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- FOREWORD

Purpose . _ )
This Manual establishes policies and’standards fhr'the Roadway Design
function of the Humboldt County Departwent of Public Works. Also included in

the Manual are desirable design practices. ‘These pOllCleS, standards and

practices are to be used to direct, guide and inform County employees involved

‘in the Roadway Design fUnctlon

 Scope.

The scope of this Manual is primarily. restricted to those Roadway Design
functions which are referred to as nsecondary" design and "final" design. Of
necessity, design engineers must concern themselves with all phases of de51gn,

including planning, design, and coordination with construction‘eontraetorsf

Therefbre,'OCCasional reference is made to desired practices regarding prelimin-

ary engineering, field review, and construction or coordinatioh with other func-

_tional organizations within the Department of Public Works and County Government;
The de51gn standards contained herein will apply to all County desigh»'

progects except where Federal authorities requ1re adherence to higher standards.

Objectives. _
Humboldt County plans to design new roads and roadway improvements which
will provide adequate and safe community service. County Roadway‘pesign must

also promote reasonable roadway construction costs, reduced unit:maintenanpe

costs, and reasonable reconstruction costs. - These objectives must be accom-

plished with available revenues.

Design policies and standards are 1ntended to guide and infbrm those

Public Works employees involved in the Roadway Design function and are to be

viewed as reasonable goals for improvements. It is the intent of the County
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“to establish, a program by which existing roadways will be 1mpr-oved ~where
necessary, to meet these standards and to develop a plan for realizing. this
obgectlve. T’ne obJectlve of this Manual therefore, is to provide the‘
specif‘lc policy guldelmes, engineemng standards, and desn'ed design prac-
tices whlch will facilitate acconpllshment of the aforesaid County Roadway
Desigl ob,jeotives. | V
| It is also the intent of thls Manual to remind Publlc Works De51gn
~employees of cer'tain legal asvpects of roadway design. Current "1deas on
dr"ainage'law, for example, are included in Section 4. The law itself, of
‘course, must be interpreted by County Counsel

This anual through selection of content and format, is 1ntended not
' only for the. engineers, who will be the most frequent users of it, but also
for maintenance ﬁersonnel administrators, and other readers who are not
" technically-oriented. The Table of Contents footnotes those sections of the

" Manual which may be most pertinent to each individual reader's needs.

' Quallflcatlon of Intent.

It is not the function of this Manual to establish legal standards for

roadway design, nor.to restrict _sound engineering theory or judgment. - Design
engineering is an empirical science; therefore, certain design standards by
) rfecesSity are expressed as ranges of acceptable values. Furthermore, it 1is
not intended that any standard of conduct or duty toward the public shall be

created or imposed by the publication of this Manual. This Manual is intended

as an operational tool for administering roadway design.

This Manual is not a textbook, nor is it a substitute for engineering
xnowledge, experience, or judgment. The graphs, tables, and words concerning
desired practices are intended as aids in the solution of field and office

'pr'oblems‘. No attempt is made to detail basic engineering techniques; for

these, standard textbooks should be used. o 3



Authority of Manua1. 

This Manual has been developed under the authority of the Humboldt County
Board of Supervisors. It is the intent of the Board that this Manual be
interpreted and used to accomplish the objéctives outlined earlier in this
Foreword. | Policies regarding specific design practices are included in later
sections of this Manual.

It is the desire of the Board to maintain this‘ Manual through the incor-
poration of current information; therefore, assistance in the form of ideas
‘and suggéstions for revisions or additions will be appreciated. Additions,
deletions or revision to the engineering standards and/or design p‘ractices
contained herein will be accomplished by the Director of Public Works underl
authority granted to him by the Humboldt County Board of Supervisors. Changes
in County policy will be recommended to the Board of Supervisors by the Director‘

of Public Works for approval prior to inclusion into this Manual.

GUY C. KULSTAD, P. E.
Director of Public Works'



Index

NUmper'

1-100
1-101
1-102
1-102.
1-102.
1-102.
1-102.

1-200

1-300
1-301
1-302
1-303
1-304
1-305

1-400
1-401
1-402
1-403

1-500
1-600

1-601
1-602

¥ All sections are of concern to the design engineer.

£ N

- Design Function . . .

TABLE OF CONTENTS

Subject
SECTION 1 - ADMINISTRATION OF ROADWAY DESIGN

e ¢ a ® o e e ® @ e e e o s e o o+ & .3 O

General . . .
Objective and Scope
Poliecy . .

Administration

Application of Policy and Standards
Maintainability . . . . .
Maximum Standards

oooooooooooooooooooo

oooooooooooo

ooooooooooooooooo

ccccccccc

Authority - Legal and Organizational
Roadway .or Highway Design
County Board of Supervisors
Director of Public Works (Road Commissioner)

Design Engineering Employees
Authority Relationshlps - County Roadway Design .« .

oooooooooooo

Definition of P01101es, Standards and Desired Practices

Policies
Standards (Roadway Design)
Desired Engineering Practices

ooooooooooooo

Maintenance of the Manual . .
Nomeﬁclature .....................
Official Names

Definitions

to be of special interest to other readers are coded as follows:

A - Administrators P - Public (laymen)

B - Board of Supervisors

- Maintenance Personnel
O - Other Involved County Personnel

Reader Code *

All

A, B -

A, O

All

‘Those sections thought

(7]



2-100
2-101
2-102
2-102.
2-102.
2-102.
2-102.4

2-200
2-210
2211
2-212
2-213
2-213.
2-213.
2-214
2-214,
_2-214.
@
2-300
2-310
2-311
- 2-311.
2-311.
2-311.
2-311.
2-311.
2-312
2-312.
2-312.
2-312.
2-312.
2-312.
2-312.
2-312.
2-312.
2-313
2-313.
2-314
2-314.
2-314.
~-31L,

1
2

3

N

1
2
3
1
5
1
2
3
i
5
6
7
8

1

1
2

.

,‘I’U.M

TABLE OF CONTENTS

Subject Reader Code

SECTION 2 - BASIC DESIGN POLICIES AND GEOMETRIC STANDARDS

. Design Elements . . « « o « + ¢ ¢« o ¢ o o 0 000 0.

GENEral . « « = + 4 s 4 e e e e e e e e e e e e e e Al

Objectlves and Scope

POliCy « + ¢ ¢ v ¢ o o o o o e e e e e e e e e e s A, B
Basic Design Objectives
Scenic Values in Planning and Design
Design Speed - ‘
Temporary Roads . . « « « ¢ ¢+ ¢ ¢ & o oo o o o -

Preliminary Design Information
.Selection of Roadway Category
Highway Capacity
Design Speed

Design Speed Standards
Selection of Design Speed

Design Period
Design Period Standards

Selecting the Design Period
Design Designation

Geometric Design Elements . . . . . . « . « . & e e e e
Topographic Elements
Sight Distance
Sight Distance Standards
Stopping Sight Distance Standards at Grade Crests
Stopping Sight Distance Standards at Grade Sags
Stopping Sight Distance Standards on Horizontal Curves
Passing Sight Distance Standards on Crest Vertical Curves
Superelevation
Superelevation Standards
Relation of Superelevation to Safe Speeds on Curves
Snow and Ice Conditions
Urban Street Conditions
Axis of Rotation
Superelevation Transition
Superelevation Transition Standards
Superelevation of Compound Curves
Traveled Way Crown
* Crown Cross Slope:Standards . . . « « « « « «
Horizontal Alignment o
Standards for Curvature Alignment
Compound Curves
Reversing Curves
Alignment at Bridges



