Highway Design Manual Table of Contents
July 1, 2020

Table of Contents

CHAPTER 10 — DIVISION OF DESIGN... ..ottt 10-1
Topic 11 — Organization and FUNCHONS ... 10-1
INndex 11.1 — Organization...........oooueiiiiiiiiiiiiiiiieeeeeeeeeeeeeee e 10-1
CHAPTER 20 — DESIGNATION OF HIGHWAY ROUTES........ooiiiiiiiieeeeeee 20-1
Topic 21 — Highway Route NUMDEIS .........ooiiiiiieee e e e 20-1
Index 21.1 — Legislative Route Numbers and Descriptions ............ccoeeviviiiiiiiiiiiennnnn. 20-1
21.2 Sign ROULE NUMDETS ......uiiiiieieeeeeee et e e e e e e e 20-1
CHAPTER 40 — FEDERAL-AID ...ttt e e e 40-1
Topic 41 — Enabling Legislation ............ooooimieiiii e 40-1
INAEX 41.1 — GENEIAI ...t e e e e e e e e e e e e e eeeeeees 40-1
Topic 42 — Federal-Aid SYStemM ... 40-1
42.1 National Highway System ............eiiiiiii e 40-1
A [ 0] =T = = (= SRR 40-1
Topic 43 — Federal-Aid Programs ... 40-2
43.1 Surface Transportation Program (STP) .......uuuiiiiiiiiiieeiee e 40-2
43.2 California Stewardship and Oversight Agreement with FHWA ...................... 40-2
43.3 Congestion Mitigation and Air Quality Improvement Program (CMAQ) .............. 40-2
43.4 Bridge Replacement and Rehabilitation Program ..o, 40-3
43.5 Federal Lands Program ... 40-3
43.6 Highway Safety Improvement Program ... 40-3
43.7 SPECIal PrOograms ........cccoiii it e e e e e e e e e e e e e e e e e e e e e e aaanaes 40-3
Topic 44 — Funding Determination ...........cooo oo 40-3
441 Funding ElGIDility ... 40-3
44 .2 Federal Participation Ratio ..........ccooouiiiiiiii e 40-4
44.3 Emergency Relief ... 40-4
CHAPTER 60 — NOMENCLATURE .....ooiiiiiii et 60-1
Topic 61 — ADDreviations ...........coooiiiiiii e 60-1
Index 61.1 — Official NamMES.........cooviiiiiiiiiiiiiiiiieeeeeeeeeee e 60-1



Table of Contents Highway Design Manual
July 1, 2020

TOPIC B2 — DEfINILIONS ... e e e e e e e e e e e e eeeennnnnns 60-1
62.1 GeometriC CroSS SECHON......... e e e e e e e e eeeeees 60-1
62.2 Highway STrUCIUIES ........cooiiiiiiiiiiiiiiiiiiieeeeeeee e 60-3
62.3 HIghWay TYPES ....coiiiiiiiiiiiiiiiiiieeeeeeee ettt 60-5
62.4 Interchanges and Intersections at Grade..............cooooviiiiiiiiei e, 60-6
62.5 Landscape ArChiteCtUre...........oouu oo 60-8
B2.6 RIGt OF WAY ..ot e e e e e e e e 60-8
B2.7 PaVeMENT ... et eeeae 60-9
62.8 Highway Operations ............cooiiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeeeeee e 60-13
e B B =[] 0 F= To [P P PP PPPPPPPPPPP 60-15
G2 0T U =T RPN 60-15

CHAPTER 80 — APPLICATION OF DESIGN STANDARDS.........couiiiiieeiiiiiiiiieeee e 80-1

Topic 81 — Project Development OVEIVIEW ...........cooeiiiiiiiiiiiccee e 80-1
INdEX 81.1 — PhilOSOPRNY ... 80-1
81.2 Highway CONEXt .....cooviiiiiiiiiiiiiiiieeeeee e 80-1
G IR T o = Tt Y o1 SRR PPPPPPPPPP 80-2
81.4 Type of HIGRWAY ......cooiiiiiiiiiiiiiiiiiieeee e 80-5
81.5 ACCESS CONION ...ooiiiiiiiiiiiiiiieeeeeee ettt 80-6
81.6 Design Standards and Highway Context.............coovriiiiiiiiiei e, 80-6

Topic 82 — Application of Standards ..............ouuoiiiiiiiii e 80-6
82.1 Highway Design Manual Standards..............ccoooeiiiiiiiiiiiiiiiee e, 80-6
82.2 Approvals for Nonstandard DesSign..........oouueeiiie i 80-9
82.3 FHWA and AASHTO Standards and Policies..............ccoiiiiiiiiiiiiiieeeeeeeeeee 80-10
82.4 Mandatory Procedural Requirements............ccoovvviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 80-10
82.5 Effective Date for Implementing Revisions to Design Standards...................... 80-10
82.6 Design Information Bulletins and Other Caltrans Publications ........................ 80-11
82.7 Traffic ENGINEEIING .....coiieieieeeee e e e e e e e e eeeens 80-11

CHAPTER 100 — BASIC DESIGN POLICIES ... 100-1

TopIiC 101 — DESIgN SPEEA ... e e e e e e eeeeennnnnns 100-1

Index 101.1 — Highway Design Speed............cooiiiiiiiiiiiiiiiciee e 100-1



Highway Design Manual Table of Contents
July 1, 2020

101.2 Highway Design Speed Standards ............ooouviiiiiiiiiiiiiicieee e 100-3
Topic 102 — Design Capacity & Level Of SErviCe .........cccoovvviiiiiiiiiiieeeeeeeecieee e 100-4
102.1 Design Capacity (AUtOMODIIES).......cccoeeiieiiieeee e 100-4
102.2 Design Capacity and Quality of Service (Pedestrians and Bicycles) .............. 100-5
Topic 103 — Design Designation ... 100-5
103.1 Relation t0 DeSIgN .....ccooiiiiiiiiiiiii e 100-5
103.2 DesSign Period ........coooiiiiiiiiiii e 100-6
TopIiC 104 — CONrol Of ACCESS ... eeeeeeeeee et e e e e e e e eeeees 100-6
104.1 GENEral POIICY ...t e e e e e e 100-6
104.2 ACCESS OPENINGS ....uuuuiiiie e e eeeeeeee e e e e et e e e e e e e e e e e e e e e e e e e e e eessaaaaaaeaeas 100-6
104.3 Frontage ROAAS .......uuuiiie it e e e e 100-7
104.4 Protection of ACCeSS RIGhtS.....cviviiiiii i 100-8
104.5 Relation of Access Opening to a Median Opening ..........cccceeeeiieeiiiiiiiiicieeennn. 100-8
104.6 Maintaining Local Community ACCESS .........ccoeviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 100-8
104.7 CroSS REfEIENCES ... ... 100-8
Topic 105 — Pedestrian Facilities ...........uiiiiieeee e 100-8
105.1 General POlICY ......coooiiiiiiieeee e 100-8
105.2 Sidewalks and WalkWays .............oiieiiiiiiiiiecce e 100-9
105.3 Pedestrian Grade Separations............coouuiiiiiiiiiiiieiiieeeeeecee e 100-11
105.4 Accessibility Requirements...........cooeiiiiiiieeee e 100-12
105.5 Guidelines for the Location and Design of Curb Ramps..........cccoeevvvvieeee.nn. 100-13
105.6 Pedestrian CroSSINGS........couiiiiiiiiiiiiiiieeee e 100-14
Topic 106 — Stage Construction and Utilization of Local Roads............ccccoeeviiiiiee.. 100-14
106.1 Stage CONSIIUCHION ......oeeiiiiiiiiieie e 100-14
106.2 Utilization of LOCal ROAAS .......couueiiieeieeeeeee e 100-16
Topic 107 — Roadside Installations .............ooiiiiiiiiiiiicce e 100-17
107.1 Roadway CONNECHIONS........ccoiiiiiiie et 100-17
107.2 Maintenance and Police Facilities on Freeways ..........ccccoeeeieiiiiiiiiiciiieeeeeeeee, 100-17
107.3 Location of Border Inspection Stations .............ccooeiiiiiiiiiiiiiiiiiieeeeeee 100-18
Topic 108 — Coordination With Other AgeNnCies ... 100-18
108.1 Divided Nonfreeway FacCilities. ... 100-18
108.2 Transit Loading Facilities ... 100-19



Table of Contents Highway Design Manual
July 1, 2020

108.3 Commuter and Light Rail Facilities Within State Right of Way..................... 100-21
108.4 Bus Loading Facilities.............uuuuiiiiiiiiiiiiiiiiiiiiii e 100-22
108.5 Bus Rapid TranSit.......coooiiiiiiiie e eeeeeeees 100-22
108.6 High-Occupancy Toll and Express Toll Lanes...........cccoovveeeiiieiiiiiiiieeeeeeeeees 100-23
108.7 Coordination with the FHWA ...........e e 100-23
Topic 109 — Scenic Values in Planning and Design...............ciiiiiiiiiiiiiiiiicieee e 100-24
109.1 BaSiC PreCEPIS. .. it 100-24
109.2 DESIGN SPEEA.....euiiee et aaaaaaaa 100-24
109.3 AeSthetiC FaCtOrS.... ..o e e 100-24
Topic 110 — Special ConSIderations ..........cooieiiiiiiiiie e e e 100-25
110.1 Design for Overloaded Material Hauling Equipment..............ccccccceiiiiis 100-25
110.2 Control of Water POIULION.........cooo o 100-26
110.3 Control of Air POHULION ... e 100-31
110.4 Wetlands ProteCion ..............eeeuiiiiiiiiiiiiiiiiiiiiiiii e eseeseeneeeeeeeenaes 100-32
110.5 Control of Noxious Weeds - Exotic and Invasive Species.............cccceeeeee. 100-33
110.6 Earthquake Consideration............ccoooouuiiiiiiiiiii e 100-33
110.7 Traffic CONrol PIANS ..........uuiiiiiiiiiiiiiiiei e eeeeeeeeeenees 100-34
110.8 Safety REVIEWS......oeeiieieiiiiiiiiiiiiiiiei ettt essesnssnnennsnnnnnnnnnnnes 100-36
110.9 VaAlIUE ANGIYSIS ...t snennnnne 100-38
110.10 Proprietary [EMS .......... et nneeeeeeneenes 100-38
110.11 Conservation of Materials and Energy...............cccuueviiiiiiiiiiiiiiiiiiiiiiiiiiinenne 100-39
110.12 Tunnel Safety Orders ... e e eeeaes 100-41
Topic 111 — Material Sites and Disposal Sites..........cccoovvviiiiiiiiiiiiiiiiceeeeeee e, 100-45
111,17 GENEIAl POICY ...t e e e e e e e e e e aeeeees 100-45
111.2 Investigation of Local Materials Sources ...........ccccvvviiiiiieiiiiieiicccee e 100-46
111.3 Materials Information Furnished to Prospective Bidders ............ccc.ccoeeeeeee. 100-47
111.4 Materials ArrangemeENtS ...........uuuuuiiiiiiiiiiiiiiiiie e 100-48
111.5 Procedures for Acquisition of Material Sites and Disposal Sites .................. 100-48
111.6 Mandatory Material Sites and Disposal Sites on Federal-aid Projects ......... 100-50
Topic 112 — Contractor's Yard and Plant Sites ..o, 100-50
L 72 T o )12 PPPRRPRR 100-50
112.2 LOCAtING @ SHE....uuiie et e e e e e e e e e e e e e aeeaes 100-51



Highway Design Manual Table of Contents
July 1, 2020

Topic 113 — Geotechnical Design Report ...........ooooviiiiiiiiiieeeeeee e 100-51
1131 POLICY ettt e e e e e e e e e e e 100-51
113.2 CoNtENt ... 100-51
113.3 Submittal and ReVIEW ..........oooiiiiiii 100-51

Topic 114 — Materials RepOIt.......cooo i 100-52
1 0t O o 1 T2 100-52
114.2 Requesting Materials Report(S) .......coovvviiiiiiiiiiiie 100-52
R 3G T O (Y o | S 100-53
114.4 Preliminary Materials REPOIt.........cooeeieiiiiieceee e 100-53
114.5 Review and Retention of ReCOrds ... 100-54

Topic 115 — Designing for Bicycle TraffiC...........oooeemiiiiiiiic e, 100-54
1151 GENEIAL....ccooieeeeeeeeeee 100-54

Topic 116 — Bicyclists and Pedestrians on Freeways ............cooovviiiieiieeeeeeeiiiceeee e, 100-55
R TR T 1= =T = | 100-55

CHAPTER 200 — GEOMETRIC DESIGN AND STRUCTURE STANDARDS................... 200-1

Topic 201 — Sight DIStanCe ..........coooiiiiiii 200-1
INAEX 201.1 — GENEIAI ... e e e e e e 200-1
201.2 Passing Sight DiSTanCe...........uuuuuuiiiiiiiiiiiiiiiiiie i eeeeeeeeeeeeeeeeenes 200-1
201.3 Stopping Sight DIStanCe .........ciiiiiieeeeeeeee e 200-3
201.4 Stopping Sight Distance at Grade Crests..........ooooviiiiiiiiiiieeeeecceeee e, 200-3
201.5 Stopping Sight Distance at Grade Sags .........cccovvviiiiiiiiiiii e 200-3
201.6 Stopping Sight Distance on Horizontal Curves...........cccooooeiviiiiiiiiiiieeeeeeeeeees 200-4
201.7 Decision Sight DiSTanCe..........uuuuuuuiiiiiiiiiiiiiiiiiiiieiei e 200-4

TopiC 202 — SUPErelevation .........coooiiiiee e e e e e eeeees 200-5
P20 B = 7= T o O 41 (= 4 = SRR 200-5
202.2 Standards for Superelevation ...............eeiii i 200-10
202.3 Restrictive CONAItIONS ... ...uuuiiiiiiiiiiiiiiiiiiiiiiieiieiii e eeeeeeeeeeeaeeeeeeeeneeneeeenennes 200-12
202.4 AXiS Of ROTAION ......uuiiiiiiiiiiiiiiiiiii e eeeeeeeenneenes 200-12
202.5 Superelevation TransSitioN ............cooiiiiiiiie i 200-19
202.6 Superelevation of Compound CUIVES............ceeiiiiiiieeeieiiiee e, 200-22
202.7 Superelevation on City Streets and County Roads.................eueviiiiiiiiiinnnnnnns 200-22

\%



Table of Contents Highway Design Manual
July 1, 2020

Topic 203 — Horizontal AlIGNMENT...........uuiiiiieiiiiiiie e eeeeeenees 200-22
203.1 General CoNtrOlS .......ooueeiiee e e e e e e 200-22
203.2 Standards for CUrVature ............oooiiiiiiiie e 200-24
203.3 AlIGNMENT CONSISIENCY ... 200-24
203.4 Curve Length and Central ANGIe .........ccooeieieiiiiieeee e 200-24
203.5 COMPOUNT CUNVES .....ceeeiieeeeeeee ettt e e e e e e e e e e e aaaanas 200-25
203.6 REVEISING CUMNVES .....coiiiiiiei ettt e e e e e e e e e e e e e e e e e eeennnnnans 200-25
203.7 Broken Back CUIVES.......ccooiiieeei e 200-25
203.8 Spiral TranSItioN .......ooeeiiee e e e e e 200-25
203.9 AlIgnment @t Bridges .....cooooeeieeeeeeeee e 200-25

J o] o (o2 0z 1 = To [ R 200-26
204.1 General CoNtrOlS .......ouuiuiiee e e e 200-26
204.2 Position With Respect to Cross Section ..............coiieiiiiiiiiiiiiiiee e, 200-26
204.3 Standards for Grade.........ccoooeeeeee e 200-27
204.4 VertiCal CUIVES .....cooeeeeeeeeeeeeeeeeeeeeeeeee e 200-27
204.5 SuStaiNned Grades.......ccooeiiiiiieee e 200-29
204.6 Coordination of Horizontal and Vertical Alignment ............cccccceeeeiiiiiiiiiininnn. 200-31
204.7 Separate Grade LINES ......ccooooiiiiiiiiieee e 200-31
204.8 Grade Line of SIrUCIUIES ......cooiiiiiiee e 200-32

Topic 205 — Road Connections and DIriVEWAYS ..............uuuuiuiiiiiiiiiiiiiiiiiiiieiieiiiennnenennns 200-35
205.1 Access Openings 0N EXPreSSWaYS ......cccooeeeeiiiieiiieeeeeeeeeeeeee e 200-35
205.2 Private Road ConNECiONS........ccooeiiiieieeeeeeeeeeeeeeeeee e 200-35
205.3 Urban DIrIVEWAYS ......cceeiiiiieeeee ettt eeean s 200-36
205.4 Driveways on Frontage Roads and in Rural Areas............ccccooeeiviiiiieeieennnnnn. 200-37
205.5 Financial Responsibility .............oiiiiiiiii e 200-38

