Delaware Department of Transportation \\ i
2015 Traffic Design Manual /

According to Title 17, Chapter 1, § 141 of the Delaware Code, Delaware Department of
Transportation has jurisdiction and control of all state highways of the State of Delaware
outside of the limits of incorporated cities and towns for the purpose of regulating traffic and
for the use and operation of all vehicles thereover, and may adopt any and all rules and
regulations respecting the use of such highways and the operation of all vehicles upon the
same. Furthermore, according to Title 17, Chapter 1 § 134 of the Delaware Code, with respect
to state highways within their corporate limits, incorporated cities and towns in the State may
erect and maintain such traffic control signals as shall be authorized by proper ordinance of the
city or town and by the Department.

This manual is the result of significant contribution and collaboration by many individuals,
primarily those on DelDOT’s Traffic Design Manual Committee. The lead consultant for this
committee was RK&K Engineers, who provided project management, research and
development for the manual. Jim Burnett, PE, PTOE was the consultant Project Manager and
Mark Luszcz, PE, PTOE and Monroe Hite, PE were the DelDOT Project Managers. Individuals
who contributed significantly to the preparation of this Manual include:

Matt Buckley, WR&A Tom Meyer, DelDOT
Jim Bunting, DelDOT Scott Neidert, DelDOT
Jim Burnett, RK&K Melody Peters, DelDOT
Jim Clacher, DelDOT Jason Rashid, RK&K
Denny Hehman, DelDOT Max Saintil, DelDOT
Monroe Hite, Ill, DelDOT Matt Snare, RK&K
Amy Jackson, RK&K Adam Weiser, DelDOT

Mark Luszcz, DelDOT

bl o B
W/ 2 M e

Jw Cohan Robert McCleary, P.E. /,)

Secrétary of Transportation Chief Engineer

7/0 / W %m e W@
Mark Luszcz, P.E., PTOE)/ {/ M(éfnroe Hite, I, P.E.
Chief Traffic Engineer Traffic Systems Design Engineer






2015 Traffic Design Manual

Delaware Department of Transportation ,/\\

(i

Table of Contents

I. INTRODUCTION ....ccoiiiiimmnnnnniiiiiiiinmmmsmnssiiiniimmmesssssssssssssmmmssssssssssssssssessssssssssssssssnns Page 1
)N o U1 o o 1] = PN Page 1
B. Traffic System DeSiZN DEVICES .....ccovecvrrverieeeeiiiiiirereeeeeeeeertirreeeeeeeeessasrreeeseeeeennnnns Page 2
(O o oY =T o1 fl Y/ o =T Page 2

O O Yo T3 = | I o =T ox U RSRPR Page 2
2. Pavement & Rehabilitation Projects..........cccceeeeieecciiieece e Page 3
3. ON-Call Traffic DESIGN..uueiiiii e e et e e e e e e e naaeae s Page 3
4. Developer / SubdiVision Project .......ccccueeecuieeciiieeeiee ettt et Page 3
D. Maintenance of Traffic Considerations ........ccoccccviiiieiei e, Page 3
E. Roles and ReSPONSIDIlIties.......uuieiiieicciiiieie e e e e Page 4
F. Traffic Design Manual Updates......cccuuiiiiiiiiieiiniiiee e sieee s saee e s sveee s Page 8

Il. THE TRAFFIC DESIGN PROCESS .....ccceuuiiiiiiiiiinnnnnnnessssiiniinnesssssssssssssisssssssssssssssssnnn Page 9
F N =T 16 =] S Page 9
B. Establish Need for Traffic System Design Elements ........ccccoveveeeeeiiiiiiiineeeeeeeeennn, Page 9
C. Notify DelDOT PUbIiC REIAtIONS. ....uveeiieeieciiieeeee ettt e e Page 10
D. Design Process CheCKIiSt .......uueeiiiiiiiiciiieeiee ettt e esetarre e e e e e e e eeaanns Page 11
E. Plan Preparation .......iieeeee ettt e e e e ee s trr e e e e e e e s eanraaeeee e e e s nnnres Page 11
F. DESIEN REVIEW ..uueiiiiccieiiiceee ettt e ettt e e e e e e e e e e eta e e e e e eeeeeeaaaaeseeaaanenens Page 12
L 0o 1Y =53 o[ 0 = | o = PP Page 12
[ PR @Y 1) f U ot o o T UPRPPN Page 13
IR A Yot 41V | 4 oY o [ PURRN Page 13
Jo  AS-BUIIE PIANS weivitiiiiiiei ittt e e e e e s et e e e e s eeesabbbreeeeeeeesnnsnaaens Page 13