TABLE OF CONTENTS

Index _ v
Number Subject - ' Reader Code
2-315 , Gradient (Grade)
2-315.1 Grade Standards
2-315.2 Critical Length of Grade
2-315.3 Grade Line at Structures
2-316 Vertical Curves
2-316.1 Vertical Curve Standards
2-320 Geometric Cross Section Elements
2-321 Roadway Geometrics
2-321.1 Cross Section Standards . . « « « o + o o 4 .. Al
2-321.2 Maintaining Constant Cross Section ...... M
2-321.3 Turnouts v ‘
2-322 Roadside Geometrics
2-322.1 Right of Way .« « « « « o« ¢ ¢ o o o o o o o o o M, O
2-322.2 Right of Way Width Standard . '
2-322.3 Shoulder Slope Standard
2-322.4° Dike Standards
2-322.5 Side Ditch Standards
2-322.6 Side Slope Standards
2-322.7 Slope Bench and Cut Widening Standards
2-330 Clearance Standards . « « « « o o o o o o o o s o o 0 M, O
2-331 Horizontal Clearances to Piers, Abutments and
Retaining Walls
2-332 Horizontal Clearances to Obstructions
2-333 Vertical Clearances
2<334 , Clearance Standards From Slope To Right of Way Line
2-340 Intersectlons at Grade . . . . 4 e e e e s e . o M, O
2-341 Corner Sight Distance Standards
2-342 Intersection Design Procedures
2-350 Traffic Interchanges : 0
2=-351 Design Standards and Procedures '
2-360 Maintenance Considerations M, O
SECTION 3 - STRUCTURAL DESIGN
3-100 General . ¢« . .+ s e 4 s e s s e e e s e e o e s o e All
3-101 Objective and Scope
3-102 . Policy « « « « o« o o« o e e e e e e e e e e e e e A, B
3-102.1 Design Life
3-102.2 Materials
3-102.3 Surface Types



.I' | TABLE OF CONTENTS

Index - T e : :
Number Subject ' Reader Code
3-110 " General Surface Types _
3-111 Selecting Type of Surface . . . . . . . e e e e A, B, M, P
3-200 Asphalt Concrete Pavement Design ....... e e e M, O
3-201 Design Factors
3-201.1 Structural Quality of the Basement Soil
3-201.2 Traffic
3-201.3" Slab Valve of Pavement and Supporting Layers
3-201.4 : Economic FACtOrS « « « « s « o o o o o « o o o o A, B, M
3-202 Evaluation of Soils and Base Materials
3-203 Evaluation of Traffic
3-204 Evaluation of Slab Valve of Pavement, Bases and Subbases
3-205 . Evaluation of Economic Factors in. Achiev;mg "Theoretical
Thickness"
3-300 Structural Elements of Flexible Pavement . . . . . . . M, O
3-310 ' Typical Designs
—320 Surface Types
§321 Asphalt Concrete Pavement
-322 S Road Mixed Asphalt Surfacing
3-323 Bituminous Seals
3-324 Penetration Treatment
3-325 Graded Native
3-330 - Bases and Subbases . « « « « + o . 4 4 e e b o0 . e . M, O
3-331 Untreated Bases -
3-332 Cement Treated Bases
3-333 Stabilized Bases
3-334 Subbases
3-400 Design Procedure for Flexible Pavements . . . . . . . . M, O
3-401 General _
3-402 - Basic Data
3-403 -~ Design Example
3-4ok ~ Typical Structural Section
SECTION 4 ~ DRATNAGE
4-100 GENETAL « v v « o o 4 e 4 e e e e e e e e ae e e e A1l
4-101 ~~ Objectives and Scope: :
4-102 POLiCY « v v v ¢ v o v o o o o o o o o o o s e s e e A, B, M, P
02.1 Coordination With General Pla.n : -
pL02.2 Scope of Drainage
4-.102.3 Erosion and Water Pollution
4-102.4 Drainage Law
¥

(&»)



TABLE OF CONTENTS

Index

Number _ ' Subject - o Reader Code

4-103 ‘ Design Responsibility and Authority ‘

L-104 Rules of Drainage Law . . . . . . « . . . e e e e e A, B, M, P

4-105 - Factors to Consider in Drainage Design o

4-106 Economics of Drainage Design e e e e e e e e e A

4-107 . References . v ¢« v v v ¢ v oo o o & e e e e e e e M

4-200 Runoff Estimates . . . . « ¢« « « ¢ ¢ « o« & e e e e e e M, O

4201 "~ General

4202 , Chart Solutions

4-203 - Time of Concentration

L-204 Field Inspections

4-300 Culvert DEeSign « v v v v v v v e e e e e e e e e e e e M, O

4-301 Criteria for Balanced Design _

4-302 Use of Available Head

4303 Chart Solutions to Culvert Capacities

4304 : Entrance Design

4-305 Outlet Design

4-306 .Choice of Type and Cross Section

4-307 Provisions Against Culvert Deterioration

4-308 - Federal Requirements

4-310 Physical Standards for Culverts

4-311 Alignment and Slope

4-312 Diameter and Length for Pipe Culverts

4-313 Bedding and Backfill Considerations

4314 Minimum Thickness of Cover

4-315 Culvert Joints

4-316 - Headwalls and Other End

4-317 Strength Requirements for Metal Culvert and Reinforced
Concrete Pipe

4-318 Box and Arch Culverts

4-400 Roadway Drainage Requirements . . . . . . . . . e e e . M, O

4401 Standards for Roadway Drainage :

4-402 Ditches

4-403 . Overside Drains

4-500 Storm Dralns « « v v v v e v e e e e e e e e e e e e e M, O

4501 Storm Drain Systems .

4-501.1 Notes on Hydraulic Design

4-502 Standards for Storm Drain Pipes

4-503 Gutter Design

4504 Inlet Types \

4-505 Types and Uses of Grates

4506 Location and Spacing of Inlets

4-507 Hydraulic Design of Inlets

4508 Local Depressions Q

L-509 Manholes and Junction Structures



‘I’ ‘ 'TABLE OF CONTENTS

Index _ ‘
Number - = - : Subject - . Reader Code
L-600 Open ChAmNELS « o » « o o o o o o o o s o o o o o o o« M, O
4-601 General -
4-602 Design Storm Frequency
4-603 Design Controls for Types of Flow
L-604 Size and Shape Considerations
4-605 Charnel Alignment and Grade
4-606 Coefficient of Roughness
4-607 . Channel Changes
4-608 _ Permissible Velocities for Unlined Channels
4-609 Channel Linings
4-700 Subsurface Drainage . . . . . e e e e e e e e e e e e M, O
4701 General '
4-702 " Subsurface Discharge
h-703 Notes on Exploration
L-704 Types of Underdrains
4705 Design Requirements for Underdrains
4-706 Types of Conduits
4-707 » - Service Life Requirements
1—708 Type of Installation and Conduit
-709 Selection of Type
4-800 Roadside Development and Erosion Control . . . . . . . M, O
4-801 Functional Planting »
4802 Factors Considered In Planting Projects
4-803 Roadside Treatment
4-804 - Sight Distance and Safety Requirements
4-805 Erosion Control .
SECTION 5 - BRIDGES AND STRUCTURES
5-100 General . + « o « = o o s 6 6 e s 4 e e s e e s s . e e All
5-101 - Objectives and Scope : : ’
5-102 POLiCY o« ¢ ¢ ¢ o o o o o o o o e e e e e e e e s e A, B, P
5-102.1 Basic Bridge Roadbed Width
5-102.2 Bridge Construction Standards
5-200 . Bridge Standards . . . .+« .+ o e e e e e e e e e e All
5-201 Number of Lanes
5-202 ‘ Width of Roadbed
5-203 Bridge Length
5-204 Vertical Clearance
5-205 ~ Cross Slope
5-206 Structure Design

