’s. Please refer to Section
7.3.6 for roundabout analysis procedures

Lagging Phase? — Checking this box will set this phase to lag the corresponding phases.
This is generally for left turns, but can also be set for through and right turns provided
that there are separate phases provided.

Note: With “Dog-house” type permissive-protected left turn signals, lagging left turns are
not allowed. Otherwise, a lagging left turn creates the “left-turn trap/yellow trap” where
during the change from permissive movements in both directions to a lagging through
phase in a single direction, the opposing movement does not stop as may be expected by
a driver in the left-turn lane.

Recall Mode — Defines what phases the signal can skip. There are four options: None,
Min, Ped and Max. None will allow the phase to be skipped; Min requires the phase to
occur for at least the minimum green and cannot be skipped. Ped requires a walk and
flashing don’t walk time to occur (i.e. in a downtown area) and Max (functionally
equivalent to pre-timed) requires the phase to occur for the maximum green and cannot
be skipped. Recall settings will only work correctly if consistent with mainline/side-
street phase settings. Incorrect phase settings may result in a signal not giving green time
to certain moves.

For:
= Major protected lefts & minor movements — Set to None;
= Major through movements — Set to Min (Minimum).
= Intersections that are at the junction of two progressed systems — Set to
Min for all legs.
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When the unsignalized controller type is selected, the Timing Window becomes the Signing
Window. The below bullet points pertain to the Signing Window.

TWLTL Median — Used to indicate whether a section is a two-way left-turn lane versus
a regular median section. This will show the typical TWLTL striping on the screen, but
Synchro will not analyze TWLTL operation. Using this setting will assume two-stage gap
operation for the side-street even though this movement may not be compatible with a
TWLTL. Two-stage gaps should only be coded if actual field observations show such
behavior. New build alternatives should not be designed with two-stage gaps. However,
the HCM considers wide medians where vehicles stop perpendicular to the mainline also
to be a two-stage gap. Use this setting with caution.

Critical Gap(s) — Leave the Synchro calculated default unless the unsignalized
intersection is at an interchange ramp terminal or start of a one-way grid section where
there are four legs but only three approaches. Synchro 7 does not use the proper gap
times for an unsignalized intersection with a one-way minor street such as at an
interchange ramp terminal. Synchro 7 is using the gap times appropriate for a four-legged
intersection with four approaches, however, one-way minor street intersections have four
legs but only three approaches (see Exhibit 7-21 below).

Exhibit 7-21 Four-Leg Three-Approach Intersection Illustration

The critical gap times (t;) need to be changed for the minor street left turn only. The
value is different depending on how many lanes are on the major street (see Exhibit
7-22). All other critical gap times stay the same. After the value is changed it will be in
red to indicate a user-overridden value. Deleting the value out and pressing “Enter” will
restore the value back to the default setting.

Exhibit 7-22 Critical Gaps for Four-Leg Three-Approach Intersections

Two-Lane Four/Six-Lane
Major Street Major Street
Critical Gap t; () 6.4 6.8
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Phasing Window

Pedestrian Timing can have a significant impact on an intersection operation. Timing can be
obtained from the signal timing sheets or the Region Traffic offices. Otherwise, the walk time is
7 seconds and the curb-to-curb “Flashing Don’t Walk” time is generally calculated at 4 ft/sec for
the length of the crosswalk. Areas with more pedestrians or older pedestrians may have different
timings, so please check with Region Traffic or Traffic-Roadway Section.

Changing the defaults for the actuated signal phasing settings are only required if a calibrated
simulation or actuated signal timing plans will be created. Exhibit 7-23 shows the required
Phasing Window settings. These factors have a significant impact on the calibration. These
settings can come either from signal timing (preferred) or from Exhibit 7-23.

These settings are defined as:

e Minimum Initial - Minimum green time

e Minimum Split - Minimum green + yellow + all-red + walk + flashing don’t walk times.
Leave higher values otherwise errors will result.

e Vehicle Extension (also known as “Passage” on a timing sheet) — Time that a detector
extends the green time up to the maximum time available for that phase.

e Minimum Gap — Gap time after reduction until end of phase.

e Time Before Reduce (TBR) — Time elapsed before gap time is reduced

e Time To Reduce (TTR) - Time elapsed during gap time reduction to minimum.

Exhibit 7-23 ODOT Phasing Settings Defaults*

Parameter (s) Left Mainline Side Street
Turns Through’s Through’s
(s) (s) (s)
Minimum Initial 4.0 10.0 6.0
Minimum Split 13.0 min. 14.0 min. 13.0 min.
Vehicle Extension 2.5 4.0 2.5
Minimum Gap 2.0 2.7 2.0
Time Before Reduce 8.0 10.0 8.0
Time To Reduce 4.0 13.0 4.0

“The values in this table are the general phasing settings from the Traffic-Roadway Section (TRS) except for the
minimum gap for left turns and side streets. The TRS minimum gap values for these movements are 0.5 seconds.
SimTraffic is too sensitive with the 0.5 second value because it does not allow enough time to adequately represent
field conditions and a longer time is needed to prevent excessive queues and gap outs. The 0.5 second value should
be retained for signal timing plan construction.

Note that these changes in the Phasing Window, especially minimum split times, might change
the cycle length and maximum splits (especially for left turns and side streets), so the system
optimization should be re-run.

Detector Window
If timing plans that involve actuated signals or a SimTraffic simulation needs to be created, the
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Detector Window data must be entered. Synchro uses this data to model actuated signal
operation. Correct detector settings are critical to a successful simulation in Version 7. If
actuated signal operation or simulation is not going to be utilized, the Synchro default detector
settings can be used.

e Number of Detectors — Enter in number of detectors (1 to 3) for a given lane type.

e Detector Phases — Phase that is triggered by detection zone. This value is carried over
from the Timing Window.

e Leading and Trailing Detectors — Not used in Synchro 7 other than to maintain
backwards compatibility with earlier versions. These values are automatically updated as
more detailed detector position and size data is entered. The Leading Detector is the first
detector that a vehicle encounters on an approach (furthest from the stop bar) while the
Trailing Detector is the last detector on an approach and closest to the stop bar.
Warning: Do not modify these values if specific detector information is being
entered as these will overwrite the detector data and create many errors.

e Detector Templates — While all of the detector data can be added individually, it is very
repetitive and the use of the Detector Template can quickly add the correct ODOT
detector settings for new or existing signals in Synchro. The TPAU Analysis Tools web
page has default Synchro template files that contain the full base ODOT detector settings.

e Detector Position (ft) — Enter distance to stop bar. Detector 1 is closest to the stop bar.
Position varies by speed on approach and lane type.

e Detector Type — Synchro has three detector types — Call, Extend, or Call + Extend.
ODOT uses the third type: Call + Extend (CI+EX). The detectors are capable of being
both a “Call” or a “Extension” detector depending on the signal state. The call function
occurs during the red time for phases that require a “call” for a green placed to the signal
controller when a vehicle triggers the detector. The extend (or extension) function occurs
during the green time and is used to extend the green time to allow vehicles to smoothly
flow through the intersection approach.

e Detector Size (ft) — Enter size of detector. ODOT standard is a 6 foot diameter loop so
enter “6” feet for all extension detectors. Detection on the side street is a pair of loops
tied together, so these are coded as a single 16 foot detector.

e Detector Delay — Only used for side street exclusive right turn lanes to delay the
detection call to the controller. This will limit the number of times that the side street
phases will need to come up. This value is usually 10 seconds.

Detector Settings

There is a difference between ODOT detector placement standards which measure to the center
versus Synchro which measures to the leading edge of the detector. Exhibit 7-24 shows the
ODOT Synchro detector placement.

If turn bays are shorter than 72’ then eliminate Detector 2 as Synchro will give an error as the
detection zone will exceed the storage length. Synchro may have trouble showing detectors in
the Map Window in shorter turn bays, so it may be necessary to adjust the detector spacing or
turn bay length. Short turn bays in the field likely only have a single detector (verify in the field).

If exclusive right-turn lanes on the mainline exist, there is only one detector at 137’ from the stop
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bar. If the turn bay is shorter than 137’ then adjust the distance to approximately 2/3 of the total
bay distance, but do not put the detector at the extreme end of the turn bay as turning vehicles
may miss the detector or through vehicles may trigger it.

Detectors for ramps are based on whether the ramp is a low speed ramp, such as a loop ramp
(<45 mph), or a high speed ramp, such as a diagonal ramp (>45 mph).
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Exhibit 7-24 Synchro-Adjusted ODOT Detector Type and Position

Lane Type Speed Number Position
(mph) of (distance from stop bar to leading edge of
Detectors detector, in feet)
Detector 1 Detector 2 | Detector 3
Side or Left All 2 2 72
Right All 1 137
Ramp <45 3 2 72 132
High-speed Ramp 45+ 3 2 107 207
25 1 137
30 1 177
Mainline 35 2 107 217
Through 40 & 45 2 157 317
50 2 187 377
55 2 222 447

It is possible that detector type/placement differs in the field (i.e. call detectors at the stop bar on
the mainline), so customization may be necessary. Local intersections can use the ODOT Side
Street detector settings or default Synchro data, but should be field-checked for accuracy.
Detector spacing can also be modified to fit video detection zones for intersections that have
cameras.

Optimizing Signal Operations

Existing conditions (base year) need to be optimized if the timing did not come exclusively from
timing sheets. The only exception is when a calibrated existing condition analysis is being used
for simulation. Short-term analyses may require optimization even if timing sheets were used.
All future no-build conditions and future build alternatives must optimize the signal timing,
either as an isolated case or a signal system. Mainline phase orientation, reference phase, offset
style, and recall settings are set appropriately before optimizing.

Note: If at any time a change is made to intersection geometry, volumes, signal timing,
etc., the system shall be re-optimized.

Existing field timing may or may not be fully optimized,; it is often set to minimize motorist
delay or gueue lengths. For planning purposes or traffic impact studies, ODOT’s practice is to
optimize the timing for the best intersection v/c ratio. Movement v/c’s should be relatively even
on the intersection approaches. The cycle length and phase splits should be optimized for each
analysis (existing, no-build and build alternatives) except during simulation calibration work, see
Chapter 8. Generally, optimizing with longer cycle lengths and fewer vehicle phases will result
in a lower v/c, however longer cycle lenths will increase queuing.

e Intersection Cycle Length Optimization— This algorithm optimizes the cycle length for
a single intersection, based on delay.
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e Intersection Splits Optimization— This algorithm optimizes the phase splits for a single
intersection. This is a good place to start when optimizing the v/c for an intersection.
Subsequent adjustments to movement green time may improve the v/c.

Make sure that Lead/Lag Optimize is set properly. This will allow Synchro to optimize
the phase sequence (leading or lagging operation for left turns) when the signal functions
as part of a coordinated system. Lagging operation may be inappropriate for high
volumes, five-section “doghouse” heads or other concerns. Flashing yellow left turn
heads can operate either in leading or lagging mode.

When optimizing for part (zone) or a whole network the system optimization should use
the manual cycle length option so the best system cycle length can be found. An
increment of 5 seconds should be used. System cycle lengths:
0 Should not exceed ODOT’s 60-90-120 second cycle limits for 2, 3 and 4 phase
signals, respectively.
0 Show promise for minimizing delay and stops and maximizing bandwidth
o0 Should have a low number of “dilemma vehicles”, i.e. a low number of vehicles
expected to be caught near the intersection when a signal turns yellow.
0 May change the phase splits at the intersections. Verify that the new split times
are acceptable.

The optimized network should have good progression between signals in the system. The quality
of the progression will generally be determined by noting the size of the bandwidth for the
selected cycle length. The bandwidth should be maximized as much as possible. OAR Division
20 should be reviewed to ensure that the resulting bandwidth is acceptable. Link speeds can be
dropped five mph in order to check minimum bandwidth requirements.

The Time-Space diagram will need to be reviewed as Synchro optimizes for delay, not
progression bandwidth. The analyst will need to drag the intersection offsets on the time-space
diagram with a mouse to improve the arterial bandwidths (the link bands are not used).
Bandwidths should be visible for both directions in most cases. Experimentation is often
necessary to determine which intersections are critical for increasing the bandwidth. Arterial
bandwidths should be maximized for each direction unless it is desired to have a larger
bandwidth in a given direction (i.e. outbound commuter flow). In addition, leading/lagging
settings in the Timing window should be reviewed for opportunities to improve the bandwidth.
The analyst should also consider alternative system cycle lengths to maximize the bandwidth.

Required Synchro Output Reports
The following reports should be retained for file documentation about the no-build conditions or
an alternative.

e Lanes, Volumes, Timings Report - This report contains the information that is used as
inputs into Synchro. When reviewing a Traffic Impact Study (T1S), it is essential to have
this report in order to verify the analysis results. The Synchro default reports are
adequate.

e Queues Report - This report contains information about estimated queue lengths and
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blocking. Synchro 7.0 reports two queue lengths:

o The 50th percentile queue is the largest queue length for a typical cycle;

0 The 95th percentile queue is the maximum back of queue with 95th percentile
traffic volumes. This is the queue length used by ODOT to determine
recommended storage lengths.

0 Note: Synchro calculates queue lengths as the maximum queue after only two
cycles. In conditions where the v/c > 0.70, Synchro queues may not accurately
reflect queuing projections, especially if the intersection/node spacing is less than
the estimated queuing. Watch for presence of “m” or “#” codes next to the
queuing values. The “m” means that an upstream signal is metering the queue, so
gueues in this movement are actually shorter than they would be if there was not a
constraint elsewhere. The “#” means that the 95th percentile volume is over
capacity so queues shown are likely much longer, even up to twice shown. In
these cases, the Synchro-based queues are not adequate and SimTraffic
simulations are required for intersection queuing. In constrained analyses where
the v/c > 0.90, arrival rates become unstable and the estimated queue lengths in
Synchro are unreliable and SimTraffic simulation-based queues are required.

e HCM Signals or Unsignalized Report - Synchro 7.0 will report out analysis of both
signalized and stop controlled intersections. These follow the methodologies in Chapter
16 (Signalized) and Chapter 17 (Unsignalized) of the HCM 2000.

o HCM Signals - This report generally follows the same outputs as in the HCM and
the Highway Capacity Software (HCS). Some items may be different such as
actuated green times which in turn may affect some of the calculations. Note that
the HCM Signals Report will skip rows with unused or just default calculations.

o HCM Unsignalized - Synchro 7.0 will analyze two-way and all-way stop
controlled intersections following HCM 2000 methodology. The effect of
upstream traffic signals is now included in the Synchro analysis.

0 HCM Roundabout - Synchro 7.0 will now analyze single-lane roundabouts using
HCM 2000 methodology; however this is not compatible with the current ODOT
roundabout methodology.
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7.4 Traffic Signal Warrants

Because the presence of traffic signals can degrade some aspects of overall traffic operations on
a highway in addition to the improvements they provide, traffic signal warrants are used to
determine when installation may be justified by identifying conditions where the benefits may
outweigh the costs. The MUTCD provides a set of 8 warrants to be used in determining if the
installation of a traffic signal should be considered. In addition to these, the ODOT
Transportation Planning Analysis Unit has also developed a set of “preliminary” traffic signal
warrants, which are based on the MUTCD warrants, but require less data for analysis. The
preliminary warrants are generally not accepted as a basis for approving the installation of a
traffic signal, but are useful for projecting signalization needs for future years. Full warrants are
evaluated later as part of the engineering study required by the MUTCD. Many other
considerations go into determining whether a signal should be installed. For example, a signal
installation is generally not appropriate in a rural area. The MUTCD and Preliminary Signal
Warrant (PSW) methodologies are described below.

When evaluating signal warrants (preliminary or MUTCD), it is important to include only the
appropriate lane configurations and traffic volumes. Incorrect modeling of intersections is a very
common mistake and can make a significant difference to the outcome of the analysis. There
may be times when minor streets need to be modeled as major streets because of high side-street
volumes (e.g., rural interchange) or left turns behave as right turns when dealing with one-way
streets. In such cases, sound engineering judgment is critical to obtaining accurate analysis.
Direction for proper modeling of intersections when analyzing signal warrants is included in the
next section.

Traffic signal warrants must be met and the State Traffic Engineer’s approval obtained before a
traffic signal can be installed on a state highway. However, approval of a signal depends on more
than just a warrant analysis. Meeting a warrant is necessary to install a signal, but it does not
mean a signal should be recommended or guarantee its installation. Considerations to be
evaluated include safety concerns, alternatives to signalization, signal systems, delay, queuing,
bike and pedestrian needs, railroads, access, consistency with local plans, local agency support
and others. The engineering investigation, conducted or reviewed by the Region Traffic
Engineer, must demonstrate a reduction in delay, improvements in safety, improved connectivity
or some other "benefit" and why a signal is the best solution as compared to other alternatives,
such as listed in MUTCD Section 4B.04a. During the consideration, the Region Traffic
Engineer, input from TRS must be obtained prior to reaching any conclusions. Coordination with
TRS should occur early in the project process to allow sufficient time to develop and evaluate
alternatives to signalization if deemed necessary. Once the investigation and recommendation is
reviewed, TRS will act on the request.

If preliminary signal warrants are met, project analysts need to forward a copy of the PSW

form and analysis to TRS and coordinate with Region Traffic to initiate the traffic signal
engineering investigation as outlined in the Traffic Manual.
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7.4.1 Preliminary Signal Warrants

Introduction

The single most important criterion for preliminary signal warrant analysis is engineering
judgment. In the following procedures only the fundamental parameters of volumes and
approach lanes are provided.

Background
There are 8 traffic signal warrants found in the MUTCD, Page 4C-1. The signal warrants are:

e Warrant 1, Eight-Hour Vehicular Volume
o Case A — Minimum Vehicular Volume
o0 Case B - Interruption of Continuous Traffic
Warrant 2, Four-Hour Vehicular Volume
Warrant 3, Peak Hour
Warrant 4, Pedestrian Volume
Warrant 5, School Crossing
Warrant 6, Coordinated Signal System
Warrant 7, Crash Experience
Warrant 8, Roadway Network

OAR 734-020-0460 (1) stipulates that only MUTCD Warrant 1 Case A and Case B may be used
to project future needs for traffic signals beyond three years from the present time (Corrected to
reflect numbering used in the Millennium Edition of the MUTCD). Case A deals primarily with
high volumes on the intersecting minor street. Case B addresses high volumes on the major street
and the delays and hazards to vehicles on the minor street trying to either access or cross the
major street. The preliminary warrant is considered satisfied if either Case A or Case B is met.

Information for Narrative
The following statement should be included in the Analysis Methodology section of the
Narrative:

TPAU uses Signal Warrants 1, Case A and Case B (MUTCD), which deal primarily with
high volumes on the intersecting minor street and high volumes on the major-street.
Meeting preliminary signal warrants does not guarantee that a signal shall be installed.
Before a signal can be installed a field warrant analysis is conducted by the Region. If
warrants are met, the State Traffic Engineer will make the final decision on the
installation of a signal.

Analysis

In MUTCD Warrant 1 the eighth highest hour of an average day is used to determine whether a
warrant is met. At the analysis stage in TPAU, ADT is used for preliminary signal warrant
analysis. A conversion factor of 5.65% is applied to the ADT to reach the eighth highest hour.
The conversion factor of 5.65% was developed based on a study of 1991 to 1994 manual counts
and as agreed on by TPAU and TRS. This factor was used to convert MUTCD hourly volumes to
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ADT volumes (divided the MUTCD volume by the factor .0565). This equals the target ADT
volume to meet MUTCD Warrant 1. As an example, for Case A to be met the MUTCD requires
a minimum total of 500 vehicles per hour on both approaches of the major street, where the
major and minor streets both have only one lane for moving traffic (at 100%, assuming no
reductions). To convert this to ADT volumes, the following calculations are made:

500
0.0565

ADT =

=8,850

These calculations have already been completed for the analyst, as can be seen in Exhibit 7-25.°

If the 85th percentile speed of major street traffic exceeds 40 mph in either an urban or rural area
or when the intersection lies within the built-up area of an isolated community (typically non-
MPO) having a population of less that 10,000, reduce the target volume for the warrants to 70
percent of the normal requirements. The warrant volumes, along with the number of lanes, are
shown in the preliminary traffic signal warrant analysis sheet in Exhibit 7-25.

® Note that the value of 8,850 calculated in the analysis example is the same as the value on the worksheet for this
scenario.
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Exhibit 7-25 Preliminary Traffic Signal Warrant Analysis Form

Oregon Department of Transportation
Transportation Development Branch
Transportation Planning Amalysis Unit
Preliminary Traffic Signal Warrant Analysis!
Major Sireet: Minor Sireet:
Project: City/County:
Year: Alternative:
Preliminary Signal Warrant Velumes
Huareher of &pproach Lanes LDT onIlajor Street Approaching LDT onMimor Street, Highest
Frorn Both Directions L pproaching Voloroe
Ivlajor Street Ilinor Street Fercent of Standard Warrants Percent of Standard Warrants
100 0 100 | 70
Case A: Minimum Ve hicular Traffic
1 1 2,230 6,200 2,630 1,250
2 or more 1 10,600 7,400 2,450 1,850
2 or more 2 or more 10,600 7400 3.550 2.500
1 2 or more 2250 6,200 3,550 2500
Case B: Interruption of Continuous Traffic
1 1 13,300 0,300 1,330 950
2 oy more 1 15,900 11,100 1,330 050
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 0,300 1,730 1,250
5.65% of the dhove ADT wolumes is equal to the MUTCD wehicles per hour (vphy)
100 percent of standard warrants
70 percent of standard warrants?
Preliminary Signal Warrant Calculation
Street Muraber of Lanes Warrant Lpproach Warrant et
Yolumes Yolumes
Caze & Ilajor
Idinor
Caze B Ilajor
Iiror
Analyat and Date: Besdewer and Diate:
lI\-'Ieet:ing preliminary signal watrants does not guarantee that a sigrnal will be installed. When preliminary
sighal warratits are tet, project analysts need to coordinate with Region Traffie to indtiate the traffic signal
etlgitieetin investigation as outlined in the Traffic Marnual. Before a signal can be installed, the
etigineeting investigation must be conducted or reviewed by the Reglon Traffic Manager who will forerard
sighal recommendations to headouarters. Traffic signal warrants moust be met and the S3tate Traffic
Engineer’s approval ohtained hefore a traffic signal can be installed on a state highway.
2 Used dus to 85th percentile speedin excess of 40 mph or isolated community with population of less than
10,000.
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Determining the number of approach lanes and determining the approach volumes to use in the
warrant analysis requires knowledge of the involved intersection.