lIl. PLAN PREPARATION ....ccevuuueiiiiiiiiiinennnniisiiniinienssssssssssssmmmmssssssssssssssssssssssssssssssssnns Page 14
A. Required Contract DOCUMENTS ......uuiiiiiieiiieiiiieeeee et e e e e e e e nrveneeas Page 14

O 1 [ o == APPSR Page 16
B o] P T o 1T AU Page 16
T o 1Yol 1 or= 1 d o) o -SSR Page 17
4. Traffic Statement (COSt ESTIMate).....ueeiiiiiiiiiiiiiieiiii ettt e e Page 17
B. Preparation of DeSign Plans.......ccooviiiiiiiee ettt e e e e e e Page 19
1. Collect Preliminary Data ....ccccceevciiiiiiiiiiee st e s siae e s siaee e Page 19
2. Prepare Base Plan ...t Page 20
3. Perform Field SUIVEY.......uiii ettt saae e e Page 21
4. Preliminary DeSiZN PIans.......cocciiiiiiiiieiiiieee ettt e e e Page 22
Q. DEVEIOPMENT...cciiiiiiii i Page 22

D, REVIEW ettt st st e s arae s Page 23

5. Semifinal DESIZN PIaNs .....coiiiiiieiiiiiiee ettt e e Page 23
3. DEVERIOPMENT....ci it e e e e e e e e e aa Page 23

b. Initial Traffic Statement (Cost EStimate).......ccooeevvrvvveeeiiieeiciireeeec e, Page 24

(e



m‘ //L_

Delaware Department of Transportation
2015 Traffic Design Manual

C. REVIBW e s e e e e e e e et e e e e s Page 24

d. 90% Plan SUDMISSION ...eeeiiiiiiiiiiiieeee et rree e e e e e e e eannes Page 24

6. FiNal PS&E DESIZN PlIaNS ...cccccvvirieeiie ettt ettt eeseirreee e e eenaaaee s Page 24
3. DEVERIOPMENT.....ci it s e e e e s ans Page 25

b. Final Traffic Statement (Cost EStimate) .......cccceevurreeeeiieiiiicireeeeec e, Page 25

C. ObTain SiNAtUIES.....uirieieiiiiiiiiieeeee e et e e e e e e e e seaarrereeeeessennnns Page 25

d. Construction Hand-off .........cooovuiiiiiiiiiiiiee e e Page 26

IV. TRAFFIC SIGNALS .....ciiiiitteeiiiiiiiiiieeesnsssiiiiiisitieessssssssssssimsssssssssssssssssssssssssssssssssans Page 28
A. Traffic Signal Justification StUAY ......veveeviiiieiiiieeee e Page 28
Y 0o LV oYL = o o o WP Page 28
PN N =Y i (ol D | = Y @e] | [<Tot £ [o] s U Page 28
3. SigNal Warrant ANGIYSIS ....ceoviieirieeriee ettt e e seareeeeee e e s ensareneees Page 31
A, APPIICADITIEY . ceeeeeieieeee e e Page 32