‘&300 Retaining Walls = . . . . . . e e e L. MO



TABLE OF CONTENTS

Index - :
Nurmber Subject . ' Reader Code
SECTION 6 - OTHER STANDARDS AND POLICIES
6—' 10 O Gener'al « e . . . . . . . . . e & o o o w @ o e« o o LA Al 1
6-101 Objectives and Scope
6-102 POLICY « o e v o o o o o o = e e e e e e e e e e A, B, P
6-102.1 Access Openings
6-102.2 Driveways
6-102.3 Curbs, Gutters and Sidewalks
6-102.4 Roadside Facilities
6-200 " Standards and Desired Practices . .« « « « « o o ¢+ o ¢ M, O
6-210 Access Openings - General ' '
6-210.1 Access Openings - Standards
6-220 Residential and Commercial Driveways
6-220.1 General
6-220.2 Standards
6-230 Curb Gutter and Sidewalk Standards
6-230.1" " General
6-230.2 Standards - General
6-230.3 Sidewalk Standards
6~230.4 Curb and Gutter Standards
6-300 Intersections and Road Approaches . . . « « « « o « « = M, O
6400 Pavement Transitions . « « o « o o o « o o o o o0 o M, O
6-500 Pedestrian Facilities . « « ¢ v ¢ o ¢ o o o o o o - e A1l
6-501 Sidewalks
6-600 Equestrian or Bicycle Facilities . . . . « o « o« « - A1l
6-700 Material Specification and Site Selection . . C e A1l
6-701 General
6-701.1 Materials REpOrt . « o« o o o o o o o o o = o o e e M
6-702 Materials Information Furnished To Prospective Bidder
SECTION 7 - DESIGN STANDARDS FOR ROADWAY CATEGORIES
7-100 General . . « « « + « & I I R All
7-101 Objectives and Scope
7-102 POLICY « o o o o« o o o o o o o o o o o o o o ow v oo ‘ A, B, P
7-102.1 Integrating The County Class1fication System
Into the Roadway Design Process
7-102.2 Communicating With The Public Using The Classifi-
cation System . « « « ¢ v o o v e e e e e e e e e e P



Index

Number;

7-200

7-300
7-301
7-302

8-100
8-101
8-102

8-102.

TABLE OF CONTENTS

Subject
Design Standard Elements . . . . « « « o« ¢ ¢ 0 0 oo
Roadway Classification System . . . . . . e .. ...

System Description _
Standards for Roadway Categories

SECTION 8 - COUNTY FAS PROGRAM STANDARDS

General . . . . . . R
Objective and Scope
Policy . . . « « « « « & e e e e e e e e e e e .

Use of FAS Standards

SECTION 9 - SUBDIVISION STANDARDS

GENEral .« « « o « & v 4 o 4 e e e e e e e e e e e
Objective and Scope

POliCYy « v ¢ o o o o o o o o o o o o s o oo e e e

Standards

Reader Code

All

All

All

A, B, P

All

A, B, P

12



LIST OF FIGURES AND TABLES

Index Number
Figure = Table Subject
1-602A Cross-Section and Road Structure Terms (Illustrated)
BASIC DESIGN POLICIES AND GEOMETRIC STANDARDS
2-213.1 Design Speed Ranges by Roadway Function
: 2-311.1 Sight Distance Standards
2-311.2 - , Stopping Sight Distance on Crest Vertical Curves
2-311.3 Stopping Sight Distance on Sag Vertical Curves
2-311.4 - Stopping Sight Distance on Horizontal Curves
2-311.5 : Passing Sight Distance on Crest Vertical Curves
2-314.1 - Limiting Speed on Horizontal Curves
2-312.6 Superelevation Transition
2-312.7 Minimum Length Standards for Superelevation
Runoff for Two-Lane Pavements
. 2-314.1 Standards for Curve Radius
2-315.1 Maximum Grades
2-315.2 Critical Lengths of Grade for Design
2-316.1 Vertical Curves
2-321.1 Roadway Cross Section Standards (
2-321.3 Turnout Standards ' :

2-360 Roadway -Conditions Which Can Result From Undesipablé
Design or Construction Practices .

STRUCTURAL DESIGN

P 3-111A Construction Cost Comparisons/Mile - Asphalt and Double Seal
3-111B . Comparative Cost Index - Asphalt and Double Seal Cost
: Comparison :
3-111C Service Life and Surface Maintenance Cost Comparative Indexes
3-111D Basic Assumptions and Sources of Data for Comparative
Cost Indexes :
3-200A Construction Cost Comparisons/Mile - Native Materials
3-200B Construction Cost Comparisons/Mile - Classified Aggregates
3-200C Comparative Cost Index — Native Material
3-200D Comparative Cost Index - Classified Aggregates
.3~203A EWL Constants for Dual-Tired Commercial Vehicles
3-203C Conversion of EWL to Traffic Index
3-310 Structural Elements of Flexible Pavements
_ 3-310 Typical Depths of Pavement and Base Related to TI .
3-403A Structural Design Chart for Flexible Pavements
‘ 3-403A Gravel Equivalents of Structural Layers in Feet
3-403B EWL, TI, and Gravel Equivalent Calculation Sheet
3-Uol Typical Structural Section

13



Index _Nwrber
Figue  Table
4-105
4-202A
4-202B
4-303A
4-303B
4-303C
4-303D |

4-313A

. 4-313B

- 4-313C

4-313D

o 4314
4401

L 4502
4-503a
4504 -

4601
S U-606
4608
‘4-609
4-705
5-201
6-210.1

.6—220 .2
6-230
6-300

LIST OF FIGURES AND TABLES

Subject
DRAINAGE

" Check List of Drainage System Design Factors
Design Discharge for Small Basins . . ' _
Runoff Calculation Sheet for Small Basins : ‘ ;
Design of Pipe Culverts (Flowing Full) : .
Design of Concrete Boxes and Arches (Flowing Full)
Neutral Slope of Culvert for 100 Year Flood (With

Head at Entrance)
Minimum Culvert Entrance for 10-Year Flood (Water
Level at Crown of Culvert) - '
Maximum Height of Cover for Circular Steel Pipe - - !

.. With 2-2/3" x 1/2" Corrugations ‘ , ‘

Maximum Height of Cover for Circular Steel Pipe
With 3" x 1" Corrugations , :

Maximum Height of Cover for Steel Pipe-Arches With
2-2/3" x 1/2" Corrugations ‘

Maximum Height of Cover for Structural Steel Plate
Circular Pipe With 6" x 2" Corrugations

Minimum Thickness of Cover for Culverts

Standards for Roadway Drainage

Minimum Pipe Diameters for Storm Drains .