1. Major Street (Higher Volume Street)

¢ Include only the through and through/turn lanes in the number of approach lanes.
e For the ADT, count total volume approaching from both directions, including all turn
movements.

2. Minor Street (Lower Volume Street)

e Include only the through, through/turn and left turn lanes in the number of approach
lanes.

e For the ADT, count the highest approaching volume (one direction only, do not include
the ADT approaching from both directions) including some or none of the right turn
volume as discussed in the following scenarios and examples:

0 Scenario # 1 — Shared Left-Through-Right Lane: Some of the right turns are
included in the minor street approach ADT if the right turn demand is greater than
85% of the capacity of the shared lane. Use unsignalized capacity analysis to
calculate the capacity of the shared lane. The right turn discount is 85% of the
shared lane capacity (85% of the capacity is used because once the v/c exceeds
0.85, drivers suffer longer delay and begin to take unsafe gaps). Subtract the right-
turn discount from the total right turn volume to determine the number of right
turns in the warrant. If the remainder is less than or equal to zero, do not include
any of the right turns in the approach ADT.

Example 7-9 Right Turn Discount for Shared Left/Through/Right Lane

Example Application: Right Turn Discounts (Only for the minor road.)

The diagram below shows a typical unsignalized intersection, the peak hour volumes, the ADT
volumes and lane configurations. The peak hour volumes are 10% of the ADT. The 85th
percentile speed is 35 mph and the intersection is located in a city with a population of 60,000.

e Determine the number of right-turns to include in the warrant. Using an unsignalized
intersection methodology it was determined that the eastbound shared lane capacity is
120 vph. The right-turn discount is 85% of the shared lane capacity, 120 x 0.85 = 102
right turns. The number of right turns included in the warrant would be 180 — 102 = 78.

e Determine the minor approach ADT. The minor street approach peak hour volume used
in the warrant is 90+50+78 = 218. Since the peak hour volume is 10% of the ADT, the
minor approach ADT is (218 / 0.10) = 2,180.
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Example Volume Diagram

NO SCALE

Minor Approach
Analyzed
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Exhibit 7-26 Signal Warrant Analysis Example

Oregon Department of Transportation

Transportation Development Branch

Transportation Planning Analysis Unit

Preliminary Traffic Signal Warrant Analysis®

Major Street: Rogue Valley Highway Minor Street: Ehrman Way
Project: Ehrman Way City/County: Medford
Year: 1995 Alternative: Single Lane Minor Approach L/T/R

Preliminary Signal Warrant Volumes

Number of Approach Lanes ADT on Major Street Approaching ADT on Minor Street, Highest
from Both Directions Approaching Volume

Major Street Minor Street Percent of Standard Warrants Percent of Standard Warrants

100 70 100 70
Case A: Minimum Vehicular Traffic

1 1 8,850 6,200 2,650 1,850

2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500

Case B: Interruption of Continuous Traffic

1 1 13,300 9,300 1,350 950

2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250

5.65% of the above ADT volumes is equal to the MUTCD vehicles per hour (vph)
X 100 percent of standard warrants

70 percent of standard warrants?

Preliminary Signal Warrant Calculation

Street Number of Warrant Volumes Approach Volumes Warrant Met
Lanes
Case Major 2+ 10,600 13,000
A Minor 1 N
Case Major 2+
B Minor 1 1,350 2,180 N

Reviewer and Date:

Analyst and Date:

! Meeting preliminary signal warrants does not guarantee that a signal will be installed. When
preliminary signal warrants are met, project analysts need to coordinate with Region Traffic to
initiate the traffic signal engineering investigation as outlined in the Traffic Manual. Before a signal
can be installed, the engineering investigation must be conducted or reviewed by the Region Traffic
Manager who will forward signal recommendations to headquarters. Traffic signal warrants must be
met and the State Traffic Engineer’s approval obtained before a traffic signal can be installed on a
state highway.

2 Used due to 85th percentile speed in excess of 40 mph or isolated community with population of
less than 10,000.
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The figure above shows the Preliminary Signal Warrant Analysis for Example 7-9. The
preliminary signal warrant is not met because the Minor Street ADT is less than the warrant
volume in Case A and the Major Street ADT is less than the warrant volume in Case B, as shown
in the darkened cells.

Scenario # 2 — Exclusive Right-Turn Lane: Some of the right turns are included in the
approach ADT if the right turn lane demand is greater than 85% of the capacity of the right turn
lane. Use unsignalized capacity analysis to calculate the capacity of the right turn lane. The right
turn discount is 85% of the right turn lane capacity. Subtract the right turn discount from the total
right turning volume to determine the number of right turns that will be included in the warrant.
If the remainder is less than or equal to zero, do not include any of the right turns in the approach
ADT.

Example 7-10 Right Turn Discount for Exclusive Right Lane Lane

The diagram below shows a typical unsignalized intersection with a separate right turn lane on
the eastbound approach, the peak hour volumes, the ADT volumes and lane configurations. The
peak hour volumes are 10% of the ADT. The 85th percentile speed is 35 mph and the
intersection is located in a city with a population of 60,000.

e Determine the number of right-turns to include in the warrant. Using an unsignalized
intersection methodology it was determined that the eastbound right turn lane capacity is
639 vph. The right turn discount is 85% of the shared lane capacity, 0.85 x 639 = 543
right turns. The number of right turns included in the warrant is 180-543 = -363 = 0. If
the number is less than or equal to zero, do not include any right turns in the warrant. The
EB right turn lane is not included in the number of approach lanes.

e Determine the minor approach ADT. The minor approach peak hour volume used in the
warrant is 90+50+0 = 140. Since the peak hour volume is 10% of the ADT, the minor
approach ADT is (140/0.10) = 1,400.

The form below shows the Preliminary Signal Warrant Analysis for Example 7-10. The
preliminary signal warrant is not met since the Minor Street ADT is less than the warrant volume
in Case A and the Major Street ADT is less than the warrant volume in Case B, as shown in the
darkened cells.

Analysis Procedure Manual 7-75 Last Updated 1/2011



Minor Approach with Right Turn Lane Example

NO SCALE

Minor Approach \ \ \
Analyzed
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Warrant Analysis of Minor Approach #1 Example Conditions

Oregon Department of Transportation
Transportation Development Branch
Transportation Planning Analysis Unit
Preliminary Traffic Signal Warrant Analysis®
Major Street: Rogue Valley Highway| Minor Street: Ehrman Way
Project: Ehrman Way City/County: Medford
Year: 1995 Alternative: 2 Lane Minor Approach L/T, R
Preliminary Signal Warrant Volumes
Number of Approach Lanes | ADT on Major Street Approaching ADT on Minor Street, Highest
from Both Directions Approaching Volume
Major Street | Minor Street Percent of Standard Warrants Percent of Standard Warrants
100 70 100 | 70
Case A: Minimum Vehicular Traffic
1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500
Case B: Interruption of Continuous Traffic
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250
5.65% of the above ADT volumes is equal to the MUTCD vehicles per hour (vph)
X 100 percent of standard warrants
70 percent of standard warrants?
Preliminary Signal Warrant Calculation
Street l')\:cug 222 Warrant VVolumes Approach Volumes Warrant Met
Case Major 2+ 10,600 13,000
A Minor 1 2,650 1,400 N
Case Major 2+ 15,900 13,000
B Minor 1 1,350 1,400 N
Analyst and Date: Reviewer and Date:

than 10,000.

! Meeting preliminary signal warrants does not guarantee that a signal will be installed. When
preliminary signal warrants are met, project analysts need to coordinate with Region Traffic to initiate
the traffic signal engineering investigation as outlined in the Traffic Manual. Before a signal can be
installed, the engineering investigation must be conducted or reviewed by the Region Traffic Manager
who will forward signal recommendations to headquarters. Traffic signal warrants must be met and the
State Traffic Engineer’s approval obtained before a traffic signal can be installed on a state highway.

2 Used due to 85th percentile speed in excess of 40 mph or isolated community with population of less
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0 Scenario # 3 — Shared Through-Right Lane: Some of the right turns are included
in the approach ADT if the right turn demand is greater than 85% of the capacity
of the shared through-right lane. Use unsignalized capacity analysis to calculate
the capacity of the through-right shared lane. The right turn discount is 85 % of
the shared lane capacity. Subtract the right turn discount from the total right turn
volume to determine the number of right turns in the warrant. If the remainder is
less than or equal to zero, do not include any of the right turns in the approach
ADT.

Example 7-11 Right Turn Discount for Shared Through/Right Lane

The diagram below shows a typical unsignalized intersection with a shared through-right lane on
the eastbound approach, the peak hour volumes, the ADT volumes and lane configurations. The
peak hour volumes are 10% of the ADT. The 85th percentile speed is 35 mph and the
intersection is located in a city with a population of 60,000.

Determine the number of right-turns to include in the warrant. Using an unsignalized
intersection methodology it was determined that the eastbound shared lane capacity is
277 vph. The right turn discount is 85% of the shared lane capacity, 0.85 x 277 = 235
right turns. The number of right turns included in the warrant is 180 — 235=-55 = 0. If the
number is less than or equal to zero, do not include any right turns in the warrant. The EB
right turn lane is not included in the number of approach lanes.

Determine the minor approach ADT. The minor approach peak hour volume used in the
warrant is 90+50+0= 140. Since the peak hour volume is 10% of the ADT, the minor
approach ADT is (140/0.10) = 1,400.

The form below shows the Preliminary Signal Warrant Analysis for Example 7-6. The
preliminary signal warrant is not met since the Minor Street ADT is less than the warrant
volume in Case A and the Major/Minor Street ADT’s are both less than the warrant
volumes in Case B, as shown in the darkened cells.

Minor Approach with Left Turn Lane Example
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Warrant Analysis of Minor Approach #1 Example Conditions

Oregon Department of Transportation
Transportation Development Branch
Transportation Planning Analysis Unit
Preliminary Traffic Signal Warrant Analysis
Major Street:  Rogue Valley Highway Minor Street: | Ehrman Way
Project: Ehrman Way City/County: Medford
Year: 1995 Alternative: 2 Lane Minor Approach L, T/R
Preliminary Signal Warrant Volumes
ADT on Major Street Approachin ADT on Minor Street, Highest
Number of Approach Lanes fromJBoth Direct?gns ) Approaching Volumg
Major Street Minor Street Percent of Standard Warrants Percent of Standard Warrants
100 70 100 70
Case A: Minimum Vehicular Traffic
1 1 8,850 6,200 2,650 1,850
2 or more 1 10,600 7,400 2,650 1,850
2 or more 2 or more 10,600 7,400 3,550 2,500
1 2 or more 8,850 6,200 3,550 2,500
Case B: Interruption of Continuous Traffic
1 1 13,300 9,300 1,350 950
2 or more 1 15,900 11,100 1,350 950
2 or more 2 or more 15,900 11,100 1,750 1,250
1 2 or more 13,300 9,300 1,750 1,250
5.65% of the above ADT volumes is equal to the MUTCD vehicles per hour (vph)
X 100 percent of standard warrants
70 percent of standard warrants
Preliminary Signal Warrant Calculation
Street (r)\iug 2682 Warrant Volumes '%%%ﬁg: Warrant Met
Case Major 2+ 10,600 13,000
A Minor 2
Case Major 2+
B Minor 2
Analyst and Date: Reviewer and Date:

! Meeting preliminary signal warrants does not guarantee that a signal will be installed. When preliminary signal
warrants are met, project analysts need to coordinate with Region Traffic to initiate the traffic signal engineering
investigation as outlined in the Traffic Manual. Before a signal can be installed, the engineering investigation must be
conducted or reviewed by the Region Traffic Manager who will forward signal recommendations to headquarters.
Traffic signal warrants must be met and the State Traffic Engineer’s approval obtained before a traffic signal can be
installed on a state highway.

2 Used due to 85th percentile speed in excess of 40 mph or isolated community with population of less than 10,000.
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0 Scenario # 4 — Double Right-Turn Lane: Include all of the right turning volume
in the approach ADT if a double right turn lane is required. If such is the case, the
number of approach lanes for warrant analysis is 2 or more.

The above information is meant to serve as general guidelines only. Engineering judgment may
be required when one or both of the streets are one way, the intersection is not a typical four
legged design or the highest volume is associated with a turn movement. Engineering judgment
must be the deciding factor in preliminary warrant analysis.

7.4.2 Manual of Uniform Traffic Control Devices Signal Warrants

As previously noted, the MUTCD provides 8 warrants to be used in determining whether the
installation of a traffic signal is justified for a given location. It should be noted that while the
MUTCD states that a traffic signal should not be installed unless one or more of the warrants are
met, it also emphasizes that meeting one or more warrant shall not in itself require the
installation of a traffic signal and that the analysis of the warrants should be included as part of a
comprehensive engineering study. The MUTCD warrants, if evaluated, should be evaluated
along with all the other components of a full traffic signal engineering investigation as described
in the ODOT Traffic Manual. MUTCD signal warrants should only be evaluated for existing and
future short-term (up to 3 years in the future) conditions. Evaluating the need for a traffic signal
over 3 years is not recommended as land uses and travel patterns can change within that time
period, therefore, traffic conditions are not as predictable. A brief description of each warrant is
included below. For a complete description of the warrants and their appropriate application, see
the MUTCD.

e Warrant 1, Eight-Hour Vehicular Volume: Either can qualify. This warrant has two
conditions.

0 Minimum Vehicular Volume, Condition A, is where a large volume of
intersecting traffic is the principal reason to consider installing a traffic signal.

o0 The Interruption of Continuous Traffic, Condition B, is for where the major street
volume is so heavy that minor street traffic suffers excessive delay or conflicts
with the major street.

e Warrant 2, Four-Hour Vehicular Volume: Applied where the volume of intersecting
traffic is the principal reason to consider signal installation

e Warrant 3, Peak Hour: Used at locations where traffic conditions are such that for a
minimum of one hour of an average day, the minor street traffic suffers undue delay
when entering or crossing the major street.

e Warrant 4, Pedestrian Volume: Where the major street volume is so heavy that a large
number of pedestrians experience excessive delay in crossing the major street.

e Warrant 5, School Crossing: For use where school children crossing the major street is
the principal reason to consider installing a traffic signal.

e Warrant 6, Coordinated Signal System: For use where progressive movement in a
coordinated signal system necessitates installing traffic signals at intersections where they
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would not otherwise be needed to maintain proper vehicle platoons.

e Warrant 7, Crash Experience: Intended where the severity and frequency of crashes
are the reason to consider installing a traffic signal. This should include the three most
recent calendar years for which data is available and only those crash types susceptible to
correction by traffic signal control should be considered. Generally requires a minimum
of 5 such crashes in a 12-month period.

e Warrant 8, Roadway Network: Is intended for use where installing traffic signals at
some intersections might be justified to encourage concentration and organization of
traffic flow on a roadway network.

The MUTCD and ODOT Traffic Signal Policy and Guidelines provide for the installation of
traffic signals that meet criteria for special applications. These applications include providing
access to fire and other emergency vehicles, regulating the flow of traffic at a freeway ramp,
controlling traffic at a drawbridge or at a one-lane facility and temporary installations for
construction projects.
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7.5 Estimating Vehicle Queue Lengths

Vehicle queues can have a significant effect on highway safety and operation. Queues that
exceed the provided storage at turn lanes can block the adjacent through lanes creating a
temporary reduction in capacity as well as an unexpected obstruction in the travel lane that could
result in a crash. In through lanes long queues can block access to turn lanes, driveways and
minor street approaches, in addition to spilling back into upstream intersections. Under these
conditions there are significant losses in capacity that can quickly spread to other upstream
intersections and adjacent streets. There can also be a higher potential for crashes as drivers
turning onto or off of the highway are required to pass through gaps in the queue that provide
limited visibility and other drivers incurring long delays become more aggressive. Therefore, the
estimation of vehicle queue lengths is an important traffic analysis procedure that should be
included in most operational and safety projects.

Estimates of queue lengths should be based on the anticipated arrival patterns, duration of
interruptions and the ability of the intersection to recover from momentary heavy arrival rates.
The average queue length and the 95th percentile queue length should be shown in the report.
The 95th percentile queue length shall be used for design purposes. A queue blockage or
spillback condition is considered a problem when the duration exceeds 5 percent of the peak
hour. The average vehicle length, including buffer space between vehicles, to be used in analysis
shall be 25-feet, unless a local study indicates otherwise, with all queue length calculations
rounded up to the next 25-foot increment. Queue lengths subject to over-capacity conditions can
only be adequately assessed through the use of simulation software. The 25-foot average does
not apply to microsimulation, where vehicle lengths differ by vehicle type. Refer to Chapter 8.

7.5.1 Methodologies for Signalized Movements

For signalized movements queue length estimates are most often recommended to be calculated
using traffic analysis software. However, manual methods are also available that can offer
acceptable estimates without requiring access to a computer. In either case, engineering
judgment should be used to discern whether the results obtained are reasonable.

Manual Methods

Manual methods offer a practical means of estimating queue lengths with little equipment or data
required. While they can produce reasonable results, unless otherwise noted, they are generally
recommended for planning-level analysis, with the use of specialized software preferred for
design purposes.

Left Turn Movement Queue Estimation Techniques

Three common methods of manually estimating vehicle queue lengths for single-lane left turn
movements include the use of a nomograph® and two “rule of thumb” procedures. The
nomograph (Exhibit 7-27) assumes a random rate of arrivals and uses the turning volumes, signal
cycle length and a weighted average vehicle Ien%th based on the percentage of trucks in the
turning volume to estimate vehicle queues at 90" and 95" percentile probabilities of storing all

¢J. E. Leish, At-Grade Intersections, A Design Reference Book and Text, Jack E. Leish & Associates, undated.
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vehicles.

A “rule of thumb” equation’ uses similar input while providing a simple procedure that can be
applied without need to reference a manual. Using this method, single-lane left turn vehicle
gueue lengths are estimated as shown below.

Storage Length = (Volume/Number of Cycles Per Hour) x (t) x (25-feet)

Where “t” is a variable, the value of which is selected based on the minimum acceptable
likelihood that the storage length will be adequate to store the longest expected queue.
Suggested values are listed in Exhibit 7-28. Typically, transportation analysis uses the
95th percentile queue.

Exhibit 7-27 Nomograph for Estimating Single Lane Left Turn Vehicle Queue
Lengths at Signalized Intersections
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" Discussion Paper No. 10: Left-Turn Bays, Transportation Research Institute, Oregon State University, 1996, p. 17.
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Exhibit 7-28 Selection of "'t"* Values

SR Percentile
"t Value
2.0 98 %
1.85 95 %
1.75 90 %
1.0 50 %

It should also be noted that the value of 25-feet used in the equation represents the average
storage length required for a passenger car. If a significant number of trucks are present in the
turning volumes, the average storage length per vehicle should be increased, as shown in Exhibit
7-29. This adjustment is only for the manual methods; software packages may require a different
adjustment.

Exhibit 7-29 Storage Length Adjustments for Trucks

Percent Trucks in Average Vehicle Storage
Turning Volume Length
< 2% 25 ft
5% 27 ft
10% 29 ft

While both the nomograph and the rule of thumb equation are intended for use in estimating
vehicle queue lengths for single-lane left turn movements, the vehicle queue lengths for double
left turn lanes can be estimated by dividing the results of these methods by 1.8. This value
represents the assumption that queued vehicles will not be evenly distributed between the turn
lanes.

Right Turn Movement Queue Estimation Techniques

A similar rule of thumb equation, sometimes referred to as the “red time” formula®, is also
available for signalized single-lane right turn queue estimates. It is represented by the following
equation.

Storage Length = (1-G/C) (V) (K) (25-feet) / (Number of Cycles Per Hour) (N.)
where:

G = Green time provided for the right turn movement

C =cycle length

V = right turning volume
K =random arrival factor

*Koepke, F. J., Levinson, H. S., Access Management Guidelines for Activity Centers, NCHRP Report 348, TRB,
Washington, D.C., 1992, p. 99.
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N. = number of right turn lanes

A value of 2 should be used for the random arrival factor (K) where right-turn-on-red is
prohibited. Where right-turn-on-red is allowed, a value of 1.5 should be used.

As with the equation for left turn queue estimates, the value of 25-feet used in the equation
represents the average storage length required for a passenger car. If a significant number of
trucks are present in the turning volumes, the average storage length per vehicle should be
increased in the same manner recommended for the left turn queue estimate using Exhibit 7-29.

Another, less accurate, method for manually estimating vehicle queue lengths is using the
assumption that “V”* vehicles per hour per lane entering a signalized lane with a cycle length of
90 seconds will produce a “V”’-foot-long queue per lane. For example, if the volume turning left
from a dual left turn lane is 400 vehicles per hour, a ballpark queue length estimate would be
400/2 = 200 feet per lane.

Computer Software

The use of software in estimating vehicle queue lengths can often be conducted simultaneously
with capacity analysis, which can make it a very convenient method. There are many different
software programs available that provide queue length estimates. However, caution should be
used in selecting one as results may vary significantly between programs. As an example, the
HCS has been found to produce consistently poor queue length estimates as compared to field
measurements and should not be used for this purpose.

For the estimation of queues at intersections belonging to a coordinated signal system, over-
capacity conditions and areas where queue spill-back may be a problem, it is recommended that
the SimTraffic simulation software be used to report the 95th percentile queues. Refer to Chapter
8 for further information on SimTraffic.

Whether queue lengths have been calculated through manual methods or computer software, as a
general rule-of-thumb the installation of signalized turn lanes with more than 350-feet of storage
should be reconsidered through discussions with Region Traffic. In some cases, it may be
preferable to install dual turn lanes with shorter storage bays.

7.5.2 Methodologies for Unsignalized Movements

At unsignalized intersections, the movements of interest are often the major street left turns and
all minor street movements. The most common methodologies used for estimating queue lengths
for these movements include the Highway Capacity Software (HCS)®, the Two-Minute Rule, the
Harmelink Curves'® and a method published by John T. Gard™".