D, TIMELADIE .o Page 33

4. Safety Considerations Using the Highway Safety Manual..........ccceevvvvvenneennn. Page 34
5. Alternative Intersection TreatmMents ......ccccvveeeeiieiiiiiiiieeeee e Page 38
B.  CAPACITY ANGIYSIS . uuriririiiiiiiiiiiireeeiee et eeeerrrrrr e e e e e sesesabbrereeeseesennnsraneeeas Page 38
a. Evaluation MethodologIes ......cccvveeiiiiiiiiiiiiieiiee e Page 38

b. Measures of EffeCtivVeness ......cuviiiicecciiiiieiee e Page 39

C. Signal TIMING / PRaSiNg ..ccuveiiuiieeiee ettt e Page 39

7. Documentation of RESUILS ....evviiiiieeiiiiceeee et Page 40
Q. REPOIT e e e e e et e Page 40

b. Signal Design Request FOrM. ... Page 41

8. SigNal DEACLIVALION......uiiiie e Page 41
B. Types of SigNal ProjECtS .....uuuiiieieeiieciiee ettt e e e e e e e e e e e e e e eanees Page 42
1. Traffic Control SINal......coooiiii i Page 42
2. Hazard Identification Beacon (HIB).......ccueveeeiiiee et Page 42
3. Intersection Control Beacon (ICB) ......ccocuuieieeiiiiieeecieee et Page 43
4. Emergency-Vehicle Signals and Hybrid BEacoNs ........cccccevvvvieiiriiieeenniieee e, Page 44
5. RAIIr0ad CrOSSING ...vveiiiiiiiieiiiiiee ettt e e s ira e e s s sbae e e snbaeaeens Page 44
6. MOVADIE BrAES ....eeiiiiiiiiiiiiiee ettt st Page 45
7. TemMPOrary Si8NQAl .....ciiu ittt nraeaeeas Page 46
8. Innovative Intersection Safety Treatments .......ccoevvevivveeiei e, Page 46
a. Rectangular Rapid Flash Beacons (RRFB)........ceveevveiiiiirieeeieeiiriinrreeeee e Page 47

b. Pedestrian Hybrid BEACON........cccovveiciiieieiie et Page 47

C. Preliminary Design Plan EIEMENTS .......coeeciiieieeee et nreeee e Page 49
O oo [ LT = o DR URPPRN Page 49
= TR AV o T TP Page 49

o T O] oV T ={U 11 i o] o IR Page 51

C. PlACRMENT v e e e s e eeabbrareeeeeseenns Page 54

(1) ClEAI ZONE oottt e e e et e e e s e et rereeeeeseean Page 54

(2) Utility ClearanCe. . uuuueeeeeeeiieiieeeeee ettt e e eeerraee e e e e s snbrarereaeeeean Page 55

2. SigNAl HEAA DESIZN ..uvvvieiiiiiiiitieeeeiee ettt et e e e e e e eseabbree e e e e e e eeannraneeeas Page 57



2015 Traffic Design Manual

Delaware Department of Transportation ,\\
=

a. Number of Signal Heads ......ccccuvvrieiiiieeiteeeee ettt Page 57

b. Signal Head Configurations.........ccoeecciirieiiieiieicirreeeee e Page 58

C. SigNal INdICAtioN SiZ@..uuueviiiiiiiiiiiiei e e eanes Page 59

Lo RV T o 11 11 VOO PR Page 60

€. Signal Head PlacemENnt .......coooeuvieeiiiiiiiiiiteeeee et senreee e e e e e e eaanes Page 60

(1) Vertical PlaCemMENT.....cuiiiie ittt e e e Page 61

(2) Lateral PlaCemMENT ...uvveeeeeee ittt e e rnbrrre e e e e Page 62

f.  Shielding of SIZNal FACES .....uiciiiiiciiieeiee e Page 69

g. Optically Programmed Signal Heads.........coevvveeeeieiiiiicciiieeeeecceeeireeeeee e, Page 70