Nomograph for Flow in Triangular Channels

Storm Drain Inlet Types

Nomograph for Solution of Manning Equation

Suggested Average Values for Manning's Roughness
Coefficient (N) '

Recommended Permissible Velocities for Unlined Channels

Standards for Channel Linings

Suggested Depth and Spacing of Underdrains for Various
Soil Types : '

BRIDGES AND STRUCTURES

Number of Bridge Lanes for Roadway Categories

- OTHER STANDARDS AND POLICIES

" Maximum Width of Access Opening
Portland Cement Concrete Driveway Details
Typical Curb and Sidewalk Sections
Road Approach and Intersection Details

14



LIST OF FIGURES AND TABLES

Index Number

Figure  Table Subject
DESIGN STANDARDS FOR ROADWAY CATEGORIES
7-200 Design Standards - Reference Guide
7-300 County Classification of Roads in a Selected Area
7-301A Functional Classification Criteria
7-301B Criteria for Developing Use Categories
7-301C Mobility and Volume Criteria '
7-301D Level of Service Criteria
7-301E Standard Roadway Categories
7-301F Coding System for Roadway Classification Elements
7-301G Sample Inventory Format - Classification Elements
and Inventory Components
7-301H Table for Selecting Desired Roadway Categories
7-302A. Design Standards for Roadway Category 1
7-302B Design Standards for Roadway Category 2
7-302C Design Standards for Roadway Category 3
7-302D Design. Standards for Roadway Category 4
7-302E Design Standards for Roadway Category 5
COUNTY FAS PROGRAM STANDARDS
(The following are reproduced from the City and County
Projects Manual)
-8-1038 1 Minimum Sight Distances in Feet
8<103B 2 ‘Maximum Grades in Percent ‘ .
8-103C 3.~ Maximum Degree of Curve and Minimum Radius Determined
for Limiting Values of e and f :
8-103D 4 Normal Pavement Cross Slopes .
8-103E 5§ Minimum Length for Superelevation Runoff (2-Lane
Pavements) :
8-103F 6 Minimum Widths of Surfacing for 2-Lane Rural Highways
8-103G 7 Widths of Usable Shoulders for Rural Highways
8-103H 8 Minimum Structural Capacities and Minimum Roadway
Widths for Bridges to Remain in Place ‘
SUBDIVISION STANDARDS
: 9-102.1 Basic Subdivision Roadway Standards : :
9-102A Arterial - High Density Level Land Subdivision Typical
9-102B Collector - High Density Level Land Subdivision Typlcal
9-102C Minor - High Density Level Land Subdivision Typical
9-102D Minor Road (ADT Under 200, Parking One Side) - High
Density Level Land Subdivision Typical
9-102E Minor Road (ADT Under 200, Off Street Parking) - High
Density Level Land Subdivision Typical
9-102F Collector — Medium Density Level Land Subdivision Typical

15



‘ _ LIST OF FIGURES AND TABLES

Index _ ’Nwrber

Figure  Table ' Subject
9-102G : Minor Road (Parking One Side) - Medium Density Level
' Land Subdivision Typical _
9-102H ' Minor Road (Off Street Parking ) - Medium Density
. _ ' : Level Land Subdivision Typical -
9-1021 : Collector - Low Density Level Land Subdivision Typical
9-102J Minor Road - Low Density Level Land Subdivision Typical -
9-102K . Collector (ADT Over 400, Parking One Side) - High and
S Medium Density Hillside Subdivision Typical :
9-102L, Collector (ADT Over 400, Off Street Parking) - High
Lo and Medium Density Hillside Subdivision Typical
9-102M o Minor Road (ADT Under 400, Parking One Side) - High
: ' and Medium Density Hillside Subdivision Typical
9-102N T . Minor Road (ADT Under 400, Off Street Parking) - High
: and Medium Density Hillside Subdivision Typical '
9-1020 - v " One Way Street (Parking One Side) - High and Medium
. Density Hillside Subdivision Typical
9-102P One Way Street (Off Street Parking) - High and Medium
_ Density Hillside Subdivision Typical
.9—102Q ' Collector (ADT 400-1000) - Low Density Hillside Sub-
‘ division Typical '
9-102R : Minor Road (ADT Under 100) - Low Density Hillside
L ' Subdivision Typical
9~-102S Minor Road (ADT 100-250) - Low Density Hillside Sub-
. division Typical ' :
9-102T Minor Road (Turnout Section) - Low Density Hillside
S . Subdivision Typical - ,
9-102U . Minor Road (ADT 250-400) - Low Density Hillside Sub-

division Typical .



' SECTION 1 - ADMINISTRATION OF ROADWAY DESIGN

1-100 Géneral.

- 1-101 .ObJeCtive and Scope.

Thevobjeotive of tnis Section is to present County policy regarding the
administration of roadway design, the autnority relationships involved,
definitions of roadway terms, and information regarding maintenance of the
_anuai. The intended use of policies, standands and design practices is also

explained in this Section.

1-102 Policy.

1e102.1 Administration - It is the policy of Humboldt County that the:
Director of Public Works, acting in his capacity as County Road Commissioner,
will be responsible for the administration of policies and standards contained '

herein.

1—102 2 Application of Policy and Standards - It is the policy of Humboldt

‘County that the Design policies and standards will be applied to the design of
| new roads or improvements, as defined in Sections D and E of the State of Calif-
omia City and County Progects Manual or as des1gnated by the Director of
Public Works An obJective is to ultimately improve selected County roads to
these standards: by ass1gn1ng improvement priorities to roads Whlch deviate most

significantly from these standards.
1-102.3 MaintainabiliAX_- It is the policy of Humboldt County that road-

ways will be designed to minimize maintenance costs while providing acceptable

'1evels of service.

1-102. M Maximum Standards - It is the policy of ‘Humboldt County that-

the design standards which are stated as singular values be interpreted not only

as the minimum standards acceptable, but also as the maximum standards to be

considered.
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1-200 'Design FUnction. Roadway design basically involves:

‘ (1) Proposing and planning new roads or improvements,

(2) Prelmdnary fea51bility and route studies, .

(3) Preliminary design, :

() Coordinati'cm with other functional departments,

(5) Geometric, structural, and drainage system design, and

(6) Coordination with those responsible- for implementation of design.

This Manual will primarily deal with (5) Iabove. The County's Roadway
Classif‘ication System is included (Section 7) to assist those who propose and
authorize new roads or improvements. Relative construction cost figures and a

" maintenance index are also included (Section 3) to assist in evaluating economi—

cal f‘eas1bility

1-300 Authority - Legal and Organizational.

Q—30l Roadway or Highway Design.

| Ex1sting Streets and Higbways Codes and their amendments shall govern the
- design _of County . roadways or highways. These Codes delineate the laws con- |

cerning/ authority and "procedures for all highway design effort as exercised

by counties. Certain of these Codes will be quoted and referenoed in this

Manual for the purpose of promoting general understanding. The related Codes

and their revisions are extensive and therefore, will not be incorporated into

thls Manual. Interpretation of these Codes should be made by Humboldt County

Counsel,.

1-302 County Board of Supervisors.

According to Section 940 of the California Streets and Highways Code, the
"Board of” Supervisors shall have general supervision, management and control .

’of the County highways."




Furthernpre, in Section 9“3, Notes of Decisions, it states "TheA
Board of Superv1sors has jurisdiction to determine whether a new road is
necessary or not, and, if necessary, over what route 1t shall be laid out and
constructed; and, in laying out public road, the Board exercises Judicial

functions. . ."
The Board also establishes design pOllcy contained in this Manual

1-303 Director of Public WOrks

~ For purposes of this and later discussions, the title "Director of
Public(Works" is inclusive of those functions assignablevor described as
assigned to the "County Road Commissioner." |

Section 2009 of the Streets and Highways Code states: “The Board of :
Supervisors shall act as the policy-making body with respect to County highway
matters and shall, by appropriate action, establish the general policies to
be followed by the Road Commissioner in the administration of his Department.
The Road Commissioner shall administer his Department and carry out the
.ngeneral policies of the Board in conformity with the estimates of expenditures
fixed in the budget as finally adopted by the Board, or as thereafter revised
by appropriate action of the Board. The Commissioner shall employisuch assist-
ants and employees as may be neoessary, in conformity with the budget and
County policies and procedure, with respect to personnel and sUbjectvto the
approval of the Board of the salary or other compensation to be paid. The
Commissioner shall have sole supervision and jurisdiction over personnel and
over the assignments of personnel engaged in work on County roads."