° Highway Capacity Software, McTrans, University of Florida, Gainesville, Floriday.

19 M.D.Harmelink, Volume Warrants for Left-Turn Storage Lanes at Unsignalized Grade Intersections, Highway
Research Record 211, 1967.

' Estimation of Maximum Queue Lengths at Unsignalized Intersection. John T. Gard, ITE Journal/November 2001.
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TPAU has conducted a study to evaluate the first three of these methodologies for estimating
queue lengths. This study, Storage Estimates for Unsignalized Intersections, concluded that
while the Two-Minute Rule provided conservative estimates for major street left turns and minor
street right turns, it appeared to underestimate queue lengths for minor street left turns and shared
left/right and left/through/right lanes. Despite this, the Two-Minute Rule was still found to
produce more reliable results than the HCS or Harmelink methods. In particular, the HCS
method was found to consistently underestimate queue lengths. This is confirmed in the
previously mentioned study by John T. Gard. Therefore the HCS and Harmelink methods shall
not be used. Either Simulation or the Two-Minute Rule may be used, until the John T. Gard
method has been satisfactorily validated with local data.

Simulation

If simulation is being performed as part of the analysis, queue lengths should be taken from the
simulation results. If simulation is not being done, it should be considered. If the effort to do a

simulation analysis is not desired, the two-minute rule should be used. If the results of the two-
minute rule analysis are deemed unacceptable, the option is to do a simulation analysis.

Two-Minute Rule

The Two-Minute Rule is a rule of thumb methodology that estimates queue lengths for major
street left turns and minor street movements by using the queue that would result from a two-
minute stoppage of the turning demand volume. This method does not consider the ma%nitudes
and impacts of the conflicting flows on the size of the queue. The calculation of the 95"
percentile queue using the two-minute rule methodology shall use the following equation:

S=(v)(®) (L)
where:

S = the 95th percentile queue storage length (feet)

v = the average left-turn volume arriving in a 2-minute interval

t = a variable representing the ability to store all vehicles; usually 1.75to 2.0 (See
Exhibit 7-28.)

L = average length of the vehicles being stored and the gap between vehicles; 25 ft. for
cars. This value can be increased where a significant number of trucks are present in the
turning volume using the same relationship between average vehicle storage length and
percent trucks in turning volumes shown for the signalized movement rule of thumb
method discussed earlier in this chapter.
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8 TRAFFIC SIMULATION MODELS

8.1 Purpose

Traffic simulation models are complex tools that can provide valuable information on the
performance and potential improvement of transportation systems. Traffic simulation models are
in a constant state of improvement and accordingly this chapter attempts to be adaptive with the
changes in the industry. This chapter currently presents instruction on calibration of
microsimulation models created in Trafficware’s SimTraffic and a brief overview of the other
simulation models and parameters used in ODOT projects. Topics covered include:

Traffic Simulation Modeling — General Calibration Instructions
SimTraffic — Overview and Calibration Instructions

VISSIM - Overview

Paramics - Overview

CORSIM - Overview
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8.2 Traffic Simulation Modeling — General Calibration Instructions

Traffic simulation models are computer programs that simulate traffic movements over a user-
defined transportation network and present the results via animation and reports. The degree of
user control over the simulation and the types of facilities that can be modeled will vary
depending on the program being used. These should not be confused with urban travel demand
models (Section 4.6), which use current and projected land use and transportation network data
to estimate current and future travel demand and traffic patterns.

Traffic simulation models (meso or microscopic) are complex tools that generally require more
labor than programs that perform capacity analysis at a macro level. Because of this, they are
generally only used when the use of other types of analysis tools will not be adequate for a given
project. Simulation models offer a greater degree of flexibility than most programs designed
specifically for capacity analysis and can be used for a wide range of analysis needs such as
examining the interactions between different modes of transportation, modeling the operations of
HOV lanes or bus priority systems and evaluating operations through measures of effectiveness
not offered by most other types of analysis programs. Simulation models are also very useful for
presentations, especially for those given to audiences lacking technical knowledge of traffic
analysis, because it provides a visual basis for evaluating operations that most people can easily
relate to and understand.

Simulation models are commonly used by ODOT to analyze corridors or networks under
congested conditions, where upstream or downstream operations have a significant influence on
actual intersection operations (e.g., intersection blockage from queue spillback). It should be
noted that simulation models use different methodologies for estimating queue lengths than other
procedures described in this manual. These methodologies are typically based on observations of
queues experienced during simulation, which are influenced by parameters such as driver
characteristics, lane changing behavior and various traffic flow interactions. Capturing the
impact of up and downstream operations on vehicle queues can make these models very effective
at estimating queue lengths, but underscores the importance of good model calibration. General
guidelines for the application of simulation models have been published by the Federal Highway
Administration, which can be found at the FHWA website under traffic analysis tools.

Depending on the specific program used, there may be numerous parameters that can be
manipulated by the user to create a system that most accurately represents the one being
analyzed. Before any simulation model is used to represent existing or future conditions, the
existing conditions model created must be calibrated by adjusting operational parameters until
the model provides a reasonable representation of existing conditions measured in the field.
Existing conditions need to be replicated; otherwise future conditions will not be correct.
Existing conditions should include only data, operations and measures known to currently exist
in the project study area. Vehicle counts should be kept as close as possible to the original
volumes obtained from the field. If all counts are available from the same day, vehicle counts
used during calibration should be un-factored and unbalanced counts (this day should be as close
to the 30™ highest hour as possible). If counts cannot all be collected on the same day (or year),
every effort should be made to collect counts at primary locations on a day that is on or closely
represents, the 30™ highest hour. The remaining counts can then be factored and balanced to this
primary count day. If all counts occur on scattered days and none of the counts occur on the 30
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highest hour or on a representative day then short sample count should be conducted to factor the
off- peak counts to the day the study area was visited. Use the seasonal factor methodology
described in Section 4.4 to determine if the count is close enough to the 30" highest hour. If the
primary counts for the study area occurred during a time that is less than 90% of the 30™ highest
hour for that area seasonal trend type, then a re-visit with a sample count is required for the
calibration of the “existing” model.

These rules are established to help ensure that calibration volumes 1) are near the 30™ highest
hour and 2) represent conditions that have been witnessed in the field. The emphasis is placed on
witnessed, as the analyst needs to visit the study area on or near the count day (30™ highest hour)
so that the visual check of the simulation (the first step in calibration) is based on conditions that
occurred in the field during the count. The Field Inventory Worksheet, Appendix H, shows all
the measures from the field that should be input into the simulation and visually checked in the
animation to help analysts in the data collection process. In Chapter 3, Transportation System
Inventory, Exhibit 3-2 shows an example completed worksheet for a simulation project. Note
that the worksheet is intended to be printed multiple times for a given project area. The
collection of worksheets can be placed in a three-ring binder providing a hard writing surface.
Each copy of the worksheet can be used for each intersection or area of interest in the study and
all copies can be neatly organized in a single project binder (see Exhibit 3-1).

The site visit should occur as close as possible to the 30" highest hour. After the site a
calibration scenario can be constructed. For the purpose of calibration, the peak hour volumes
from the counts should be seasonally adjusted to the time period of the site visit. The calibration
network should include all measurements taken and all operational behavior witnessed. Many of
the behavioral issues should be collected on the worksheet provided above. For Synchro and
SimTraffic inputs refer to Sections 7.3.9 and 8.3. These sections refer specifically to
Synchro/SimTraffic, but the list provided should include most of the measures that would have
to be checked or adjusted in any software platform. Note that most microsimulations go into
greater detail than SimTraffic, so there will likely be more measures to check and adjust. Also
note that illegal behavior such as speeding, improperly using medians or shoulders as turn bays
and improper lane changing distances should be accounted for in during calibration, but should
not be continued to be assumed in the future build scenarios. All non-calibration alternative
analysis should assume that all drivers follow the rules of the road.

Once the “existing” inputs and behavior is coded into the simulation software, the analyst should
run an animation to visually check the reasonability of the microsimulation. Any gross error like
queues or blockages being much greater or much less than the field observations should be
addressed by re-checking inputs. Further refinement may include measuring and adjusting
saturation flow rates, driver reaction time and travel speed. A good place to start is by comparing
simulated vehicle queues to those visually observed in the field. For some corridors, comparing
simulated travel times or average speeds to actual observed conditions may be appropriate.

Good calibration is not only critical for accurate analysis, but will establish credibility during
presentations with technical advisory committees or public groups that have prior knowledge of
existing problem areas. Exhibit 8-1 illustrates how the calibration process fits into the complete
analysis. The calibration, existing and site visit hour refer to the same hour. In other words, the
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“calibration” data is collected in the study area in the “site visit” hour to represent “existing”
conditions. For further information on calibration in general, consult the FHWA Analysis
Toolbox. Section 8.3 has the detailed procedures on calibrating a SimTraffic model using
SimTraffic for ODOT projects.

Exhibit 8-1 Simulation Construction and Application Flow Chart

Raw Counts
If needed Annual Adjustments
Seasonal Factors

Field Measurements: Headway, . .
Free-Flow Speed (jallpra_tlo,r’l Hour
. - Existing” Hour
Engineering Judgment Visit Site Hour
Calibrated Using “Vehicles

Exited” for SimTraffic l

Likely to be Annual Adjustments 30t Highest Hour
needed Seasonal Factors Volumes
Annual Adjustments

Future Path Adjustments

May need to bring v
headway factors and . .
Build or Analysis
posted speed_ back_ to Year Volumes
defaults — Engineering
Judgment
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8.3 SimTraffic

8.3.1 Overview

SimTraffic performs microsimulation and animation of vehicle traffic, modeling travel through
signalized and unsignalized intersections and arterial networks, as well as freeway sections, with
cars, trucks, pedestrians and buses. SimTraffic includes the vehicle and driver performance
characteristics developed by the Federal Highway Administration for use in traffic modeling.
They were developed for CORSIM and Trafficware used them as they were published. Most of
the input is entered through the Synchro program, but some parameters, such as the driver and
vehicle characteristics, are modified through SimTraffic specifically.

SimTraffic can be used for all ODOT plans, projects and traffic impact studies. SimTraffic is
primarily used by ODOT for the analysis of signal systems and vehicle queue estimation,
especially in congested areas and locations where queue spillback may be a problem. For the
estimation of signalized vehicle queues, SimTraffic is generally preferred in Regions 2 through 5
where v/c ratios exceed 0.70 and in Region 1 where v/c ratios exceed 0.90, but should always be
used where v/c ratios exceed 0.90. SimTraffic should typically be used for the analysis of all
coordinated signal systems. For isolated intersections, Synchro and SimTraffic should provide
similar results. SimTraffic results will differ from Synchro most when the v/c ratio exceeds 0.90,
when there are closely spaced intersections and other conditions that are not ideal. Overcapacity
queues and metering conditions are identified in Synchro’s Timing Window with a “#” or “m”
symbol.

8.3.2 Simulation Calibration

As much as possible, operational field data should be obtained for the major facilities in the
study area as close as possible to the design hour (see Appendix H). Beyond the field data listed
in Section 3.2, additional field measures may be needed to achieve calibration of the
microsimulation. If needed, saturation flow studies should be performed at the major
intersections. Floating car travel time runs may need to be performed to ensure that observed and
simulated travel times (and related speeds) are close. Free-flow link speeds using road-tube
counters or speed guns (RADAR, LIDAR, etc) may need to be collected and used in place of
posted speed limits during calibration.

At the very least, the existing conditions network needs to be visually calibrated to the field
conditions and the “vehicles exited” measure from SimTraffic should be reviewed. If everything
is close, then the SimTraffic simulation should duplicate conditions seen in the field. Congested
and free-flow areas in the field should be congested and free-flowing in the simulation.

If there is more congestion in the simulation than in the field, then one or more parameters may

be off. For example, saturation flows and resulting headway factors may be too low, counts may
be balanced too high, peak hour factors may be too low, link and turning speeds may be low,
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storage bays and taper lengths may be too short and intersection paths and lane change distances
may be incorrect. If congestion is too low then the reverse of these may be a cause.

To help determine the cause of inconsistencies with known conditions, any number of measures
of effectiveness (MOE) may be reviewed, however as a minimum measure, “ vehicles exited”
needs to be checked to ensure that the model is calibrated.

“Vehicles Exited” represents the number of vehicles that make it through an intersection over a
given period of time. This should equal the volume coded in the network for the “existing hour”.
The calibration target for each intersection in the network is a tolerance of 1% over the analysis
period based on the difference between the simulation and the input field-counted exiting
(existing) hour volumes. However, at a minimum, the tolerances for any movement over 100 vph
should be within 5% of the coded volume. Movements with less than 100 vph should be checked
to make sure that the vehicles exiting is reasonable. These limits are required to achieve
calibration for the calibration volume set (not required for the 30" highest hour or build year
network). Exhibit 8-2 shows an excerpt from the Performance report showing the Vehicle Exited
rates and calibration percentages. Note that all movements over 100 vph are under the 5%
maximum tolerance and the entire intersection is under the 1% intersection tolerance.

Exhibit 8-2 Example Vehicles Exited from Performance Report

1001: Route 20 & Spring Hill Drive Performance by movement Entire Run
Movemant EBL EBT WBT WBR ESBL SER All
Total Stops 28 383 704 25 298 14 1432
Avg Speed (mph) 12 z8 18 ___23 ] 14 18
Vahiclas Enterad 35 1181 1188 478 317 19 3210
\fehidles Exited 29 1184 1200 478 320 19 2218
Hourly Exit Rate 29 1184 1200 478 320 19 2218
Input Volume 38 1189 1187 489 3N 17 2z
% of Violume 103 100 101 97 102 112 100

Although calibration (fine-tuning) may take some time, it is necessary because if the existing
conditions is not duplicating observed conditions, then the future conditions or build alternative
performance will not be predicted very well. This is critical if any animated output is to be
shown at public meetings. In achieving accurate calibration it is important that the SimTraffic
parameter file is setup properly.

8.3.3 Simulation Preparation

In addition to setting up the SimTraffic 7 parameter file, there are a number of Synchro settings
that must be updated for simulations to work properly in SimTraffic 7. More signal timing detail
must be added in the Phasing Window. These phasing details, settings and defaults are shown in
Section 7.3.7. Project data needs to be entered into the Simulation Settings Window and the
Detector Window. The Detector Window is covered under the Synchro sections in Section 7.3.9
because detector data is necessary if actuated signal functions are to be used in Synchro. The
important Simulation Settings Window and the SimTraffic parameter data are included in

Analysis Procedure Manual 8-6 Last Updated 1/2011



Section 8.3.3 and 8.3.4, respectively. Earlier versions of SimTraffic only need to create the
SimTraffic parameter file.

8.3.4 Simulation Settings Window

The following data is only used by SimTraffic and needs to be included for a proper simulation.
This data allows for geometric refinement and operational behavior of the simulation. The data
required by SimTraffic should be a part of the field collection/observation process and is
included the “Field Inventory Worksheet” in Appendix H.

e Storage Length (ft) — The Storage Length is the length of a turning bay from the stop bar
to the beginning of the taper. Storage Length is the area that can store vehicles and does
not include tapers. If the Left or Right Turn lane goes all the way back to the previous
intersection, enter "0". Storage Length data is used for analyzing potential blocking
problems. Storage length is typically field measured or estimated from aerial
photographs. If measurements are unknown or if the facility is new, the initial storage
lengths of 100" for urban and 150’ for rural can be used. SimTraffic outputs will be used
to refine these lengths for build alternatives.

e Taper Length (ft) — The Taper Length is the remaining length of the turning bay from
the end of the storage length to where the outer edge of the turning bay meets the outer
edge of the adjacent lane. This value is field-measured or estimated from aerial
photographs. For state highways, the taper lengths can be obtained from the Highway
Design Manual Figures 9-6 for right turn lanes and 9-7 for left turn lanes. This allows
turning bays to store several more vehicles and allows a truer and a more consistent (with
design) representation.

e Lane Alignment — The Lane alignment controls the vehicle paths in SimTraffic. When
links are constructed, Synchro shows either a “Left” or “Right” alignment as default. This
may not be correct especially if multilane approaches, skewed intersections, short links,
free-flow ramp connections and merge/diverge/weaving sections make up a particular
intersection.

Other choices are “L-NA” and “R-NA” which will force the vehicle path either left or
right. To check the lane alignment, the Intersection Paths box must be checked under the
Map Settings window. The default color or zoom level will likely need to be changed to
clearly see the paths.

Exhibit 8-3 shows that Synchro defaults to single-lane turn lanes turning into a multilane
leg with paths going to either departing lane. Unless lines are marked on the pavement
guiding vehicles into different lanes Oregon vehicular code states that vehicles need to
turn into the nearest lane. In most of these cases the Lane Alignment needs to be changed
to “L-NA” or “R-NA” depending on the turn type.
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Exhibit 8-3 Default Lane Alignment
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For the existing calibrated network, the legal setting may not need to be followed if the
majority of field-observed vehicles turn into both lanes (although itself an improper lane
choice). Design alternatives should be always be coded legally.

Note that the northbound dual left turn lane shown in Exhibit 8-3 has the correct paths.
The southbound left still needs to be changed to limit traffic to the inside through lane. In
cases of acceleration lanes, merging traffic should be forced right using “R-NA” and
through traffic forced left using “L-NA.” This will keep through vehicles out of the
acceleration lane.

e Enter Blocked Intersection — This setting controls whether mainline or side-street
traffic can enter a blocked intersection. In earlier versions of SimTraffic, vehicles did not
block intersections. Default is “No” for intersections and “Yes” for bend nodes and ramp
junctions. This factor is best obtained through field observation.

Along many busy roadways, minor intersections and driveways are frequently blocked by
through traffic, so in this case the setting should be “Yes” for the through traffic. If “Do
Not Block Intersection” signs exist, then the setting should remain “No” unless the signs
are generally ignored. If there are intersections or accesses that are frequently blocked
and through vehicles let side street vehicles out, then the side street movements can be set
to “1 veh” which will allow one vehicle to enter. Use of the “2 veh” setting has a
tendency to cause the simulation to clog up.

e Link Offset (ft) — The Link Offset is used to set the roadway left or right of the natural
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centerline. This is typically used in creating “dogleg” or offset intersections without
creating a second node.

Crosswalk Width (ft) - this is the width of the crosswalk on an approach. This setting
controls the placement of the stop bar which controls detector placement and link length.
ODOT default crosswalk width is 12 feet (outside edge to outside edge) unless the
adjoining sidewalk is wider. Local intersections should be measured.

Headway Factor - The saturation flow rate in SimTraffic for intersection approaches is
adjusted through the Headway Factor. The saturated flow rate calculated in Synchro is
not used in SimTraffic; however, the corresponding headway factor is automatically
calculated. In simulation calibration, the headway factor can be adjusted to help fine-tune
(calibrate) the SimTraffic simulation. Exhibit 8-4 shows the equivalent headway factor
for a given saturated flow rate. Earlier versions of Synchro/SimTraffic need to have the
headway factor manually calculated in the Lane Window.

Exhibit 8-4 Headway Factors

Headway Factor Saturated Flow Rate
1.2 1650 vphpl
1.1 1750 vphpl
1.0 1850 vphpl
0.9 2050 vphpl
0.8 2250 vphpl

Turning Speed (mph) — This is the turning speed used by SimTraffic by movement.
Higher speeds will increase the capacity of the SimTraffic simulation. Synchro default is
15 mph for left turns and 9 mph for right turns. The 9 mph right turn speed is too slow
unless used for turning onto residential local streets or in a downtown central business
district location.

ODOT default is 15 mph for left and right turns. Non-standard turns at skewed
intersections, channelized turns and interchanges should have different values and can be
estimated by recording speeds while driving through the subject intersections or using a
speed gun to capture turning vehicle speeds. Turning speeds are also needed for
merge/diverge sections at interchanges or bend nodes.

Lane Change Distances - Changes to these calculated values can help calibrate the
vehicle lane-changing operation. Changes may be necessary if vehicles are having
difficulty completing lane changes ahead of intersections or off-ramps or if vehicles are
artificially clogging up at lane drops after an intersection or a two-lane ramp merging into
a single lane. High heavy vehicle percentages combined with a higher amount of long
vehicles and/or a congested network increases the chances that modifications will be
required. Closely spaced intersections will have short lane change distances while
interchanges will have longer lane change distances as many drivers move into the
desired lane considerably ahead of an off-ramp. The analyst will need to experiment with
these values, either longer or shorter until the traffic is flowing consistent to the observed
conditions or flowing smoothly for future conditions. Modifying ramp geometry so that
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the ramps enter the mainline as turns rather than as a straight-through movement makes
for smoother operation and less need to modify these distances.

There are two different types of lane change distances: mandatory and positioning. The
Mandatory Distance is the distance measured from the stop bar at which a lane change
must occur. The Positioning distance is the distance measured back from the Mandatory
Distance where a vehicle first attempts a lane change. The Mandatory and Position
Distance 2’s are extra distance added if a second lane change is necessary. All of these
distances can extend around corners. Adding to the challenge of changing these variables,
is that the driver types in SimTraffic have a range of a 50% (aggressive) to a 200%
(passive) multiplier to the set distances.

8.3.5 SimTraffic Parameter File

The SimTraffic parameter file controls the simulation operation and the defaults must be
changed to reflect the proper impacts of queuing, travel time, etc. The parameter file has three
major sections: Vehicles, Drivers and Intervals. The TPAU Analysis Tools webpage has a
default SimTraffic template file with all of the basic parameters set up. The following shows the
variables that need to be changed. All other settings are left unchanged.

The Vehicles tab controls the type and physical vehicle characteristics.

Vehicle Occurrence (%) - SimTraffic uses the Synchro heavy vehicle percentage to
simulate the total number of heavy vehicles relative to all vehicles. When the simulation
calls for a heavy vehicle, the vehicle type is represented by this factor which represents
the percentage breakout of the global truck fleet. Likewise, when a car is called for, this
factor will split the car types among the global car fleet percentages.

o Earlier versions of SimTraffic defaulted to having the total vehicle percentages
sum up to 100%.

o SimTraffic 7 defaults total up to 100% for the car fleet and 100% for the truck
(includes buses) fleet as shown in Exhibit 8-5.

o0 Change the Vehicle Occurrence (%) for the different vehicle classes to match the
composite average of your classification counts. If classification counts are
unavailable, state highway vehicle classification segment data (available at
http://highway.odot.state.or.us/cf/highwayreports/traffic_parms.cfm) can be used
substituted. Average between multiple counts at the project boundaries and on
different significant facilities both state and local. Note that while the heavy
vehicle percentages per approach may vary largely, the heavy vehicle mix does
not vary as much. The total truck fleet should total up to 100% and the total car
fleet should total up to 100%.