T 01 o] [ o 1=l o =Tl =T o =T o X SR Page 71
4. Pedestrian Considerations .......cccccuiiiiieiiii e Page 72
a. Pedestrian Signal GUIElINES........coeviiiiiicceee e Page 72

b. ADA COMPLIANCE wereiieeeee ettt e e e e e s e e e e e s e anaraneeas Page 72

5. Signal System INterconnNection .......ccccevecciiiieei e Page 73
B, POWET SOUICE ..ttt e e ettt se s s e e e e e e aet e b s s e e e eeeeeeassaansseeees Page 73
D. Final Design Plan El€@MENTES ....ueeiiiiieeeee ettt e e e e Page 74
R @ o o TU T B LT o TP Page 74
Q. SIZBS e Page 74

b. Installation Methods.......cocuiiiiiiiiii e Page 75

C. Conduit Fill CAPaCITY «eeevvveeeiriiiee ittt e s saee e Page 75

2. JUNCHION WIS .ttt e e s s e e e s s raneeeeeas Page 77
Q. TYPES & SIZOS ittt et e e e e s e s e Page 77

o TR I Yor- ) [ o ] o DU PPPI Page 78

ST D = T el o o] o KT N Page 78
= TR ¥ | o ot o o U Page 78

o TR D 1Ty =4 o TR Page 79

Y T T o V-SSP Page 81
a. Mast Arm Pole Cabling........coooeiiiieiiie e e e Page 82

[T oF- [ I VAV T o I @1 o] [ o TSR URPRRP Page 82

C. Pedestrian Signal.......eeeeii oot e e Page 83

Lo JR 1Y =T o] gAY AT T o = ST PRI Page 83

€. OVErhead CabliNg....ccoveeeeiiiiieiiieiiee e rrer e e e e s eeannes Page 83

L 19} (=T olo] o o [T o1 RO PPN Page 84

=S €1 o TV | o [ 12 7= USSP Page 84

N, POWEE FEEA ..ottt r e e e s s aaraeee s Page 84

D PRASING e e e e e r e e e e e s narrraes Page 86
6. CONLrol CabiNET ....eeviieiieiiei e e e e aarae e Page 87
7. POlE & CabinNet BAS@...uuuuiiiiiiiiiiiiiieiiee ettt eeectreee e e e e sentreeree e e s s ennnrareeeas Page 88
8. SININE i ————————————— Page 90
T O 1YL= o =T T USRS Page 90

b. Ground MOUNTEd .....cccoeieeee e e e e e e rarae e Page 91

9. Pavement Markings ......cueee i e e e e e rer e e e e e e e naae e Page 91
10. Maintenance of TraffiC.....cccuueeeii e Page 92

R 1 T=TY 1= U PSSPRR Page 92

iv



Vv

>

Delaware Department of Transportation
2015 Traffic Design Manual

12. Supplemental EQUIPMENT .....vviiiiiiieeeeee et e e e arrree e e e Page 93
13, Traffic STAtEMENT coeveee e e e e e rrr e e e e e e Page 93
E. Signal TIMIiNg & PRasing ...ccuvveeiiiiiiiiiiiieeie ettt ettt e e eesebbraeee e e e e eeannes Page 95
B C =T o T=1 - | DO PP PRPPRPPPRRN Page 95
2. TiMING ParamEters .ottt e e e e et e e e e e e e eeeaaanaeeeeaaaans Page 96
Q. CYCIE LENEZEN o e e Page 96
b. Vehicle Clearance INterval ........ccccoeveriveeiiii i Page 97
C. Yellow Change INTerval .......oooceuveeeiiiiieiiieeeee e e Page 98

d. Red Clearance Interval (Al-Red) .......ccooiveuirierieeiiiiiiieeeee e Page 100

T o o - 1Y 1o V- Page 104

T N 3V AN o o - 1Y oV - S U USSR Page 104

b. Selecting Appropriate Phasing........ccccouvvieieeiiiiccieeee e, Page 104

C. Left TUrN Treatment. . e e Page 105

(1) Separate Left-TUrN LANES ........eeeeeciieeeeeieee et Page 105

(2) Left-Turn PRaSiNg ......ccccuieieiiieee ettt et Page 106

(3) Lead / Lag LeftS cooueieciieeeee ettt et Page 109

(4) Yellow (Left-TUrn) Trap ..cecccceee ettt et e Page 110

(5) FIashing REA AITOW ......eeeviieriieiiiieceitee et e siee et e e e eeiae e e sve e e s Page 111

(6) FIashing YElIlOW ArTOW.......ceevuieeriieiiieeciieeecieeesree e esreesareesaeeesvee s Page 112