Topic 206 — Pavement TranSitioNS .........cooooiiiiiiiiie e 200-38
206.1 General Transition Standards............ccooo oo 200-38
206.2 Pavement WIdENINgS ......ccooooiiiiiieeeeeeeee e 200-38
206.3 Pavement RedUCLIONS ........ccooiiiiiiee e 200-40
206.4 Temporary Freeway TranSitioNS.........oooviiiiiiiiiiiie e 200-40

Topic 207 — Airway-Highway ClearanCes .............cooiiiiiiiiiiiiiiiiee e, 200-40
2071 INTFOAUCHION ... 200-40



Highway Design Manual Table of Contents
July 1, 2020

PO O =T = g (o 200-41
207.3 Submittal of Airway-Highway Clearance Data .................cooovviiiiiiiiieeieeeeeens 200-41
Topic 208 — Bridges, Grade Separation Structures, and Structure Approach Embankment
.................................................................................................................................... 200-46
208.1 Bridge Lane and Shoulder Width.............ccoooiiiiiii e 200-46
208.2 CroSS SlOPE ...ceuie et e e e 200-48
P20 R T /1Y 1 =1 o R 200-48
208.4 Bridge SIdEWAIKS .........uuuuuueeieeieiiiieiiieiiiiiiiiaeeeeeeeeaeeeenessseanasesnnnnssnssnnnnnnnnnnnnnnes 200-48
208.5 Open ENd STrUCLUIES ......oeeieiiiee e eeeeeeeees 200-48
208.6 Bicycle and Pedestrian Overcrossings and Undercrossings...............ccc....... 200-48
208.7 Equestrian Undercrossings and OVercroSSiNgS.........ceeeeeeeeeeeieinniiieeeeeeeeennnns 200-49
208.8 Cattle Passes, Equipment, and Deer CroSSINgS........cceveeeeeiiieiiiiniiiieeeeeeeeennns 200-49
208.9 Railroad Underpasses and Overheads...........ccccoovveeeiiiiiiiieiieiiieeeeeeeeeeeee, 200-49
208.10 Bridge Barriers and RailiNgS .........cooeviiiiiiiii e 200-50
208.11 Structure Approach Embankment...............ooooiiiii e, 200-55
Topic 209 — Structure Approach SIabs ..........cooooiiiiiii e 200-59
209.1 Purpose and AppliCation..........ccooe i 200-59
209.2 General ConsSiderations.........ccoue e eiiiiieieee e e e e 200-59
209.3 Structural Approach System Drain@ge ..........ccoooveiiiiiiiiieiieeeeeeeceee e 200-61
209.4 Structure Approach Slab Rehabilitation Considerations.................ccccee. 200-61
Topic 210 — Reinforced Earth Slopes and Earth Retaining Systems .......................... 200-63
P2 1O It B [ 01 (oo 11 T3 1T o 200-63
210.2 Construction Methods and TYPES ...........uuuuuuiiiiiiiiiiiiiiiiiiiiieieeeeeeeeees 200-64
210.3 Alternative Earth Retaining Systems (AERS) ...........uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiies 200-70
210.4 Value Engineering Change Proposal (VECP).............uuiiiiiiiiiiiiiiiiiiiiiiiiiiis 200-71
210.5 Aesthetic CoNSIAEration............ooooiiiiiiiiiiiiiee e e e e e 200-72
210.6 Safety Railing, Fences, and Concrete Barriers...........ccoooeeeieeeiiiiciieeeeeeeeeees 200-72
210.7 Design ResponsSibility ............coeeiiiiiiiiiiieee e 200-73
210.8 Guidelines for Type Selection and Plan Preparation ............cccoeeiieeieenennns 200-73
CHAPTER 300 — GEOMETRIC CROSS SECTION.......cuuuiiiiiiiiiiiiiiiieiiieieeeiieeeeeeenennnnnnnnes 300-1
Topic 301 — Traveled Way Standards............cooooiiiiiiiiiie 300-1

vii



Table of Contents Highway Design Manual
July 1, 2020

INdex 301.1 — Lane Width..........uuuiiiii e nsnnnnnnnnnnes 300-1
301.2 Class Il Bikeway (Bike Lane) Lane Width ... 300-1
3071.3 CroSS SIOPES ...t e et e e e e e e e e aeas 300-4
Topic 302 — Highway Shoulder Standards................euueieiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeaeees 300-5
K 10172 Ao | o SRR 300-5
302.2 CroSS SIOPES .. eeviieeeeeeie ettt e et e e e et e e e e e e e e e e e e aaaes 300-5
302.3 Tapered EdQe.......uoi i 300-7
Topic 303 — Curbs, Dikes, and Side GULErs..............oeiiiiiiiiii i, 300-8
303.1 General POICY ... 300-8
303.2 Curb Types and USES.........ccoeiiiiiiiiiiiiiiiiieeeeeeeeeeeeee e 300-9
303.3 Dike Types and USES ......ccoooiiiiiiiiiiiiiiiiiieeeeeeeee e 300-11
303.4 CUrb EXIENSIONS ... 300-13
303.5 Position of Curbs and DIKES .........ooeiiiiiie e 300-16
303.6 Curbs and Dikes on Frontage Roads and Streets..........ccccoooviiiiviiiiiceeeenn. 300-17
TOPIC 304 — SIAE SIOPES .....oveeeeeeee et e e e e 300-17
304.1 Side Slope StandardsS.............oeiiiiiiiiiieiiie e 300-17
304.2 Clearance From Slope to Right of Way Line ..o 300-19
304.3 Slope Benches and Cut Widening ...........cooovviiiiiiiiiiiiiiiiieeeeeeeeeeee 300-19
304.4 Contour Grading and Slope RouNding..........cccoovviiiiiiiiiiiiiiiiiiieeeeeeeeeeee 300-19
304.5 Stepped SIOPES ....coununiiei e 300-20
Topic 305 — Median Standards.......... oo 300-21
K101 TR AT o | o SRR 300-21
305.2 Median CroSS SIOPES ......ccovvuiiiiiiiiiee e e e 300-23
305.3 Median BarTiErS .......uuuiiei et 300-23
305.4 Median CUIDS ....ccooiiiiieiieee ettt e e e e e e e e e e e e e e 300-23
305.5 Paved Medians...........ci oot 300-23
305.6 Separate ROAAWAYS ..........coooiiiiiiiiiiiiiiiieeeeeeeeeeee e 300-24
Topic 306 — RIGNt Of WAY ... eeeneennenee 300-24
306.1 General Standards ...........ooooiiiiiiie s 300-24
306.2 Right of Way Through the Public Domain.............cccoovviiiiiiiiiiiieeee 300-24
Topic 307 — Cross Sections for State Highways ..........ccoooviiiiiiiiiiiiieee e, 300-24
307.1 Cross Section Selection ...........coooviiiiiiiiiiiie e 300-24



Highway Design Manual Table of Contents
July 1, 2020

307.2 Two-lane Cross Sections for New Construction.............coooooiiiiiiiiiiiiiieen. 300-26
307.3 Two-lane Cross Sections for 2R, 3R, and other Projects..............cccooveennnn. 300-26
307.4 Multilane Divided Cross SECHONS ......ccooveiiiiiieiieeeeeeeeeeeeeeeeee e 300-28
307.5 Multilane All Paved Cross Sections with Special Median Widths ................. 300-28
307.6 Multilane Cross Sections for 2R and 3R Projects ..., 300-32
307.7 ReconStruCtion ProjeCtS ... ..cccooieiieeeeeeeee e 300-32
Topic 308 — Cross Sections for Roads Under Other Jurisdictions ..............cccccccooo. 300-32
308.1 City Streets and County RO@AS.........ccoooiiiiiiiiee e 300-32
TOPIC 309 — ClEATANCES ... .. ceieiee ettt e et e e et e e e e e e e e eeaaas 300-33
309.1 Horizontal Clearances for Highways............cccooviiiiiiiiiiicee e, 300-33
309.2 Vertical ClearanCes. .......coooiiiiiiieeeeeeee e 300-36
309.3 TUNNEI ClEArANCES. ... .o 300-42
309.4 Lateral Clearance for Elevated Structures ..., 300-42
309.5 Structures Across or Adjacent to Railroads ..o 300-42
Topic 310 — Frontage Roads...........oooiiiiiiiiiii 300-47
310.1 CroSS SECHON ... e e e e e e e e e e e e eennnnanns 300-47
310.2 Outer Separation .............iiii e 300-48
310.3 Headlight Glare..........ooeueeiiiie e e 300-48
CHAPTER 400 — INTERSECTIONS AT GRADE ........ouiiiiiiieiiieiiiiiieeeeeeeeeeeeneeennnes 400-1
Topic 401 — Factors Affecting DesSign .........coooiiiiiiiiiiiie 400-1
INAEX 401.1 — GENEIAI ... e e e e e e e e e e e eeeeees 400-1
401.2 HUMAN FACIOIS ...ccoeeieiiieeeeeeeeeeeeeeeeeeeeee e 400-1
401.3 Traffic Considerations...........cooiiiiiiiiiiiieeeeeeeeeee e 400-2
401.4 The Physical ENVIroNmMeENt ...........uiiiii e 400-2
JLIE= o] LR O PRSP PPPREPPRR 400-3
401.5 INterseCtion TYPE ...ccooiiiiiiiiiiiiiee e 400-3
L I T I = 0 ] 400-4
Topic 402 — Operational Features Affecting Design............cooooiiiie 400-4
402.1 CAPACITY....ceiiiiiiiiieieeeeeee e 400-4
L0 A 7 o] 1171 ] o I PP 400-5
402.3 ON-Street Parking .......cooooieeiiieeeie et 400-5



Table of Contents Highway Design Manual
July 1, 2020

402.4 CoNSIAEr All USEIS.... oo e e e e e e e e e e e e e e e eeeeeees 400-6
402.5 SPEed-Change ArBaS .........uuuuuuuuuiiiiiiiiiiiiiiiiiiiitieieeeeaaebaeeeaeaaeeeseesaseeennnseneennnnne 400-6
Topic 403 — Principles of Channelization...............ccooooiii e 400-6
403.1 Preference to Major MOVEMENTS..........uuuuiiiiiiiiiiiiiiiiiiiiiiieiiieieeeeeeeeeeeeeeeeeeees 400-6
403.2 Areas Of CONFIICE...........uuiiieiiiii e eeeeeeeeennnnes 400-6
403.3 Angle of INterseCtion...........euueiiii e 400-7
403.4 POINtS Of CONFIICE......uuuiiiiiiiiiiii e eeeenenes 400-8
403.5 (CUrrently NOLIN USE) ..uunii it 400-9
403.6 TUMMING TraffiC ......uuueiiiiiiiiie e eeneennnene 400-9
403.7 REFUGE ATaS.......uueiiiiiiiiiiiiiiiiitiiiie et eeassasssssssnnnsnnnnnnnne 400-11
403.8 Prohibite€d TUIMNS ......eeeieiiiiiiiiiiiiiiiei e eeeeeeaeaeaasssnssnnsennnnnnnnnnnnnes 400-11
403.9 Effective Signal CoNtrol .............uuuuiiiiiiiiiiiiiiiiiiii e 400-11
403.10 Installation of Traffic Control DeviCes ..........ccooiiiiiiiiiiiiiee e 400-13
403.11 SUMIMAIY ..t e e e e e ettt e e e e e e e e eeeeaasaaeeeeeaeeeeesssnanaeaaaaaeennees 400-13
A1 T D2 @1 [T gl @7 g 1< 0 [=T =1 (o] o - TR 400-13
Topic 404 — Design VERICIES ......couuniiie e 400-14
g B =T =T 400-14
404.2 Design CONSIAEratioNS .............uuuuuuueuiuiuiiiiiiiiiiiiiieeieeeeeeeeeneeeeseeeeeeseeeeeeeeeennnne 400-14
404.3 DESIGN TOOIS......uuuiuiiiiiiiiiiiiiiitte e sn e nnnne 400-15
404.4 Design Vehicles and Related Definitions..................uuviiiiiiiiiiiiiiiiiiiiiiiiiiiieenes 400-16
404.5 Turning Templates & Vehicle Diagrams .................euuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnns 400-18
Topic 405 — Intersection Design Standards ...........cooooeeiiiiiiiiiiiiii e 400-26
405.1 Sight DiSTANCE ....uuieii e e aaaaaa 400-26
405.2 Left-turn Channelization ...................eeieiiiiiiiiiii e 400-30
405.3 Right-turn Channelization ...............oooouiiiiiii e 400-36
405.4 TraffiC ISIANAS ......ieee e e e eenees 400-37
405.5 Median OPENINGS ....uuuuuuuiuiiuuiiiiiiiiiiiieiiieaeaeeeeeaaaeeaeeeeaeeeeseseeeesenaesessesnnnennsnnnnne 400-40
405.6 ACCESS CONIIOl ... e e e e e e e e e e e eeeeeees 400-41
405.7 Public Road INterseCtions...........ooooiiiiiiiiiieee e 400-43
405.8 City Street Returns and Corner Radii ..........ccooevvviiiiiiiiiiiiiceeieeeceee e, 400-43
405.9 Widening of 2-lane Roads at Signalized Intersections..........cccccccceeeeiieinennns 400-43
O LT LI (o] 0 T =T oY T U | £ 400-46



Highway Design Manual Table of Contents
July 1, 2020

Topic 406 — Ramp Intersection Capacity Analysis .........ccccoevvviiiiiiiiiieeeeeeeeeeeee e, 400-52
CHAPTER 500 — TRAFFIC INTERCHANGES..........outtiiiiiiiiieiieiiieiiieeeieeeeeeneenennnenennnnnnnnes 500-1
TOPIC 501 — GENEIAI ...t e e e e e e e e e e e e e eeeeeees 500-1
TaTo =3 Qo] 0l I e @70 T o R 500-1

L0 O T =T =T o £ 500-1
B501.3 SPACING....ceeittiiiee ettt e e e e e e e e et e e e e e e et e a e e aaaanana————— 500-1
Topic 502 — INterchange TYPES.....ccouuuiiieie e eeeanas 500-1
502,71 GENEIAL ... e 500-1
502.2 Local Street INterchanges........ccoooooooiiiiieeeeeeee e 500-2
502.3 Freeway-to-Freeway Interchanges ..o 500-7
Topic 503 — Interchange Design Procedure.............coooiiiiiiiiiiiiieeeee 500-10
503.1 BaSiC Data ......ccoeeieeeiiiiii e 500-10
S0 A Y= 500-11
Topic 504 — Interchange Design Standards...............eiiiiiiiiiiiieiiccc e 500-11
B04.1 GENEIAL ... e 500-11
504.2 Freeway Entrances and EXitS ............oiiiiiiiiiiiiiiii e 500-11
BO4.3 RAIMPS couiniiiiiiie ettt e et e e e e e e e e e e e e et e e e e e reraans 500-16
504.4 Freeway-to-Freeway CONNECHIONS .......ccoooiiiiiiiiiee e 500-37
504.5 AUXIlIAIY LANES ... 500-38
504.6 Mainline Lane Reduction at Interchanges............coooooeiiiiiiiiiiee 500-38
504.7 Weaving SECHONS ......cciiiieieeee e 500-40
504.8 ACCESS CONIIOL... ..o 500-46
Chapters 600 — 670 Pavement ENGINEEIING...........uuuuuiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeenneeeenees 600-1
Chapter 600 — General ASPECES ... ... oo e e e e e e e e 600-1
TopiC 601 — INTrOAUCTION ... e e e e e e e e eeeeees 600-1
Topic 602 — Pavement Structure Layers..........oooovviiiiiiii i 600-1
INdeX 602.1 — DESCHPLION ....cvveeiieie et e et eeeaaas 600-1
Topic 603 — Types of Pavement Projects ... 600-3
603.1 NeW CONSLIUCHION ... 600-3
(10 I VAV To 1= o 1 T 600-4