= Carl represents the larger passenger vehicles in the fleet (i.e. SUV’s, large
pickups);

= Car2 represents smaller passenger vehicles in the fleet;

=  TruckSU represents single unit trucks (i.e. delivery vans, dump trucks);

= SemiTrk1 represents single tractor-trailer combinations;

= SemiTrk2 represents shorter single tractor-trailer combinations;
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= Truck DB represents trucks with two trailers; Note: SemiTrk2 and Truck
DB can be customized to fit other truck types like triple trailers.

= Bus represents buses in the fleet;

= Carpooll & Carpool2 represents vehicles with the same characteristics as
Carl and 2 but with higher occupancies. Zero out the default Carpooll and
Carpool2 vehicles. These will have no effect on the simulation unless
vehicle occupancy is used as an evaluation measure.

Exhibit 8-5 SimTraffic Default Vehicle Parameters

47 SimTraffic Parameters _|ol x|
¥ehicles | Drivers | Intervals I Data Dptions
WVehicles Types 1 ] n = = : = o 10

Car2[Truck SU/SemiTrk1|SemiTrk2Truck DB
0.16 0.60 0.10 0.05 0.05

Bus| Carpooll| Carpool2
0.20 0.16 0.04 o0.nn

Vehicle Mame Pl

Yehicle Dccurence [%)

P 1 o

Acceleration < - - =

Vehicle Length [ft) 160 140 350 530 530 640 400 160 14.00 16.0
Vehicle Width [ft) 6.0 6.0 8.0 8.0 8.0 8.0 3_l]| 6.0 6.0 6.0
Yehicle Fleet Car Car Trk Trk TrH Tik Bus| Pool Pool Car
Occupancy [#f people) 1.3 1.3 1.2 1.2 1. 1.2 20,0 28 28 1.3
Graphics Shape Car Car Truck| SemiTrk| SemiTrf| DBTruck Bus Car Car Car
Table Index (1 to 7] 1 2 3 4 i [ 7 1 2 1

These percentages should reflect the relative
differences between vehicle classes in the
manual counts.

0K | Cancel | I Il

|Peu:enl of total vehicle fleet

e Vehicle Length (ft) — This parameter directly affects queuing distances. Leaving the
length unchanged will result in the queues being underestimated. Change the vehicle
length in the following vehicle types:

Carl = 20 ft;
Car2 = 16 ft;
TruckSU = 30 ft;
SemiTrkl = 75 ft.

O 00O

The Drivers tab (Exhibit 8-6) controls the behavior characteristics for the 10 different driver
types that make up the simulation from the passive to the aggressive. For example, Driver Type 1
has 15% lower link speeds and will take 200% more distance when making a lane change while
Driver Type 10 will travel 15% faster than the link speed and have lane change distances 50% of
the coded values. All of the factors in the Drivers tab remain the same with exception of the
Green React (s) setting. This setting reflects the time from when the signal turns green to the
time that the vehicle begins to move. This value can be captured in the field and used as a
calibration parameter. TPAU research indicates that Oregon values are substantially different
than the defaults in SimTraffic. Change the Green React times to match Exhibit 8-7.

Analysis Procedure Manual 8-11 Last Updated 1/2011



Exhibit 8-6 SimTraffic Default Driver Parameters

=10l x|
I WYehicles Drivers | Intervals I Data Dptions I
Driver Types 1 2 3 4 5 6 7 8 | 3 10 |
Yellow Decel [ft/s"2) 12.0 12.0 12.0 12.0 12.0 11.0 10.0 9.l]| 8.0 7.0
Speed Factor [%] 0.85 0.88 0.92 0.95 0.98 1.02 1.05 1_I]B| 1.12 1.15
Courtesy Decel [ft/s™2) 10.0 9.0 8.0 7.0 6.0 5.0 4.0 4.l]| 3.0 3.0
Yellow React [s] 0.9 1.0 1.0 1.2 1.3 1.3 1.4 1.4 1.7

Green React [g)

0.7

1

1

Il

eadway mph [s L . L . L . .

| Head @ 0 mph [s] 0.63 0.60 0.58 0.55 0.45 0.42 0.37
Headway @& 20 mph [s]) 1.80 1.70 1.60 1.50 1.40 1.20 1.10 1.I]l]| 0.90 l].Bl]|
Headway @ 50 mph [s] 2.20 2.00 1.90 1.80 1.70 1.50 1.40 1_3I]| 1.20 1_I]I]|
Headway @& 80 mph (=) 2.20 2.00 1.90 1.80 1.70 1.50 1.40 1.3l]| 1.20 1.00
Gap Acceptance Factor 1.15 112 1.10 1.05 1.00 1.00 0.95 I]_EII]| 088 0.85
Positioning Advantage [veh] 15.0 15.0 15.0 15.0 15.0 2.0 2.0 2.l]| 1.2 1.2
Dptional Advantage [veh] 23 23 23 1.0 1.0 1.0 1.0 1_I]| 0.5 0.5
Mandatory Dist Adj [%) 200 170 150 135 110 90 80 ?l]| 60 50
Positioning Dist Adj [%] 150 140 130 120 110 95 90 BI]| 70 60

oK Cancel | Default | Wehicle and Driver Parameters

| |Heactiun time at start of green [s]

Exhibit 8-7 ODOT Green React Times

Driver

Type 1 2 3 4 5 6 7 8 9 10

Green

React 2.0 1.6 1.3 11 1.0 0.9 0.9 0.8 0.7 0.5
(s)

The Intervals tab controls the actual operation and data recording of the simulation. Exhibit 8-8
shows the ODOT interval defaults.

e Seeding “0” Interval — The Seeding Interval fills the network before any statistics are
recorded. This value must be long enough for vehicles to travel the length of the network.
ODOT default is 10 minutes or the time to travel the longest trip on the network,
whichever is longer.

e Recording Intervals — Simulation statistics are recorded in these intervals. The ODOT
default uses at least two intervals, one 15-minute in length to represent the peak 15-
minute period and one 45-minute interval to fill out the hour simulation period. However,
you can have more intervals if you would like. For future analysis networks, the 15-
minute interval is preferably placed as the first recording interval because it most
represents the peaking in the output reports, regardless of where it occurs in the actual
peak hour. However, for the calibration network, the 15-minute peak period should be
coded to represent the actual peak 15-minute period as it occurred during the counts. The
names of the recording intervals can be anything as they have no impact on the results.
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e Duration (min) — Change to 10 minutes (time to cross the network if longer) for the
seeding interval, 15 minutes for the first recording interval and 45 minutes for the second
recording interval (or, if this is being applied to the calibration work, a distribution
representing the peak as it occurred in the counts).

e Start Time (hhmm) — After Duration is specified, change the start time to reflect the
hour being simulated.

e Record Statistics — Set to “Yes” for all recording intervals.

e Growth Factor Adjust — Set to “Yes” for all intervals.

e PHF Adjust & AntiPHF Adjust — The combination of these two settings creates a spike
in the simulated hour. The PHF Adjust should be set to “Yes” during the seeding and the
peak 15-minute intervals and the AntiPHF Adjust set to “No.”. The AntiPHF Adjust
should be set to “Yes” and the PHF Adjust set to “No” for all other recording intervals.

e Percentile Adjust - Set to “No” for all intervals. Use of this setting will overestimate the
queuing in the simulation.

e Random Number Seed — SimTraffic uses nine different simulation scenarios (1 through
9). If it is desired to produce duplicate results, select a non-zero setting. ODOT default is
to set it to ‘0’ which will produce random arrival rates with each run.

Exhibit 8-8 ODOT Intervals Defaults

“} SimTraffic Parameters

Vehicles | Drivers Intervals | Data Options |
Interyals 1] 1 | 2

Interval Mame Seeding Recording| Becording2
Start time [hhmm] 04:50 P 05:00 P 05:15 P
Duration [min]) 10 15 45
Aecord Statistics Mo Yes Yes
Growth Factor Adjust Yes Yes Yes
PHF Adjust Yes Yes Mo
AntiPHF Adjust Mo Mo Yes
Percentile Adjust Mo Mo Mo
Percentile Adjust [Xile] — — —
Timing Plan ID — — —
Data Start Time [(hhmm]) ] —

Random Number Seed: _

=
oK Cancel | Default |Intenrals

|Enter time for volume data in data file.

8.3.6 Simulation Execution

Once all Synchro and SimTraffic settings are completed, the simulation is ready to be executed.
Upon starting the simulation, the “Errors and Warnings” window will appear. This shows
anything that is outside of the value ranges what SimTraffic expects to find. Errors are split into
fatal and non-fatal errors. Fatal errors will not allow the simulation to run and must be corrected.
Fatal errors usually are related to lanes and lane groups where no lanes exist on a link.
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Non-fatal errors still allow a simulation to be run, but these need to be reviewed and corrected if
possible for best results. Some examples of non-fatal errors that need to be corrected are:

e “Detector too close to stop bar” ;

e Minimum green /total split/pedestrian timing errors;

e Reference phase not in use errors;

e Storage lane and length errors.

Some examples of non-fatal errors that can be left alone as these are “how it is” are:

e “Angle between approaches less than 25 degrees.” Small angles will lengthen out an
intersection area and may cause unpredictable operation.

e Any error referencing vehicle extensions or minimum gaps exceeding 111% of travel
time between detectors. Errors such as these indicate that actuated signal operation will
be not as efficient.

e “Volume-delay operation not recommended with long detection zone.” SimTraffic has
issues generally with ODOT’s default phasing variables.

ODOT standard is to average together at least five (5) random acceptably working (no system
gridlock) runs. If you have a congested or a large network, it is advisable to have 7-10 runs to
allow for “blown” runs which are caused by system gridlock so there are at least five good runs
averaged together at the end. The system gridlock is typically caused by the improper actions of
simulated vehicles that end up getting stuck. If every run or a majority of runs have gridlock,
then the analyst should further refine the simulation settings, especially the headway factors,
blocked intersection and lane change distance parameters.

It can take 20-40 minutes a run (depending on network size, congestion level and computer
speed). Make sure you have adequate available storage. Each simulation file can be in excess of
1 GB. If you run out of space during a multiple recording session, SimTraffic will continue to
run, but the simulations will stop being recorded.

Once the runs are completed, check each simulation run by selecting each number in the drop-
down run number box to make sure it is free of any system gridlock errors and that the
simulation reflects what is expected. If there are bad runs, make note of the run number, so it
may be skipped in the report process.

8.3.7 Simulation Outputs

SimTraffic outputs are used for queue analysis, determination of storage lane lengths, travel
times and other evaluation criteria. Many times in the evaluation of alternatives the typical v/c
and LOS measures may have very small differences. It is common practice today to use
additional MOE’s to describe an operation of an alternative. These MOE’s can include travel
time, stopped delay, average speed and queue blocking. These are very useful in alternative
comparisons because lower travel times, delays and stops coupled with higher average speeds,
will indicate a more operationally efficient alternative.
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Make sure before selecting any report to print or preview that a number is showing in the run
number box. Otherwise, a message appears from SimTraffic saying that it needs to record the
simulation again.

To preview a report, select the desired report(s) and make sure that the Multiple Runs box is
checked. Select the desired .hst files (skipping any bad runs). Reports are generally broken down
into sections by intersection and interval. The Summary of All Intervals section of the report is
where information is pulled from for analysis. Check to make sure that content, headers and
footers are correct before printing.

Simulation Summary Report — Used to check whether that the runs look to have similar
characteristics. Entering and exiting vehicles, total delay and total stops should be
relatively consistent between runs. This is a second check of the run adequacy (the first is
visual inspection). This report also gives system total MOE’s which can be used in
alternative comparisons.

Queuing and Blocking Report - The Queuing and Blocking report generates the 95"
percentile queues which are used to design turn bay storage as well as document
operation of the study area. Exhibit 8-9 shows a typical report.

This report shows three different queues: maximum, average and 95™. The reported
maximum queue is the highest queue calculated every two minutes. The average queue
(50™ percentile) is the average of the calculated two-minute queues. The 95" Queue is the
95™ percentile of the reported maximum queue over the simulated period. With the
Random Number Seed set to zero, the queues in this report will be different from those in
another set of simulation runs. When reporting out the estimated queue lengths, round up
to the next 25 feet.
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Exhibit 8-9 Sample Queuing and Blocking Report

CGueuing and Blocking Report
Baseline 2712008

Intersection: 2: Redwood Ave & US 199 Interval #1

Movement WE WE NE NE
Directions Served L LT R R
Maocmuem Queus () 43 el 134 132
Aversges Dusus (f) 11 18 43 45
056 Queus (f) [} o1 142 167
Link Distance {f) ez ez 382 382

Upstream Bk Time (30)
Queuing Penaly {veh)
Blorage Bay Dist )
Siorage Bl Time {30}
Queuing Penally {veh)

Intersection: 2: Redwood Ave & US 199, Interval #2

Movement WE WE NE NE

Directions Served L LT R R

Maocmuem Queus () 321 344 120 144

Average Queue (f) i) 58 16 16

056 Queus (f) 44 M3 T3 v

Link Distance {f) ez ez 382 382

Upstream Bk Time (30) 3 57 th B

Queuing Penaty fuen) 25 48 95" Percentile Queues

Blorage Bay Dist )

Storage BK Time (o)
Queuing Penally {veh)
Intersection: 2: Redwood Ave & US 189, All Intervals

4

Movement WE WE NE
Directions Served L 1T R’ R /
Maocmuem Queus () 344 3T 135 137

era0o Ducus [F) =1 = o =4
S5t Qusus () 200 300 95 106 )
Link Distance () ez ez 382 382
Upstream Bl Time (%) 2 4

19 w

Queuing Penaly {veh)
Sorage Bay Dist {f)
Siorage Bl Time (%)
Queuing Penally {veh)

The Upstream Block Time and the Storage Block Time are of particular interest in helping
describe the overall impact of queuing. While the 95" percentile queues may show how long a
gueue is, the block time shows for how long of the simulated hour the queue will block
intersections or storage bays.

Even if queue spillback into adjacent intersections is not occurring, storage bays may be
overflowing, causing local problems such as the blockage of adjacent lanes. A queue blockage or
spillback condition is considered a problem when the duration exceeds five (5) percent of the
peak hour. Spillback may also be a sign of cycle failure as there may not have been enough green
time available to serve all waiting vehicles. Signals do not recover instantly, so one spillback
cycle could affect the operation of the next two or three cycles which can be a significant portion
of hourly cycles.
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e Upstream Blk (Block) Time (%) - This is an estimated percentage of the peak hour in
which the queue from the subject node blocks an upstream node. This is especially useful
when analyzing a complex Synchro network, to determine the extent of queuing on a
system when reporting out results. It can also be used to determine if an alternative or
option will provide the best progression.

e Storage Blk (Block) Time (%) - This reports an estimated percentage of the peak hour
in which the length of the through or turning queues exceeds the storage length. For build
analysis, if your storage block time is significant (>5%), then it is recommended to enter
a longer bay length, rerun the simulation and continue this until you get a percentage less
than 5%. Keep in mind that storage bays should adhere to the practical limit of 300 — 350
feet (most storage bays are 100 to 150 feet), so some alternatives and their simulations
will still have significant storage block time.

Queues can be reported directly from the subject approach if the queue length is less than the
link length. If a queue is longer than the link length, then the total actual queue length will be the
link length(s) that are completely filled up plus the last queue length that does not exceed the link
length. The analyst will need to trace the queue back from the intersection in question, so you
will likely pass though multiple intersections and bend nodes to obtain the actual queue length.
However, this queue is made up of contributions from other intersections that the subject queue
spills back into which can make it hard to tell and report where exactly the queue originates.
Queues are best reported graphically by identifying the queues under spillback conditions
separately from the ones that do not exceed the link length. Exhibit 8-10 shows a sample 95"
percentile queuing diagram. To minimize reporting issues, link curvature should be used where
possible to eliminate any unnecessary bend nodes.

The combination of the upstream and storage block times can also be used to report out the

impacts of queuing at a higher level instead of reporting out the 95" percentile queues for
intersection approaches.
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Exhibit 8-10 Sample Queuing Diagram

NO SCALE

Fern Valley Rd.
= |solated 95 Percentile Queues
ssesss = Overlapping intersection 95 Percentile Queues
OREGON DEPARTMENT OF TRANSPORTATION TPAU TRANSPORTATION PLANNING ANALYSIS UNIT
. . |Fi|e : Fern Valley.ppt | | Prepared By: C. Fera-Thomas
Fern Valley Interchange - 2004 30" Highest Hour No-Build 95t Percentile Queues ——————— | FIGURE 3
|Date: 2/25/2005 Rev. By: P. Schuytema PE

e Performance Report - The Performance report (Exhibit 8-11) gives the MOE
comparisons for each intersection by approach, movement or run; for each approach by
run; or a total for the entire network. MOE’s are summed over the entire hour (i.e., hours
of delay). During calibration, “vehicles exited” needs to be used to ensure calibration, see
Section 8.3.1 for more instruction.

Analysis Procedure Manual 8-18 Last Updated 1/2011



Exhibit 8-11 Sample Performance Report

SimTraffic Performance Report
Baseling 2712008

2. Redwood Ave & U3 1989 Perdformance by movement Entire Run

Mowsment WEL WET NET NER Al
Total Delay (e} 2B 268 1] 16 70
Dielay ( Vieh (s} 86 138 19 41 80
Total Soos =] 120 [1] 8 247
Trawel Dist {mi} 1474 726 04 1122 33235
Teawe] Time (e} 62 43 1 11] 43 14%
Avg Speed {mph) 24 17 28 26 3
Fusl Usad (gal) G4 33 (111 3B 135
HC Emissions (g) 28 121 i} 135 o4
C0 Emissions (g} B4Z5 33D 11 4823 16638
Moz Emissions {g) 97 5] 1 453 1843
\iehicles Entzrad 1176 387 9 135 3133
Vishicles Exited 1177 798 9 133 M7
Howrly Exit Rste 1177 598 9 1353 3I7
1420 G678 12 1475 3585

23 fi:] 75 @2 &8

0 1] 1] 0 1]

1] /] 1] 1] /]

e Arterial Report — The Arterial Report (Exhibit 8-12) is another version of the
Performance report but reports out travel time, delay and speed along a roadway section
on a per vehicle basis. This roadway must have at least two nodes for this report to be
available for it and the roadway has to have the same road name without any special
characters (i.e. dashes) along all of the reported sections. The presence of a mixture of
one-way and two-way sections along an arterial corridor may require segmenting and the
individual results summed.

Exhibit 8-12 Sample Arterial report

Arterial Level of Service: EB US 199, Entire Run

Delay Trawsl (1= Brzral
(Cross Strest Mode {siveh) fime s} {mi} Spesd
Mliern Cresk Rd 5 185 262 0.1 z
Redwmood Ave & 85 223 0z 27
s 199 z 44 110 0.1 27
Faingrownds Rid 10 180 280 0.1 ]
Tois 405 878 05 Q

Animated Tracking

In the SimTraffic simulation, clicking on a vehicle will bring up a box (Exhibit 8-13) showing
speed, acceleration, distance to next turn, etc. this will allow the analyst to track vehicles as they
travel through the network. Clicking on the vehicle again will remove the tracking box. In
addition, signalized intersections can be clicked on showing the signalized operation in action as
it goes through the phases. Both of these can be useful in debugging a simulation. It is
recommended that the simulation speed be set to real time or slower for best viewing.
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Exhibit 8-13 Animated Vehicle and Signal Tracking

Int:10 US 199 & Fairgrounds
Ph Dir Time Mn Mx Rcl Gap Ped

2 WBT 10 725 Min 3.2 [J5E
& EBT 10 735 Min 4.0
Calle12__ 6 Ped Calls:

Vehicle ID#: 60 Hext Turn: Left
Vehicle Type:Car2 2nd Turn: Thru
Driver Type: 10 Speed (ftis): 62.5
Hode: 2 Accel (ft's2): 4.0
Upstream Node: 10 Current Lane: 1
Dist to SBar (ft): 345 Dest Lane: 1

Static Graphics

Other reports include the “Static Graphics” reports (Exhibit 8-14). Select the Graphics tab and
you will get a box showing reports such as total delay, percent time blocked queues, etc. These
reports are based on the same information that the previous comprehensive reports use, but
display the information in graphical form, rather than a table of numbers. These report out just
the run number selected rather than an average of runs of the regular reports. These can be use to
quickly visualize the issues for the analyst or for others.
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Exhibit 8-14 Example Queue Length Static Report

Queue Lengths
All Intervals

Color GQueue Type

B average
[ 9sth Percentile

] Max Observed
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8.4 VISSIM - Overview

VISSIM is a simulation program that can model multi-modal traffic flows including cars, trucks,
buses, heavy rail and light rail transit (LRT) as well as model traffic management systems (ramp
meters, toll roads and special lanes) and transit priority systems. VISSIM can also model trip
assignment, over fixed routes or dynamically, where vehicles change routes in response to
specified events and can animate traffic movements in 3-D. VISSIM is a program that can stand
alone, but is data intensive to create files for use on its own. Alternatively, the files can be
created in VISUM (a travel demand program) that can then import the files into VISSIM for
analysis. Because most regions do not perform travel demand modeling, it is important to note
issues both with and without VISUM.

Other advantages of VISSIM include the rail-roadway interface, which requires VISSIM Level 3
or 4 in order to model the effect of rail crossing blockages on queues and roadway operations.
Another advantage is that VISSIM has the capability of “dynamic traffic assignment” (DTA),
which will reroute a vehicle on the network in case of a crossing blockage or an overcapacity
situation. Note that this strength of the software comes at the price of larger study areas to allow
for correct dynamic assignment and to address effects occurring potentially outside of the focus
of the study area. DTA will likely require more data, measures and resources to properly
calibrate.