72 B0 11 1= USSP Page 112

(o T o 11l od o = 1Y 1 V- PSP PRPROPPPN Page 112

4. TYPES OF CONLIOl.cciiiiiiiiiiiee e e e s aaeeas Page 113

a. Selection ConSIdErations ......ccueeieeciiieeiriiiee e e e seae e Page 115

(1) Volume CharacCteriStiCs .....ccecuereeecirieeeeeiieee et et Page 115

(2) Other CharacCteriStiCSs ..uuuiiiiiiieiirieeeee et e e e e Page 115

b. Elements of CONtrol......occuiiiiieiii it Page 115

(1) Pre-timed CoNrol ... e Page 115

(2) Basic TiIMIiNg Parameters......cccovveeeeeeeeieciiieeeeee e e e e e eeserrreeeeee e Page 118

(OB €0 o] 1 o] | 1=T TP UURR Page 118

5. System CompPatibDility ....eeeeeeeeiieiiieeeie e Page 119

a. Uncoordinated Signals........cooceviieiiie et nree e e e e Page 119

b. Coordinated SIZNAIS .....ccoccuurieeieii e Page 120

C. Signal Pre-EmMpPLion / PriOrity ..ueeecccceeeeeeiieee ettt e eevree e Page 122

O Yo [ T TS Page 123

3. SIgNAI GUIERIINES c..eeevireeeeiie e e e rrer e e e e e e eeannes Page 123

b. TiMING REQUIFEMENTS....cccuvrririeee e et eeecrrrer e e e eesebreereee e e s e anareneees Page 124

(1) WalKiNg SPEEAS ...uuvvvveeieee ettt ee e e e e e s nbrarereeeeeean Page 125

(2) Minimum Clearance TIMES .....uuvveeeeeeeeieiiiireeeeeeeeeerirerereeeeeeeenrrreereeeeens Page 125

C. RESEINWAIK oo e e e e Page 126

d. Accessible Pedestrian Signals (APS) ......cccuueiieeiiieeeeiieee e Page 127

e. Countdown Pedestrian Signals ......cccccoeeeciiiiieee e Page 127

f. Alternative Pedestrian Phasing Options........cccccceeeiivicciiieeeee e, Page 128



Vi
2015 Traffic Design Manual

Delaware Department of Transportation ,\\
=

V. ITSDEVICES  ..iiiieeeeeciiiiiiiiiininsneesisisitinieessssssssssssiimsesssssssssssssssssssssssssssssssssssssnnnns Page 130
A, TYPES OF DBVICES.ccuetiieiiiieie ettt ettt e e e e st e e e s sata e e s ssabae e e e nbaeeeesanees Page 130
O CT= o =T - | DU Page 130

2. Communication INrastrUCTUre ........ceeeviiieeieiiiee e Page 130

3. System Detection ... Page 132

O O Ol IV A 6= 1 o T=1 - TP Page 135

T 61V R = 1o - o ST Page 136

6. WeEAther STatioNS ....vveiiiiiiieceee e e e e Page 137

T WTIMC et e e e e e e e ettt e e e e e e e e e ettt s e e e e eeeeereeassanaeeaaeanennes Page 138

8. Variable Speed Limit SIZNS .....ccccvriiieee ettt e e e e Page 139

1S T 11V =Yl Vo Vo] Lo =4V AR Page 139

B. Preliminary Design Plan El€mMENtS .......uveeeeiieiiiiiiiiiieee et e e Page 139
I o Yo | oY o [ Page 140

B o oYY SR Page 140

S T 0o o 10 10T oY (ot 1 [0 o [ RN Page 141

C. Final Design Plan EI@MENTS .......uuvveeiiiiiiiiiiiieiee ettt e e e eesbrraee e e e e e Page 141
B I 00 T o Vo LU T3 DT = o PRt Page 141