Table of Contents Highway Design Manual
July 1, 2020

603.3 Pavement Preservation .......... oo 600-4
603.4 Roadway Rehabilitation...............coooiiiiiiiiiiiiiiiiii 600-6
603.5 ReECONSITUCHION. .....eiee e e e e e e e eeeees 600-6
603.6 Temporary Pavements and Detours..............cooovviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeee 600-7
603.7 Stage CoNStrUCHION .......cooiiee e e e e e e aeeens 600-7
Topic 604 — Roles, Resources, and Proprietary Items............coooiiiiiiiiiiiiieee, 600-7
604.1 Roles and Responsibilities for Pavement Engineering ............coovvviiiiiiiiinnnn, 600-7
604.2 Pavement Recommendations..........coooiiiiiiiiiiiiiiiiiii e 600-9
604.3 Other RESOUITES ......iiiieiieeeeiii ettt e e e e e e e e eeeeana e e e e e e eeeeeaes 600-9
Topic 605 — ReCOrd KEEPING ....cceeiiiiiiiiee et e e e e e e e e e e e eeeeees 600-11
L6101 700 I B To Yo U0 0 =T o = 11T o 600-11
605.2 Subsequent REVISIONS ........oooiiieiie e 600-11
Topic 606 — Research and Special DeSigNns ..........coooii i 600-11
606.1 Research and Experimentation ..............coooiiiiiiiiiiiiiiii e 600-11
606.2 SPECIal DESIGNS....uuuiiei e 600-12
606.3 Mechanistic-Empirical DeSign.........coooviiiiiiiiiii e 600-12
606.4 Proprietary IHEMS .......cooi oo 600-14
CHAPTER 610 — PAVEMENT ENGINEERING CONSIDERATIONS ........cccccciiiieeiis 610-1
Topic 611 — Factors In Selecting Pavement Type ........ooovvieiiiiiiiiiiieeeee e, 610-1
Index 611.1 — Pavement Type Selection ..o, 610-1
611.2 Selection Crterial ........oviiiiiiiiiiiiiiiieeeeeeeeeeeee e 610-1
Topic 612 — Pavement DeSign Life ...........uuiiiiiiiiiiiiiiiiiiiiiiiie e 610-2
20 172000 B I =11 T o P 610-2
612.2 New Construction and ReconstrucCtion ..............cooooiiuiiiiiiii i 610-2
20 172 T VAV To 1= o 1 T PR 610-2
612.4 Pavement Preservation ... 610-3
612.5 Roadway Rehabilitation............ccooooiiriiiei e 610-3
612.6 Temporary Pavements and Detours..........ccoooeiiviiiiiiiiiiiie e 610-3
612.7 Non-Structural Wearing COUISES...........uuuuuiiieiieeeeiieiiiee e e e e eeeenns 610-3
Topic 613 — Traffic Considerations ............oooieeeiiiir e 610-4
L3 Tt B O Y=Y 1P 610-4



Highway Design Manual Table of Contents
July 1, 2020

613.2 Traffic Volume ProjeCtionS...........uuuiiiiiieeeeeece e 610-4
613.3 Traffic Index Calculation ... 610-5
613.4 AXIE LOAd SPECIIa ... 610-6
613.5 Specific Traffic Loading Considerations............cccccoovviiiiiiiiiiiicieeeeeeee e 610-9
Topic 614 — Soil CharacteriStiCs........ooeiiiiiiiee e 610-19
614.1 Engineering Considerations..........cooooiiiiiioiiieeeeeeeeeeee e 610-19
614.2 Unified Soil Classification System (USCS) ..., 610-19
614.3 California R-ValUe......... .o 610-20
614.4 EXPANSIVE SOIIS ...couuniiiiiiie e 610-22
614.5 Other Considerations...........oooii i 610-22
TOPIC 615 — ClIMAE ...t eeeaaas 610-23
Topic 616 — Existing Pavement Type and Condition...........c.coovviiiiiieiiieiceeeeeee e, 610-24
TOPIC 617 — MALEIAIS........c i e e e e e eaaas 610-26
617.1 Availability of Materials ... 610-26
B17.2 RECYCING ..o 610-26
Topic 618 — Maintainability and Constructability ..o 610-27
618.1 Maintainability .........coooeeiiiee e 610-27
618.2 Constructability ..........ovueeiiii - 610-27
Topic 619 — Pavement Life-CyCle .........ovueiiee et 610-29
619.1 Life-Cycle Cost ANAIYSIS .......ccoeeiiiiceee e 610-29
619.2 Life-Cycle ASSESSMENT ......cccco i 610-30
CHAPTER 620 — RIGID PAVEMENT ...t 620-1
Topic 621 — Types of Rigid Pavements...............uuuuiiiiiiiiiiiiiiiiiieeeeeeees 620-1
Index 621.1 — Continuously Reinforced Concrete Pavement (CRCP)....................... 620-1
621.2 Jointed Plain Concrete Pavement (JPCP)............uuuiiiiiiiiiiiiiiiiiiiiiiis 620-1
621.3 Precast Panel Concrete Pavement (PPCP)..........oovmiiiiiiiiiiiiieeee e, 620-1
Topic 622 — Engineering RequIremMents ..........ooooiiiiiii e 620-3
622.1 ENgineering Properties ...........oiei ittt 620-3
622.2 Performance FACLOrS ............uuuuuieiiiiiiiiiiiiiiiiiiii e seeseseeeeeneennennnnnes 620-3
622.3 TYPES Of CONCIELE ...ttt eennnene 620-3
622.4 Pavement JOINTS ..o 620-6



Table of Contents Highway Design Manual
July 1, 2020

622.5 Transitions Panels, Terminal Joints and ANChOIS...........coouvviiiiiiiiiiieeieeeeee. 620-7
B22.6 JOINE SEAIS....ccc e 620-11
622.7 Dowel Bars and Tie Bars.......coooiiiiiiiiiie e 620-12
622.8 Base BoNd Breaker .........cooo oo 620-13
B22.9 TEXIUING .eeeeiie et e et e e e e e e e e e e e e e e e e e e e e e e e enannaaaan 620-13
622.10 Pavement SMOOthNESS ........ccoooiiiiiiieeeee 620-13
Topic 623 — Engineering Procedure for New, Widening, and Reconstruction Projects...620-14
B23.1 CalalOg. coeeeeeiiiii it a e e e e eaa—————— 620-14
Topic 624 — Engineering Procedures for Pavement Preservation.............cccccccoieeiie. 620-28
624.1 Preventive MaintenanCe............oooiiiiiiiii i 620-28
Topic 625 — Engineering Procedures for Pavement Rehabilitation................................. 620-29
Topic 626 — Other Considerations ............cooo oo 620-32
CHAPTER 630 — FLEXIBLE PAVEMENT .....coiiiiiee et 630-1
Topic 631 — Types of Flexible Pavements & Materials ..., 630-1
Index 631.1 — Hot Mix Asphalt (HMA) ........uuuiiiiiiiieeeeeeeeeeeeennnneees 630-1
631.2 Dense Graded HMA ...t e e e e e e e e e eeeees 630-1
631.3 Rubberized Hot Mixed Asphalt Gap Graded (RHMA-G).........cccovvvviiiviiiiinnnnn. 630-1
631.4 Open Graded Friction Course (OGFC).......cooeiiiiiiiiiiicee e 630-2
631.5 Rubberized HMA (RHMA) USE ..ot 630-2
631.6 Other Types of Flexible Pavement Surface Courses..........ccccvvvvviiiiieeeeeennnns 630-3
631.7 Warm Mix Asphalt TeEChNOIOGY .......ccoeieiiiiiiee e 630-3
631.8 Pavement INterlayers. ... 630-4
Topic 632 — Asphalt BINder ... 630-5
632.1 Binder ClassifiCation ...........oouuuiiiiieee e 630-5
632.2 Binder SEIECHON .......cooo e 630-5
Topic 633 — Engineering Procedures for New Construction and Reconstruction.......... 630-7
633.1 Empirical MEethOd..........coooiiiieeeee e 630-7
633.2 Mechanistic-Empirical Method..............ccoooii e, 630-12
634.1 Preventive MaintenNanCe ...........ccovvviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee e 630-16
634.2 Capital Preventive Maintenance (CAPM) ... 630-16
Topic 635 — Engineering Procedures for Flexible Pavement Rehabilitation ............... 630-18

X1V



Highway Design Manual Table of Contents
July 1, 2020

635.1 Rehabilitation Warrants ... 630-18
635.2 Empirical Method .............iii e 630-18
635.3 Rehabilitation of Existing RHMA-G Surfaced Flexible Pavements................ 630-33
635.4 Mechanistic-Empirical Method ..., 630-34
Topic 636 — Other Considerations ............ccooi oo 630-36
636.1 Traveled Way.......cooo oo 630-36
636.2 SNOUIAETS ... 630-36
636.3 INTErSECHONS ... 630-37
636.4 Roadside FaClities..........cooiiiiiiiiiii e 630-37
Topic 637 - Engineering Analysis Software...............cccooiiiiiiiiiiiice e 630-37
CHAPTER 640 — COMPOSITE PAVEMENTS.......oiiiiiiiiiieiiiiiieeieeeeeeeeeeeeeeeeseeeennnnnnnnes 640-1
Topic 641 — Types of Composite Pavement ... 640-1
Index 641.1 — Asphalt Over Concrete Composite Pavement..............ccccceeevvveeeennn. 640-1
641.2 Concrete Over Asphalt Composite Pavement ..............oiiiiiiiiiiiiiiceee 640-2
Topic 642 — Engineering Criteria..........ooouuiuiiiie e 640-2
642.1 Engineering Properti€s .........oooeeimiiiii it 640-2
642.2 Performance FaCIOrS ........cooo i 640-2
642.3 Overlay LImitS.......oooumiiiiiie e 640-2
Topic 643 — Engineering Procedures for New Construction and Reconstruction.......... 640-3
643.1 Empirical Method ........ .o 640-3
643.2 Mechanistic-Empirical Method ... 640-3
Topic 644 — Engineering Procedures for Pavement Preservation ............ccccccceeeee.. 640-3
644.1 Preventive MaintenancCe ............oouuiiiii i 640-3
644.2 Capital Preventive Maintenance (CAPM) .........cooiiiiiiiiiiiiiiceeeeeeeeee e 640-3
Topic 645 — Engineering Procedures for Pavement Rehabilitation..............ccccccccooo... 640-4
645.1 Empirical Method ........ ..o 640-4
645.2 Mechanistic-Empirical Method ... 640-5
CHAPTER 650 — PAVEMENT DRAINAGE ........ooutiiiiiiiiiiiiiiieiieeeneeeeeenenennnnes 650-1
Topic 651 — General Considerations............ooviiiiiiii i 650-1
Index 651.1 — Impacts of Drainage on Pavement............ccccuviiiiiiiiiiiiiccceee e, 650-1
651.2 Drainage System Components and Requirements.............ccooooeeiiiiiiiiiiiennnn. 650-1

XV



Table of Contents Highway Design Manual
July 1, 2020

Topic 652 — Subsurface Drainage and Storm Water Management................ccccevvveeees 650-5
Topic 653 — Other Considerations ............ccoooviiiiiiiiiiiie e 650-5
653.1 New Construction Projects ... 650-5
653.2 Widening Projects ......ccoooeoiieeeeeeeeeeeeeeeeeeeeee e 650-7
653.3 Rehabilitation and Reconstruction Projects............coooiiiiiiiiiiiiiiiiieeeeeees 650-7
OO T S o= o ] 01 SR 650-7
653.5 Roadside FaCilitieS .........uuiiiiieeeeeeee e 650-7
CHAPTER 660 — PAVEMENT FOUNDATIONS ... 660-1
Topic 661 — Engineering Considerations..............uuuiiiiiiiiiiiiiece e 660-1
INdEX 661.1 — DESCIIPLION......ueieieee et e e e e e e e e eaas 660-1
LT 2 o U 4 0T 1= RPN 660-1
TOPIC 662 — TYPES OFf BASES ...ttt e e e e e e e e eenees 660-1
662.1 AQOregate Base........c.ui i 660-1
662.2 Treated Base .......uuuiii et aeeaaeaes 660-2
662.3 Treated Permeable Base...........coooo i 660-2
662.4 SUDDASE ....cooeiiiiiiiiiiiiiie 660-3
Topic 663 — Engineering Properties for Base and Subbase Materials.......................... 660-4
663.1 Selection Criterial ........oeviiiiiiiiiiiiiiiiieeeeeeeeee e 660-4
663.2 Base and Subbase for Rigid Pavements............coooovmiiiiiiiiiiiiicceee e, 660-4
663.3 Base and Subbase for Flexible Pavements...........ccccccoviiiiiiiiiiiii. 660-4
Topic 664 - Subgrade Enhancement ............ooooiiiiiiiii e 660-7
B64.1 OVEIVIEW ..ottt et ettt e e e e et e e e e e e e e e e e e e e e eeeeeaeeeas 660-7
664.2 Mechanical Subgrade Enhancement..............ooooiiiiiiiii 660-7
664.3 Chemical Stabilization .............ccooi i 660-7
664.4 Subgrade Enhancement GeosynthetiCs .............coooviiiiiiiiiiiiiiicceee e, 660-8
Topic 665 — Subgrade Enhancement Geosynthetic Fabrics...........cccccciii 660-8
B65.T PUIMPOSE ... e e e ettt e e e e e e e e e e eean e e e e e eeeneae 660-8
665.2 Properties of GEOSYNthEtiCS ........cccooviiiiiiiiiie e 660-9
665.3 ReqUIred TeStS ...ouuiiiee e e e e e e e e eeeaes 660-9
665.4 Mechanical Stabilization Using SEG ... 660-9
665.5 Selecting Geosynthetic Type and Design Parameters ...........ccccoevvvvieeee. 660-10
665.7 Other Design Considerations ............couiviiiiiiiiiiiiiiiiiiieiieieeeeeeeeeeeeeeeeeeee e 660-12

XVi



Highway Design Manual Table of Contents
July 1, 2020

665.9 SEG Abbreviations and Definitions............oooooiiiiiiii, 660-13
Topic 666 — Foundation Strength Parameters for Mechanistic-Empirical Design of New
Construction and Rehabilitation of Flexible Pavements...............cccccoiiiiiiiiiiiiiiiiinnnns 660-15

666.1 Resilient MOAUIUS ..........eiieeeeeee e 660-15

CHAPTER 670 — TAPERS AND SHOULDER BACKING .......cooiiiiiiiiiiiiieeieee e 670-1
TOPIC 671 — PavemMent TAPEIS ... .ot e e e e e 670-1

Index 671.1 — Background and PUIPOSE.........cuuiiiiiiiiiieieeiiee e 670-1

671.2 Engineering Requirements and Considerations............cccccceeveeiiiiiieiiiiicieeeee, 670-1

671.3 Tapers into Existing Pavement or Structure ..., 670-2
Topic 672 — Shoulder Backing ........cccooiiiiiiiiiiie e 670-8

672.1 Background and PUIPOSE .........cooeiiiiiiiieiiiiie et e et e e e e e e e 670-8

672.2 Alternate Materials and AdmMIXtUreS .........ooooiiiiiiiii i 670-8

L7 T I = (o | o PPN 670-9

CHAPTER 680 — PAVEMENT DESIGN FOR WIDENING PROJECTS........c.cvvvvvviiiiinnnnes 680-1
Topic 681 — Pavement Widening OVEIrVIEW ...........ccoooiiiiiiiiiiiiiiiiieeeeeeeeee 680-1

Index 681.1 — Background.............cooviiiiiiiiiiiiiiiiiiiieiieeeeeeeeeee e 680-1
Topic 682 — Design Considerations ... 680-1

B82.1 StANAArAS ....ccoeeeeeeeeeeeeeeeeeee 680-1

682.2 Pre-Design Evaluation .............oiiiiiiiii e 680-2

682.3 Pre-Design ConsiderationS............uoiiiiiiiiiiiiicee e 680-2

682.4 Scoping, Estimating, and Detailing ...........coovviiiiiiiiiii 680-3

682.5 Other Considerations..........coooiiiiiiiiiie e 680-8

682.6 Life-Cycle Cost Analysis for Widening Projects ..., 680-10

CHAPTER 700 — MISCELLANEQOUS STANDARDS..........ootiiiiieeeeeeeieeeee e 700-1
TOPIC 701 — FENCES ..ot e e e e e e e e e e e e e e eaan 700-1