Other VISSIM disadvantages are that it does not produce signal coordination timing and can be
data intensive and time consuming to construct and calibrate a scenario, especially from scratch.

When importing a Synchro network to VISSIM through the Pre-Synchro converter or a network
from VISUM to VISSIM, note that turn bay lengths cannot extend greater than halfway between
adjacent intersections in VISUM. The analyst will need to shorten the turn bays before importing
into VISUM and later extend them to the proper length in VISSIM. Impacts (in the travel
demand model) from long queues that would be outside a turn lane are not easily discernible,
since the turn lanes are modified outside of the demand model program. Some issues to consider
when using VISSIM for analysis are (based on ODOT’s assessment of version 4.1):

e The flexibility of the program means the analyst is required to write their own reports.
This would require exporting the queuing data to Excel; using Excel to calculate the
maximum queues for each time period, calculating averages and standard deviations and
then calculating the 95™ percentile queue on each approach for each run.

e When creating an intersection, VISSIM does not assume the legs are connected together
and will assume no turning movements or traffic control until the analyst draws in: all the
turn movements, where vehicles slow down when turning the corners, when they need to
yield to pedestrians, where the signal heads and detectors are, what the relationships
between the signal heads and the detectors are, what the design of the ring/barrier signal
controllers are and where queues, speeds or other data is to be measured, etc.

e VISSIM does not do signal coordination/progression, so the network must be exported to
Synchro to develop the timing and progression and then imported back into VISSIM.
Turn bay limitations with the import process as mentioned above will still apply.

e VISSIM should not be used in a TIS process as there are too many parameters to change
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and is likely out of the capable review range of most Region analysts.

e VISSIM has the capability of performing analysis directly on VISUM traffic volume
assignments and includes a post-processing function. The results of this type of analysis
may be acceptable for certain applications, such as sketch planning and alternative
screening. However, for most types of analysis, DHVs are required. The function in
VISSIM does not create DHVs, therefore the post-processing procedures outlined in
Chapter 4 are still necessary.

e Most ODOT offices do not own the VISSIM software. VISSIM submittals by consultants
should include the VISSIM model translated into Synchro files to enable effective ODOT
review. The ODOT Synchro defaults should be implemented in the VISSIM model to the
extent possible.

e Most region offices are unlikely to have the knowledge base to use VISUM.

Currently, VISSIM is not practical enough for most ODOT applications. Model development is
data intensive, requires detailed knowledge on many input parameters and has limited
standardized output reports. Use of Synchro or VISUM can speed up some of the work but
requires an import/export process which can be very time consuming.
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8.5 Paramics - Overview

Paramics and VISSIM share a lot of the same benefits in functionality and issues with
complexity and time to achieve calibration. Paramics, like VISSIM, is a simulation program that
can model multi-modal traffic flows including cars, trucks, buses, heavy rail and light rail transit
(LRT) as well as model traffic management systems (ramp meters, toll roads and special lanes)
and transit priority systems. Paramics can also model trip assignment, over fixed routes or
dynamically, where vehicles change routes in response to specified events and can animate
traffic movements in 3-D. Paramics is a program that can stand alone, but is data intensive to
create files for use on its own. Paramics does offer some importing functionality to bring
networks in from other software, but it does not have a direct link to VISUM. However, all of
Paramics’ inputs are text files, making it easy to customize automations (macros, scripts, etc.) to
take networks from other platforms and format the data into the text files Paramics requires. This
creates many opportunities to bring networks from any software quickly into Paramics.

Arguably the biggest strength of any dynamic assignment software (like Paramics and VISSIM)
is the “dynamic traffic assignment” (DTA) option, which will reroute a vehicle on the network in
case of a rail crossing blockage or an overcapacity situation. Note that this strength of the
software comes at the price of larger study areas to allow for correct dynamic assignment and to
address effects occurring potentially outside of the focus of the study area. DTA will likely
require more data, measures and resources to properly calibrate.

Paramics has disadvantages similar to VISSIM since it does not produce signal coordination
timing and can be very data intensive and time consuming to construct and calibrate a scenario,
especially from scratch.

Some issues to consider when using Paramics for analysis are (based on ODOT’s assessment of
version 5.2):

e The flexibility of Paramics means the analyst is required, in most cases, to write their
own reports. Paramics does have a set of limited standardized reports. This would require
exporting the queuing data to Excel or comparable software; creating functions to
calculate the maximum queues for each time period, calculating averages and standard
deviations and then calculating the 95" percentile queue on each approach for each run.

e Paramics does not do signal coordination/progression, so the network must be
constructed in Synchro (or similar software) to develop the timing and progression,
which can then be incorporated into Paramics.

e Paramics should not be used in a TIS process as there are too many parameters to change
and is likely out of the capable review range of most Region analysts.

e To date, none of the ODOT offices own the Paramics software. Paramics submittals by
consultants should include the Paramics model translated into Synchro files to enable
effective ODOT review. The ODOT Synchro defaults should be implemented in the
Paramics model to the extent possible.

Currently, Paramics is not practical enough for most ODOT applications. Model development is
data intensive, requires detailed knowledge on many input parameters and has limited
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standardized output reports. The use of Paramics input text file format can speed up some of the
work but requires a custom import/export process which can be very time consuming to develop.
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8.6 CORSIM - Overview

CORSIM is a microscopic traffic simulation program, applicable to surface streets, freeways and
integrated networks with a complete selection of control devices, i.e., stop/yield sign, traffic
signals and ramp metering. CORSIM simulates traffic and traffic control systems using
commonly accepted vehicle and driver behavior models and combines two traffic simulation
models: NETSIM for surface streets and FRESIM for freeways. CORSIM allows for user control
of trip assignment through the ability to set vehicle-type specific turn percentages and set
predefined vehicles routes.
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9 DETERMINING NEEDS

9.1 Purpose

The primary purpose for conducting the analysis presented in previous chapters is to determine
how a given facility performs relative to the selected performance measures of the study. This
chapter presents an overview of the process for comparing the results of the Existing and No-
Build analysis with adopted OHP standards, in order to identify deficiencies in the performance
of the facility. Solutions are addressed in Chapter 10. Topics covered include:

e Standards for Determining Needs

e Applicable Oregon Highway Standards
e Analysis of Transportation Systems
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9.2 Standards for Determining Needs
The term ‘need’ as used by transportation professionals is defined as:

“A ‘need’ has generally been defined by transportation analysts as any case where the
current or planned facility conditions falls below an established standard.”

The above perspective assumes that the adopted standard is the minimum acceptable condition
for a facility and any case where conditions fall below that level is a deficiency that should be
corrected. The relevant standards presented in the latest version of the Oregon Highway Plan
should be considered, as discussed in Chapter 2. Standards provide a critical element of the
decision-making framework for assessing deficiencies and improvement alternatives since they
are developed to maximize overall system performance while limiting liability to the agency
responsible for construction, operations and maintenance.

Selection of Performance Measures

Performance measures, sometimes referred to as measures of effectiveness, are quantitative
criteria that indicate how well a function or activity is being performed. Some common
performance measures used in traffic engineering include v/c ratio, LOS, vehicle delay, travel
time, emissions, vehicle speed, mode shift and capacity.

Most road authorities (state, county or city) maintain adopted standards for operational efficiency
that identify specific performance measures. It is important to identify all applicable standards
and corresponding performance measures for study roadways to provide a basis for evaluating
the results of transportation analysis and to determine if project goals and objectives are being
achieved. The use of performance measures to identify needs and evaluate alternatives is
discussed further in Chapters 9 and 10. ODOT measures highway mobility performance through
volume to capacity (v/c) ratios and has adopted separate standards for identifying current and
future needs and project design.

Operational standards for identification of current and future needs are documented in the 1999
OHP in Policy 1F. Tables 6 and 7 within Policy 1F list maximum allowable v/c ratios for various
combinations of highway classifications and surrounding land uses, with Table 7 applying to the
Metro Area and Table 6 applying to the remainder of the state. However, it should be noted that
the text within Policy 1F contains exceptions to the standards listed in these tables and, therefore,
must be consulted as well. Furthermore, the OHP Registry of Amendments webpage should be
checked for amendments that may affect this policy.

As an example, Amendment 00-04, which was adopted on December 13, 2000, created alternate
mobility standards for the South Medford Interchange and the Metro Area. These alternate
standards can be found in the document “Amendment to 1999 Oregon Highway Plan Alternate
Highway Mobility Standards Metro Area.” When using these standards, it should be noted that
there is an error in the Table 7 footnote. The existing first bullet under OHP Table 7 was a
leftover from the original Table 7 and is proposed to be stricken from the OHP with the next
revision. Each of the hours needs to be analyzed separately, using an appropriate PHF, with the
results compared to the respective v/c ratios provided in Table 7.
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These standards are applicable to existing, future no-build and future build conditions for TISs
(typically associated with comprehensive plan amendments, zone changes, development reviews
and approach applications) and all no-build alternative work for existing and future conditions
analyzed in other types of projects including transportation facility projects, transportation
system plans, corridor plans, refinement plans, interchange area management plans and access
management plans. In situations where an interchange or interstate freeway needs to be modified
in association with proposed development impacts, it is necessary to coordinate with Federal
Highway Administration (FHWA) and the developer to work out any issues relative to the OHP
versus ODOT’s HDM guidelines.

Operational standards for project design are documented in Exhibit 10-1 of ODOT’s HDM.
These standards (the functional equivalents of the LOS standards in the American Association of
State Highway and Transportation Officials [AASHTQO] Green Book) represent the level of
operation for which state facilities are expected to be designed and are intended to be applied to
an analysis year occurring 20 years beyond the year of completion. These standards are
applicable to future build alternatives associated with all project types except Traffic Impact
Studies associated with development, unless an interchange or interstate freeway is involved. It
should be noted that for ramp terminals, the HDM mainline maximum v/c ratio is the standard
that applies. There is no equivalent ramp terminal v/c ratio in the OHP as there is in the HDM.

Exhibit 9-1 illustrates the appropriate sources of performance measures for different project
types.

Exhibit 9-1 Sources of Performance Measures by Project Type

TIS Projects Studies
Existing Conditions OHP OHP OHP
Future No-Build OHP OHP OHP
Future Build(s) OHP HDM HDM
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9.3 Applicable Oregon Highway Standards

9.3.1 Mobility

The OHP establishes the mobility standards for all state facilities. ODOT measures highway
mobility performance through v/c ratios and has adopted separate standards for identifying
current and future needs and project design.

Most of the analysis procedures summarized in Exhibit 2-1 have direct (or equivalent) v/c ratio
results for performance assessment. The compliance with the appropriate standard (maximum v/c
ratio thresholds defined in the OHP) is the first tier of the evaluation. These procedures are noted
in Exhibit 9-2.

Exhibit 9-2 Types of Performance Measures Applications

Volume to Meets /
Type of Analysis Capacity Does Not Speed 8 ueue
X ength
Ratio Meet

Signalized Capacity X
Unsignalized Capacity X
Preliminary Signal Warrants X
Segment Analysis X
Signal Warrants X
Turn Lane Criteria Analysis X
Queuing Analysis X
Segment Analysis X X
Progression Analysis X
Weaving Analysis X X
Merge/Diverge Analysis X X
Passing/Climbing Lanes X X
Simulation Modeling X X
Avrterial Analysis X

However, several procedures do not yield v/c ratio outcomes. For example, traffic signal
warrants are one guide to assess the readiness of an intersection or junction to be controlled by
signals, but it is not, by itself, a performance indicator. However, these analyses are useful to flag
potential modifications in traffic controls or facility designs that should be incorporated into
Build scenario evaluations.

The other category of performance measures focuses on travel speeds, including progression
analysis, arterial analysis and selected outputs of many simulation models. The vehicle speed
outcomes can be compared to target or design speeds to assess relative benefit, but there is no
direct comparison with v/c ratio in these analyses. It is recommended that these types of
measures should be used in conjunction with either intersection or segment analysis that do have

Analysis Procedure Manual 9-4 Last Updated 1/2011



v/c ratio related outcomes to determine the compliance with mobility standards.
9.3.2 Safety

The safety evaluations parameters are less discrete compared to mobility standards and generally
rely on a comparative evaluation to other state facilities as a basis for acceptability. Section 5.2
of the Oregon State Highway Crash Rate Table states:

“Table Il presents a five-year comparison of crash rates for the state highway system, for
urban and rural areas by functional classification.”

For the crash analysis, use this table to compare the historical segment crash rate for a studied
section to the statewide average rate in the table for a comparable type. The analyst must
determine if the studied segment is within an urban or rural area, the roadway classification and
whether it is a state primary or secondary highway. A listing of primary and secondary highways
is included after Table IV in the Crash Rate Table. Note that the category “State Highway
System” provided alongside the primary and secondary system categories is a combination that
should NOT be used for most crash rate comparisons.
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Exhibit 9-3 2008 Crash Rates by Jurisdiction and Functional Classification

JURISDICTION AND ANMNUAL FATALI- | CRASH | FATALITY
FUNCTIONAL CLASSIFICATION MILES VEHICLE MILES | CRASHES TIES RATE* RATE"
TOTAL STATE HWY SYSTEM 7,453.23 19,523,091,729 16,142 221 0.63 1.13

Interstate Freeways 730.52 8,526,366,378 3,169 38 037 0.45
Other Fwys/Expressways 54 27 1,290 552 234 858 8 0.66 0.62
Non-Freeways (combined) 6,668.44 9,706,173,117 12,115 175 1.25 1.80
Other Principal Arterials 3,280.79 7,509,225 541 9,631 115 128 153
Minor Arterials 1,959.83 1,811,486,662 2,031 44 1.12 243
Urban Collectors 869 10,172,238 11 0 1.08 0.00
Rural Major Collectors 1,381.52 371,721,968 439 16 1.18 4.30
Rural Minor Collectors M 72 3,432,935 3 0 087 0.00
Rural Local 2.89 133,773 0 0 Q.00 0.00
URBAN HWY SYSTEM 819.67 9,207,412,773 10,054 61 1.09 0.66
Interstate Freeways 176.15 4,445 167 356 2,066 16 0.46 0.36
Other Fwys/Expressways 54 27 1,290 552 234 858 8 0.66 0.62
Non-Freeways (combined) 589.25 3,471,693,183 7,130 kTS 205 1.07
Other Principal Arterials 512 59 3,163,978,720 6,584 34 208 1.07
Minor Arterials 67.97 297,542 225 535 3 1.80 1.01
Urban Collectors 8.69 10,172,238 11 0 1.08 0.00
Urban Cities 568.62 65,973,941,364 8,497 A8 1.22 0.59
Interstate Freeways 111.61 3,256 ,667,634 1,733 13 0.53 0.40
Other Fwys/Expressways 47.73 1,184,858,022 794 6 067 0.5
Non-Freeways (combined) 40028 2,532 415708 5,970 29 236 1.15
Other Principal Arterials 366.57 2,337,353,812 5,527 26 2.36 1.1
Minor Arterials 41.06 192,668,622 440 3 228 1.56
Urban Collectors 1.65 2,393,274 3 0 1.25 0.00
Suburban Areas 231.05 2,233,471,409 1,557 13 0.70 0.58
Interstate Freeways 64 .54 1,188,499, 722 333 3 0.28 0.25
Other Fwys/Expressways 6.54 105,694,212 64 2 0.61 1.89
Non-Freeways (combined) 179.97 939,277 475 1,160 8 1.23 0.85
Other Principal Arterials 146.02 826,624,908 1,057 8 1.28 0.a7
Minor Arterials 26.91 104,873,603 95 0 09 0.00
Urban Collectors 7.04 7,778,964 8 0 1.03 0.00
RURAL HWY SYSTEM 6,633.56 10,315,678,956 6,088 160 0.59 1.55
Interstate Freeways 554 37 4,081,199,022 1,103 22 027 0.54
Non-Freeways (combined) 6,079.19 6,234 479,934 4 985 138 0.80 21
Other Principal Arterials 2,768.20 4,345,246,821 3,047 81 0.70 1.86
Minor Arterials 1,801.86 1,513,044 437 1,496 41 0.99 2mM
Rural Major Collectors 1,381.52 371,721,968 439 16 1.18 4.30
Rural Minor Collectors M72 3,432,935 3 0 0.87 0.00
Rural Local 2.89 133,773 0 0 0.00 0.00
Rural Cities 218.91 491,825,707 536 0 1.09 0.00
Interstate Freeways 14.05 89,782 362 26 0 029 0.00
Non-Freeways (combined) 204 86 402 043,345 510 0 127 0.00
Other Principal Arterials 109.77 271,934,779 £l 0 1.18 0.00
Minor Arterials 5324 92,620,842 148 0 1.60 0.00
Rural Major Collectors 41.60 37,222.524 11 0 1.10 0.00
Rural Minor Collectors 0.25 256,200 0 0 0.00 0.00
Rural Areas 6,414.65 9,623,853,249 5,552 160 0.57 1.63
Interstate Freeways b40.32 3,991,416,660 1,077 22 0.27 0.55
Non-Freeways (combined) 587433 5,832 436,589 4 475 138 07 237
Other Principal Arterials 2,658.43 4,073,312,042 2,726 81 087 1.99
Minor Arterials 1,838.62 1,421,314,595 1,248 41 095 2.88
Rural Major Collectors 1,339.92 334,499 444 398 16 1.19 478
Rural Minor Collectors 3447 3,176,735 3 0 0.94 0.00
Rural Local 2.89 133,773 0 0 0.00 0.00

* Crash Rate Formula: ({crashes*1,000,000)7VMT); Fatality Rate Formula: ((deaths*100,000,000WVMT)

When comparing a statewide average rate to a segment crash rate for a study highway, simply
exceeding the statewide average rate should not be interpreted as proof that a section is
hazardous. Much like an intersection crash rate of 1.0 or greater, a segment crash rate that
exceeds the statewide average crash rate should merely be considered as an indication that
further investigation is necessary. The analyst should also examine the collision type and
collision information such as time of day, milepost, roadway conditions and other factors to more
accurately understand the crash history.
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9.4 Analysis of Transportation System

9.4.1 Existing System

The analysis scoping, selecting performance measures and procedures for evaluating the existing
transportation system are described in Chapters 2, 3, 5, 6, 7 and 8 of this manual. Refer to those
sections for appropriate methods and techniques.

Elements of the existing transportation system that do not fall below current adopted
performance standards should be flagged for consideration in developing facility alternatives.
See Chapter 10.

Similarly the crash analysis procedures are described in Chapter 5. Locations that fall above the
statewide average for a similar facility type and setting should be flagged for possible
countermeasures or other improvements to be incorporated into the build plan alternatives. See
Chapter 10.

9.4.2 Future No-Build System

The Future No-Build System typically includes the same street and intersection network, traffic
controls and operational assumptions that were applied for the Existing System analysis without
any improvement. In some cases, the Future No-Build System may include improvement
projects that are assumed to be funded and constructed within the project planning horizon. The
analyst should coordinate with Region Planning staff to identify these projects. Typically such
projects would be listed in the STIP, city or county TSPs or MPO Regional Transportation Plans
(RTPs). In these cases, it may be more useful to refer to this situation as the Future Base
scenario, to reduce confusion with suggestion that no-build implies no improvement projects.

The same measures and analysis techniques applied for the Existing Transportation System will
be applied on the Future No-Build System. However, the forecasted future volumes will be used
in this analysis to assess how the future No-Build System operates. The future volumes should be
developed according to the guidelines described in Chapter 4.

Elements of the transportation system that fall below current adopted performance standards
should be flagged for consideration in developing facility alternatives. See Chapter 10.

There is no widely accepted method for assessing future traffic safety conditions. The detailed
type of analysis used in Chapter 5 is not applied to future year traffic volumes. However, some
project alternatives may help to resolve existing safety issues or deficiencies by upgrading
substandard designs (modernization) or eliminating the primary conflicts (e.g., constructing a
grade-separated crossing).
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9.4.3 Travel Demand Management Options

The future analysis may also include elements that modify the initial travel demand that are
expected in the future no-build forecasts. There are many techniques and programs that
effectively manage future traffic demands, both on a temporal and modal basis, to work towards
reducing the overall travel demands within the project area. Common demand management
techniques could include:

Proposed changes to the current land use zoning.

Restrictions to the intensity of development within an existing zone (e.qg., trip caps).
Increase or enhanced transit services.

Comprehensive Travel Demand Management (TDM) programs applied to larger
employment centers that increase auto occupancy, bus ridership and help to spread out
the peak demand levels for a given site.

It is recommended that the alternatives development process give consideration to TDM
components that can augment physical or operational improvements within the study area. Refer
to Chapter 10 for more details about TDM options.
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10 ANALYZING ALTERNATIVES

10.1 Purpose

The project alternatives should be developed and their effectiveness analyzed consistent with the
goals and evaluation criteria selected for the project and to specifically address deficiencies
identified through the Existing and No-Build System analysis. This chapter presents the process
for conducting the transportation analysis of Build Alternatives. Topics covered include:

Highway Design Manual Guidelines
Screening Preliminary Alternatives
Identifying Limitations to Design Concepts
Documentation of Screening Process
Evaluating Build Alternatives
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10.2 Highway Design Manual Guidelines

The performance measures applied to flag deficiencies in the Existing or No-Build system, as
described in Chapter 2, provide a basis for requiring improvements. However, when defining the
scope and nature of improvements, these indicators are not sufficient. The project design
guidelines identified in the Highway Design Manual should also be applied to measure
acceptability of performance for the horizon forecast year. Refer to Chapter 2 for more detail.

The HDM has different design guidelines for different roadways and the expectation is that the
guidelines will be followed. In some cases, however, the costs and impacts associated with a
preferred improvement project are too great to fully comply with HDM guidelines and an
exception to the design must be submitted and approved. Design exceptions are not intended as a
commonplace occurrence, are not necessarily a quick process and should not be relied on prior to
approval. Design exceptions may be needed for planning studies. Corridor studies are usually not
developed at a level of detail that involves design exceptions. Transportation Growth
Management (TGM) funded projects and refinement plans may have enough detail and
information that would support design exception requests. As with normal project development
projects, complete background information and sufficient justification as to why the guideline
was unable to be met must be provided or be available to initiate the design exception process.