Q. SIZBS et e e e e e e e e et e et aaeateratrn———————_ Page 142

b. Installation Methods.......cccvvieieiiiiieiiiie e Page 142

(ol €o o [o [¥ 1 21| X @Yo =Tl AV USRS Page 143

BN 1V o Yo a o T o T AV =Y R Page 144

A, TYPES & SIZES it ———— Page 144

o TR o Yot o (o] o FS U Page 144

TV o o V- Page 145

4. Control Cabinet ...coooceiieeee e e e e Page 145

- T IV o 1= TSP PP P PP PPN Page 145

o O I Yor- ) (o] o F SR TPPR Page 145

C. Cabinet Base and CoONAUILS .......cevvriiieiiiiiiee it esree e s e Page 145

T o) =B A}« (¥ ot (U o OSSR Page 146

. TP e Page 146

b. Bases / FOUNAAtIONS........ccvieiieiieiie ettt st es Page 147

(OB @ o To [0 3SR UPPPPPPPR Page 147



vii

2015 Traffic Design Manual

/\ Delaware Department of Transportation
=

rommoo® >

<Xg<cHdeve®prP@OozZICAS

APPENDICES

DelDOT Traffic Design Manual — Design Directive
Memo — Signal Agreements (March 30, 2012)
Traffic Design Process Checklist

Traffic Systems Design Handoff Form

Standard Traffic Title Sheet

Sample Traffic Control Signal Plan Sheets
Sample Traffic Statement

Sample Signal Study

Sample Highway Safety Manual Predictive Method
Guidelines for Conducting CMS Analysis

Signal Deactivation Guidance

Request for APS Application Form

. Memo — Requests for Electric Power Service (October 19, 2011)

Wiring Guidelines

Soil Boring Request Form Sample

Memo — DelDOT’s Guidance on Overhead Street Signs Mounted on Traffic Signals
Yellow Trap Guidelines

Traffic Signal Preemption at Highway-Rail Grade Crossings Guidance

DelDOT Timing Guidelines for Countdown Pedestrian Signals

Sample Plan — Fiber Pathway

Sample Plan — RTMS Design

Sample Plan — CCTV Camera Design

. Sample Plan — Permanently-Mounted CMS Board

Sample Plan — Weather Station
Sample Plan — WTMC Repeater Site



2015 Traffic Design Manual

Delaware Department of Transportation ,\\
=

List of Figures

V-1
V-2
IV-3
V-4
IV-5
IV-5a
IV-5b
IV-5c
IV-5d
IV-5e
IV-5f
IV-5g
IV-5h
IV-5i
IV-5j
IV-5k
IV-5I
IV-6
IV-6a
IV-6b
IV-6¢
IV-6d
IV-6e
IV-6f
V-7
IV-8
IV-9
IV-10
IV-11
IV-12
IV-13

Y- = - | Lol U] =1 o o HO TP Page 50
Typical Layouts of Signal Poles and Signal Heads..........cccccvvvveeiiiiccciieeeeee e, Page 52
SIZNAl HEAA DiSPIaYS ..uurreeeeeieiieiiitieee ettt e e e et e e e e e e s sarrre e e e e e e e esenaraaeeeeeees Page 59
Maximum Mounting Height of Signal HOUSINGS.........ccccciiiiieiiiiceeee e, Page 61
Lateral Placement of Signal Heads ..........coovvvurieeeiiiiiiiiiiieeee e Pages 62 - 66
One Through Lane with One Left-Turn Lane (Protected-Permissive Phasing) ....... Page 62
One Through Lane with One Left-Turn Lane (Protected-Only Phasing) ................. Page 62
Two Through Lanes with One Left-Turn Lane (Protected-Permissive Phasing)...... Page 63
Two Through Lanes with One Left-Turn Lane (Protected-Only Phasing)................ Page 63
Two Through Lanes with Two Left-Turn Lanes (Protected-Only Phasing).............. Page 64
Three Through Lanes with Two Left-Turn Lanes (Protected-Only Phasing) ........... Page 64

Two Through Lanes with One Right-Turn Lane (Protected-Permissive Phasing)....Page 64
Two Through Lanes with One Right-Turn Lane (Permissive Right-Turn Phasing)...Page 65