Index 701.1 — Type, Intent and Purpose of Fences ... 700-1

701.2 Freeway and Expressway Access Control Fence...........coooooieiiiiiiiiiiiieceeeeee, 700-2

701.3 Private FENCES... .o e e e e 700-4

701.4 Temporary FENCES. ... .o 700-4

7015 Other FENCES ... 700-4
Topic 702 — Miscellaneous Traffic temMS..........oovveiiiiiiiiieeeeeeeeee e 700-5



Table of Contents Highway Design Manual
July 1, 2020

402 B 2 = =1 (= g o S 700-5
Topic 703 — Special Structures and Installation ..., 700-5
703.1 Truck Weighing FacCilities. ... 700-5
703.2 Rockfall Restraining Nets ... 700-5
Topic 704 — Contrast Treatment ...........oovuiiiiiiiiii e 700-6
407 3 T o 1Y SRR URSPR 700-6
Topic 705 — Materials and Color Selection ...............uoeeiiiiiiiiiiiiieeeeeeeeeeee e 700-6
705.1 Special Treatments and MaterialS .............ccoooviiiiiiiiiiiiiii e 700-6
705.2 Colors for Steel SIrUCLUIES ........eeeiiiee e 700-6
Topic 706 — Roadside Management and Vegetation Control ..................eeeveviiiiiinennnns 700-7
706.1 Roadside Management ... 700-7
706.2 Vegetation Control...........coooiiiiiiiiiiii 700-8
Topic 707 — Slope Treatment Under Structures............ooovueiiiiiii e 700-8
TOT .1 POICY .ttt e e e e e e et e e e e e e e e e e e e e e e e e e e nnnnnees 700-8
707.2 Guidelines for Slope Treatment............oooueiiiiiiiiii e 700-9
404 T o (oo =T [V ¢ PRSP 700-9
CHAPTERS 800 — 890 HIGHWAY DRAINAGE DESIGN ... 800-1
CHAPTER 800 — GENERAL ASPECTS ..ottt 800-1
TOPIC 801 — GENEIAI ... e e e e e e e e e e s 800-1
INdeX 801.1 — INtrOUCHION .......uuiiiiiiiii e eesennnee 800-1
801.2 Drainage Design PhiloSOPNY ........ccoooiiiiiiiiiiec e 800-1
801.3 Drainage Standards............cooeiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeee e 800-1
801.4 Objectives of Drainage DeSign .........ccovviiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeee e 800-2
801.5 EconOmMICS Of DESIGN .....cceviiiiiiiiiiiiiiiiiiiiieeeeeeeee e 800-3
801.6 Use of Drainage References ... 800-3
Topic 802 — Drainage Design Responsibilities............coooiiiiiiiiiiiiiieeeeeeeeeee 800-4
802.1 Functional Organization............cccoooeiiiiiiiiiiiee e 800-4
802.2 Culvert COMMITEE ......ceiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee e 800-6
802.3 Bank and Shore Protection Committee ............cooovviiiiiiiiiiiiiiiiiiieeeee 800-6
Topic 803 — Drainage Design POIICIES ............uuuiiiiiiiiiiiiiiiiieiiiiieee e 800-7
803.1 BaASIC POIICY ...cceeiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee et 800-7



Highway Design Manual Table of Contents

July 1, 2020

803.2 Cooperative AgreemMENES .........ooviiiiiiiie i 800-7
803.3 Up-Grading Existing Drainage FacilitieS ..........cccoooeiiiiiiiiiiiiieeeeeeee e, 800-7
Topic 804 — Floodplain Encroachments.............cooouiiiiii i 800-8
8041 PUIPOSE ...t e e e et e e e e e et e e e e e et e e e e eaaeeeeeeaaeaaeees 800-8
804.2 AULNOTILY ..o 800-8
804.3 APPICADIlItY ..o 800-9
804.4 DEfiNItIONS ... 800-9
804.5 PrOCEAUIES ...t e e e e e e e e e e et e e e e e e e eeeeennnnnnns 800-10
804.6 ReSpONSIDIITIES.....cccuniieeee e 800-10
804.7 Preliminary Evaluation of Risks and Impacts for Environmental Document Phase .
................................................................................................................................ 800-11
804.8 Design Standards ...........coeeiieiiiiiiecee e 800-12
804.9 Coordination with the Local Community ............ccooveiiiiiiiiiiceee e, 800-12
804.10 National Flood Insurance Program .............oouuvuiiieiiiiiiiiieiceeee e 800-12
804.11 Coordination With FEMA ... 800-16
Topic 805 — Preliminary PlIans ... 800-17
805.1 Required FHWA APProval ..o 800-17
805.2 Bridge Preliminary Report........cooo oo 800-17
805.3 Storm Drain SYStemMS.......oi i i 800-17
805.4 Unusual Hydraulic StruCtures ...........ccooeeieeeiiiiiiiiieee e 800-17
805.5 Levees and Dams Formed by Highway Fills............ccccooiiiiiiiiiii, 800-18
805.6 GeOoteChNICal.......ccoeeeeeeeeeeeeee e 800-18
805.7 Data Provided by the District ... 800-18
Topic 806 — Definitions of Drainage Terms ... 800-19
<101 200 I ] (o Yo 18 T o) o 1P 800-19
806.2 Drain@ge TeIMS .. ..o 800-19
Topic 807 — Selected Drainage References............ooooooviiiiiiiiee 800-45
807.1 INtrOAUCHION ... 800-45
807.2 Federal Highway Administration Hydraulic Publications............................... 800-45
807.3 American Association of State Highway and Transportation Officials (AASHTO)....
................................................................................................................................ 800-47
807.4 California Department of Transportation.............ccooooiviiiiiiiiiiie e, 800-48

X1X



Table of Contents Highway Design Manual
July 1, 2020

807.5 U.S. Department of Interior - Geological Survey (USGS)........ccccoevvvvvveneneenn. 800-48
807.6 U.S. Department of Agriculture - Natural Resources Conservation Service (NRCS)
................................................................................................................................ 800-49
807.7 California Department of Water ReSOUrces ..........coooviiiiiiiiiiiiiiieeeeeeeee 800-49
807.8 University of California - Institute of Transportation and Traffic Engineering (ITTE)
................................................................................................................................ 800-49
807.9 U.S. Army Corps of ENQGINEEIS........ccovviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee 800-49
Topic 808 — Selected Computer Programs............coeeeiiiiiiiiiiiiiee e 800-49
CHAPTER 800 — HYDROLOGY ...ttt 810-1
o] (o3 < i B B 7= g =T | PP 810-1
INdex 811.1 — INtrOAUCHION ... .o eeeeeeees 810-1
811.2 Objectives of HydrologiC ANalySis ........cccooviiiiiiiiiiie e 810-1
811.3 Peak DISChArQe ......ccovieiie et 810-2
811.4 FIOOA SEVEIILY ... e e e 810-2
811.5 Factors Affecting RUNOSf ..o 810-2
Topic 812 — Basin CharacteriStiCs ..........oooiiiiiiiiiiie e 810-3
8121 Sz e e e e e e e e e e e e e e a e ——raaaaaaan 810-3
B12.2 SNAPE ... 810-3

o D TS (o] o = T 810-4

o D I T o To I U L 810-4
812.5 S0il aNd GEOIOGY ....covveeiiiieiiei et e e e e e 810-4
Lo A ST ] (] - T [ YOS 810-4
8127 EIEVALION.....cceeeeeeeeeeeee 810-5
812.8 OrieNtatioN .. ..o 810-5
Topic 813 — Channel and Floodplain Characteristics.............coooviiiiiiiiiiiiiiee e, 810-5
o G T B 1= o= | S 810-5
813.2 Length @nd SIOPE .......ccooeeeeeeeeeeee e 810-6

o G TG T O {0 1= T T =T o 1o ) o 810-6
813.4 Hydraulic ROUGNNESS .......coiiiieeeeeee et 810-6
813.5 Natural and Man-made Constrictions ..........coooeeeieiieieeieeee, 810-6
813.6 Channel Modifications ..........coooieiiiieeeeee e 810-7

XX



Highway Design Manual Table of Contents
July 1, 2020

813.7 Aggradation - Degradation.............cooeeiiiiiiiiii i 810-7
813.8 DIEDIIS ..ottt e e e e e e e e e e e e —rreaaaaeeaaann 810-7
Topic 814 — Meteorological CharacteristiCs .............coiiiiiiiiiiiiccee e 810-8
ot B C 1= T = | 810-8
o - 1o - | SR 810-8
o0 S T TR 810-9
814.4 Evapo-transpiration ...............oiio oo e 810-9
814.5 TidesS @and WaAVES......ccooiiiiieiiie et e e e e e e e e e e eeeeeees 810-9
Topic 815 — HydrologiC Data..........ccoooieiiiiiiie e 810-10
o STt B €= T = | 810-10
o R T 07 | (= To (o] [ TRt 810-11
Lo TR S To U o = 810-11
o ST S Y= o N o 810-12
815.5 PrecCipltation ....... oo e e aeeees 810-13
815.6 AdequacCy Of Data ............uuuuuuiiiiiiiiiiiiiiiiiiii e 810-13
TOopIiC 816 — RUNOFT.....cco e 810-13
816.1 GENEIAL... .t eaaaaaee 810-13
o G 0Z @ V=T 4 F= o To I o 810-13
816.3 SUDSUIMACE FIOW ......uuiiiiiiiiiiiiiiiiiiieie e eeeeennenes 810-13
816.4 Detention and Retention ...............uuuiiiiiiiiiiiiiiiiiiiiiii i eeeeeeeeeeeees 810-14
816.5 Flood Hydrograph and Flood VOIUME...........ccooiiiiiiiiiiiieceeeeeeece e, 810-14
816.6 Time of Concentration (Tc) and Travel Time (Tt)............uuueieiiiiiiiiiiiiiiiiiiiinns 810-15
Topic 817 — Flood Magnitude.............oooiiiiiiiiiiee 810-19
o A B T o= | SRR 810-19
817.2 MEASUIMEMENTS ...t e e e e e e et e e e e e e e e e e eeeennna e e e e eeaeeenee 810-19
Topic 818 — Flood Probability And FrequUENCY ............ueiiiiiiiiiieiceeee e 810-20
o TRt B €= T = | 810-20
818.2 Establishing Design FIood FreqUENCY ........cccooviiiiiiiiiiiiieieeeeeeeeee e 810-22
818.3 Stationarity and Climate Variability ..o 810-23
Topic 819 — Estimating Design Discharge ... 810-24
LS e TR I 1 (oo [¥ o (o) o IRt 810-24
819.2 Empirical Methods ........cooieeeee e 810-24



Table of Contents Highway Design Manual
July 1, 2020

819.3 Statistical MethOds ..........iiieieeee e 810-31
819.4 Hydrograph Methods........ccooooiiiiee 810-32
819.5 Transfer Oof Data ..........ouueiiiiieeee e 810-34
819.6 HydrologiC SOftWAre .......cccoeiieeeeeeee e 810-36
819.7 Region-SpecCific ANAIYSIS......cccoiiiiiiiiiee e 810-37
CHAPTER — 820 CROSS DRAINAGE ...ttt 820-1
TOPIC 821 — GENEIAI ... e e e e e e e e e ennnaans 820-1
Index 821.1 — INtrodUCHION ......ooeeeie e 820-1
821.2 HydrologiC ConsiderationS.........cccceeiiiiieiiiiiee e e e e e eeeens 820-2
821.3 Selection of Design FIOOd.........cooiiiiiiiiieeeee e 820-2
821.4 Headwater and Tailwater............ooooviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee e 820-3
821.5 Effects of Tide and StOrmM ........coooviiiiiiiiiiiiieeeeeee 820-4
Topic 822 — DebrisS CONIOl .......ccoveieeeeeee e 820-37
< Y2472 I [ 1 (o o 18 o o) o IS 820-37
822.2 Debris Control Methods...........uuiiiiie e 820-37

S Y24 T =T oo o] o 41T S 820-38
822.4 Classification of Debris ... 820-38
822.5 Types of Debris Control Structures..............coeeeeiiiiiiiiiicee e 820-38
Topic 823 — Culvert LOCation ...........oooiiiiiiieeeeee e 820-38
823.1 INrOAUCHION.....coiiiiiiiiiiiiiiieeeeeeeeeee e 820-38
823.2 AlIGNMENt and SIOPE .....cooeeieeeee e 820-38
Topic 824 — Culvert Type SeleCtion ..........oooo e 820-39
< Y2 30 I ] (o Yo 18 o o) o IS 820-39
824.2 Shape and CroSS SECHON ........uuuiiei e 820-39
Topic 825 — Hydraulic Design of CUIVEIS.............uuuiiiiiiiiiiiiiiieieeeeees 820-40
825.1 INrOAUCHION....ccoiiiiiiiiiiiiiiiieeeeeeeeeeeee e 820-40
825.2 CUIVEIT FIOW ..ottt e e e e e e e e 820-40
825.3 ComMPULEr PrOograms ........cooiiiiiiiiiee et e e e e e e 820-41
825.4 Coefficient of ROUGNNESS .....oovveiiiiii e 820-41
TOpiC 826 — ENranCe DESIGN........uuuiiiiiiiiiiiiiieiiieiieiie ettt seeeeeeeeeennnnnnnne 820-41
< 724 0 I ] (o Yo 18 o o) o IS 820-41



Highway Design Manual Table of Contents
July 1, 2020

826.2 End Treatment POIICY ......oooiiiiieee e 820-42
826.3 Conventional Entrance DeSIgNS.........cccoeiiiiiiiiiiiiiiiee e 820-42
826.4 Improved INIet DESIGNS ......coiiiiie e 820-43
TOPIC 827 — OULIEE DESIGN....eeiiie e e e e e 820-44
G Y2 I C 1= o 1= | SRS 820-44
827.2 Embankment Protection ... 820-44
Topic 828 — Diameter and Length..........oooo i 820-45
<724 TR I 0] (o Yo 18 T o) o ISP 820-45
828.2 MinNimum Diameter..........oi i 820-45
828.3 LeNGIN ..o 820-45
Topic 829 — Special Considerations............oeeeiiiuiiiiiiiee e 820-46
829.1 INtrOAUCHION ... 820-46
829.2 Bedding and BackKfill ...........ccooiiiiiiiiiiiiee e 820-46
829.3 PUDING. i 820-47
829.4 JOINES oo 820-48
829.5 ANCNOIAQE ... 820-48
829.6 Irregular Treatment ... 820-48
829.7 Siphons and Sag CUIVEITS .........oovimiiiiiie e 820-49
829.8 Currently NOt INUSE .....euuiiii e 820-49

e A TR T I - 41 SRR 820-49
829.10 Reinforced Concrete Box Modifications...........cooooeeeeiiiiiiiiiiee, 820-50
CHAPTER 830 — TRANSPORTATION FACILITY DRAINAGE. ..o 830-1
TOPIC 831 — GENEIAI ... e e e e e eaaas 830-1
INdex 831.1 — BasSiC CONCEPIS .. .covviieiiiiiie e 830-1
831.2 Highway Grade LiNe ......cccooo it 830-2
831.3 Design Storm and Water Spread ..o 830-2
831.4 Other ConsSiderations..........coooiiiiiiiiie e 830-3
831.5 Computer Programs .........coooooiiiiiieeeeeeeeeeeee e 830-6
Topic 832 — HYArolOgy ......coooiiiiiiiieieee e 830-6
832.1 INtrOAUCHION ... 830-6
832.2 Rational Method........... oo 830-6



Table of Contents Highway Design Manual
July 1, 2020

832.3 Time of ConCentration ..............cooi i e e 830-6
Topic 833 — Roadway CroSS SECHONS ..........uuuuuuiiiiiiiiiiiiiiiiiiiiieiiisieeeeeeseeeeeeeeeeseeeaennennee 830-7
833.1 INIrOAUCHION......oeeeee e e e e e e e e e e e eeeees 830-7
833.2 Grade, Cross Slope and Superelevation ... 830-7
Topic 834 — Roadside DraiNage ........cooeeuuiiiiiiiiie et e s 830-7
ot B € 1= =T = | PP 830-7
834.2 Median DraiNage .........oeiiiiiiiie et 830-7
834.3 Ditches and GUHEIS.........couviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeee e 830-8
834.4 OVErside DraiNS.......ccooe i e e 830-10
Topic 835 — Dikes and BermS..........oeeiiiii e 830-11
835.1 GENEIAL. ... s 830-11
835.2 Earth Berms .. ..o 830-11
e T TR T I 11 = L 830-11
Topic 836 — Curbs and GUHETS.........cooeiiiiiiiieee e 830-12
o0 TG Tt B €= o =T = | PP 830-12
836.2 GULEI DESIGN ...t 830-12
TOPIC 837 — INIEE DESIGN ... e 830-13
8371 GENEIAL. .. e 830-13
837.2 INIEE TYPES ..ottt 830-13
837.3 Location and SPaCING .......cceuiiiiiiiiiiiiiiiiiiieeeeeeeee ettt 830-17
837.4 HydrauliC DESIGN .....cceeviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee et 830-18
837.5 LOCAl DEPrESSIONS ... .ceiiieiiieeeee e e e e e e eaanns 830-20
TOPIC 838 — STOMM DraiNS ..cceveeeeeie et 830-21
o0 TC Tt B €= o =T = | PP 830-21
838.2 DeSIgN Criteria.....uueeiiee et 830-22
838.3 HydrauliC DESIGN ......cceviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 830-22
838.4 STANAArAS ... .o 830-22
838.5 Appurtenant StrUCIUIES.........oouuiiiii e 830-23
Topic 839 — Pumping StatioNS ......coeeeiieee e 830-25
839.1 GENEIAL...c.coiiiiiiiiiiiiiiieeeeeeeeeee et 830-25
839.2 PUMP TYPE ceeeiiiiiieee ettt ettt e e e e e e ettt e e e e e e e e s e neeeeeaaaeaeannnes 830-25
839.3 Design ResponSiDIlItIES .........viiiiiiii e 830-25