Furthermore, Section 1075 states:  "The Board may have any work upon
County highways done under the supervisioh and direction of the County Road

Commissioner."



AS regarding bridges Section 1332 notes | "V"I‘he Board of Supervisors,'

| ‘may authorize such Road Commissioner to ‘employ such workmen and purchase Such
materials equipment tools and appliances and cause such work to be done as
is necessary to construct or maintain such bridges and to keep them in
repair .

The Director will also authorize the proper application of design standards

and will approve all final roadway designs.

- 1-304 Design Engineering Employees.

As stated on the previous page, "the Conmissioner shall have sole
supervis1on and ,Jurisdiction over personnel and over the assignment of person- -
nel engaged in work on County roads." 'I'nerefore, all design engineering
employees have delegated responsibilities and are accountable to the Road
Commissioner

. The design engineer will have the authority to apply accepted engineering
practices in ca.rrying out the design f‘unction as required by County policy

- and des:.gn standa.rds and,as directed by the Director of Public Works.

S

1-305 Authority ,R_elati_onships .- -County Roadway Design.

Califormia Street - oty
and Highway Codes
~ (State Law) , ird of Supexvisors
' | Board Ordinances. and
Orders ~Resolutions
R N
Director of
Public ‘Works -
‘ " Public Works
' ' Design Engineer




'i‘he Boa.rdv‘of'supervisors directs. the Director of Public Works through
. Board Orders. The Director must act in conformance to: o

= State Street and Highway Codes,

- Board Orders, arld

- County Ordinances and Resolutions.

County Public Works Design Engineers must act in conformance to:

" = Directions from the Director of Publ.ic Work.s (including those
defined in this Manual), and

- The recognized principles of design engineering.

1-400 Definitions of Policies, Standards and Desired Practices.

1-401 -Policies.

Policies are general statements which express a basic rule of conduct

. rega.rding a -given subject. The intent of a policy is to guide the user toward

a desired goal without specifying detailed procedures.

Roadway design policies are made by the Board of Supervisors to express
the County's desires and to guide the activities of the Director of Public
Works and the design engineers. Changes to, and variations from, County
design policy can only be made by the Board unless specific. authority for

approving such variations is granted by the Board.

1-402 Standards (Roadway Des1gn) R

Standards are measures or criteria which specify desired limits of'
performance. Standards are normally used as a control measure to assure tha.t \
| acceptable goals are accomplished |
Roadway des1gn standards evolve from accepted practlce The number of

‘ ~ elements involved in many design engineerlng problems and the nature of the
science is such that standa.rds must often be expressed as ranges of acceptable
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| values‘rather than as absolute values. These "ranges" provide latitude and |
‘allow the engineer to exerc1se Judgment ‘and experience -

Dev1ations from the standards may be pr0posed by the design engineer
with appropriate Justification, but any such changes must be approved by the
Director or his designated representative. |

_ | The standards will be applied to all County road design projects unless
a higher authority requires other standards as a condition for appropriatin_g
_ funds Federal Aid highway pro,jects require adher'enCe to AASHO standards
which are contained in Section 8 of this Manual. Proposed deviations from

these standards must be coordinated through the appropriate goverrment agency.

1-403 Desired Engineering Practices.

This Manual contains 1nformation regardlng engineering "practices" or
procedures which when f‘ollowed will promote desired roadway design and
_ ‘ construction | These statements of practices are intended to assist the design
engineer and are instructional in nature as opposed to being directives. This
" information will clearly be distinguished from policy and standards.
The design engineer will have ‘the authority to select practices or
specifications (materials, type of' structures, etc. ) which will promote the :

County's goals.

1-500 Maintenance of the Manual.

It will be the responsibility of the engineer in charge of the design
functions to maintain the Manual ‘The 1oose—1eaf' f‘ormat of the Manual was
selected because it f‘acilitates change and expansion. Changes should be dated
and distributed to all Manual holders on a regular bams Approval for changes ’
to policy lies with the Board, changes to standards are authorized by the

’ Director and engnneering practice is controlled by the des1gn engineer.
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Tables, gfaphs and other ‘materials, taken from manuals or publications of

' other goverrment or private agencles, are properly identified to facilitate

further reference.
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1—600 | Nonlenc'laﬁure-.

.—601 Offic1al Names .

AASHO - American Association of State Highway Officials

BPR - United States Bureau of Public Roads (Agency within
Department of Transportation and FHWA)

COunty - Humboldt County

CSAC | —‘County Supervisors Assdciation of California
" CEAC - County Engineers Association of California

Board - - Board of Supervisors, Humboldt County

Director _ Director of Public Works, Humboldt County

Department - Department of Public Works , Humboldt County

Commissioner - Road Cormﬂssioner (Same as Director for Humboldt County)
FHWA - Federal Highway Administration

State - State of California, Divsion of Highways

‘ ~-602 Def‘lnitions
Abandonment - The cessation of the public's right in and to the use and enjoyment
of a public road, alley, storm drain, etc., by the Board of Supervisors by
the authority and procedures set forth in the Streets and Hig;hways Code,
State of California.

Abandorment (Summary) - An abandonment which has been effected by order of the

Board of Supervisors without the normal r'equ:Lred public notice and hearing.
- This type of an abandomnent can be made only when the publlc right of way

to be abandoned has been superseded by relocation a_nd access to the pro-

perty which, prior to relocation adjoined the right of way, will not be
eliminated.

Access Road - _A road which provides access or entrance to rjesidences, businesses
' or other abutting property. It generally provides the least mobility
_ within the County system and is usually the first and last road to be

used for a "trip" within the County (see Section 7-301).




Arterial Road - An a'rterial prbvides service between major traffic generaﬁors,
such as cities or 1arge towns and normally provides the most direct route
to the State system. It usually provides the hlghest Ievel of service to
the County as measured by mobility and ’craffic volume An arterial will
have some access and traffic control and may be located in, or traverse,
urban and rural areas (see Section 7-301). |

Auxiliary Lane - “That portion of the roadway adjoining the main traveled way

for weaving, truck climbing, speed change, or for other purposes supple~-
mentary to through traffic movement.

Average Daily Traffic - The average 24-hour volume, being the total number dur-

ing a stated period divided by the number of days in that period. Unless
otherwise stated, the period is one year. The term is commonly abbreviated
as ADT. _

Average Safe Speed - The average speed which can be maintained by a vehicle

over a road assuming the driver heeds warning signs, the basic speed law,
sight distance restrictions, speed limits, and other general safety
precautions. | |

é_a_s_g - A layer of selected, processed, or treated aggregate material of planned
thickness and/or quality placed immediately below the pavener_lt and above
the subbase or basement soil.

Base Course - 'Ihe bottom portion of a thick lift asphalt concre’ce layer upon
which a riding surface of the same comp051tion will be applied.

Besemen’c Soil - The material in excavation, enbankments, and embankment founda-

tions immediately below the lowest layer of the structural section and

extending to the depth that affects structural design.