One Through Lane, One Shared Through/Right Lane, One Right-Turn Lane.......... Page 65
Two Through Lanes with One Right-Turn Lane (Protected-Only Phasing) ............. Page 66
One Shared Left/Through/Right Lane (Permissive Left-Turn Phasing) .........cc........ Page 66
One Through Lane with One Left-Turn Lane (Permissive Left-Turn Phasing)......... Page 66
Lateral Placement of Signal Heads (Split Phasing) .......ccccovvveeeeeeeeiccnnveneeeennn. Pages 67 - 69
One Left-Turn Lane with One Shared Through/Left Lane (Split Phasing)............. Pages 67
One Through Lane with One Shared Through/Left Lane (Split Phasing) .............. Pages 67
One Left, One Left/Through, One Through, and One Right-Turn Lane (Split) ...... Pages 68
One Left-Turn Lane, One Through Lane, and One Right-Turn Lane (Split) ........... Pages 68
One Shared Left/Though Lane, and One Right-Turn Lane (Split Phasing) ............ Pages 69
One Shared Left/Through/Right Lane (Split Phasing) .......cccoveeeeeiieeeeiiiveeeeiireeeeenns Page 69
Standard NEMA Phasing CONVENTION ....ccovuviiiiiiiiieeeriiee et esee e e s Page 86
Typical Intersection Movements and Corresponding NEMA Phasing .........ccc........ Page 87
Intersection CoNFlict POINTS ....ccooiiiciiiieeiee e e Page 101
Guidelines for Determining Left-Turn Lane Signal Phasing Treatment ................ Page 107
Yellow Trap with Protected/Permissive Left-Turn Phasing.......c.cccccvevevveeeveeennen. Page 111
Sequence of Phases for Dual-Ring 8-Phase Controller Unit..........cccccevvveeieennnnnee. Page 119

Clearance Time Interval Calculations .......ccueeeeeeeiieciiiieeee e Page 126

viii



iX

-1
-2
V-1
V-2
V-3
V-4
IV-5
IV-6
V-7
V-8
IV-9
IV-10
IV-11
IV-12
IV-13
IV-14
IV-15

2015 Traffic Design Manual

/\ Delaware Department of Transportation
=

List of Tables

Requirements for Plans, Specifications and Engineer’s Estimate ..........ccccceeeunneen. Page 15
Typical Traffic Base Plan FEAtUIES .......uuiiii et Page 20
Facility Types with Available Safety Performance Functions........cccccvveeeeeeeiinnnnnee. Page 36
Sample Crash Modification Factors........ccccvviiieiii i Page 37
Clear Zone Distances (in feet) from edge of traveled way........ccocveeveeieeiccirveennennn. Page 56
Horizontal Curve Adjustment Factors, Kez.oovvveeeveiieeiiniieecsiicc e Page 57
Cross-Sectional Areas of Electrical and Fiber Optic Cables.......ccccvvveveeiiiiccnrvennnnnnn. Page 76
Fill Capacities of Typical Conduit Sizes Used by DelDOT Traffic.......cccccevvveeeernnnnenn. Page 76
DEtECTON SETDACKS.....ci ittt e e e e e e saar e eeeees Page 80
Wiring Diagram Supplemental Information ..........cccovevieeiiniieniiniiieeeseee e Page 81
Signal EQUIPMENT POWET USAEE....uuueeiiiiiiiiiiiieiiee e eeciitteeeee e e eeseiirreeeee e e e senanraeeeee s Page 85
Example Signal Equipment Power Usage Calculation.........ccccceeeeevccniveeeeeeeeicnnnnen, Page 86
Pole Base Type Selection for Varying Soil Conditions.........ccccceevvvciiiieeeeeieccnnnee, Page 89
AASHTO Design Stopping Sight DiSTanCe .......eeeveiiiiiciiveieeeeieeeree et Page 99
10" Percentile Speed EStIMAte ..ovviii i Page 102
Summary of Issues for Providing Signal Coordination ........cccccceeeevvvveeeeeeeenncnnnnen. Page 121
Safety Benefits Associated With Signal Coordination or Progression .................. Page 122

Cross-Sectional Areas of Electrical and Fiber Optic Cables.......ccocceveeeevicccnrreennnen. Page 143