Highway Design Manual Table of Contents

July 1, 2020

839.4 Trash and Debris Considerations ..........ccoooeieeiiiieeiiieeeeeeee, 830-25
839.5 Maintenance Consideration ..o 830-26
839.6 Groundwater Considerations ...........cccooeeiiiiiieiiiiiieee e 830-26
CHAPTER 840 — SUBSURFACE DRAINAGE .........uuuuiiiiiiiiiiiiiieiieieieeeeeeieeennenennnnnennnnnnnne 840-1
TOPIC 841 — GENEIAI ...t e e e e e eaaan 840-1
Index 841.1 — INtrodUCHION .......coiiiiiiiiiiiiiiiiieeeeeeeeee e 840-1
841.2 Subsurface (Groundwater) DiSCharge ............cceeeeiieiiiiiiiiiiice e 840-1
841.3 Preliminary InvestigationS............uuuiiiiii i 840-2
841.4 EXPloration NOLES .........iii e 840-2
841.5 Category Of SYSteM ... 840-2
Topic 842 — Pipe UNAerdrains..........oooueeiiiiie et e e e e e e e e e e e eeeeees 840-4
o I C 1= o= | 840-4
842.2 Single INstallations...........oooiii i 840-4
842.3 Multiple InStallations ..........couniiiiiie e 840-4
842.4 DeSigN Criterial...ccceeeeiiiiiie et e e 840-4
842.5 Types of Underdrain Pipe .......cooeiiiiiiii i 840-5
842.6 Design ServiCe Life ... 840-5

e Y A T o T= IS =1 = Tox (o o 840-6
CHAPTER 850 — PHYSICAL STANDARDS 850-1
TOPIC 851 — GENEIAL......cceeeieeeeeee ettt e e e et e e e e e e e e eenaan 850-1
Index 851.1 — INtrodUCHION ......cooviiiiiiiiiiiiieieeeeeeeeeeee e 850-1
851.2 Selection of Material and TYPe .......cooooei i 850-1
TopiC 852 — Pipe MaterialS . ........uueieeeeeeeeee e e e 850-3
852.1 Reinforced Concrete Pipe (RCP).....cooooiiiiiiie 850-3
852.2 Concrete Box and Arch CUIVEMS........ccoooiiiiie e 850-3
852.3 Corrugated Steel Pipe, Steel Spiral Rib Pipe and Pipe Arches ...................... 850-4
852.4 Corrugated Aluminum Pipe, Aluminum Spiral Rib Pipe and Pipe Arches....... 850-7
852.5 Structural Metal Plate ..o 850-9
852.6 PlastiC PP ....coooiiiiieeeeee e 850-10
852.7 Special PUIPOSE TYPES .. .ot e e e 850-11

XXV



Table of Contents Highway Design Manual
July 1, 2020

Topic 853 — Pipe Liners and Linings for Culvert Rehabilitation................cccccocoooi. 850-11
8531 GENEIAL. ... 850-11
853.2 Caltrans Host Pipe Structural Philosophy ... 850-12
853.3 Problem ldentification and Coordination..............ccoooviiiiiiiiiiiiie e 850-12
853.4 Alternative Pipe Liner MaterialS...........ccoooviiiiiiiiiie e 850-12
853.5 Cementitious Pipe LiNiNG.........uuiiiiiiiiiiieee e 850-14
853.6 Invert Paving with CoNCrete........coooi i 850-14
853.7 Structural Repairs with Steel Tunnel Liner Plate .............cccooeeviiiiiiiiiiieee, 850-17

TopiC 854 — Pipe CONNECHIONS ...t e e e e e e e e eaeeees 850-17
854.1 BaSIC POIICY ....ccoviiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeee e 850-17

Topic 855 — Design Service Life ... 850-20
855.1 BasiC CONCEPLS. ....uuiiiie e e 850-20
oo T2 Y o] = 1= (o o IS 850-23
o ST I 7] 1 {0 1= o] o [P 850-34
855.4 Protection of Concrete Pipe and Drainage Structures from Acids, Chlorides and
SUIFALES .. 850-35
855.5 Material Susceptibility t0 Fir€........cccooiiiiiiieieee e 850-40

Topic 856 — Height Of Fill ........eeiiiiiieiee e 850-41
856.1 Construction LOAdS........ccooiiiiiiiiiee e 850-41
856.2 Concrete Pipe, Box and Arch Culverts ............coooiiiiiiiiee e, 850-41
856.3 Metal Pipe and Structural Plate Pipe ..o 850-42
856.4 PlastiC Pipe.. .o 850-43
856.5 Minimum Height Of COVEr.........uuiiii e 850-43

Topic 857 — Alternate Materials ... 850-61
857.1 BaSIC POlICY ...t 850-61
857.2 Alternative Pipe Culvert Selection Procedure Using AltPipe ...........ccccc....... 850-61
857.3 Alternative Pipe Culvert (APC) and Pipe Arch Culvert List.............ccccc... 850-64

CHAPTER 860 — ROADSIDE CHANNELS. ... 860-1

TOPIC 861 — GENEIAI ...t e e e e e e s 860-1
INdeX 861.1 — INtrOAUCHION .......uuiiiiiiiiiii e neennanee 860-1
861.2 Hydraulic Considerations..........cccooeiiiiiiiiiiiiee e e e e e eeeens 860-2



Highway Design Manual Table of Contents
July 1, 2020

861.3 Selection of "Design FIood" ..........euiiiiiieeeeeee e 860-3
861.4 Safety ConSIderations...........ooooiiiiiiiiii i 860-3
861.5 Maintenance Considerations ...........coooeiiiiiieeie i 860-4
o I G =T oo g [o] o o] [0 TR 860-5
861.7 Coordination with Other AgENCIES .........coooiieiiiieeee e 860-5
861.8 ENVIrONMENT ... ..o 860-5
861.9 Unlined Channels ........ oo 860-5
861.10 Lined ChanneElS...... ...t 860-6
861.11 Water Quality ChannelS.........cooooiii oo 860-6
861.12 REfEreNCEeS ..o 860-6
Topic 862 — Roadside Drainage Channel Location.............cccooooiviiiiiiiiiii e 860-7
862.1 GENEIAL.....c e 860-7
862.2 AlIgNMeENt and Grade..........coooiiiiiiiiie e 860-7
862.3 Point Of DISChArge .........cooooiiiiiieeeeeee e 860-8
Topic 863 — Channel SECHON ........ e 860-8
863.1 Roadside and Median Channels.............oooooiiiiiii e 860-8
863.2 TranQUIAK ... 860-8
863.3 Trapez0oidal..........cooeiiiiii s 860-8
863.4 RECIANGUIAK ... .o 860-9
Topic 864 — Channel Stability Design Concepts ........ooovvviiiieiiiiiiieeceee e 860-9
864.1 GENEIAL....cco oo 860-9
864.2 Stable Channel Design Procedure...........cooooiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee 860-10
864.3 Side Slope Stability.........ccooeeieeeeee s 860-12
Topic 865 — ChanNel LiNINgS.........uuuuuiiiiiiiiiiiiiiiiii e eeeeeeeeeenennnnees 860-12
865.1 Flexible Verses Rigid ... 860-12
oG TS T o [T SRRSO 860-13
865.3 FIEXIDIE ..o 860-15
865.4 Composite Lining DeSIgN ......ccooveiiiiiiiiiei e 860-17
865.5 Bare Soil Design and Grass LiNiNg........cccovvviiiiiiiiiiei e 860-17
865.6 Rolled Erosion Control Products.............oooeeieiiiiiiiiie e 860-22
Topic 866 — Hydraulic Design of Roadside Channels ... 860-23
866.1 GENEIAL..... e et e e 860-23



Table of Contents Highway Design Manual
July 1, 2020

866.2 Flow ClassSifiCatioNS ..........cooiiiiiiiiie e 860-23
866.3 Open Channel Flow EQUatioNS..........coooiiiiiiiiii e 860-24
866.4 Water Surface Profiles..............ei oo 860-29
Topic 867 — Channel Changes.............ooooiii 860-29
oA B CT=T =T = | PP 860-29
867.2 Design Considerations ............uuiiiiiiiiiiiiece e 860-30
Topic 868 — Freeboard Considerations............oouueiiiiiiiiii e 860-30
868.1 GENEIAL....cceiiiiiiiiiiiiiiieeeeeeeeeeeeee ettt 860-30
868.2 Height of Freeboard..............ooooiiiiiii 860-30
CHAPTER 870 — BANK PROTECTION — EROSION CONTROL 870-1
TOPIC 871 — GENEIAI ...ttt e e e et e e e e e e eaees 870-1
<74 0t N [0 Yo 18 e 1 o o PP 870-1
871.2 Design PhiloSOPNY .....ccoi it a e e aaaans 870-1
871.3 Selected REfErENCES .......cooeiiiiiiee e 870-3
Topic 872 — Planning and Location Studies............ccoooiiiiiiie 870-4
S B o = 1 ] 11 T PP PPPPPPPPPPP 870-4
872.2 Class and Type of Protection .............ccooviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee 870-6
872.3 Geomorphology and Site Consideration...............ooovviiiiii i, 870-6
872.4 Data NEEAS ... 870-27
872.5 Rapid ASSESSMENT.......ouiiiiiiii e e e 870-28
TopIC 873 — DESIgN CONCEPLS ... i e e e e e e e e e e e e e aeeanees 870-28
< 740 T8 IR 01 (o Yo 18 o o) o IS 870-28
873.2 Design High Water and HydrauliCs.............coooviiiiiiiiiiiiiiiiieeeee 870-29
873.3 ArmOr ProteCliON.......cooe e e 870-30
873.4 Training SYSIEMS.....ccoiiiiiiiiiiiiiiiiiieeeeee e 870-52
873.5 Summary and Design Check List .........ooovmiiiiiiiiiic e 870-59
873.6 Coordination with the Division of Engineering Services and Structures Maintenance
and INVEStIQatioNS .......ooiie e —————————— 870-61
CHAPTER 880 — SHORE PROTECTION.... .ot 880-1
TOPIC 881 — GENEIAl ... e e e e e e e e eannnaans 880-1

XXVIil



Highway Design Manual Table of Contents
July 1, 2020

INdex 881.1 — INtrodUCHION ... 880-1
881.2 Design PhilOSOPNY .....ccoiiieeeiee e e e aaeans 880-1
881.3 Selected REErENCES .......uuuiiiiiiiiiiiiiii e eeeeennnnes 880-2
Topic 882 — Planning and Location Studi€s..............cooiiiiiiiiiiiiiceeee e 880-2
882.1 PlANNING. .. ettt n e nnnnnnnnne 880-2
882.2 Class and Type Of Prote@Ction................uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeaes 880-3
882.3 Site CONSIAEratioNn ........coooiiiiiiiiie e e e e eeeaes 880-4
TOPIC 883 — DESIGN ... 880-5
LS TS 3¢ Tt I 101 (oo 11 T3 110 o 880-5
883.2 Design High Water, Design Wave Height and Sea-Level Rise....................... 880-5
(TS0 TG BN 4 4T gl o {0 ] (T 1o o 1R 880-21
CHAPTER 890 — STORM WATER MANAGEMENT .......ouuiiiiiiiiiiiiiiiiieeeieeeeeeneeeeeees 890-1
TOPIC 891 — GENEIAl ...t e e e e e e e e e e e e e eeeeees 890-1
INndex 891.1 — INtrodUCHION ......cooiviiiiiiiiiiiiiieeeeeeee e 890-1
891.2 PhilOSOPRNY ...ttt e e e e e e e e e e e aaaeeas 890-1
Topic 892 — Storm Water Management Strategies ..........ccoovvvviiiiiiiiiieeeeeieee e 890-1
892,71 GBNEIAL ... s 890-1
892.2 Types Of Strategies ... .cccceeieeeeeee e 890-2
892.3 Design ConsSiderations. .......cccoooieiiieiee e 890-3
892.4 Mixing with Other Waste Streams..........ccoooooiiiiiiiiie 890-3
Topic 893 — Maintenance Requirements for Storm Water Management Features ....... 890-5
893,71 GBNEIAL ... s 890-5
CHAPTER 900 — LANDSCAPE ARCHITECTURE — ROADSIDES ..........oovvviiiiiiiiiiiinees 900-1
Topic 901 — Landscape Architecture General.............coooooiiiiiiiiiiiiiee e 900-1
Index 901.1 — Landscape Architecture Program...........ccccccvviiiiiiiiiiiiiiiiiiiiiiiiiiieee 900-1
901.2 Landscape Architecture Design Standards............ccooeoeiiviiiiiiiiiieeeeeeeeeeen 900-1
901.3 Landscape Architecture Administered Facilities ...........ccccoevvvviiiiiiiiiieieennnnn... 900-4
Topic 902 — Sight Distance and Clear Recovery Zone Standards ...........ccccccoeeeeeeeeenes 900-4
902.1 Landscape Sight Distance and Clear Recovery Zone Standards................... 900-4
Topic 903 — Landscape Site DeSIgN .......uoie i 900-4



Table of Contents Highway Design Manual
July 1, 2020

903.1 Landscape Site ANAlySiS ........coooriiiiiiiiiiiiieeeee e 900-4
903.2 Landscape Site Layout ... 900-5
903.3 ROadside AMENILIES. ... .cooeiiieeeeeeiei e 900-5
903.4 Additional Roadside Site Design Considerations.............ccccccvvviviiiiiiiiniiinnnnn. 900-5
Topic 904 — Planting DeSIgN ......cooeeiieie e 900-5
904.1 Planting Design General.............uuuiiiiiiiiieeeeee e 900-5
904.2 Site Preparation..............oeiiiiiiiii e 900-6
904.3 Plant SEIeCtiON.......coooiiiiieeeeeee 900-7
904.4 Locating Plants ... 900-8
904.5 LoCating TreeS.....cooiiiiiiiiiiie e 900-9
904.6 Locating Plants in Conformance with Sight Distances............ccccccciiiiinn. 900-10
904.7 ViNe Planting .......coooiiiiiiiiii e 900-12
904.8 Planting in the Vicinity of Airports and Heliports ... 900-12
904.9 Plant Establishment..........cooo 900-12
Topic 905 — Irrigation DeSIgN ......couuiie e 900-13
905.1 Irrigation Design General.............uiiiiiiiiiiiecee e 900-13
905.2 Water SUPPIY .. oo e 900-13
905.3 Irrigation CONAUIL ........ccooiiiiiiiiiie e 900-13
905.4 Irrigation System EQUIPMENT ..o 900-14
905.5 Temporary Irrigation ..........oooiiiiiiiiiii e 900-16
Topic 906 — EroSion CONIrOl ..o e e e e eeeees 900-16
906.1 Erosion Control General.............ooooiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeee e 900-16
906.2 Soil Surface Protection ... 900-16
906.3 PlantiNg ....eeeeeiiieeiiiiiie e e e e e e e e e e e 900-17
906.4 Sediment CoNtrol..........oooiiiiiiiii 900-18
906.5 Permanent Erosion Control Establishment.............cooooooiiiii, 900-18
CHAPTER 910 — LANDSCAPE ARCHITECTURE — ROADSIDE SITES ......cccccviieien. 9101
o) o (ol I B C 1= T =T - | R PRR 910-1
Index 911.1 Roadside Sites General................uuuiuuiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeneeeaeeeee 910-1
Topic 912 — Roadside SiteS DESIgN..........uuuuiiiiiiiiiiiiiiiiieiiiiiiiiiiieieieeeeeeeeeeeeee e seeeeenenanne 910-1
912.1 Roadside Sites Layout............ooooriiiiiiiiiiie 910-1