"o
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Berm -A émallimundi generally made -of noncompacted material which is con?. :
‘ ' -structed on or hear the".'edge,of the shoulder for the primary purpose of

*dir'ectmg drainage flow. Berms ‘are sometimes referfed to as dikeS'-. however,
dikes are usually thought to be constmcted ‘of compacted ma’cerial such as
asphalt concrete.

Bofr'ow -~ Natural soil obtained from sources outside the roadway prism to make
up a def‘ic1ency in ‘excavation quantities.

mgg_e_ - Structures of a span of more than 20 feet, measured under the copings
along the centerline of the road and mult_iple span structures where the
indi\}idual spans are in excess of 10 feet, measured from center to center ..
of supports along the centerline of the road.

Channelization - The separation or regulation of conflicting traffic. movements

into definite paths of‘ travel by the use of pavement markings raised
islands or other suitable means to facilitate the safe and orderly move-
. ‘ments of both vehicles and pedestrians.

Collector Road - A road which collects and/or feeds traffic from or to access

or arterial roads. A collector can also provide a direct link between
" two arterials or provide access to an arterial. A Collector also provides
service between minor traffic generators (see Section 7-301).

Condemnation - The process by which property is acquired for public purposes

through legal ‘proceedings under power of eminent domain.

Control of Access - The condition where the right of owners or occupants of

abut’cing land or other persons to access in connection with a. highway is

‘fully or partially controlled by public authority.



R controlled AcceSS Higtnv@_y_ A roadway which has full or partial access: control

"and is desig)ated such by the Director of Public WOrks. “A highway has
' controlled access . when the owners of abutting lands have no right of access
o _f-to or from their abutting lands or. when such owners have only limited or

: ! "restricted rigxt of access. '

| count)LS;Emete ACountymadmeetingtmrequirements ofCSACandso :
designated by their State ‘Irat‘fic Coumittee, which is traversable year
round and 1eads to points of interest. 'me State Division of Highways

: assigns nunbers to these routes. _
| lCul-de-Sac 'Ihe turn around area located at the end of a dead-end . street or

-_Culverts -A dra:ln, enclosed channel, or conduit for transporting water under,
acmss,orparalleltoaroadwaysystem ' »

.Curb Adikewhich serves as the ﬁ-ontportionofasidewalk or-as the outside_

edge of a gutter or roadbed

___l.gx_ ‘A roadway desig'x 1s the level of deﬁ.nition needed to direct the

' | .‘iconstructim of 2 roadwey to the desired standards. A design "package

.nay include but need not be restricted to geological reports, ‘survey maps,

dram:lngs materials reports s etc. Design package for an mpmvement pI‘OJ ect -

, | _ may conta.in genera.l engineering instructions along w:Lth informal drawings

____qu_sp_ge_g A speed determined for design and correlation of ‘the physical

features of a higxway that influence vehicle operation. It is the safe

speed that can be nairrtained over. a specified section of highway when

conditions are so favorable that the desigl features of the highway govern. '



Desigh Volume - A volume determined for use in design, representing traffic

. expected 'to use thef:-highway'.ﬂ Unless otherwise stated, it is an hourly
volume of vehiclés travellng in both dlrect;ions

Divided ‘Highway - A highway with:separated r'oadbeds for traffic moving in

oppdsite directions.

Eaéement - A right to use or control the property of another for désigrw.ted
purposes. |

Embankment - A raised structure constructed of natural soil from excavation or
borrow: sources. |

FEminent Domain - The power to take private property for public use without the

owners' consent upon payment of just compensation.

Encroachment - Occupancy of highway right of way by non-highway structures

- '6r objects of ary kind or character.
' Exgresswgy - A roadway for through tra‘ffic‘-with partial control of access,
HBut which may or ‘may. not be’divided or have grade separations at
intersections.

Flexible Pavement - A pavement having suffi¢iently. low bending resistance.

té maintain intimate -contact with the underlying structure yet having the
“required stability furnished by aggf‘egate interlock, inteimal friction,
“and cohesion to support traffic. Asphalt Concrete is a flexible pavement.

Freeway: — A freeway is a divided highway for through traffic with full |
control-of access and with grade separations at intersections.

Frontage Street or Road - A local street or road auxiliary to and located

on the side of an arterial roadway for service, to-abutting property and
" adjacent areas and for control of access. - .

Geometric Design - Geometric design is the arrangement of the visible elements

. of a road, such as alignment, grades, sight distances, widths, slopes, etc.




Grade ~ Inclination with the horizontal of a road usually expressed by stating

their vertical rise or fall as a percentage of the horizontal distance.

Grade Separation - A crossing of two highways or a highway and a railroad at

different levels. | | |
@ ay - A public way for purposes of vehicular and pedestrian travel, includ-

ing the entire area within the right-—of'—way In rural areas, or in urban
‘areas where there is comparatively little access and egress, a way between
prominent termini is usually called a highway, roadway or simply a road.
A way in an urban area, with or without provision for curbs, sidewalks,
and paved gutters, is ordinarily called a street (see Figure 1-602A for

"cross section illustration).

Highway Capacity - The largest number of vehicles that can pass a point on that
highway (or roadway) over a glven period of time under ideal conditions.
Capacitﬂl is normally etated in ter_ins of passenger vehicles per hour per
lane. o |

| Interchange - A system otf' interconnecting roadways in conjunction v{it,h a grade
separation or grade separations providing for the interchange,..of traffic

’ between two or.more roadways on different levels.

Intersection - The. general area where two or more roadways join or cross within

which are included the roadway and roadside facilities for traffic move-

ments in that area
Inverse Condemnation - The legal process which may be initiated by a proper'ty

owner to compel the payment of just _conpensation wher'e; his property has

‘been taken or damaged for a public purpose.

N
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Improvement - Any work performed on an existing roadway which is intended to

improve the standard or condition of the road to a higher level than the
roa,d has been improved to or cons‘cr'ucted Typical 1mprovement projects
involve rebasing, adding a surface course, horizontal or vertlcal realign-
ment, or a major change to a drainage system. Irrpro&exrent or maintenance

projects costing more than $10,000 normally must be contracted by law.

Island - A defined area between traffic lanes for control of vehicle movements

or for pedestrian refuge. Within an intersection a median or an outer

separation is considered an island.

Level or Flat Terrain - Any combination of gradients, length of grade, or

horizontal or vertical alignment that permits trucks to maintain speeds

that equal or approach the speeds of passenger cars.

Maintenance - (Legal definition from Streets and Highway Code:) "(a) The

preservation and keeping of rights-of-way and each type of roadway,

- structure, safety convenience or device, planting, illuxnirxation equipment

and: other facility, in the safe and usable condition to which it has_ been
improved or constructed, but does not include reconstruction or other |
improvements. - (b) Operation of speclal safety conveniences and devices, o
and illuminating equipnent. (¢) The special or emergency maintenance or o
repair necessitated by accidents or by storms, oOr other weather conditions,
slides, settlements or other unusual or unexpected damage to a roadway,

str'ucture or facility.

' The "degree and type of maintenance for each highway, or portion 'chereof,

shall be determined in the discretion of the au'chorities charged with the
maintenance thereof, taking into consideration traffic requirements and

monies available therefor."
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Median"—"I'he pbrtior_l‘ of a divided hig’hway«' which physically separates.the oppos— .

‘ ing traffic lanes. Medians are characteristic of divided highways.
Median Lane - A speed change lane within the median to accommodate left-
~turning vehicles.

Minimum Turning Radius - The radius of the path of the outer front wheel of a

vehicle making its sharpest turn.