AASHTO
ADA

ADAAG

ADT

APS

ATC

CADD

CCTV

CDMA

CFR

CMF

CMS
Construction Group
DE MUTCD
DelDOT
DelTRAC
Design Group
Designer
DMS

FHWA
HAWK

HCM

HDPE

HIB

HSM

ICB

ISD

ITE

ITMS

ITS

LOS
Maintenance Group
MOE

MOT
MUTCD
NCHRP
NEMA

NESC

NTCIP

oIT
Operations Group
PR

PROWAG
PS&E

PvC

RRFB

RTMS

Safety Group
Studies Group
SSC

TIS

T™MC

WTMC

Delaware Department of Transportation
2015 Traffic Design Manual

List of Abbreviations

American Association of State Highway and Transportation Officials
Americans with Disabilities Act

Americans with Disabilities Act Accessibility Guidelines for Buildings and Facilities
Average Daily Traffic

Accessible Pedestrian Signals

Advanced Traffic Controller

Computer-aided Design and Drafting

Closed-Circuit Television

Code Division Multiple Access

Code of Federal Regulations

Crash Modification Factors

Critical Movement Summation

DelDOT Traffic Systems Construction Group
Delaware Manual on Uniform Traffic Control Devices (citations reflect 2011 edition)
Delaware Department of Transportation

DelDOT’s Transportation Management Program
DelDOT Traffic Systems Design Group

Developer, Consultant, or DelDOT Traffic Staff Preparing Plans
Dynamic Message Signs

Federal Highway Administration

High-Intensity Activated Crosswalk

Highway Capacity Manual

High-Density Polyethylene

Hazard Identification Beacons

Highway Safety Manual

Intersection Control Beacons

Intersection Sight Distance

Institute of Transportation Engineers

Integrated Transportation Management System
Intelligent Transportation Systems

Level of Service

DelDOT Traffic Systems Maintenance Group
Measure of Effectiveness

Maintenance of Traffic

Manual on Uniform Traffic Control Devices

National Cooperative Highway Research Program
National Electrical Manufacturers Association
National Electrical Safety Code

National Transportation Communications for ITS Protocol
DelDOT’s Office of Information Technology

DelDOT Transportation Management Center, or TMC
Public Relations

Draft Public Rights-of-Way Accessibility Guidelines
Plans, Specifications and Estimates

Polyvinyl Chloride

Rectangular Rapid Flash Beacons

Remote Traffic Microwave Sensors

DelDOT Traffic Safety Group

DelDOT Traffic Studies Group

Signing, Striping, and Conduit

Traffic Impact Study

DelDOT Transportation Management Center

Radio Frequency for Traveler Information
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List of Common Reference Manuals

All signals and ITS traffic devices designed or modified in the State of Delaware should comply
with the following policies, guidelines, and standards. Due to the design flexibility inherent
with many of these references, the Delaware Traffic Design Manual has been developed to
provide additional guidance regarding preferred design practices in Delaware.

e AASHTO - A Policy on Geometric Design of Highways and Streets

e AASHTO — Highway Safety Manual (HSM)

e AASHTO - Roadside Design Guide

e DelDOT - Lighting Design Guidelines

e DelDOT - Delaware Manual on Uniform Traffic Control Devices (DE MUTCD)
e DelDOT - Road Design Manual

e DelDOT - Delaware Standard Specification Book

e DelDOT - Subdivision Manual

e DelDOT - Standard Construction Details

e DelDOT - Work Zone Safety and Mobility Procedures and Guidelines

e DelDOT — Accessible Pedestrian Standards Facilities in the Public Right-of-Way
e FHWA - Manual on Uniform Traffic Control Devices (MUTCD)

e FHWA - Railroad-Highway Grade Crossing Handbook

e |EEE - National Electrical Safety Code (NESC)

e National Electrical Manufacturers Association (NEMA) - Codes and Standards
e NFPA - National Electrical Code (NEC)

e |TE - Manual of Traffic Engineering Studies

e TRB - Highway Capacity Manual (HCM)
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