Highway Design Manual Table of Contents
July 1, 2020

912.2 Parking Area DeSIgN .......uuuiiee ittt 910-2
912.3 Site FUMNISNINGS ... oo e e e e e e e e e e 910-4
Topic 913 — Safety Roadside ReSt Areas ..........ooovveviiiiiiiiiiieece e 910-4
913.1 Safety Roadside Rest Areas General.............ooovvviiiiiiiiiiiiiiiiiceeee e, 910-4
913.2 Safety Roadside Rest Area Site Selection............cooooeiiiiiiiin 910-5
913.3 Safety Roadside Rest Area Layout..........ccooeeeiiiiiiiiiiieeeeeeeeeeeeeee e 910-5
913.4 Safety Roadside Rest Area Buildings and Structures............ccooooveieiiiiiiieeennn. 910-6
913.5 Safety Roadside Rest Area Utilities and Facilities ............coooviiiiiiiiiiinnnn. 910-7
913.6 Safety Roadside Rest Area Parking ...........coooovimiiiiiiiiiiiiiieeeee e 910-9
913.7 Safety Roadside Rest Area Signage .........ccoevvveiiiiiiiie i 910-9
913.8 Public Information DiSplay ..........coeuuuiiiiiiii e 910-10
913.9 Vending FaCiliti©S........cuuuuuiiei e 910-10
TOPIC 914 — Vista POINES ... e e 910-11
914.1 Vista Points General ........ oo 910-11
914.2 Vista Point Site Selection..........ooooiiiiii e 910-11
914.3 Vista Point AMENItIES....... oo 910-11
914.4 Vista Point Parking ......ccoooooooeeeeeee e 910-12
Topic 915 — Park & Ride FaCIlitieS .......coocvvuiiieieiee e 910-12
915.1 Park & Ride Facilities General...........coooooiiiiiiiiiieeeeeeeeee e 910-12
915.2 St SeIECHON ... 910-13
CHAPTER 1000 — BICYCLE TRANSPORTATION DESIGN ........cuuviiiiiiiiiiiiiiiiiiiiininnnns 1000-1
Topic 1001 — INtroOdUCHION.......cueeeeeeeee e e eeeaaas 1000-1
Index 1001.1 — Bicycle Transportation.............oooevuiiiiiii i 1000-1
1001.2 Streets and Highways Code References............cccoovvviiiiiiiiiiiiiieiiicceeee, 1000-1
1001.3 Vehicle Code References. ... 1000-2
0O R T oY= 1000-2
Topic 1002 — Bikeway FaCilitieS ..........coooiiiiiiiiiiee 1000-3
1002.1 Selection of the Type of Facility ... 1000-3
Topic 1003 — Bikeway Design Criteria ... 1000-5
1003.1 Class | Bikeways (Bike Paths) ........ccoooiiiiiiiiiiiiceeeeee e 1000-5
1003.2 Class Il Bikeways (Bik€ Lan€s).......cccccoviiiiiiiiiiiiieeeeeeeeeeeie e 1000-16



Table of Contents Highway Design Manual
July 1, 2020

1003.3 Class Il Bikeways (Bike ROULES)..........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiieieees 1000-16
00 I =V SRR 1000-17
1003.5 Miscellaneous Criteria .........coouiieiiiiiiiiiiee e 1000-18
CHAPTER 1100 — HIGHWAY TRAFFIC NOISE ABATEMENT ....ccooviiiiiiiiiiieeee e 1100-1
Topic 1101 — General ReqUIreMENtS ........coooiiiiiiiee e 1100-1
Index 1101.1 — INtrodUCHION .......oeeei e e e e 1100-1
11071.2 ODJECLVE ...eeeeiiiiiiieieieie ittt ssssssssssssssssnnsnnnnnsnnsnnnnnns 1100-1
11071.3 TEIMUNOIOGY ...ttt snsnnne 1100-2
1101.4 Procedures for Assessing Noise Impacts.............oeeieiiiiiiiiiiiiciciie e 1100-2
1101.5 Prioritizing Construction of Retrofit Noise Barriers............cccccvvvviiieeieeeenens 1100-2
TopiC 1102 — DeSign Criteria .......covvieiiiee e e e e e e e e e eenees 1100-3
L 02 B C 1= =T | PR 1100-3
1102.2 Noise Barrier LOCAtION ...........uuueiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeieeaeeeeeeeeeeseeeeeneeeneeeennes 1100-5
1102.3 Noise Barrier Height and POSItion................uuuiiiiiiiiiiiiiiiiiiiiiiiiiieiiiieee 1100-16
1102.4 Noise Barrier LENGtN...........uuiiiiiiiiiiiieee e 1100-16
1102.5 Alternative Noise Barrier DeSIgNS............uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiieieeieinneeneens 1100-17
1102.6 Noise Barrier AeSthetiCS .......cooe e e 1100-17
1102.7 Maintenance Consideration in Noise Barrier Design .............ccccceeeeieeennnn. 1100-17
1102.8 Emergency Access Considerations in Noise Barrier Design .................... 1100-17
1102.9 Drainage Openings in NOIS€ Barrier...........ccooevviiiiiiieiieeieeeeeceee e, 1100-17

XXX11



Highway Design Manual Table of Contents
July 1, 2020

Table of Contents
Figures and Tables

CHAPTER 10 — DIVISION OF DESIGN........uuuuuiiiiiiiiiiiiiiieeieieueeeeeaennnenenennnnnnnnnsnnnnnnnnnnnnnnnne 10-1
Figure 11.1 Division of Design Functional Organization Chart................ccccuuuueees 10-2
CHAPTER 20 — DESIGNATION OF HIGHWAY ROUTES.......coiiiiiiiiieeeeee e 20-1
Figure 21.1 Interstate Highway System in California..............ccccoooiiiiiiiiiicceeen. 20-2
CHAPTER 60 — NOMENCLATURE .....ootiiiiiiiiiiiitiiiiieiieeieeeeeeeeeeeeeeseeeeeeaeeeessseesnsnnsennnenee 60-1
Figure 62.2 Types Of STrUCUIeS .......ooviiiiiiiiii 60-4
CHAPTER 80 — APPLICATION OF DESIGN STANDARDS.......ccooiiiiiiiiiiieeeee e 80-1
Table 82.1A Boldface Standards............oooo i 80-12
Table 82.1B Underlined Standards ...............uueeieiiiiiiiiiiiiiiiiieeeeeeaeeaees 80-19
Table 82.1C Decision Requiring Other Approvals ...........cooouiiiiiiiiiiiiieeeeee e 80-26
CHAPTER 100 — BASIC DESIGN POLICIES ........ouiiiiiiiiiiiiiiiiiieiiiiiiieeieeieieeeeeeeeeaeeeenanes 100-1
Table 101.2 Vehicular Design Speed.........cooovviiiiiiiiiiie e 100-3
Figure 105.6 Typical Pedestrian Crossings at “T” Intersections............cccccccooe.. 100-15
Figure 110.12 California Mining and Tunneling Districts...........cccccoiiin. 100-43
CHAPTER 200 - GEOMETRIC DESIGN AND STRUCTURE STANDARDS .................. 200-1
Table 201.1 Sight Distance Standards.............ooooi 200-2
Table 201.7 Decision Sight DIiStancCe ...........coovuiiiiiii i 200-5
Figure 201.4 Stopping Sight Distance on Crest Vertical Curves...........cccccceeee. 200-6
Figure 201.5 Stopping Sight Distance on Sag Vertical Curves .............ccccceeeenn. 200-7
Figure 201.6 Stopping Sight Distance on Horizontal Curves ..............cccoevvvvvnnnnn. 200-8
Figure 201.7 Decision Sight Distance on Crest Vertical Curves ..........ccccccceenn..... 200-9
Table 202.2A Minimum Radii for Design Superelevation Rates, Design Speeds, and
EMAXTAY0 e 200-13
Table 202.2B Minimum Radii for Design Superelevation Rates, Design Speeds, and
EBMAXTOY0 e 200-14

XXX111



Table of Contents

Highway Design Manual

July 1, 2020
Table 202.2C

Table 202.2D
Table 202.2E

Figure 202.2
Figure 202.5A
Figure 202.5B
Figure 202.6
Table 204.3
Figure 204.4
Figure 204.5
Table 204.8
Figure 205.1
Figure 206.2
Figure 207.2A
Figure 207.2B
Figure 207.2C
Figure 207.2D

Figure 208.1
Figure 208.10A
Figure 208.10B

Figure 208.10C
Figure 208.11A
Figure 208.11B
Figure 209.1
Figure 209.4A
Figure 209.4B
Table 210.2
Figure 210.8

Minimum Radii for Design Superelevation Rates, Design Speeds, and

2T E= D Gt B 200-15
Minimum Radii for Design Superelevation Rates, Design Speeds, and

2T E= N i 0N 200-16
Minimum Radii for Design Superelevation Rates, Design Speeds, and

2T E= N Gl PN 200-17
Maximum Comfortable Speed on Horizontal Curves*.................... 200-18
Superelevation Transition ... 200-20
Superelevation Transition Terms & Definitions...............ceeee. 200-21
Superelevation of Compound CUrves ............ccceeeeevviiieeeeiiiieeeeeee, 200-23
Maximum Grades for Type of Highway and Terrain Conditions..... 200-27
VertiCal CUIVES ... 200-28
Critical Lengths of Grade for Design..........ccoovvvviiiiiiiieeeeeeeeee, 200-30
Falsework Span and Depth Requirements ...........cccccccciiiiiiieiennnes 200-34
Access Openings on EXpressways...........cceeeeeeeiieeeeeiiiiceie e 200-36
Typical Two-lane to Four-lane Transitions..........ccccooevvviiiiiieeennnnnn. 200-39
Airway-Highway Clearance Requirements (Civil Airports) ............. 200-42
Airway-Highway Clearance Requirements (Heliport)..................... 200-43

Airway-Highway Clearance Requirements (Military Airports)......... 200-44
Airway-Highway Clearance Requirements (Navy Carrier Landing Practice

FIeld) s 200-45
Offsets to Safety-Shape Barriers ...............eeuveiiiiiiiiiiiiiiiiiiiiiiiiiees 200-47
Vehicular Railings for Bridge Structures ..............cccccviiiiiiiiiiiinnnnnns 200-51
Combination Vehicular Barrier and Pedestrian Railings for Bridge

SEUCKIUIES ... e 200-52
Pedestrian Railings for Bridge Structures ..., 200-53
Limits of Structure Approach Embankment Material...................... 200-57
Abutment Drainage Details ... 200-58
Structure Approach Slab Layout ..., 200-60
Structure Approach Drainage Details (Rehabilitation) ................... 200-62
New Structure Approach Pavement Transition Details.................. 200-64

Types of Reinforced Earth Slopes and Earth Retaining Systems(')200-65

Type Selection and PS&E Process for Reinforced Earth Slopes and Earth
Retaining Systems ... 200-75

XXX1V



Highway Design Manual

Table of Contents

July 1, 2020

CHAPTER 300 — GEOMETRIC CROSS SECTION.......uutiiiiiiiiiiiiiiiiiiiiiiiiiiieieiiiineinnanennees 300-1
Figure 301.2A Typical Class Il Bikeway (Bike Lane) Cross Sections...................... 300-3
Table 302.1 Boldface Standards for Paved Shoulder Widths on Highways......... 300-6
Table 303.1 Selection of CUrb TYPe.....covveeiiiiee e 300-10
Figure 303.3 Dike Type Selection and Placement™ ................cccoovevieiieiiienee. 300-12
Figure 303.4A Typical Bulbout with Class Il Bikeway (Bike Lane)......................... 300-14
Figure 303.4B Typical Bulbout without Class |l Bikeway (Bike Lane).................... 300-15
Figure 305.6 Optional Median Designs for Freeways with Separate Roadways 300-25
Table 307.2 Shoulder Widths for Two-lane Roadbed ...
New Construction Projects............ceeiiiiiiiiiiiecee e 300-26
Figure 307.2 Geometric Cross Sections for Two-lane Highways (New Construction)....
....................................................................................................... 300-27
Figure 307.4A Geometric Cross Sections for Freeways and Expressways........... 300-29
Figure 307.4B Geometric Cross Sections for Freeways and Expressways........... 300-30
Figure 307.5 Geometric Cross Sections for All Paved Multilane Highways ........ 300-31
Table 309.2A Minimum Vertical ClearancCes ................ueueeeuemiuiiiieiiiiiinieeienninnnnennns 300-38
Figure 309.2 Department of Defense Rural and Single Interstate Routes .......... 300-39
Table 309.2B California Routes on the Rural and Single Interstate Routing System......
....................................................................................................... 300-40
Table 309.5A Minimum Vertical Clearances Above Highest Rail ......................... 300-43
Figure 309.5A Typical Horizontal Railroad Clearance from Grade Separated Structures
....................................................................................................... 300-44
Figure 309.5B Permanent Railroad Clearance Envelope............ccccccceiiiiiiiinnneen. 300-45

Table 309.5B Minimum Horizontal Clearances to Centerline of Nearest Track.... 300-46
CHAPTER 400 — INTERSECTIONS AT GRADE ... 400-1
Table 401.3 Vehicle Characteristics/Intersection Design Elements Affected........ 400-3
Figure 403.3A Angle of Intersection (Minor Leg Skewed to the Right).................... 400-8
Figure 403.3.B Class Il Bikeway Crossing Railroad .............cccoooiiiiiii. 400-8
Figure 403.6A Typical Bicycle and Motor Vehicle Movements at Intersections of
Multilane Streets without Right-Turn-Only Lanes...............cc.eueee. 400-10
Figure 403.6B Bicycle Left-Turn-Only Lane................uuuueiiiiiiiiiiiiiiiiiiiiiieiiiiei 400-12
Figure 404.5A STAA Design Vehicle 56-Foot Radius ...........ccccoooiiiiiiiiiiiiinnes 400-19

XXXV



Table of Contents

Highway Design Manual

July 1, 2020

Figure 404.5B STAA Design Vehicle 67-Foot Radius...........ccccceeiiiiiiiiiiiieeeee. 400-20
Figure 404.5C California Legal Design Vehicle 50-Foot Radius.....................uueee. 400-21
Figure 404.5D California Legal Design Vehicle 60-Foot Radius.........................e. 400-22
Figure 404.5E 40-Foot Bus Design Vehicle ... 400-23
Figure 404.5F 45-Foot Bus & Motorhome Design Vehicle.............cccoovvviviiceee... 400-24
Figure 404.5G 60-Foot Articulated Bus Design Vehicle............cccoooiiiiiiiiinnnnnnnn. 400-25
Table 405.1B Application of Sight Distance Requirements...............ccccoeeeeeeeeenn. 400-28
Figure 405.1 Corner Sight Distance (D) ....ooooeeveeiieiicieee e 400-29
Table 405.1A Corner Sight Distance Time Gap (Tg) for Unsignalized ............................
INTErSECHiONS ... 400-29
Figure 405.2A Standard Left-turn Channelization .............ccccciiiiiiii e, 400-31
Figure 405.2B Minimum Median Left-turn Channelization (Widening on one Side of
HIGRWAY) ..o e e e e 400-32
Figure 405.2C Minimum Median Left-turn Channelization (Widening on Both Sides in
Urban Areas with Short BIOCKS) ..........coovviiiiiiiiiiieeeeieeee e 400-33
Table 405.2A Bay Taper for Median Speed-change Lanes ..........ccccccceeeeeeeeeenns 400-35
Table 405.2B Deceleration Lane Length ..., 400-35
Table 405.4 Parabolic Curb Flares Commonly Used............ccoooeeiiiiiiiiiiiieee, 400-39
Figure 405.4 Pedestrian Refuge Island...............cooooo, 400-40
Figure 405.5 Typical Design for Median Openings ...............ueeeeeeiiiiiiimeieneinniennns 400-42
Figure 405.7 Public Road Intersections .............ooouviiiiiiiiii e 400-44
Figure 405.9 Widening of Two-lane Roads at Signalized Intersections.............. 400-45
Figure 405.10 Roundabout Geometric Elements.............ccoooiiiiiiiiiiiciieeeee 400-47
Table 406 Vehicle Traffic Flow Conditions at Intersections at Various Levels of
Operation 400-54
Figure 406A Spread Diamond............ouuiiiiiiiieeee s 400-55
Figure 406B Tight DIamoOnd ...........uuuiieiiiiiiiiiiiii e 400-56
Figure 406C Two-quadrant Cloverleaf........... ... 400-57
CHAPTER 500 — TRAFFIC INTERCHANGES ........ooiiiiiiiiiiiieeee e 500-1
Figure 502.2 Typical Local Street Interchanges..........ccoovvveiiiiiiiiiiiiiieeeeeceee e 500-3
Figure 502.2 Typical Local Street Interchanges (Cont.).........cccoeeeiiiiiiiiiiicieeeennn. 500-4
Figure 502.3 Typical Freeway-to-freeway Interchanges ............cccccvviiiiiiiiiiiinnnnnes 500-9