For a project that may be constructed within five years, the planner or project leader in charge of
the planning project should contact the Region Technical Services Resource Manager (TSRM) to
assist in putting together the design exception request. The design exception request should be
processed in the same manner as a project development design exception, which is listed in
Section 13.3 of the HDM. For projects that may be constructed within five to ten years, the
design exceptions should be identified and the TSRM or the Roadway Engineering Manager
should give an indication that a design exception is warranted and would probably be approved.
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10.3 Screening Preliminary Alternatives

Alternatives for facilities should be developed, assessed and evaluated relative to the matrix of
performance measures selected for this study. Depending on the scope and complexity of the
study, it may be appropriate to have a tiered screening process. This process would begin with a
screening process that allows for a large range of potential alternatives to be defined (typically
through a workshop or open house process). This enables many stakeholders to express any
outstanding concerns and potential solutions at a sketch or concept level format. These initial
sketch alternatives are then filtered to just a few alternatives through the first screening process.
These alternatives would then be advanced to the next level in order to select the best candidates
for the purposes of alternative performance evaluations. Alternatives that are screened out should
be documented as to why and tracked in the project files. This helps document the entire project
selection process as well as reference to answer questions about alternative development.

Projects that have an up-to-date travel demand model representation of the study area could use
this tool to rapidly perform initial assessments of system performance without the need for
detailed analytical calculations required for the full performance measures evaluation. These
initial assessments typically focus on more general performance indicators, such as v/c ratios on
arterials and highways, v/c ratios across screenlines or approach volumes at major intersections
and junctions. These findings can be useful for quickly assessing the general feasibility of a
preliminary improvement concept and provide a basis for eliminating or further refining an
initial concept.

10.3.1 Coordination with Stakeholders

The development of potential improvement alternatives should be done in cooperation with any
groups within ODOT or other agencies that will be involved in the design, implementation,
construction, maintenance or operations of the facilities. The district and regional units within
ODOT that may be contacted during this process are listed in Chapter 2.

ODOT Engineers

Typically, the highway design and traffic operations engineers within ODOT have a key role in
assisting the review and confirmation of the selected alternatives. The district or regional staff
that would be responsible for the design and implementation of the selected alternative should be
included in the concept development, performance assessment and suggested for further
refinements.

Local Agencies

The local authorities for affected roadways, other than the state, should be included in the
selection and review of alternatives. Typically this includes local cities, counties or regional
metropolitan planning organizations.

ODOT Rail Division

The Rail Division, which is based in Salem, has jurisdiction over railroad crossings and traffic
control devices used within crossing areas. They also have exclusive legal authority over public
grade crossings and provide coordination with the railroads for affected private rail crossings.
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The Rail Division should be contacted any time a project will have an impact directly to or
within 500 feet of a railroad or rail crossing.

10.3.2 Potential Facility Solutions
Potential solutions to address existing or future deficiencies can range the following categories:

Travel Demand Management TDM

Potential Land Use or Regulatory Changes

Access Control and Local Circulation Improvements
Transportation System Management (TSM)
Capacity Increases

Intersection Control Improvements

Interchanges

In general, the analyst should first consider the least impact to existing development, natural
systems and cost, then progress towards improvements that have potentially larger investments
and associated impacts until the identified need is resolved.

Travel Demand Management (TDM)

The initial assessment for the project area should consider solutions that do not require physical
improvements to the transportation system. Travel demand management generally includes the
following types of programs and services that can marginally reduce the estimated travel demand
where these types of programs are not in place. In general, these types of programs are most
suitable for urban areas where commute traffic represents a significant component of the study
period flows. In general, they include:

Carpooling/Ridesharing

Shuttle Service/Transit Service Expansion
Transit Fare Subsidies
Flextime/Compressed Work Week

Bike Parking/On-Site Lockers and Showers
Telecommuting

The effectiveness of these types of programs can be estimated based on surveys conducted for
the Employee Commute Options Rule compliance. Typically, these measures can reduce
commute travel demand for a given activity center by 1 to 10 percent or more, if the management
takes aggressive measures. For more details, refer to the 1996 study™ that assessed the marginal
reduction in traffic generation associated with various TDM options.

Potential Land Use or Regulatory Changes
In addition, other planning actions taken by the local jurisdiction may have substantial effects on

12 Guidance for Estimating Trip Reductions From Commute Options, Oregon Department of Environmental Quality,
August 1996.
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the initial horizon year forecasts that would reduce the future demand and partially (or fully)
mitigate the identified need. These actions could include:

e Re-zoning land to allow less intense transportation uses.

e Restricting the intensity allowed within the current zoning by imposing trip caps that are
regulated by local ordinance.

e Supporting mixed use development that minimizes trips onto the roadway system.

These actions require coordination with local agencies that are responsible for land use review
and approval and it may require a separate review and approval process to be implemented.

Access Control and Local Circulation Improvements

State facilities should be reviewed to compare background access provisions on state highways
against the adopted standards as presented in OAR 734-051. Consolidating (or eliminating)
existing vehicular access can substantially improve travel speeds and reduce vehicle conflicts
along the highway. Typically, this would require coordination with affected property owners and
implementation of necessary permits and easements to effect an alternative local circulation plan.
This approach is most effective on a site that is making development application and has
substandard existing access spacing provisions.

In addition, the local agency could implement alternative local circulation plans that reduce the
volume of traffic using the highway and shifts a portion of the local vehicle trips onto local
roadway facilities. This can be accomplished through connecting circulation routes within
adjoining uses across parking lots or via alleys, frontage roads and backage roads.

Transportation System Management (TSM)

Substandard performance at highway intersections can be addressed by adding capacity to
critical movements or upgrading the traffic control schemes to serve higher demand levels. These
types of improvements are also discussed further in Chapter 7. The progression of potential
solutions includes:

e Reconfiguring Lanes: This involves revising existing lane designations. An example
would be revising a two lane approach, where you have a shared left/through lane and an
exclusive right turn lane into an exclusive left turn lane and a shared through/right lane.
This may or may not involve phasing changes at a signalized intersection.

e Signal Phasing: This involves signal phasing changes such as adding a right turn overlap
or adding a u-turn.

e Added Turn Lane Without Widening: An example would be converting available
shoulder or parking space for use as a turn lane.

Capacity Increases

Added Turn Lane

Review right and left-turn lane warrants to serve higher peak period demands. A good planning-
level threshold is when turning volumes exceed roughly 150 to 200 vehicles per hour, a turn lane
should be considered as an option. If the volumes satisfy warrants, review the intersection
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geometry to determine if improvements are required on the receiving side of the intersection to
adequately serve the extra approach lane.

For example, a second left turn lane on one approach will require two lanes exiting the
intersection for receiving the turning volumes. Another example that can be less intuitive is when
a left turn lane is suggested, the opposite side should also be considered for a turn lane since the
cross-section on the receiving side needs to be widened anyway to align the through lanes.

Furthermore, the corridor needs of extra lanes between intersections may necessitate widening of
the highway to add travel lanes to reduce merge/diverge and weaving issues between
intersections. This is particularly the case in urban areas with closely spaced intersections. The
approach and departure lanes at major intersections may dictate the cross-section of the highway
between these major junctions.

e Single Left or Right Turn Lane: Typically a single left or right turn lane can carry
about 300 vehicles per hour when intersecting another major cross-section. Higher
volumes typically have major vehicle queue spillback and delay issues.

e Dual Left or Right Turning Lanes (at intersections): Typically a dual left or right
turning lanes at an intersection can carry up to 500 vehicles per hour. When forecasted
volumes exceed this level, analysis of alternative solutions is needed. Alternative
solutions may include improved adjacent accesses, better connecting linkages,
interchange and signal phasing adjustments.

e Triple Left Turn Lanes: When it starts to become apparent that dual left turn lanes are
not sufficient to accommodate volumes, a grade separation should be considered as
opposed to triple left turn lanes. Triple left turn lanes require a long run-out length of six-
lane highway. ODOT presently has no triple left turn lanes.

e Channelized Right Turn Lanes: When an exclusive right-turn lane volume approaches
or exceeds 1,000 vehicles per hour and is not controlled by a traffic signal, the
intersection can be modified to provide an exclusive receiving lane that requires no
merging with other movements. This results in a free-flow movement with no conflict
points.

e Excessive Intersection Size: When the width of an intersection leg starts to exceed
approximately 110 feet curb to curb, further widening results in diminishing returns in
terms of additional capacity, due to longer pedestrian crossing times and other factors.

Added Through Lane

The addition of travel lanes on a highway facility may be appropriate to serve forecasted travel
demands. As noted in the previous section, within urban areas the cross-section requirements of
the highway may be influenced by the approach and departure lane requirements at the major
intersections. Outside of urban areas, added through lanes may be needed to serve forecasted
long-range growth in nearby communities or to reduce delays associated with trucks climbing
extended grades. The limits of the recommended widening improvements should consider
operational performance, study area intersections and the appropriate transition lengths back to
the existing highway cross-section.
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Intersection Control Improvements

All-Way Stop Controls

If the side street approach to the highway carries roughly the same volume as the highway, an
all-way stop control may be appropriate to reduce delays on the minor streets in cases where the
existing controls are stop signs on the minor approaches only. However, this solution should
consider freight volume levels and any functional designations for priority freight movement on
the highway. An all-way stop control is not recommended when freight movement is a priority,
since it adds recurring delays on the highway regardless of volume levels.

Roundabouts

ODOT guidelines for consideration of siting roundabout facilities on state highways are
contained in the Traffic Manual and the HDM. Currently the HDM criteria includes the
following:

Should not have more than four approach legs.

Should meet acceptable v/c ratios for the proposed design life.

Should have posted speeds 35 mph or less.

Should have normal circular geometry.

Should have similar or balanced volumes on all approach legs.

Should be at an intersection of two highways with roughly the same functional
classification or no more than one level of difference (arterial to arterial, to collector).
Should be mostly commuter and local traffic.

Should not have high pedestrian volumes.

Should not have high volumes of large trucks.

Should not be located within an interconnected signal system.

Should not be in locations where exiting vehicles would be interrupted by queues from
signals, railroads, drawbridges, ramp meters or by operational problems created by left
turns, accesses, etc.

Should not be located where grades or topography limit visibility or greatly complicate
construction.

Should be at an intersection of roughly the same functional classification or no more than
one level of difference (arterial to arterial, collector to collector or arterial to collector,
e.g., avoid arterial to local street etc.).

Traffic Signal Controls

The ODOT standard signal warrant analysis is required to justify new signal installations. Issues
to be considered include traffic volumes, freight volumes, pedestrian volumes, safety history and
spacing relative to existing signal and the accepted standards for the highway facility. A general
guideline for the appropriate type of intersection controls is presented in the HCM, Exhibit 10-
15. A facsimile of that diagram is shown in Figure 10-1. As shown, the two-way vehicle volumes
on the minor and major street facilities can be used to quickly determine possible traffic control
schemes, ranging from two-way stop controls up to traffic signal controls. It is acknowledged
that in some cases a roundabout installation may be an alternative solution to be considered.
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Exhibit 10-1 Intersection Traffic Control Options
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Interchanges

Interchanges on highways are appropriate on all freeway facilities and most expressway facilities
to reduce conflicts and to give priority to through movements on the state facility. ODOT and
FHWA policies govern the different levels of interchanges which may be considered depending
on whether a facility is an interstate, a non-interstate freeway or an expressway. For example,
partial directional interchanges could be considered on expressways, but generally not on
interstate freeways, although there may be specific locations where a partial directional
interchange would be an appropriate treatment that would need to be approved by FHWA. In
addition, some arterial locations may have grade-separated solutions when volume demands
exceed the levels that can reasonably be served by an at-grade intersection.

When traffic volumes exceed these levels or if the functional integrity of the facility requires it,
an interchange or grade-separated junction should be considered. This could take the form of an
interchange or it could be a series of overcrossings on parallel routes to reduce the demands on

the major arterials to a level that could be served by at-grade facilities.

Grade-separated configurations should be developed to serve the forecasted travel demands

consistent with the layout and spacing standards recommended in the HDM. Refer to that manual
for more specific details that are useful in laying out interchange concepts. The following is a
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short review of the common elements of an interchange and a discussion of the conventional
layout configurations that could be considered during alternative development:

Ramp Types

e Jughandle Ramps: These ramps are generally used at low-level interchanges, not for
freeway connections and are characterized by low speeds. They may be considered at
major private approaches to a state highway. When used for non-interchange at-grade
intersections they are termed connections as opposed to ramps.

e Diagonal Ramps: The carrying capacity of a ramp is determined by the conflicting
movements at the ramp terminals. Typically a single lane straight ramp can carry 1,500 to
1,800 vehicles per hour.

e Loop Ramps: Typically a single lane loop ramp can carry 1,200 to 1,500 vehicles per
hour. A loop ramp is appropriate to reduce left turning volumes at ramp terminal
intersections. As noted above, when left turning volumes exceed 500 vehicles per hour,
the typical at-grade intersection cannot generally accommodate it. For example, if a
highway approach to a freeway interchange forecasted 700 left turns in the peak hour
onto a freeway on-ramp, in most cases, the v/c ratio at this intersection would exceed
guidelines. One solution would be to add a loop ramp so that this traffic demand could
turn right at the intersection, in advance of the signal and loop onto the freeway rather
than making a left turn, which requires a major share of the intersection capacity. On-
loops are generally preferred over off-loops, because of concerns regarding the speed
differential between the off-loop and the mainline and difficulties encountered on off
loops during adverse weather conditions.

e Directional Ramps: A directional ramp always bends toward the desired direction of
travel. These are free-flow non-looping ramps that generally operate at high speeds. A
semi-directional ramp exits a road in a direction opposite from the desired direction of
travel, but then turns toward the desired direction of travel. Many “flyover ramps” (as in
a stack) are semi-directional.
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Interchange Types

Exhibit 10-2 Diamond Interchange

Diamond Interchange: An interchange that has straight
ramps in all four quadrants is referred to as a diamond-shaped
interchange. The capacity of this facility is typically
determined by the operational analysis at the ramp terminals
and merge/diverge areas on the mainline. The spacing of the
intersections on the crossing street or highway will dictate the
available vehicle storage and transition area. A standard
diamond interchange has ramp terminal spacing greater than
800 feet. When volume forecasts are high at the terminal
intersections and the spacing is limited, these could be factors
that influence the need for an alternative layout concept. An
operational analysis of the two ramp terminal intersections
and any nearby intersections that could influence these
locations, will be required. Some variations on the diamond
interchange include:

Exhibit 10-3 Compressed Diamond Interchange

Compressed Diamond Interchange: A typically older
interchange design where less than ideal ramp terminal
spacing is present, between 400 and 800 feet. Sometimes the
two ramp terminals can be operated with a single signal
controller. Turn storage is done between the ramp terminals.
Queue spillback between the ramp terminals is a common
problem.
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Exhibit 10-4 Tight Diamond Interchange

Tight Diamond Interchange: Typically found in urban areas,
with ramp terminal spacing less than 400 feet. Usually the
two ramp terminals can be operated with a single signal
controller. Turn storage is done outside of the ramp
terminals.

Exhibit 10-5 Split Diamond Interchange

Split Diamond Interchange: Typically found on an urban
grid system. Connections between each “half” of the
interchange are one-way and are access-controlled.

Exhibit 10-6 Folded Diamond Interchange

Folded Diamond Interchange: This interchange type “folds”
one or two legs of the configuration to minimize impacts in
one or two quadrants. Loop ramps can be located where
topographical or environmental constraints adjacent to the
interchange site do not favor the use of conventional straight
ramps, e.g., where a railroad parallels the facility. Loop
ramps that are located on the same side of a facility can
create weaving sections on the mainline or crossroad that
may not be desirable.
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Exhibit 10-7 Single Point Urban Interchange

Single Point Urban Interchange (SPUI) also known as
Single Point Urban Diamond (SPUD): The SPUl isa
relatively recent development that evolved out of the need to
limit ROW acquisition in built-up urban areas. SPUls are a
variation of the diamond interchange, which has two ramp
terminals with the local arterial. A SPUI combines those two
ramp terminal intersections into one larger intersection so that
all turning movement to or from the freeway utilize the same
intersection. This feature resolves the queue spillback issue
that can congest standard diamond intersections, and can be
effective in serving high volumes of turning vehicle traffic.
SPUI’s need cross-street angles close to 90 degrees. High
volume right turns may need to be signalized. SPUI’s have
nearly the same ROW costs as tight diamonds and the
structure costs are often high.

Exhibit 10-8 Divergent Diamond

Divergent Diamond Interchange: This is a
new type of interchange design that has very
few installations in the U.S. This form of

f diamond interchange has the two directions of
- <« minor street traffic cross to the opposite side
of the roadway under/over structure. This
-»> allows for two-phase signal operations since

J A the left turns occur between the two signals in
such a way that they do not cross the opposing
through movements.
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Exhibit 10-9 Partial Cloverleaf Interchange

Partial Cloverleaf Interchange: A partial cloverleaf
layout combines loop ramps and straight ramps to better

serve areas with expected high turning volumes at the ramp
terminals. In general, a partial cloverleaf configuration has
a higher carrying capacity than a diamond interchange or
folded diamond because it has more than four ramps, often
providing two on-ramps in each direction as shown in the
diagram. The preferred configuration is where loop ramps
are located in opposite quadrants of the interchange. Loop
ramps can also be recommended where topographical or

environmental constraints adjacent to the interchange site
do not favor the use of conventional straight ramps, e.g.,
where a railroad parallels the facility. Loop ramps that are
located on the same side of a facility can create weaving
sections on the mainline that may not be desirable.

Exhibit 10-10 Full Cloverleaf

Full Cloverleaf: This layout provides loop ramps in all four
quadrants of the interchange, requiring a great deal of land

area. It is a somewhat outdated design and should typically
be used only where loop volumes are low. Loop ramps that

\ﬂ are located on the same side of a facility can create weaving

sections on the mainline or crossroad that may not be
desirable.

Exhibit 10-11 Directional Interchange

Directional Interchange: This type of interchange is more
common in urban areas or at junctions of freeways or
expressways with other freeways or expressways. An
example would be I-5 at 1-205. They are high speed high
volume connections with all free flow movements. There are
configurations with full or partial trumpet or flyover.
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10.4 Identifying Limitations to Design Concepts

The facility design concepts are initially selected based on their ability to meet the needs of
future travel demands, but each alternative must further balance those project features against the
environmental constraints found at that location. A planning study should provide sufficient
preliminary information about a range of environmental and physical constraints that could
complicate or preclude a particular solution. Environmental criteria should be established as part
of the project’s evaluation and selection process. Environmental impacts may be allowed only if
there are no other feasible alternatives. The analyst should coordinate with the Environmental
Program Manager on these issues.

The typical environmental and physical issues to be considered include the following:

e Exclusive Farm Use (EFU) Lands: State regulations are very restrictive about the
nature of highway improvements that are allowed within these lands. In general, no
facility improvements are allowed that add capacity to serve nearby urban areas. Limited
safety improvements are acceptable.

e Environmentally Sensitive Zones: Proximity of fish bearing streams, open space,
riparian zone, etc., requires substantial setbacks from any improvements. In
environmental parlance these are known as “4F” zones and may include historic sites,
parks and other recreational properties, schools and cemeteries.

e Built Environment: Existing buildings and structures generally should not be disturbed,
unless the owner is a willing seller and they can be purchased as a part of the
improvement project. This requires consideration of historic buildings, schools, hospitals,
parks, large developments, low income areas and environmental justice issues.

e Right of Way: In general, improvements should be limited to minimize right of way
impacts. Acquisition of additional right-of-way adds costs and may not be feasible in
some locations.

e Alternative Modes: Depending on the functional designation of the highway facility and
the adjoining land development there may be need to service pedestrians and bicycles in
all solutions under consideration. Alternative concepts that create adverse conditions for
non-auto travel, in these cases, will not be acceptable.

Based on the review of the above issues, the alternatives considered for evaluation may be
modified or dismissed if any of these areas have substantial issues. An example case would be
where the preferred operational solution for a freeway interchange indicated that a partial
cloverleaf layout was superior, but because of proximity to EFU land the available configuration
space was too constrained. The best solution to meet both the performance objectives and the
environmental limitations was a tight diamond configuration.
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10.5 Documentation of Screening Process

The alternatives analysis for potential improvement projects should be consistent with the
established evaluation criteria.

10.5.1 Evaluation Criteria

The screening criteria should be readily assessable, without detailed evaluations. Examples
include:

Meets project purpose and needs.

Meets project goals and objectives.

Compliance with access spacing standards.
Consistency with agency design guidelines.

Avoid potential environmental impacts?

Does the project impact adjacent private properties?

A screening matrix should be developed and applied to all the sketch level concepts and those
alternatives that clearly do not meet these basic criteria should be dropped from further
consideration. Other alternatives should be advanced to the broader assessment of operational
performance analysis, project refinement and preliminary cost estimates, as appropriate.

10.5.2 Alternatives No Longer Considered

As the project advances through alternative development to project design, the process that was
applied to develop alternatives should be documented to carry forward into an environmental
review document. It is important to describe any initial alternatives that were developed and set
aside from further consideration (based on the evaluation criteria) for this purpose. These
discarded alternatives should be included in the Alternatives Considered but Dismissed appendix
in the narrative report.
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10.6 Evaluating Build Alternatives

A Build Alternative refers to any combination of proposed or potential facility improvements to
the current transportation system within the study area. The evaluation of Build Alternatives is
compared to the No-Build scenario to quantitatively compare relative performance benefits of
the various alternatives.

The alternatives selected for evaluation should be reviewed to determine if new model forecasts
(or new manual traffic forecasts) are required to reasonably represent the traffic flow conditions
with the proposed improvements. For larger study areas, typically a travel demand model is the
best tool for evaluating changes in travel patterns associated with potential system improvements
and access management plans. However, in smaller studies these changes can be reasonably
represented by making manual re-assignments of travel demand, assuming sufficient background
volume and travel pattern data is available.