Mountainous Terrain - Any combination of gradients, length of grade, or horizon- .

tal or vertidal alignmen’é that will eause trucks to operate at very slow
speeds for considerable distances or at frequent -intervals. |

- New Road - Any road which is constructed where another road -did not previously -
exist. | |

Passenger Car - A self-propelled vehicle generally designed for

the transporation of persons, but ‘limited in-seating capacity to not
more than nine passengers, includihg taxicabs, limousines, and station
‘ ‘wagons. Also included, for capacity purposes, are two-axle, tired pickups,
‘panels and light toucks, which have ‘operating characteristics similar to
those of pa.ssenger cars, but not motoreycles.
Plan 'Line - A plan 1line ‘is the proposed or planned.- rlghts of way delineation
of a street or highway for future construction or widening. A plan line
" not initially included in the general plah must be included by amending
the existing general plan and by recordation. |
Reconstruction - A1l work performed to rebuild a roadway. fac111ty according to

the previously existing standard; if applicable, dr to a higher standard.
A1l these basic elements of roadway construction must:be involved; geonetricé,
structural section and drainage system.

Relinquishment - A transfer of one jurisdiction's right, title and interest in

. and to a highway, or portion thereof, to another Jurisdiction.
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Resurfacing - A'surface placed-on an existing pavement to restore its riding
. qualities or increase 1ts strength.
nght—of—w - That portion of land which is legally owned by the County either

through deed or prescriptive rights.

Rigid Pavement - A pavement having sufficiently high bending resistance to

distribute loads over a comparatively large area. Portland Cement Concrete
is a rigid pavement.

§iThgle Lane Road - A road which allows only one leg_al—sized vehicle to travel

f‘reely at any given point on the roadway.

Two Lane Road - An undivided road having one lane for traffic in each of two

opposing directions.
Roadbed ~ That portion of the roadway located between curb lines or shoulder
lines or subgrade hinge points. Divided highways are considered to have
two roadbeds. (See Figures 1-602-A)
. _ Roadside - A general term denoting the area adjoining the outer edg;e of tne
roadbed. Extensive areas between the roadbeds of a dlvided highway may
also be considered roadside. (See Figure 1-602-A)

Hoadside Development -~ The development by preservation or enhancement of all

features withm and along the higxway right of way exclusive of the r'oadbed.
This includes the contour of the roadside; erosion control, aesthetic and
functional plantings~ adjacent scenic areas; safety madside rests; ahd
related developments. | - N
Roadway That por'tlon of the highwa;y included between the outside llnes of the

sidewalks s O curbs and gutters, or side ditches. ;nclhding also the apper-
taining str’uctur'es' and all slopes;_ ditches, channels, waterwaysk, and other
features necessary for proper dralnage and protectlon. , The California

‘ Streets and nghways Codes def‘lne the roadway as 1nclud1ng the rlght—of-way.

(See Figure 1-602-A)



Rolling Terrain - Any combination of ‘gradients, length of grade, or horizontal

’ or vertical alignment that causes trucks to reduce their speeds substan—
t-ially below that of pa{ssen"ger:'éérson some sections of the highway, but
which does not involve sustained low s'peeds' by trucks for any' substantial

distance.

Scenic Highway - An officially designated portion of the County Roadway System
traversing areas of outstanding scenic beauty which together with the
adjacent scenic corridors requires special scenic conservation treatment.’

Seal Coat’ (General) — A bituminous coating with or without aggregate riormally’

applied to the surface of a pavemernt for the purpose of waterproofing, pre;

serving, or rejuvenating a bituminous surface; or to pfovide increased skic
resistance or resistance to abrasion by traffic. Also used in place of -
Asphalt Concrete surface When base is’ é.dequate to meet traf‘fic demands .

Double Seal Coat - An application of two seal coat layers.

' .Separ'ate Turning Lane - An auxilié:-y lane for traffic on one direction which

has been physiéé.lly separated from the traveled way by markings or physical
barriers which channel the traffic flow. | '

Shoulder -~ The portion of the roadway contiguous with the traveled way desigled

for lateral support of base and surface courses and/or f'or emergency use by »

vehicles. (See Figure 1-602-A)

Sight Distance - Passing The minirmm sight ‘distance on two and three-lane

highways that must be avallable to enable the driver of one vehicle to

pass another vehicle safely and comf‘ortably without interfering with the

speed of an oncoming vehicle traveling at’ the design Speed, should it come
into view after the overtaking maneuver 18 started. |

Sight Distance - Stopping - The distance required by a driver of a vehicle

‘ traveling at a given SPéed' to bring his Vehic’:le to'a stop after an object
on the roadway becomes visible. It includes the distance traveled dur'ing

the perception and reaction times and the vehicle braking distance.




Speed Limits - The maleumgcr ﬁ&nimum,speed_ax which a vehicle is permitted to

travel under given conditions. It need not be posted and is normally less

than the design speed.
Speed Zoning - The establishnent of safe and reasonable Speed limits fbr certain

special zones or sections of roadways where the general speed limits do
not fit the road or traffic conditions.

Stage Construction - The constructionlof a roadway Wheregthe different stages or

phases of construction are spread over a number of months or even years as

opposed to completing them as one continuous project.

. Structural Section - The planned layers of specified materials, normally.con-

sisting of subbase, base and pavemeht placed over the basement soil.
Subgrade - The portion of a roadbed upcn which a subbase, base, base course; or
pavement is to be placed. (See Figure 1-602-A)
Surface — That portion of the roadway which is contacted by‘vehicles traveling on
the roadway. |

Surface Course ~ The portlon of a pavement applied to the top of a thick llft

asphalt concrete base course. It may consist of the same composition as
the base course. It may alscvbe the top layer of the structural section.

Tack Coat - The initial application of bituminous material to an existing sur-
face to provide bond between theAsuperinposed construction and the existing
surface.

Through Street or Through Highway - Every highway or portion thereof on which

vehicular traffic is given preferential right of way and at the entrance
to which vehicular traffic from intersecting highways is required by law
to stop before entering or crossing the same.

Trqlflc Control Signal - Any device whether manually, electrically, or mechani-

cally operated by which traffic is alternately directed to stop and per-

mitted to proceed.
«
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Traffic Lane - The portion of the traveled way for the movement of a single

. line of vehicles.

Traffic Markings - All lines, patter-ns', words, colors, onotr‘ier devices, except

signs, set into the surface of, applied upon, or attached to the pavement
or curbing, officially placed for the purpbse“of regulating, wamming, or
- guiding traffic. |

Traffic Sign - A device mounted on a 'f'ixed or portable support whereby a specific

message 1is conveyed by means of words or symbols, officially erected for

the purpose of regulating, warning, or guiding traffic.

Traveled Way — The portion of the roadway commonly used for the movement of vehicles.

Truck - A vehicle having dual tires on one or more axles, or having more than
two axles, designed for the transportation of cargo rather than passengers.
Includes tractor-trucks, trailers and semi-trailers when used in combination.

Excludes trucks described as passenger ¢ars.: Buses are ¢orisidered as trucks.




.7SECI‘ION' 2 - BASIC DESIGN POLICIES AND GEOMETRIC STANDARDS

2-100 General.

2-101 Objectives and Scope.

The objectives of this Section are to present policies, standards and
practices for the design of the physical characteristics’ of the road pertaining
to its use. These characteristics govern the level of service of the road,

capacity, speed and contribution to safety.

2-102 . Policy
| 2-102.1 Basic Design Objectives - It is the policy of Hu.rrboldt County

that roadway designs will satisfy the following basic criteria.