XXXVI



Highway Design Manual

Table of Contents

Figure 502.3
Figure 504.2A
Figure 504.2B
Figure 504.2C
Table 504.3
Figure 504.3A

Figure 504.3B

Figure 504.3C

Figure 504.3D

Figure 504.3E

Figure 504.3F

Figure 504.3G

Figure 504.3H

Figure 504.3I

Figure 504.3J
Figure 504.3K
Figure 504 .4

Figure 504.7A
Figure 504.7B
Table 504.7C

Figure 504.7D

Figure 504.7E

Figure 504.8

July 1, 2020

Typical Freeway-to-freeway Interchanges (Cont.) ............cccoeuee. 500-10
Single Lane Freeway Entrance..............oceeiiiiiiiiiiiieiiieee e 500-13
Single Lane Freeway EXit ........ccooooiiiiiiiiiiiii e 500-14
Location of Freeway Ramps ona Curve...........cccoeeeeevveviiiiiceeeennn. 500-15
Ramp Widening for TruCkS...............uuuuuiiiiiiiiiiiiiiiiiiiiiieiiiiiiiees 500-17
Typical Freeway Entrance Loop Ramp Metering (1 GP Lane + 1 HOV
Preferential Lane) .............uuuiiiiiiiiiiiiiiiiiiiiiieee 500-19
Typical Successive Freeway Entrance Ramp Metering (1 GP Lane + 1
HOV Preferential Lane)..............uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieee 500-20
Restrictive Condition Freeway Entrance Ramp Metering (1 GP Lane)
....................................................................................................... 500-22
Restrictive Condition Freeway Entrance Loop Ramp Metering (1 GP
LaINE) e nnnne 500-23
Typical Multilane Freeway Diagonal Entrance Ramp Metering (2 GP
Lanes + 1 HOV Preferential Lane)...............ccviiiiiiiiiiiiiiiiiiiiiiinnnes 500-25
Typical Multilane Freeway Loop Entrance Ramp Metering (2 GP Lanes +
1 HOV Preferential Lane)............uuuviviiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeiees 500-26
Typical Freeway-to-Freeway Connector Ramp Metering (1 GP Lane + 1
HOV Preferential Lane)...........ooovvviiiiiiiiiiieeeeee e 500-28
Typical Freeway-to-Freeway Connector Ramp Metering (2 GP Lanes + 1
HOV Preferential Lane)...........ooovvviiiiiiiiieeee e 500-29
Location of Ramp Intersections on the Crossroads ....................... 500-33
Transition to Two-lane Exit Ramp ...........ccooeviiiiiiiiee, 500-34
Two-Lane Connectors and Entrance/Exit Ramps ...........ccccceee. 500-35
Diverging Branch Connections..................euuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiens 500-39
Design Curve for Freeway and Collector Weaving ........................ 500-41
Lane Configuration of Weaving Sections .................eeevviiiiiiiiinnnnnnes 500-42
Percent of Through Traffic Remaining in Outer Through Lane (Level of
Service D Procedure)..........ooooiiiii 500-43
Percentage Distribution of On- and Off-ramp Traffic in Outer Through
Lane and Auxiliary Lane (Level of Service D Procedure)............... 500-44
Percentage of Ramp Traffic in the Outer Through Lane (No Auxiliary
Lane) (Level of Service D Procedure)............ceeeieiiiiiiiieiiicieeee, 500-45
Typical Examples of Access Control at Interchanges .................... 500-47

XXXVIl



Table of Contents

Highway Design Manual

July 1, 2020

CHAPTER 600 — GENERAL ASPECTS ...t 600-1
Figure 602.1 Basic Pavement Layers of the Roadway ..., 600-5
CHAPTER 610 — PAVEMENT ENGINEERING CONSIDERATIONS .......cccooieiiiieeeeee. 610-1
Table 613.3A ESAL CONStaNtS .....uiiei e 610-7
Table 613.3B Lane Distribution Factors for Multilane Highways............................ 610-7
Table 613.3C Conversion of ESAL to Traffic INdeX...........euvueiiiiiiiiiiiiiiiiiiiiiiiiiiiinns 610-8
Table 613.5A Traffic Index (TI) Values for Ramps and Connectors..................... 610-11
Figure 613.5A Shoulder Design for Tl Equal to Adjacent Lane Tl......................... 610-13
Figure 613.5B Shoulder Design for Tl Less Than Adjacent Lane Tl ..................... 610-14
Table 613.5B Minimum TI's for Safety Roadside Rest Areas ..............ccceeeeeeen. 610-19
Table 614.2 Unified Soil Classification System (from ASTM D 2487)................ 610-21
Figure 615.1 Pavement Climate Regions ..., 610-25
CHAPTER 620 — PAVEMENT ENGINEERING CONSIDERATIONS ........ccooiiiiiiiiieee. 620-1
Figure 621.1 Types of Rigid Pavement................iiiiiiiiiiiiiis 620-2
Table 622.1 Concrete Properties Used in Developing Rigid Pavement ........................
Design Catalog ........coooeeeeiiieee 620-4
Table 622.2 Concrete Pavement Performance Factors............c.ooooovviiiiiiciennn. 620-5
Figure 622.5A Concrete Pavement to Asphalt Pavement Transition Panel ............ 620-7
Table 622.5 Use of Terminal Joints, Expansion Joint, Wide Flange Beam, ..................
and ANChors iN CROCP ........uuiiiiiiiiiieiiiie e 620-8
Figure 622.5B Wide Flange Connection Between CRCP and Existing Pavement or
Structure Approach Slab............oooii 620-9
Figure 622.5C Pavement Anchor Connection Between CRCP and Existing ....................
Pavement or Structure Approach Slab ..., 620-10
Figure 623.1 Rigid Pavement Catalog Decision Tree ............ccoevvvviiiiiiieieeeeeenens 620-15
Table 623.1A Relationship Between Subgrade Type™) ..........cccoooviieiieiiceee, 620-15
Table 623.1B Rigid Pavement Catalog (North Coast, Type | Subgrade .........................
Soil)1: 1B (A B) e 620-16
Table 623.1C Rigid Pavement Catalog (North Coast, Type Il Subgrade Sail) ................
(1,21 B) () ) e 620-17

Table 623.1D

Rigid Pavement Catalog (South Coast/Central Coast, .........ccccccvvvvennnnn..n.
Type | Subgrade Soil) (1@ G @) C) e, 620-18

XXXViil



Highway Design Manual

Table of Contents

Table 623.1E
Table 623.1F
Table 623.1G
Table 623.1H
Table 623.11

Table 623.1J
Table 623.1K
Table 623.1L
Table 623.1M

Table 625.2
Figure 626.1

Figure 626.2A

July 1, 2020

Rigid Pavement Catalog (South Coast/Central Coast, .............cceevrrnnnnnnn.

Type Il Subgrade Soil) (- )G @) G) ... 620-19
Rigid Pavement Catalog (Inland Valley, Type | Subgrade Soil) ...............
R 620-20
Rigid Pavement Catalog (Inland Valley, Type Il Subgrade Soil) ...............
R 620-21
Rigid Pavement Catalog (Desert, Type | Subgrade Soil) (1) (2): -oeerrrivverrse
1 ) e 620-22
Rigid Pavement Catalog (Desert, Type |l Subgrade Soil) ............cc..ueeee.
(1,2 B) () (8) e 620-23
Rigid Pavement Catalog (Low Mountain/South Mountain, .......................
Type | Subgrade Soil) M- ) G) (4. C) ., 620-24
Rigid Pavement Catalog (Low Mountain/South Mountain, .......................
Type Il Subgrade Soil) (- )G @) G) ..., 620-25
Rigid Pavement Catalog (High Mountain/High Desert, .............cccccovnnnn.
Type | Subgrade Soil) (1@ G) @A) G) . 620-26
Rigid Pavement Catalog (High Mountain/High Desert, .............cccceeennnn.
Type Il Subgrade Soil) (- )G @) G) ... 620-27
Thicknesses for Crack, Seat, and Flexible Overlay........................ 620-31
Preferred Limits of Rigid Pavement at Flexible Pavement Ramp .............
(o] g @70] ol gT=Tel (o] g CTo] (=10 Y Y- R 620-33

Rigid Pavement and Shoulder Details Nomenclature lllustration ... 620-34

Table 626.2 Shoulder Concrete Pavement Designs (“S” Dimension)................. 620-36
Figure 626.2B Rigid Shoulders Through Ramp and Gore Areas..............ccccevueeee. 620-37
Figure 626.2C Widened Slab Shoulder with Concrete Remainder Designs........... 620-38
Figure 626.4 (o Lo = TU - = To N 620-40
CHAPTER 630 — FLEXIBLE PAVEMENT .....outiiiiiiiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeaeeeeseeeeeannennnnes 630-1
Table 632.1 Asphalt Binder Performance Grade Selection...............cocuveeeeennnnnnn.. 630-6
Table 633.1 Gravel Equivalents (GE) and Thickness of Structural Layers (ft) .. 630-10
Table 633.2 Selecting ME Project Testing Level ..........ccooeeeiiiiiiiiiiiiiiieeeeeeeee 630-14
Table 633.3 Minimum Reliability Depending on Project Testing Level............... 630-15
Table 635.2A Tolerable Deflections at the Surface (TDS) in 0.001 inches........... 630-22
Table 635.2B Gravel Equivalence Needed to Reduce Surface Deflection........... 630-23
Table 635.2C Commonly Used Gf for Flexible Pavement Rehabilitation.............. 630-24
Table 635.2D Reflective Crack Retardation Equivalencies (Thickness in feet).... 630-26

XXX1X



Table of Contents Highway Design Manual
July 1, 2020

Table 636.4 Minimum Pavement Structures for Park & Ride Facilities.............. 630-38
CHAPTER 650 — PAVEMENT DRAINAGE........ccoo e 650-1
Figure 651.2A Typical Section with Treated Permeable Base Drainage Layer....... 650-3
Figure 651.2B Cross Drain Interceptor Details For Use with Treated ..............c.cccvvveiniiee

Permeable Base ... 650-5
Figure 651.2C Cross Drain Interceptor Trenches............oooocciiiiiiiiiiiieeeeeen 650-6
CHAPTER 660 — PAVEMENT FOUNDATIONS ... 660-1
Table 663.2 Base and Subbase Material Properties for Rigid Pavement .....................

10721 =1 (oo IEN TSP U PRSPPI 660-5
Table 663.3 Gravel Factor and California R-value for Bases and Subbases ................

Used in Flexible Pavement Design ..., 660-6
Figure 665.5 Flowchart for SEG Selection...........ccoooviiiiiiiiii e 660-11
Table 666.1A Typical Resilient Modulus and Poisson’s Ratio for Standard Base ...........

and Subbase Materials Used in ME-Based Flexible Pavement ................

DESIGN. ... 660-16
Table 666.1B Typical Resilient Modulus and Poisson’s Ratio for Subgrade Soils ..........

Used in ME-Based Flexible Pavement Design ..o, 660-17
CHAPTER 670 — TAPERS AND SHOULDER BACKING .......cccoiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeen 670-1
Figure 671.2A Tapering Into a Previously Overlaid Pavement..............ccccccceeeee. 670-2
Figure 671.2B New Structure Approach Pavement Transition Details..................... 670-3
Figure 671.3A Transverse Transition Tapers for Pavement Preservation Projects. 670-5
Figure 671.3B Longitudinal Tapers at Shoulders, Curbs, Dikes, Inlets, and ....................

(U= o [ = | S 670-6
Figure 671.3C Transition Taper Underneath Overcrossing/Bridge...............euvueenne. 670-7
Figure 672.3A Typical Application of Shoulder Backing............cccccoooviiiiiiiiciene.n. 670-10
Figure 672.3B Alternative Placement for Existing Slopes Steeper than 6:1........... 670-10
Figure 672.3C Placement of Shoulder Backing Thickness Greater Than 0.50 .................

foot for Slope RePaIr..........ueeiiiiieieeeeee e 670-11
Figure 672.3D Placement of Shoulder Backing Behind Dikes..............cccooeeeeeen. 670-11
Figure 672.3E Longitudinal Drainage (Roadside Ditches/Gutters)........................ 670-12
CHAPTER 680 — PAVEMENT DESIGN FOR WIDENING PROJECTS........ccccccceiiiiins 680-1
Figure 682.4A Typical Concrete Pavement Widening Median Lane ...............cccccvvvvenneee

aNd OULEr Lan@.......coooiiiieee e 680-5



Highway Design Manual

Table of Contents

Figure 682.4B

July 1, 2020

Widening Previously Cracked, Seated, and HMA Overlay Concrete

Pavement in Good Condition .................uueuiemiiiiiiiiiiiiiiiiiiiiiiiieeiieeeaens 680-7
Figure 682.4C Widening Asphalt Pavement in Good Condition ..............cccceevvvnnnnn. 680-9
CHAPTER 800 — GENERAL ASPECTS .....oiiiitiiiiiiiiieieieiieeiieeieeeaeeeeansenasansnnnnssssnnssnnnnnnnnes 800-1
Figure 804.7A Technical Information for Location Hydraulic Study 800-13
Figure 804.7B Floodplain Evaluation Report Summary 800-15

Table 808.1

Figure 812.1
Figure 813.1
Figure 816.5
Table 816.6A
Table 816.6B
Figure 816.6

Figure 816.7
Figure 817.2
Figure 817.3
Figure 818.1
Figure 818.2
Figure 819.2A
Table 819.2B
Figure 819.2C
Figure 819.4

Table 819.5A
Figure 819.7A
Table 819.7A
Table 819.7B
Table 819.7C
Figure 819.7B

Summary of Related Computer Programs and Web Applications 800-50

CHAPTER 800 — HYDROLOGY ....oitiiiiiiiiiiiiiieieiietiieeeeeieeeeesssssssssnssssssesssssssnnssssssnssnnnsnsnnes 810-1
Automated Watershed Delineation .............cccccciiiiiiiiiiiiice 810-3
POSt-Fire DEDIIS ......uuiiiiiiiiiiii e 810-8
Typical Flood Hydrograph ... 810-14
Roughness Coefficients For Sheet Flow...........ccccooeiiiiiiiiiiiicenen.n. 810-16
Intercept Coefficients for Shallow Concentrated Flow.................... 810-17
Velocities for Upland Method of Estimating Travel ............ccccooooiiiiiiinnnnnn.
Time for Shallow Concentrated FIOW .............cooooiiiiiiiiiiiie. 810-18
Digital Elevation Map (DEM) ..........ooiiiiiiiicceeeeeee e 810-19
Gaging Station ... 810-20
High Water Marks .........cooeieiiiiieceee e 810-20
Overtopping FIOOd ..o 810-22
Maximum Historic FI0Od.............uuuiiiiiiiiiiiiiiiiiiiiiiiiiiieeeee 810-22
Runoff Coefficients for Undeveloped Areas Watershed Types...... 810-27
Run off Coefficients for Developed Areas™ ..............ccccovveeieennen... 810-28
Regional Flood-Frequency Regions................uuuuiiiiiiiiiiiiiiiiiiiiiinnnns 810-30
Basic Steps to Developing and Applying a Rainfall-runoff .......................
Model for Predicting the Required Design Flow ...............ccccuveeees 810-34
Summary of Methods for Estimating Design Discharge................. 810-35
Desert Regions in California ..................eeeeieiimiiiiiiiiiiiiiiiiiiiieeieeees 810-38
Regional Regression Equations for California’s Desert Regions ... 810-39
Runoff Coefficients for Desert Areas...........oooeeiiiieiiiiiiiiiiicceeee. 810-41
Watershed Size for California Desert Regions...............ccccevvvvnnnen. 810-41
Example Depth-Area Reduction Curve ...........cccoooeeiiiiiiiiiiicieneeee. 810-43
HydrologiC SOil GrOUPS .....ccceeiiiiiiciee e 810-44

Table 819.7D



Table of Contents

Highway Design Manual

July 1, 2020

Table 819.7E Curve Numbers for Land Use-Soil Combinations ...............cc......... 810-46
Figure 819.7C San Bernardino County Hydrograph for Desert Areas................... 810-48
Figure 819.7D USBR Example S-Graph ..........coooiooiiiie e 810-49
Table 819.7F Channel Routing Methods ...........oooviiiiiiiiiie e, 810-51
Table 819.7G Channel Method Routing Guidance.................uueviieiiiiiiiieiiiiiiiieinnes 810-52
Table 819.7H Design Storm Durations............cooeeieeiiiiiiiiicce e 810-53
Table 819.71 Bulking Factors & Types of Sediment Flow ..., 810-55
Figure 819.7E Soil Slips vs. SIope ANGIE ... 810-55
Figure 819.7F AlTUVIAI FaN ... 810-56
Table 819.7J Adjustment-Transportation Factor Table..............ccccciieiieiinnn, 810-60
Figure 819.7H Recommended Bulking Factor Selection Process...............ccc..... 810-61
CHAPTER — 820 CROSS DRAINAGE ...t 820-1

Figure 821.1

Table 821.1

Figure 821.2
Figure 821.3A

Figure 821.3B

Figure 821.3C

Figure 821.3D

Figure 821.3E

Figure 821.3F

Figure 821.3G

Figure 821.3H

Annual exceedance probability (AEP) of daily maximum ..........................
0CeaAN WALl 1€VE] ... 820-6

Boundaries, Locations and Length Scales of Water-level ........................
PrOVINCES ... e e e e 820-8

California Open Coast and Bayfront Water Level Province Map ..... 820-9
One-Percent Compound Frequency Curve for Province 1, .......................