10.6.1 Analysis of Future Conditions

The future conditions analysis should develop quantitative results sufficient to respond to all the
selected performance measures for the study. Performance evaluation criteria typically include
one or more of the following indicators. Refer to Chapter 5, 6 and 7 for details on how to make
these assessments.

e Volume-to-Capacity Ratio: This could apply to individual turning movements, average
intersection conditions for all movements, roadway or highway segments, weaving
movements and highway merge/diverge operations. This is the primary performance
evaluation criterion for ODOT facilities.

e Level of Service: Many local jurisdictions use Level of Service ratings in their
development code as performance criteria. Most facility evaluation methods provide both
a v/c ratio result and a Level of Service result.

e 95% Queue Length: Safety and operational impacts associated with the likelihood of a
vehicle queue frequently blocking circulation or access. Use the 95" percentile queue and
compare to storage length.

e Queue Blocking Percentage: Generally applied to through travel lanes, this is the
portion of the study period (percent of time) where standing queues block the advance of
vehicles from the adjoining upstream intersections or block the entrance to turn lanes.

e Other indicators Include: Travel time, total delay and total number of vehicle stops.

The evaluations for each alternative should assess all of the selected performance criteria. The
results can be used to quantitatively compare and contrast the outcomes between alternative and
No-Build and each of the respective alternatives to determine the best performing solution.

Analysis Assumptions Relative to No-Build Scenario

Typically, the horizon year travel demand forecast used for the no-build scenario should be
applied for each build scenario unless it is determined that the Build scenario would alter the
future forecasts for that alternative. For example, where the no-build scenario is heavily capacity
constrained, it is likely that diverted traffic will return in the build scenario. If a model is
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available, both scenarios would be modeled separately. There are two major aspects to consider
in making the new travel forecasts: the effects on travel demand and any reasonable changes to
the network or operating parameters.

e Travel Demand Issues: One outcome of the new travel forecasts may be higher overall
volumes on a facility compared to the no-build scenario. This is a common result in a
highly congested corridor where a share of existing trips use parallel routes and when
sufficient capacity is provided nearby, the trips will be re-assigned to the new facility.
Typically travel demand model assignments consider the total travel times between the
beginning and end of a trip. When new routes are added with shorter travel times, the
model compensates by assigning more trips to the improved facility. For a smaller study
area, the total travel demand within the system remains constant, but the locally assigned
traffic volumes may be re-distributed. This is a common outcome for most projects.

In a larger regional system, the latent demand for travel that was constrained by corridors
with severe delays during commute hours can experience changes in both travel mode
and time-of-day when new facilities are introduced. The net result is a higher total travel
demand compared to no-build. For example, if a new interstate bridge were constructed
across the Columbia River between Portland and VVancouver, several changes to the no-
build demand forecast would occur. First, the number of commute bus trips would likely
decrease as more travelers opted to drive to take advantage of faster travel times. Second,
because the peak travel times would be shorter, more commuters would leave their home
closer to the start of their work shift. The combination of these factors would dampen the
effectiveness of the new bridge facility because of higher total vehicle trips and more
vehicle trips during the peak hour.

e Network and Operational Issues: Care should be taken to consider network or access
changes that would substantially change the no-build forecasted volumes on the build
network. For example, if the build alternative includes a parallel street extension, major
access closure, traffic control change or other action that could re-route traffic flows from
one facility to another or one access point to another within the study area, these
adjustments should be made before re-evaluating performance. These types of changes
indicate the no-build forecast should not be used for the build analysis. If a travel model
is being used, then the analyst should review the build assignments to ensure that they
reasonably reflect the proposed improvements, including comparing to the no-build
assignments. If these forecasts are done by manual methods, a controlling factor in
making these adjustments is to maintain the total trip origins and destinations for each
land use generator within the study area.

For example, if the alternative consolidates access to a shopping center, the sum of
vehicle trips in and out of the shopping center should be the same before and after the
project. The volumes that used the driveways that would be closed by the project must be
re-assigned to other driveways that are accessible from the shopping center. This is an
example of maintaining the same trip totals around a periphery of an activity center.

Another example would be where a street extension is proposed to offload local trips
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from the highway. In this example, the study area includes a one-mile section of a north-
south highway that connects to east-west arterials at either end. Before the project there is
only one route for all north-south trips. After the project a new parallel north-south
collector road is proposed that connects to both of the east-west arterials.

The reasonable check in this case would use a screenline across where the north-south
routes connect to the east-west arterials. The total two-way north-south volume should be
approximately the same, except for shifts in travel that may have occurred due to the
project, for all facilities connecting to the arterials before and after the street extension.

e Traffic Signal Optimization or Coordination: The background traffic signal timing
parameters should be modified to be consistent with the proposed improvement. Caution
should be applied when changing the background signal cycle assumptions for the
purposes of future analysis. The analyst should coordinate with the agency responsible
for operating the signals to identify upper and lower cycle limits for functional signal
operations. Typically the cycle length for the analysis should not exceed 60 seconds for a
two-phase traffic signal, 90 seconds for a three-phase traffic signal (e.g., protected
highway left turns and permissive side streets left turns) or 120 seconds for a four- or
more phased traffic signal.

e Intersection Approach Lane Changes or Additions: Any proposed additions or
revisions to an intersection approach should be reflected in the capacity analysis and
signal phasing, as appropriate. A typical example is adding left turn lanes to serve higher
demands during peak hours. New turn lanes may require changes to the background
signal phasing to operate safely and the phasing changes should also be reflected in the
analysis. In addition, the geometry of the intersection should be reviewed to determine if
the added approach lane can be served on the exit leg. For the example above, a second
left turn lane on one approach requires a second exit lane on the receiving leg of that
intersection for a minimum distance to operate effectively.

Evaluating Severely Congested Facilities

The performance analysis of severely congested roadways and intersections should recognize
that many of the conventional (or default) assumptions used in computer software tools are not
necessarily appropriate in these cases. For this discussion, severe congestion occurs when the
observed demand exceeds facility capacity (v/c is over 1.0). The HCM analysis methods for
roadways and intersections are not appropriate in cases where the volume substantially exceeds
facility carrying capacity.

When the facility is heavily congested in the base case, the analyst should verify through field
studies, additional surveys or other measurements that the observed conditions are reasonably
similar to the computer software results. These procedures were covered in Chapter 7,
Intersection Analysis. For example, if an intersection analysis indicates v/c ratio near 1.0, it
should be noted that intersection evaluations are based on the number of vehicles entering the
intersection during the assessment period and may not be the same as the total demand at that
location. A field observation may show that heavy vehicle queuing occurs during the peak hour
and a substantial share of the actual demand is queued and not served at the intersection during
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the peak analysis period. In this case, the demand is greater than the actual count of traffic that
enters the intersection during the analysis period. When facilities approach capacity levels during
the peak hour, one result is for commuters to shift their travel times outside of the busiest hour to
reduce their overall travel times. This phenomenon is referred to as peak hour spreading.

For future analysis, a v/c ratio calculation may result in a value higher than 1.0 for an isolated
intersection. This condition may result from existing latent demand or excessive future demand
of vehicles at an intersection. This should be considered as a d/c rather than an actual v/c ratio
and would indicate conditions where mitigation could be considered to improve intersection
operations.

Severe forecasted congestion at one location may influence and impact conditions at other
intersections within the local transportation system. For example, spillback from one intersection
may block traffic from proceeding through a nearby intersection, even when the traffic signal
indication permits it. In addition to the intersection v/c ratio analysis, the analyst should review
average and maximum (95" percentile) vehicle queues within a congested local system to
identify potential cases of secondary congestion impacts, which could reduce the performance
otherwise indicated by an isolated intersection analysis for that location. In these types of
situations, it is not sufficient to only conduct isolated intersection methods. A more reasonable
tool would be a microsimulation, which accounts for interaction between locations, queue
spillbacks, blocked intersections and serving excessive demand between signal cycles. See
details in Chapter 8.

10.6.2 Progression Analysis

Addendum B
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11 AIR AND NOISE TRAFFIC DATA

11.1 Purpose

Federal regulation requires, in some cases, that an air and noise study be completed to
determine what impact, if any, will result from a proposed highway improvement and
what measures will be taken to lessen these impacts. This chapter presents the general
outline for the needs and processing of common data requested for the Air and Noise
Analysis section of the Environmental Impact Statement (EIS) or Environmental
Assessment (EA). Topics covered include:

e Input for Noise Analysis

e Input for Air Quality Analysis
e EISBase
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11.2 Input for Noise Analysis

ODOT is responsible for ensuring that state transportation projects are developed within
the Federal Highway Administration’s noise policies and procedures. To conduct the
noise analysis necessary for measuring compliance, the ODOT Geo-Environmental
Section, or noise consultant, requires specific data from the project traffic analyst. This
request is typically made through the “Noise, Air and Energy Traffic Requirements
Check List” as shown in Appendix H, which is filled out by the noise consultant or Geo-
Environmental Section staff and delivered to the project traffic analyst. While this list
identifies many different types of possible data needs, the collection and processing of the
most common data requested is discussed below. This process should only be done on
the No-Build and Selected Alternatives because of the time required to complete the
work. Typically it will take a month for the no-build and a bit less for each build
alternative.
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11.2.1 Common Data Needs

The traffic data requested will often be required for a no-build condition under the
existing year, the year of opening and the future design year (typically 20 years from
opening) as well as for build conditions for each alternative being considered under the
year of opening and the future design year.

At the beginning of the project, 16-hour manual full federal (13 vehicle classes)
classification turn movement counts need to be ordered at all signalized intersections in
addition to all intersections with substantial traffic volumes or heavy vehicle movements.
Shorter duration counts can be used at minor intersections between the classification
count locations. These counts are also used to develop the traffic volumes for the project.
See Chapter 4. The factors that are created from count data are based on the peak hour,
the average hour, the average daily traffic, and the peak truck hour, which cannot be
calculated from a peak period count. There will need to be enough classification counts
so passenger car, medium and heavy vehicle movements can be calculated at the shorter
duration count locations. Be sure to request an electronic version of all count data in
spreadsheet format to aid in data processing.

The first step in the noise data process should be the creation of link diagrams depicting
the study area roadway segments that will be included in the analysis for all no-build and
build scenarios considered. These diagrams are not only useful for graphically relating
the data provided to its location, but help in identifying links created, modified, or
removed with each alternative. Each link should be given a unique number for
identification purposes. It should be noted that the link number can be directional.
Directional link numbers should be provided for freeways, expressways, interchanges,
one-way streets, couplets, divided highways and facilities with separate roadbeds. Where
possible, try to keep consistent numbering between the no-build and build link diagrams.
This will mean adding extra links that have zero data into the no-build network that will
accommodate the build Alternative. The more consistent the diagrams are, the easier it
will be for the traffic analyst to troubleshoot and the noise analyst to follow. There is
nothing wrong with having links with no data in the scenarios as long as they are labeled
as not existing yet or not existing anymore. A set of sample link diagrams is provided in
Exhibit 11-1.
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Exhibit 11-1 Sample Link Diagram — Jackson School Road Interchange
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The second step is recording the specific link characteristics, which include street name,
length (in miles), posted speed and LOS C volume. Link length is the center-to-center
intersection spacing. Links on the edge of the network should have a length of 0.25 mile.
Speeds recorded for this analysis should be either the posted speed limit or the operating
speed (highest overall speed at which a driver can travel on a given highway under
favorable weather conditions and under prevailing traffic conditions, without at any time
exceeding the safe speed as determined by the design speed on a section-by-section basis)
where it is determined to be consistently higher than the posted speed limit. Directional
interim LOS C volumes for each link can be assumed to be as follows:

e For freeway segments, obtain from the latest version of the HCM. For example,
in the HCM 2000 the LOS C volume for a basic freeway segment with a free-flow
speed of 60 mph would be 1560 pcphpl. The LOS C volume is calculated using
the HCM delay methodologies, via an iterative process based on the project
volumes, to identify the volume where the LOS C threshold occurs (at the top end
of LOS C, adjacent to LOS D). Use the following defaults only for links at the
end of the network.

e For freeway ramps, assume 1000 pcphpl. The analyst should consider effects of
ramp metering on freeway ramp LOS C volumes, where applicable.

e For urban arterials, assume 600 pcphpl.

e For suburban arterials, assume 700 pcphpl.

e For rural highways, assume 800 pcphpl.
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In noise analysis, the LOS C volume is assumed to represent the maximum volume that
can be sustained at free-flow speed. Because vehicle speeds typically affect noise levels
more than vehicle volumes, this condition is often the most critical. In areas where peak
period congestion is minimal or only occurs for a short time, allowing for continuously
high speeds, the peak hour or peak truck hour may be critical. However, in areas where
congestion is present for extended periods, lowering vehicle speeds, the LOS C volume
may have a greater impact.

11.2.2 Calculations

When the count data ordered becomes available it will be necessary to regroup the 13
vehicle classes into the medium, heavy and all vehicles categories for the noise analysis.
Noise sources associated with transportation projects can include passenger vehicles,
medium trucks, heavy trucks and buses. Each of these vehicles produces noise, however,
the source and magnitude of the noise can vary greatly depending on vehicle type. For
example, while the noise from passenger vehicles occurs mainly from the tire-roadway
interface and is, therefore, located at ground level, the noise from heavy trucks is
produced by a combination of noise from tires, engine and exhaust resulting in a noise
source that is approximately 8-feet above the ground. The following list provides
information on the types of transportation noise sources that will be part of a typical
roadway project, and describes the type of noise each produces®.

e Passenger Vehicles: Noise emitted from 0 to 2 feet above roadway, primarily
from tire-roadway interface. This category includes normal passenger vehicles,
small and regular pickup trucks, small to mid-size sport utility vehicles and mini-
and full-size passenger vans.

e Medium Trucks: Noise emitted from 2- to 5-feet above roadway, combined noise
from tire-roadway interface and engine exhaust noise. This category includes
delivery vans (e.g., UPS and Federal Express trucks) large sport utility vehicles
with knobby tires, large diesel engine trucks, some tow-trucks, city transit and
school buses with under vehicle exhaust, moving vans (U-Haul type trucks), small
to medium recreational motor homes, and other larger trucks with the exhaust
located under the vehicle. The federal vehicle classifications covered are: 2-axle
other with trailer, 2-axle 6-tire single unit and buses. For practical application,
include all trucks with 2 axles and 6 tires if insufficient information is available to
provide for a more detailed analysis.

e Heavy Trucks: Noise emitted from 6- to 8-feet above the roadway surface,
combined noise sources includes tire-roadway interface, engine noise and exhaust
stack noise. This category includes all long-haul tractor-trailers (semi-trucks),
large tow-trucks, dump trucks, cement mixers, large transit buses, motor homes
with exhaust located at top of vehicle, and other vehicles with the exhaust located
above the vehicle (typical exhaust height of 12- to 15-feet). The federal vehicle
classifications covered are: 3-axle and greater single units and all combinations.

% Traffic Noise Background Information, Michael Minor & Associates.
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For practical application, include all trucks with 3 or more axles.

NOTE: In reporting information on trucks the following criteria should be used:

e Truck tractor units traveling without a trailer will be considered single-unit trucks.

e Atruck tractor unit pulling other such units in a “saddle mount” configuration
will be considered one single-unit truck and will be defined only by the axles on
the pulling unit.

e Vehicles are defined by the number of axles in contact with the road. Therefore,
“floating” axles are counted only when in the down position.

e The term “trailer” includes both semi- and full trailers.

The following are the federal classifications.

e Motorcycles (Optional): All two- or three-wheeled motorized vehicles. Typical
vehicles in this category have saddle type seats and are steered by handlebars
rather than steering wheels. This category includes motorcycles, motor scooters,
mopeds, motor-powered bicycles and three-wheel motorcycles. This vehicle type
may be reported at the option of the State.

e Passenger Cars: All sedans, coupes and station wagons manufactured primarily
for the purpose of carrying passengers and including those passenger cars pulling
recreational or other light trailers.

e Other Two-Axle, Four-Tire Single Unit Vehicles: All two-axle, four-tire
vehicles, other than passenger cars. Included in this classification are pickups,
vans and other vehicles such as campers, motor homes, ambulances, hearses,
carryalls and minibuses. Other two-axle, four-tire single-unit vehicles pulling
recreational or other light trailers are included in this classification. Because
automatic vehicle classifiers have difficulty distinguishing class 3 from class 2,
these two classes may be combined into class 2.

e Buses (Optional): All vehicles manufactured as traditional passenger-carrying
buses with two axles and six tires or three or more axles. This category includes
only traditional buses (including school buses) functioning as passenger-carrying
vehicles. Modified buses should be considered to be a truck and should be
appropriately classified.

e Two-Axle, Six-Tire, Single-Unit Trucks: All vehicles on a single frame including
trucks, camping and recreational vehicles, motor homes, etc., with two axles and
dual rear wheels.

e Three-Axle Single-Unit Trucks: All vehicles on a single frame including trucks
camping and recreational vehicles, motor homes, etc., with three axles.

e Four or More Axle Single-Unit Trucks: All trucks on a single frame with four or
more axles.

e Four or Fewer Axle Single-Trailer Trucks: All vehicles with four or fewer axles
consisting of two units, one of which is a tractor or straight truck power unit.

e Five-Axle Single-Trailer Trucks: All five-axle vehicles consisting of two units,
one of which is a tractor or straight truck power unit.

e Six or More Axle Single-Trailer Trucks: All vehicles with six or more axles
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consisting of two units, one of which is a tractor or straight truck power unit.

e Five or Fewer Axle Multi-Trailer Trucks: All vehicles with five or fewer axles
consisting of three or more units, one of which is a tractor or straight truck power
unit.

e Six-Axle Multi-Trailer Trucks: All six-axle vehicles consisting of three or more
units, one of which is a tractor or straight truck power unit.

e Seven or More Axle Multi-Trailer Trucks: All vehicles with seven or more axles
consisting of three or more units, one of which is a tractor or straight truck power
unit.

There may be times when data related to buses and motorcycles is requested to be
provided separately. Separate motorcycle data is rarely needed in Oregon, but specific
data related to bus volumes may be appropriate where the link could be experiencing
higher than average bus traffic due to influence by a nearby school, bus barn, or tourist
attraction.

The count data can be regrouped by hand or by spreadsheet, however the process can be
long and cumbersome. An easy way to process ODOT-counted 12-hour or greater counts
is to request the count in electronic form in “TruckSum” format from the Transportation
Systems Monitoring Unit. A copy of the spreadsheet is available on the TPAU website.
This format organizes the count into the three basic subgroups of medium, heavy and all
vehicles for the macro-based TruckSum Excel spreadsheet. See Exhibit 11-2 and Exhibit
11-3, which calculates the initial truck factors. Note: The Exhibit margins were cut off
due to a software issue.

The TruckSum spreadsheet calculates for each intersection leg the peak hour volume, the
average daily traffic, the average daily truck volume, the average 8-hour volume and the
peak truck hour volume. The spreadsheet also calculates the necessary truck factors
explained later in this section. The analyst either types the summarized count values into
the spreadsheet or copies and pastes the TruckSum-formatted count data into the
spreadsheet. Use Paste — Special Values only, to avoid corrupting the output. The analyst
also enters the length of the manual count (12 hours minimum), count date and location.
Pressing the “Calculate” button on the spreadsheet will generate the factors and the rest
of the data (page two of the output). It is best to print out the spreadsheet in landscape
format double sided. Note: A side benefit of this spreadsheet, if used early in the project,
is that it can be used to help determine the overall peak hour of the study area as will as
determining directional factors, K-factors (percent of daily traffic in the peak hour) and
truck percentages for each leg.
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Average daily traffic (ADT) volumes and peak hour volumes (PHV) maintain the same
meaning in noise analysis as they do in other types of analysis described in this manual.
They are simply the total number of all vehicle types experienced on a link over a 24-
hour period and the highest hourly total of all vehicle types experienced during that 24-
hour period, respectively. Both of these must be documented for each link studied during
all years and analysis scenarios requested.

The “Truck Factor” represents the percent trucks in the average daily traffic volume,
calculated as shown below.

(24-hour volume of all trucks)
(24-hour volume of all vehicles)

Truck Factor =

The “Peak Hour Factor” for
noise analysis, refers to the percent trucks in the peak hour of traffic for all vehicle types.
This factor is usually needed for both medium and heavy vehicles separately and is
calculated as shown below.

(medium trucks in peak hour of all vehicles)
(all vehiclesin peak hour of all vehicles)

Peak Hour Factor, medium Trucks =

(heavy trucks in peak hour of all vehicles)
(all vehiclesin peak hour of all vehicles)

Peak Hour Factor, Heavy Trucks =

Peak Truck Hour Factors refer to the percent of a specified vehicle type in the peak hour
of all truck traffic. Most times the peak truck hour is different from the peak hour. These
factors are typically calculated for all vehicle, medium truck and heavy truck classes, but
the calculations for all vehicles is different than those for the truck classes. As an
example, the peak truck hour factors for various classes are shown below.

(all vehiclesin all truck peak hour)
(all vehiclesin peak hour of all vehicles)

Peak Truck Hour Factor, anvenicles =

(medium trucks in all truck peak hour)

Peak Truck Hour Factor, medium Trucks = - -
(all vehiclesin all truck peak hour)

(heavy trucks in all truck peak hour)
(all vehiclesin all truck peak hour)

Peak Truck Hour Factor, Heavy Trucks =

Another type of factor that may be requested, though not often used, is the “Average
Hour Factor.” This represents the percent of a specified vehicle type in an average 8-
hour period and is commonly requested for the all vehicle types and all truck classes.

When bus or motorcycle traffic is requested separately, provide percentages of these
vehicle types in the all vehicle peak hour and truck peak hour. For example, if providing
bus data, the following calculations would be used:
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(buses in peak hour of all vehicles)
(all vehiclesin peak hour of all vehicles)

% Buses in All Vehicle Peak Hour =

(busesin all truck peak hour)
(all vehiclesin all truck peak hour)

% Busesin Truck Peak Hour =

Note that while updated ADT and PHV values for each analysis year must be provided,
only one set of TruckSum factors must be calculated for each alternative. It is generally
assumed that while traffic volumes will increase over time, the proportion of vehicle
types in the total volume will remain approximately the same.

The factors in the TruckSum spreadsheet are for the indicated peak hour. Choose the
peak hour that covers the most of the intersections. If the peak hour is different than the
chosen hour, then the factors will need to be recalculated using the volumes for that hour.
If buses are to be split out separately, then they will have to be done manually by splitting
them from the medium trucks.

The factors shown in boxes on the right side of the spreadsheet are described below with
the related equations.

Project wide peak hour adjustment using TruckSum

Often, different intersections on a project will have different peak hours. The peak hour
calculated by TruckSum is the peak hour for each individual intersection. For those
intersections where the peak hour is different from the system peak hour, the analyst can
modify TruckSum to report the system peak hour, using the following procedure.

TruckSum factors are calculated using the VLOOKUP function in the EXCEL
spreadsheet. To calculate factors for a system peak instead of the intersection peak, the
peak hour needs to be changed in the spreadsheet. Over-ride the VLOOKUP function by
manually typing in the system peak hour in the peak hour cell. The spreadsheet will no
longer choose the peak hour from the table and instead will use the selected hour.

Analysis Procedure Manual 11-11 Last Updated 1/2011
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Step 3. Observe revised peak hour volumes as shown on the following figures.
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11.2.3 Process

The following procedure is suggested. Draw the no-build link diagram on a large blank
piece of paper (11”x17) and put left, through and right arrows at each intersection
approach. Take this master sheet and make about 10 copies. Starting with the “peak hour
factor medium truck,” write the factor value on each link at the midpoint. Average the
factors between adjacent intersections. Multiply this factor times the peak hour volumes
for each intersection approach (including the turning movements) for the entire study
network. This will generate an initial set of medium truck peak hour volumes. Check and
balance the medium trucks over the network. Once the network is balanced, re-compute
the final medium truck factor for each link. These steps are necessary to help avoid errors
(such as the average hour volume is greater than the peak hour volume) that may come up
when the EISBase database program is used to enter all the data. These errors are very
hard to track down unless there is this documentation on the factor development. Repeat
for the heavy truck peak hour factor.

The average hour for all vehicles factor and the peak truck hour all vehicles factor modify
the peak hour volumes. Create the average hour and peak truck hour volumes and the
related factors using the above procedure. Use the average hour or peak truck hour
volumes to distribute, balance and compute the factors for the average hour truck factor
and the medium and heavy peak truck hour factors.

The link ADT should be computed by dividing the directional peak hour volumes by the
directional K-factor (these are the factors listed in the “All Vehicle PHV” section of the
TruckSum spreadsheet) for each intersection leg. Average the K-factors between adjacent
intersections. Sum the directional average daily traffic to get the link average daily
traffic. If the directional ADT is desired, multiply the total ADT by the directional split
(calculated from the “All Vehicle ADT Factor” section). Average the directional factors
between adjacent intersections as well. The average daily traffic should be consistent
across the links.
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11.3 Input for Air Quality Analysis
Note: This is an interim section, to be expanded.

Similar to noise analysis, ODOT is responsible for ensuring that state transportation
projects are developed within the Federal Highway Administration’s air quality policies
and procedures. To conduct the air quality analysis necessary for measuring compliance,
the ODOT Geo-Environmental Section, or air quality consultant, requires specific data
from the project traffic analyst. This request is typically made through the “Noise, Air
and Energy Traffic Requirements Check List” shown in Appendix H, which is filled out
by the air quality consultant or Geo-Environmental Section staff and delivered to the
project traffic analyst.
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11.4 EISBase

The EISBase software program is used by ODOT to produce final link volumes and
speeds for all analysis scenarios, given the previously described data and factors as input.
This represents the finished data needed by the Geo-Environmental staff or noise
consultant. Exhibit 11-4 provides an image of an EISBase input screen prior to data
entry. As shown in the figure, all of the data required for entry into the input windows
has been described in this chapter. No decimal points are required allowing data entry to
be sped up, however, data related to buses and motorcycles must be processed separately.

Exhibit 11-4 EISBase Input Screen (Replacement pending.)

£ Project: New Prosect  Altermative: 2T V] [ e SRS (e filel]ea) 100 T | 71 WSETE
File Edit Print
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While EISBase will calculate future link speeds, there may be times when manual
adjustment is required. These instances will typically occur where a future plan shows
the classification or use of a link to change in such a manner that the projected speed
would no longer apply. Engineering judgment should be used to determine the
appropriate link speed when altered manually.

It should be noted when using EISBase, any “All Vehicle Factors” under the “Peak Truck
Hour Factor” category that are equal or greater to 1.000 (indicating that the peak truck
hour volume and all vehicle peak hour volume are the same) must be input as 0.999
before saving the file. This adjustment is necessary due to a rounding error in the
program.
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In some cases special categories of vehicles are needed (additional refinement of vehicle
types is desired). This is common for buses (such as where a transit mall is present) and
passenger cars. For example, if buses are to be split out separately from the all vehicle
category, compute all the factors as normal (i.e., heavy, medium and all vehicles) and
generate a set of finalized and error-checked values before splitting the buses from the
medium trucks. The analyst will have to return to the original manual count sheets to
compute the number of buses. Split out the buses from the medium trucks on the factor
sheets. Buses plus the remaining medium trucks should equal exactly (this is to avoid
creating more errors) to the original medium trucks. The bus data should be inserted into
the exported spreadsheet by adding buses peak hour and peak truck hour columns. Adjust
the medium trucks downward to accommodate the buses. If passenger cars or
motorcycles are desired, then the process is similar, but with the “All Vehicles” category.

After all data has been entered for the given scenarios, check the generated error report
(click on “Print => Errors™). The error report checks for consistency between the
different link factors and between the different scenarios. For example, the number of
trucks in the peak truck hour, for a given link should be greater than the number of trucks
in the peak or average hour or the future year ADT should be greater than the existing
year ADT. One line is generated for each error. All errors, except for the “LOS C
Volumes Exceeded by X%,” need to be fixed. Many times the error is caused by
rounding either within the program or by the analyst and may only be one or two vehicles
different. In all the fixable errors, the analyst will have to go back to the individual
volume sheets and do any adjustments to the volumes and the resulting factors.

The TruckSum error check only checks for errors on the link itself for a given year. The
analyst should check for errors on the system and between years. It is the reviewer’s
responsibility to check for reasonability, e.g., the future year should be higher than
intermediate years on all links. Also volumes should balance across links.

Example 11-1

Example pending.

11.4.1 Output and Final Product

When all of the data for the applicable analysis scenarios has been entered for each link,
all errors have been fixed and the file has been saved, export the results from EISBase
into a format that can be converted into a spreadsheet. Providing the analysis results in
spreadsheet format facilitates the use of this information by the Geo-Environmental staff
or noise consultant. This can be done by clicking the briefcase icon to export the data
and selecting the “tab-separated text” as the desired format (.ttx extension). This file can
then be opened in Microsoft Excel and adjustments to rows and columns, in addition to
any manual data adjustments as described above, can be made, as needed. An example of
the finished output that is ready for submittal is shown in Exhibit 11-5. It may be
beneficial to ask the requesting noise analyst for preferences in data arrangement to
facilitate their intended use (e.g., volumes in rows, vehicle class in columns).
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The final submittal from the traffic analyst should include:

Cover letter explaining contents of enclosures.
Link diagrams.

Spreadsheets containing traffic analysis output.
The error report should be printed for the file only.

Exhibit 11-5 Traffic Analysis Output for Noise Analysis (Replacement
pending.)

REGION 1 TRAFFIC ANALYSIS UNIT

EIS TRAFFIC DATA
PROJECT: School Road g PAGE: 1of1
LOCATION: Southeast of North Plains PRINTING DATE: November 27, 2002
ALTERNATIVE: Build Option 1 (with 80-acre UGB Exg i Ful_lt Develoﬂ_ad UNIT: Enilish
PEAK HOUR PEAK TRUCK HOUR
SECT DIST YEAR VOL AUTO MTR HTR SP VOL AUTO MTR HTR sSP
US 25 WB east of JSR
1 0.25 2006 1170 1069 38 82 55 1000 828 28 144 55
(WE Off-Ramp
2 0.46 2006 370 338 12 20 45 (gﬂ 265 g 46 45
US 26 WE between ramps
3 0.87 2006 800 717 30 53 55 730 588 22 119 55
[WEB On-Ramp
4 0.45 2006 40 36 1 3 45 40 32 1 7 45
LS 26 WB west of JSR
5 0.25 2008 840 754 31 55 55 770 621 23 126 55
US 25 EB west of JSR
-] 0.25 2006 1760 1670 39 51 55 B850 748 25 77 55
IEE Off-Ramp
7 0.45 2006 80 85 2 3 45 40 35 1 4 45
US 26 EB between ramps
& 0.87 2006 1670 1585 37 48 55 810 713 23 74 55
[EE On-Ramp
8 0.46 2006 510 486 11 13 45 240 213 7 20 45
US 25 EB east of JSR
10 0.25 2006 2190 2087 48 57 S5 1040 921 3 88 85
JSR NB south of US 26
11 05 2008 420 415 3 2 55 180 172 5 3 55
JSR NB overpass
12 0.21 2006 60 60 4] 1] 55 30 28 1 1 55
JSR MB north of US 26
13 _ 03_8 2006 130 14_8. b | 1 5_5 150 13_2 [} 12 55
JSR SB north of US 26
14 0.38 2006 210 197 12 1 55 210 176 1 33 55
JSR SB overpass
15 0.21 2008 450 442 6 2 55 270 262 2 6 55
JSR SB south of US 26
16 __05 2006 390 383 5 2 55 230 223 2 5 55
ABBREVIATION; SECT = SECTION NUMBER SP = SPEED OF VEHICLE ANALYST: ANN L. LIST
VOL = TOTAL VOLUME AUTO = AUTOMOBILE VOLUME CHECKED BY: E. N. GINEER
MTR = MEDIUM TRUCK VOLUME HTR = HEAVY TRUCK VOLUME
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12 TRAFFIC ANALYSIS REPORTS

12.1 Purpose

Traffic analysis reports are a comprehensive explanation of the final recommendations
and the decision making process for a project. This chapter presents an overview of the
elements that document the assumptions, methods, findings and recommendations of a
traffic analyses. Topics covered include:

e Background

e Technical Memorandum
e Traffic Narrative Report
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12.2 Background

This chapter presents an overview of the elements that document the assumptions,
methods, findings and recommendations of a traffic analyses. In many cases the narrative
and associated diagrams are developed incrementally during the study process in the form
of Technical Memorandums, and then circulated for review and discussion at key
milestone points during the project review. Any revisions to the Technical Memorandums
or new directions in the study analysis are carried forward and then compiled into a full
Traffic Narrative at the end stages of the study. The Final Traffic Narrative serves as the
legacy document for the study, and should be comprehensive enough to explain and
support the final recommendations and decision-making process that led up to it.

12.2.1 Technical Writing Tips

Presentation of technical information in a clear, concise and readily understandable way
can be challenging in many regards. This section is not intended to fully answer those
challenges, but to highlight several important tips that help to make a technical document
achieve these goals. The narrative author is encouraged to avail themselves of training
materials or mentors that could help them become proficient technical writers. A few
basic tips to suggest in preparing any report include the following:

e Target Audience: The intended audience for the report will help to determine
the appropriate level of assumed technical knowledge about the subject at hand,
and their assumed understanding of the review, adoption and implementation
processes for a particular project. In general, the majority of traffic reports will be
developed for the review and implementation by staff within, or contracted by,
ODOT. In general, these team members have minimal background in the
technical traffic issues, but significant experience with the overall process
involved. To this end, the technical aspects and outcomes of the project should be
clearly explained with a minimum of technical detail necessary to support and
explain the narrative. This is very important because writing at the wrong level
can generate unintended questions. More extensive technical calculations,
findings and other reference materials should be attached to the document as
appendices.

In most cases a document could be circulated to the general public, the press, or
other outside agency. In these cases, many of these more fundamental
assumptions and process steps should be clearly detailed in the narrative.
Presentations to the CAC groups generally handled like any general public group,
with the focus on overall process, criteria, outcomes, recommendations and next
steps, with a bare minimum of technical content.

e Tone and Style: It is recommended that the narrative, in all cases, remain
objective, impartial and impersonal so that the findings and recommendations are
untainted by any biases. It should be recognized that any internal ODOT
document might be released for public review outside of the designated
committee groups. This could occur by informal sharing in the interest of
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coordination or, more formally, through a legal search warrant. All report
narrative documents should be treated as if the general public and press will
review them, even though many only circulate to the immediate committee
members. No matter the purpose or scope of the report, it is vital to maintain a
clear and objective style without introducing biases into a traffic report. To be
clear that any recommendations are those of the author, not necessarily of ODOT,
it is preferred to use the phrase, “It is recommended that . . .”

Readability and Document Structure: The following sections of this chapter
have suggestions about the narrative general layout of the document, but these
should be tailored, as appropriate, to address individual study scopes and
objectives. One of the keys for rapidly understanding materials is to divide the
document into a logical, easy-to-follow flow of narratives, summary tables and
illustrations that are grouped according to key topics. In a report, for example,
they would be grouped by chapter, or by sub-topic in a lengthier chapter. This
basic structure provides a convenient framework for presenting and referencing a
wide range of materials.

A Word About Acronyms: A comprehensive list of acronyms used in
transportation evaluations are assembled in Appendix B of this manual for
reference purposes. However, care should be taken when developing the report
narrative to limit the use of acronyms, except for the most common ones, that
appear repeatedly throughout a particular document. The most common examples
might include: ODOT, v/c ratio, OHP and HDM. Excessive use of acronyms can
quickly degrade the readability of the narrative, even when the reader understands
their meaning. It is standard practice to introduce any acronym in the narrative
when it is first used by defining it. In longer reports, it is also useful to attach a
short list of all the acronyms used in the report as a quick reference guide.

12.2.2 Diagrams and Illustrations

Technical diagrams can be a powerful resource for quickly explaining report
assumptions, findings and recommendations. One measure of a high quality report would
allow a reader to scan through the study tables and figures, and then be able to glean the
general conclusions without reading any of the narrative. For the purposes of traffic study
reports, the technical diagrams include the following list of typical illustrations:

Study area map.

Local street and highway system.

Traffic volumes on links or turning movements at intersections or junctions.
Trip patterns or trip distribution routes.

Lane diagrams of existing or proposed intersection approaches.

Existing or proposed circulation routes within the study area.

Existing and proposed street or ramp centerline alignments.

Alternative street improvement scenarios.

Preferred street improvement scenario.
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e Land use and zoning maps.

The best report graphics clearly label key reference streets, maintain a reasonable
minimum 8-point font size, and avoid trying to illustrate many layers of new information
at one time. A good rule-of-thumb is to limit the number of new layers to three or less for
any diagram. Examples of different information layers would be streets, peak hour
volumes and functional street class. Complex diagrams can be developed in stages,
explaining each new set of layers. In general, street project alternatives should be
illustrated on separate diagrams.

All documents need to be legible and usable in black and white.

12.2.3 Tables

Summary tables should be included for ease in making comparisons among scenarios and
alternatives. Failing conditions should be denoted with white text on a black background.

The preferred software to build tables is MS Word as opposed to MS Excel, due to
formatting issues, although MS Excel may be acceptable for appendices.
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12.3 Technical Memorandum

12.3.1 Purpose

A technical memorandum (TM) typically addresses one major stage of the project
evaluation process, and presents the analysis, findings and any potential next steps for
that stage. Subsequent technical study stages build on the information presented in the
previous memorandums, and allow for an incremental process to assess, refine and build
consensus on the preferred project. These technical memorandums are also described in
Chapter 2.

12.3.2 Products

The focus of a technical memorandum can vary widely, but, in general, they include the
following technical materials, in a typical 3-stage study development process.

TM #1 - Existing/No-Build System Analysis: This memo presents the key system
inventory features and performance deficiencies that will shape development of study
alternatives. The memo should include statements on the project purpose and need, study
area background, and existing and future volume development. Discussed results should
include the crash analysis and possible countermeasures, preliminary signal warrants,
access or spacing issues, the volume-to-capacity ratios and LOS, if appropriate, and the
95th percentile queues.

TM #2 - Preliminary Alternatives Screening: This memo presents the screening
criteria, the initial roster of project alternatives and the scoring of how well the
preliminary alternative matched up with the screening criteria. Screening criteria are
more general indicators of performance. This could include performance analyses, or
these could be deferred until the next stage. Screening performance results typically
include Level of Service results, volume-to-capacity ratio results and model-based results
(travel times, speeds, v/c ratios, relative comparisons). Remember to keep track of the
reasons why alternatives were dropped (will be needed for the narrative).

TM #3 - Future Alternatives Analysis: This memo presents the detailed evaluations of
all alternatives that progressed through the screening process. These alternatives have full
performance assessments and any other related evaluations (preliminary environmental,
compliance with standards, etc.) as defined in the study criteria. Detailed performance
results typically include Level of Service results, volume-to-capacity ratio results, 95"
percentile queues, storage lengths required and simulation results.

For consultants doing ODOT analysis work, all input and output sheets shall be included
with all technical memos and narratives.
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12.3.3 Distribution
The technical memorandums should be distributed to the PT and the CAC for review and

comment. The Region Traffic Manager should be added to the distribution list where
he/she is not a member of the PT.
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12.4 Traffic Narrative Report

12.4.1 Purpose

The majority of the traffic study analysis will be completed by the point that the Draft
Traffic Narrative Report is developed. The purpose of this report is to present the final
solution selected from the study alternatives.

12.4.2 Product

The Draft Traffic Narrative Report should present the full study process and outcomes,
include the interim Technical Memorandums and any feedback from work team
committees or other ODOT units that reviewed and commented on this effort. The major
step to be completed with the Draft Traffic Narrative Report is to provide conclusions on
the function of alternatives from a traffic analysis standpoint.

The project team selection process for a preferred alternative overall uses the analytical
evaluation outcomes, relative scoring evaluations to isolate one alternative, or a hybrid of
several alternatives that best meet the study objectives. This is necessarily a collaborative
process with established Project Management Team members and affected ODOT
technical units.

The report itself should be developed consistent with the following standard outline. A
sample narrative report has been provided in Appendix F.

Sample Outline
e Cover Sheet
o Agency/Company Title, Division, Unit, City, State (in header, footer or
along bound edge)
o “Project Title Traffic Analysis” (to clarify that this is just the traffic
analysis)

o City (if applicable) and County
o Highway Name, Number and Route Number
o0 Milepoint Range
0 Month and Year report published
e Title Page
o “Project Title Traffic Analysis” (to clarify that this is just the traffic
analysis)

Highway Name, Number and Route Number

Milepoint Range

Full Mailing Address

Prepared by and reviewed by (including stamp by preparing PE or
reviewing PE if preparer is not registered; requires signature of non-
registered preparer)

e Table of Contents, List of Figures, List of Tables, List of Appendices

O 00O
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e Executive Summary: Summary of report including purpose, need, scope of
alternatives, re-statement of conclusions and alternative recommendation.

e Background Information: Overview of study area including vicinity and study
area maps, affected facilities and jurisdictions, past project or planning decisions
that could influence outcomes, general problem statement and objectives for the
study.

e Existing Conditions: Inventory and analysis of base year facility and operating
conditions.

e Future Year Forecasts and Needs (No-Build): Horizon year traffic forecasts
and performance assessment on the existing street system with no project
improvements. Agreed upon baseline projects should be included. See Chapter 9
for more details.

e Preliminary Alternatives Screening: Screening criteria, concept alternatives to
address outstanding needs and preliminary screening of alternatives with highlight
of those set aside from further evaluation.

e Alternative Results: Discussion of performance results for each analyzed
alternative for the build, interim and design years.

e Alternative Summary: The alternatives are compared and contrasted against
each other, including a summary table, according to appropriate performance
measures.

e Conclusions: The analyst should be careful to make conclusions based on the
traffic analysis, rather than recommendations on a preferred alternative, as the
best alternative from a pure traffic standpoint may not be the best overall. The
analyst should coordinate with the PT Leader if it is desired to also report the
recommendation by the project team as to the overall preferred alternative.

e Further Areas of Study: Optional

e Appendices

o Crash History: Detailed crash analysis and listing of crashes in study area.
o0 Record of Calibration: The calibration record will vary in detail level and
length by project, but the record should address the following items;
= Atable or list citing all changes that were made to the inputs or
model modules to achieve calibration, beyond the standard
changes that would occur after collecting field inventory (standard
list found in Section 3.2). This list or table should include
e the issue that was occurring before the change was made,
e the goal of the change, and
e some record how the change improved the calibration.
= For each Measure of Effectiveness (MOE) of the calibration,
include a table that shows the before and after results for each
MOE. Before results should be with all standard inputs, but no
changes beyond the standard adjustments. After results should
recorded after all changes to achieve calibration were included in
the model. Minimally, the APM requires that the MOE —
“Vehicles Exited” be used to assess the calibration of
microsimulations (for SimTraffic, for other software use a
comparable measure that sums vehicles making individual
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movements).
= The record should indicate that every movement met the
calibration standards described in section 8.3 for “Vehicles Exited”
(8.3 is specific to SimTraffic, but simulations in any software
should meet this criteria).
o Traffic Development: Count locations, explanation of base and future
volume development, includes land use and zoning maps.
o0 Existing Year Volumes: Volume diagrams for the existing (base) year.
o0 Build Year Volumes: Volume diagrams for the build year.
0 Future No-Build Volumes: Volume diagrams for the future No-Build
year.
o0 Alternatives Considered but Dismissed: Short description of each
dismissed alternative including why it was dropped.
o Build Alternative Volumes: Volume diagrams for each alternative. Each
build and design year for each alternative will be a separate appendix.
o Analysis Methodologies: Boilerplate text on analysis methods used.
o EIS Traffic Data: For No-Build and Build alternatives, including link
diagrams.

The volume diagrams in the report should include the Preferred Alternative, and any
other alternatives that were evaluated for the purposes of the environmental review
process.

Technical appendices, including all data, and all software input and output files and
reports should be burned to CD or DVD, and retained in the ODOT file. For consultants
doing ODOT analysis work, all input and output sheets shall be included with all
technical memos and narratives.

A draft of the narrative needs to be sent to Region Traffic, TEOS, the project leader, the
Roadway designer, Environmental and any others who may be affected, for review and
comment.

12.4.3 Distribution

Upon incorporation of comments received on the draft, the Traffic Narrative Report
should be signed and stamped, and should be distributed to the following in addition to
the draft reviewers:

e Project Teams
0 Project Development Team
o Citizen Advisory Committee
e ODOT Region/District Groups
o Traffic Operations
Region Traffic
Roadway
Environmental

O OO
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0 Geo-Hydro
o Bridge
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