(Based on NOAA # 9419750, Crescent City).......ccovvvvviiiiiiiiiinnnnnn. 820-10
One-Percent Compound Frequency Curve for Province 2, .......................
(Based on NOAA # 9418767, North Spit, Humboldt)..................... 820-11
One-Percent Compound Frequency Curve for Province 2a, .....................
(Based on NOAA # 9414290, Golden Gate Bridge)..........cccceuu..... 820-12
One-Percent Compound Frequency Curve for Province 3, .......................
(Based on NOAA # 9413450, Monterey) ........ooevvvvveeieeeeeeeeeeeinnnnn, 820-13
One-Percent Compound Frequency Curve for Province 4, .......................
(Based on NOAA # 9412110, Port San Luis)........ccceeeeeeeeeeeeeiinnnnnn. 820-14
One-Percent Compound Frequency Curve for Province 5, .......................
(Based on NOAA # 9411340, Santa Barbara) ................cccoevvnnnne. 820-15
One-Percent Compound Frequency Curve for Province 6, .......................
(Based on NOAA # 9410660, Los Angeles)..........ceeeeeeeeeeeeieennnnnnn. 820-16
One-Percent Compound Frequency Curve for Province 7, ...
(Based on NOAA # 9410230, La Jolla Scripps Pier).........cccccuuu.... 820-17

xlii



Highway Design Manual Table of Contents

July 1,

Figure 821.3I One-Percent Compound Frequency Curve for Province 8, ....
(Based on NOAA # 9414750, Alameda) .........ccceevvveevvenneennnnn.

Figure 821.3J One-Percent Compound Frequency Curve for Province 9, ....
(Based on NOAA # 9415056, Pinole Point, San Pablo Bay)...

Figure 821.3K One-Percent Compound Frequency Curve for Province 9a, ..
(Based on NOAA # 9415144, Port Chicag0)........cccvvvvveuennn...

Figure 821.3L One-Percent Compound Frequency Curve for Province 10, ..
(Based on NOAA # 9414523, Redwood City) .........ccevvuennn...

Figure 821.3M One-Percent Compound Frequency Curve for Province 11, ..
(Based on NOAA # 9410170, San Diego Bay, Navy Pier)......

Figure 821.3N One-Percent Compound Frequency Curve for Province 12, ..
(Based on Otay River Sonde) .........ccoovvveiiiciiiieeeeeeeeeeeee

Figure 821.4 Distances needed to guide interpolation ..............cccccceeeeeennnnnn.
Figure 821.5 Weighting factor, Kx for interpolation .............ccccccvvin.
CHAPTER 830 — TRANSPORTATION FACILITY DRAINAGE.........ccoooiieiieeeees
Table 831.3 Desirable Roadway Drainage Guidelines..............ccccevvvvvvnnnnn.
Figure 834.3 Side Gutter and Trapezoidal Channel..............ccccoevvvviiceeen.n.
Figure 837.1 Storm Drain Inlet Types ...
Table 838.4 Minimum Pipe Diameter for Storm Drain Systems..................
CHAPTER 840 — SUBSURFACE DRAINAGE .........ouuiiiiiiiiiieiiiiieiieiiieeeeeninenennneeeenes
Table 842.4 Suggested Depth and Spacing of Pipe Underdrains ..............
for Various SoOil TYPES ....ccoeiieiiiiiiiccee e

CHAPTER 850 — PHYSICAL STANDARDS .......outiiiiiiiiiieiieeeieeeeeieeeneeeneennnnnennnnnnnnes
Table 851.2 Manning "n" Value for Alternative Pipe Materials(".................
Table 853.1A Allowable Alternative Pipe Liner Materials ..............................
Table 853.1B Guide for Plastic Pipeliner Selection in Abrasive Conditions®
to Achieve 50 Years of Maintenance-Free Service Life ..........

Table 854.1 Joint Leakage Selection Criteria ...,
Figure 855.1 Minor Bedload Volume................uuuiiiiiiiiiiiiiiiiiiiiiiees
Figure 855.2 Abrasion Test Panels...............uuuuiiiiiiiiiiiiiiiiiiiies
Table 855.2A Abrasion Levels and Materials ...............ccccoviiiiiiiiiiii,
Table 855.2B Bed Materials Moved by Various Flow Depths and Velocities

xliii

2020



Table of Contents

Highway Design Manual

July 1, 2020
Table 855.2C

Table 855.2D

Table 855.2E

Table 855.2F

Figure 855.3A

Figure 855.3B
Table 855.4A

Table 855.4B

Table 856.3A
Table 856.3B
Table 856.3C
Table 856.3D

Table 856.3E
Table 856.3F
Table 856.3G
Table 856.3H
Table 856.3I

Table 856.3J

Table 856.3K
Table 856.3L
Table 856.3M
Table 856.3N
Table 856.30

Guide for Anticipated Service Life Added to Steel Pipe by ...

Abrasive Resistant Protective Coating @).............c..cccocvvevieiienee. 850-31
Guide for Anticipated Wear to Metal Pipe by Abrasive ...........cccccccciie.
Channel Materials.................uuiiiiiiiiiii e 850-32
Relative Abrasion Resistance Properties of Pipe and ............c.cccccccceee.
Lining Materials™ ... 850-32

Guide for Minimum Material Thickness of Abrasive Resistant Invert
Protection to Achieve 50 Years of Maintenance-Free Service Life .850-33

Minimum Thickness of Metal Pipe for 50-Year .........cccccooviiiiiiiiiiiiiiinnnen.
Maintenance-Free Service Life @) ..........cccoooeiiiiiiiieieeeeee 850-36

Chart for Estimating Years to Perforation of Steel Culverts............. 850-37

Guide for the Protection of Cast-In-Place and Precast Reinforced and
Unreinforced Concrete Structures® Against Acid and Sulfate Exposure
CoNditioNS D) e 850-38

Guide for Minimum Cover Requirements for Cast-In-Place and Precast
Reinforced Concrete Structures® for 50-Year Design Life in Chloride

ENVIFONMENTS ..o 850-39
Corrugated Steel Pipe Helical Corrugations .............ccoovvvviivieeee.nn. 850-44
Corrugated Steel Pipe Helical Corrugations .............cccovvvviviiieeen.n. 850-45
Corrugated Steel Pipe 275" x V2" Annular Corrugations................... 850-46
Corrugated Steel Pipe Arches 2%5" x /2" Helical Or ............cevviiiiiiiiiiiniinnns
Annular CorrugationsS...........oouuuiiiiii e 850-47
Steel Spiral Rib Pipe %" x 1" Ribs at 11%2" Pitch ..........ccccccvvvnnnes 850-48
Steel Spiral Rib Pipe %" x 1" Ribs at 82" Pitch ...........ccccccvviiinnnes 850-49
Steel Spiral Rib Pipe %" x %" Ribs at 774" Pitch ...........ccccvvvivnnnnnns 850-50
Corrugated Aluminum Pipe Annular Corrugations...............c.......... 850-51
Corrugated Aluminum Pipe Helical Corrugations............ccccccccen..... 850-52
Corrugated Aluminum Pipe Arches 2%;" x 2" Helical or Annular

(0] 4 B To =1 T0] o <3S 850-53
Aluminum Spiral Rib Pipe %" x 1” Ribs at 112" Pitch................... 850-54
Aluminum Spiral Rib Pipe %" x %" Ribs at 774" Pitch..................... 850-54
Structural Steel Plate Pipe 6" x 2" Corrugations ................eeeenn.... 850-55
Structural Steel Plate Pipe Arches 6" x 2" Corrugations ................. 850-56
Structural Aluminum Plate Pipe 9" x 2’4" Corrugations................... 850-57

xliv



Highway Design Manual

Table of Contents

Table 856.3P

July 1, 2020

Structural Aluminum Plate Pipe Arches 9" x 2'2" Corrugations...... 850-58

Table 856.4 Thermoplastic Pipe Fill Height Tables...........cccccoooviiiiiiin, 850-59
Table 856.5 Minimum Thickness of Cover for Culverts...........ccoovviiiiiiiceenn.n. 850-60
Table 857.2 Allowable Alternative Materials ... 850-63
CHAPTER 860 — ROADSIDE CHANNELS ........oooiiiiiiee e 860-1
Figure 861.1 Small Roadside Channel...........cccoooiiiiiiiiiiiie e 860-1
Figure 861.2 Roadside Channel Outlet to Storm Drain at Drop Inlet .................... 860-2
Figure 861.3 Damaged Channel ... 860-4
Figure 861.4 Concrete Lined Channel with Excessive Weed Growth ................... 860-5
Figure 862.1 Small-Rock Lined Channel Outside of Clear Recovery Zone........... 860-7
Figure 863.1 Small-Rock Lined Triangular Channel with Rounded Bottom .......... 860-9
Figure 865.1 Steep-Sloped Channel with Composite Vegetative Lining.............. 860-13
Table 865.1 Concrete Channel LiNiNgS .........c.ccoveiieiieeiccieceecee e 860-14
Figure 865.2 Concrete Lined Channel ..........cccooooiiiiiiiiie e 860-14
Figure 865.3 Long-Term Flexible LiniNg..............uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeees 860-16
Figure 865.4 Grass-Lined Median Channel ... 860-18

Table 865.2

Permissible Shear and Velocity for Selected Lining Materials® .... 860-20

Table 866.3A Average Values for Manning's Roughness Coefficient (n)............. 860-26
Figure 866.3C Specific Energy Diagram............cooooiiii 860-27
Table 868.2 Guide to Freeboard Height.............ccoooriiiiiii e 860-31
CHAPTER 870 — BANK PROTECTION — EROSION CONTROL .......ccccviiiiiieeeeeie 870-1
Table 872.1 Guide to Selection of Protection...........ccooooeiiiiiiiiiiiie, 870-3
Figure 872.1 Stream Classification .............coiiiiiiiii e 870-10
Figure 872.2 Diagram of a Braided River Channel .............cccccciiiiiiiiiiiiiiiiiiiiees 870-11
Figure 872.3 Bed Load and Suspended Load................euuiimiiiiiiiiiiiiiiiiiiiiiiiiiinnnes 870-14
Figure 872.4 Longitudinal Encroachments.................uuiiiiiiiiiiiiiiiiiiiiiiis 870-15
Figure 872.5 Slope Failure Due to Loss of Toe..........cccevviieiiiiiiiieeee e 870-19
Table 872.2 Failure Modes and Effects Analysis for Riprap Revetment............ 870-20
Figure 872.6 Mature Valley with Meandering Stream ...........cccoooeiiiiiiiiiiiceeeeen. 870-23
Figure 872.7 Alternative Highway Locations Across Debris Cone ...................... 870-25

xlv



Table of Contents

Highway Design Manual

July 1, 2020

Figure 872.8 AlTuvial Fan ... 870-26
Figure 872.9 Desert Wash Longitudinal Encroachment.................cccocoiiiis 870-26
Figure 872.10 Stage CONSIIUCHION .......ueiiiiiiiiiiiiiiiiiiiiiee e 870-27
Figure 873.3A StONE SNAPE ... 870-35
Table 873.3A RSP Class by Median Particle Size®) .............ccooevieiieiiieeeeeee, 870-36
Table 873.3B RSP Class by Median Particle Weight®) ................ccooeeeiiiiiien 870-37
Figure 873.3B Medium Density Vegetation ... 870-44
Figure 873.3C Gabion Lined Streambank ..............ooovviiiiiiiiic e, 870-45
Figure 873.3D Rock Slope Protection ... 870-46
Figure 873.3E Concreted-Rock Slope Protection.................eeeuviiiiiiiiiiiiiiiiiiiiiiieenes 870-47
Figure 873.3F Toe Failure — Concreted RSP.............uuiiiiiiiiiiiiii 870-48
Figure 873.4A Thalweg Redirection Using Bendway Weirs .................uuvveiiieinnnnnes 870-53
Figure 873.4B Bendway Weir Typical Cross Section and Layout ......................... 870-55
Figure 873.4C Bendway Weir Rock Size Chart...........ccceiiiii i 870-56
Figure 873.4D Example of Spur DeSign .........eeiiiiii e 870-57
Figure 873.4E Bridge Abutment Guide Banks...............oouiiiiiiiiiiieiicieee e 870-58
Figure 873.6A Bridge Abutment Failure Example ..o 870-61
Figure 873.6B Habitat Enhancement Example ... 870-62
Figure 873.6C Lateral Stream Migration Within a Canyon Setting Example ......... 870-63
Figure 873.6D Conceptual Geotechnical Failures Resulting from ............cccccvviiiiiiiiiiinnns
ADUIMENT SCOUN ... 870-63
CHAPTER 880 — SHORE PROTECTION.......coiiiiiiiiieiiiiee e 880-1
Figure 883.2A Nomenclature of Tidal Ranges ..........ocoovviiiiiiiiiiieeceee e 880-7
Figure 883.2B Significant Wave Height Prediction Nomograph ............cccceevnn. 880-11
Figure 883.2C Design Breaker Wave...........ooouiiiiiiiiiiceieeee e 880-12
Figure 883.2D California 12 Tide GaugeS .......ccvvvveeiiiiieee e 880-14
Figure 883.2E Crescent City EXampPle ...........ouuiiiiiiiiiiiiiiiiiiiiiieiieeieeeeeeeeeeeieeees 880-16
Table 883.1A Crescent City Example Comparison for 2060..............ccccceeevnneen. 880-17
Table 883.1B Projected Sea-Level Rise (feet) at Crescent City............ccceeeee. 880-18
Figure 883.2F Crescent City MHHW ... ... 880-20
Figure 883.2G Wave Run-up on Smooth Impermeable Slope............ccovvueeeennnne. 880-22

xlvi



Highway Design Manual Table of Contents

Figure 883.2H
Table 883.2
Figure 883.2I
Figure 883.2J
Figure 883.2K

July 1, 2020

RSP Lined Ocean ShOre.............uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiaeneeeneenes 880-22
Dimensionless Breaker Parameter and Wave Types.................. 880-24
Rock Slope Protection..........coooovvuiei i, 880-26
Typical Groin Layout with Resultant Beach Configuration .......... 880-29

Alignment of Groins to an Oblique Sea Warrants Shortening Proportional

to Cosine of ObliQUItY ......veeieeiieeeee e, 880-30
Figure 883.2L Typical Stone Dike Groin Details ... 880-31
CHAPTER 890 — STORM WATER MANAGEMENT ... 890-1

Figure 892.3

Example of Cumulative Hydrograph With and Without Detention .... 890-4

CHAPTER 900 — LANDSCAPE ARCHITECTURE — ROADSIDES ...........ouvviiiiiiiiiiiiinnes 900-1
Table 904.5 Large Tree Setback Requirements on Conventional Highways ..... 900-11
CHAPTER 910 — LANDSCAPE ARCHITECTURE — ROADSIDE SITES.........ccccvvvevnnne. 910-1
Table 912.2 Vehicle Parking Stall Standards.............ccccoviiiiiiii 910-3
CHAPTER 1000 — BICYCLE TRANSPORTATION DESIGN ........cuvviiiiiiiiiieiiiiiiiiiiiinenes 1000-1
Figure 1003.1A Two-Way Class | Bikeway (Bike Path)..........ccccoovviiiiiiiiiiin, 1000-7
Figure 1003.1B Typical Cross Section of Class | Bikeway (Bike Path) ............ccccooooooeie.

Parallel to HIGhWay .......ccoooiiiiiiceeee e 1000-9
Table 1003.1 Bike Path Design Speeds ...........uuiiiiiiiiiiiiiiicceee e 1000-11
Figure 1003.1C Minimum Length of Bicycle Path Crest Vertical Curve (L) .........ccceeeee.

Based on Stopping Sight Distance (S).........cccceeveiiiiiiiiiiiiieeee, 1000-12
Figure 1003.1D Minimum Lateral Clearance (m) on Bicycle Path ..................cooooiiinnnnniin.

HONZONTAl CUIMVES ... ..eiiiiiiiiiiii e 1000-13
Figure 1003.5 Railroad Crossing Class | Bikeway ..............cccceeiiiiiiiiiiiiiceeee, 1000-19

xlvii



	Table of Contents
	Table of Contents - Figures and Tables