. The r'oadway‘ will be designed to move traffic efficiently and safely at
prescribed service leVels, consistent with the actual or expected use of the
roadway.‘ This means that the design will be based upon:

(1) Legal requirements,
(2) Sound ehgineer'ing principles and practices,
| (3) Traff‘ic safety ccnsiderations,
(4) Economy of Design and Maintenance, and
(5) Allowance for ;che special nature of Humboldt County
roads and traffic problems. |

2-102.2 Planning and Development of Programs and Pro,jécts - It is the

policy of Humboldt County that in the Planning and Development of. the County's
programs and projects the following questions shall be considered as guide-
lines for a continuous evaluation process as work progresses:

(1) What will be the environmental 1mpact of this action?

(2) What adverse environmental effects cannot be avolded if this

proposal is 'iﬁplcnentéd?
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(3) What mitigation measures can-be taken to. manimize the inpact°

(4) What are alternatlves to this actlon, includlng the p0831ble
alternative of no action?

(5) What is the relationship betmeen local short—ternxuses of man's
environment and the maintenance and enhancement of long-term
productivity?

(6) What are the irreversible environmental changes which will occur
if this proposal is implemented?

2-102.3 Scenic Values in Planning and Design - It is the policy of Hunboldt

County that scenic values be considered when planning and de31gning roadways; '
As an agreeable and natural roadside appearance is de31rable the destruc-
;tion of - valuable trees and growth should be avoided if suitable alternative'

locations are available at reasonable cost

" 2-102.4 Design Speed - It is the pollcy of Hurrboldt Couhty that deSJ.g;n

speeds shall be adequate for mobllity, yet generally remain consistent with
those existing on County roads. It is the de51re of the County to provide
safe and efficient roads, but not at the expense of solely designing high

speed roads.

2-102.5 Detour Roads - 1t is the policy of Hunboldt County that detour

roads may be built as needed to satisfy immediate or emergency needs only.

2-200 DesignAElements.

2—210 Prelinﬂnary DeSign Infonnation

The information which a roadway designer needs befbre he can prepare pre-

liminary design plans for 1nproving a road 1s

(l) Present traffic volume expressed as, average daily traffic (ADT),

(2) Present truck traffic volume cla581fied by number of axles,

o
o

(3) The percent of traffic moving in each dlrection,




(ﬁ)e Present and projected roadway type, use, and level of service
(See Section 70301), and |
(5) Projected traffic volumes for alternatlve de51gn periods
-For de31gns involving a totally new roadway, obviously, present statistics
are not available. In this case, the best estimate of future volumes 1is
reqdired. It is desirable to conduct an Origin and‘destination'anaiysis prior

to assigning traffic values to new roadway design.

2-211 Selection of Roadway Category.

Given the above preliminary design information, the designer's next step

 for a new road or an improvement would be to select the appropriate roadway

category which will best accommodate:

(1)‘v _Projected roadway use,

(2) Projected levels of service,

(3) .,Present roadway features, (if designing a roadway segment improvement),
(4) Future land development plans, and

(5) Other corrmunity needs.

Section 7-300 explains, in detail, the procedure for selecting a roadway

catetory. The selected category specifies the basic geometric features of the

new road or improvement.

2-212 Highway Capacity.

- The capacity of the roadway must be determined to assure the designer that
the roadway category he has' selected will in fact accommodate the traffic volumes
anticipated. =

As a general rule in rural areas, 900 passenger cars per hour is capacity,
and in urban areas, 1500 passenger cars per hour is considered capacity. If
the projected average daily traff‘lc is such that roadway capacity will be met |
or exceeded during the design period, the designer must consider additional lanes
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and a different roadway category.



The nunber of comnercial vehicles, lane width and lateral -clearance are
all factors which affect capacity If roadway capacity needs to be calculated
the publication "Highway Capacity Manual " dated 1965 and prepared jointly by
the U. S. Bureau of Public Roads and the Highway Research Board should be refer-

enced. It contains tables, etc., for calculating capacity.

2-213 Design Speed.

Design speed is a speed selected for design and correlation of the physical o
features of'a highway that influence vehicle operation. It 1is the maximum safe
speed that can be maintained over a specified section of highway when conditions
are such that the design features of the highway gpvern speed. Design speed
and posted speed limits are not necessarily the same.

2-213.1 Design Speed Standards - Design speeds as low as 10 miles per

hour may be considered for single access roads receiving only private use and
deSign'speeds of 65 or 70 may be considered for high volume arterials which
function as County "expressways."

The following table expresses allowable ranges of design speeds according
to_the(functional use of the road (see classification system definitions -

Section 7-300).

TABIE 2-213.1

DESIGN SPEED RANGES BY ROADWAY FUNCTION

Function Design Speed (mph)

Private Access 10 - 40
Public Access ,' 20 - 50
Collector ‘ 20 - 60
Arterial e . »30v— 70

40



2-213 2 Selection of Desigx Speed - The choice of desigm speed is con-

o ‘trolled principally by the following factors:
(1) Function, use and user of the road, )
(2) Character of terrain, land use, and population density,
(3) Traffic (volume and vehicle type),
(W) Roadway type (one, two, or multiple 1anes’),
(5) Level of access control, | '
(6) Widths and aligmments of lanes and existing bridges, and
(7) Economic and maintenance considerations.
Geometric design features such as vertical and horizontal aligment,
~ sight distances, and superelevation vary dir'ectly with design speed. These
relationships are based on proven engineering principles. At low design speeds,
features such as widths of traveled way and shoulders do not vary directly with
design speed. However, traveled way width and clearance to solid objects must
increase with higher speeds. ' ‘ ' |
. Since roads are to be designed to meet future traffic conditions, it is
important that the designer's assumptions regarding future traffic behavior :
are realistic. The desigxer should work closely with the County Planning Department
and Commission to obtain their estimates regarding growth and future roadway needs.
| The designer should not select a design speed which is inconsistent with
the basic topography of the area. In curving mountainous terrain, the driver
is more apt to understand and "accept" a low design speed than in an area where
there is no apparent reason for it. o
It is a common design practice to lay out the roadway alignment prirna.rily
.accordi-ng to the restrictions which the terrain presents. The design speed
which is indicated by this layout is then adopted. This method may be economi-
" cal and practical in some instances;‘ however, the resulting design speed may
not coincide with the desired design speed as determined from consideration of

the factors listed earlier in this section. C. 4l



It should be'remembered that the,primary objective is'to»provide roadway -
.service with re'asonab‘le mobility and comfort.without sacrificing‘ safety for.

users. For reasons of safety and economy, it may be desirable to design for
lower speeds than could readily be accommodated by the terrain. The balance
between safety and economy should constantly be considered by the designer.

- Early consideration must be given to the costs to.provide the type of road
indicated by a given design speed. Since design speed is the major controlling
factor for roadway design, slight increases in design speed will result in sig-

nificant cost increases.

2-214 De31gn Period.

v The design period is generally considered to be the de51gn life of the
roadway from a capa01ty standpoint. It 1is basic to the de51gner because the
design of the structural section is based upon the loading which the road is

._expected to support during the design period.

2-214.1 Design Period Standards - For County Arterials, design shall be

based on estimated traffic requirements 20 years after construction For all
other roads, 15, 10 or 5 year design periods may be used The Director of Public

WOrks' approval is required for five—year design projects.
2-214.2 Selecting the Design Period - It is difficult to progect County

traffic needs,vtherefore, latitude is desired for selecting the design period.
Factors to_consider when selecting the design period are: -
(1) Roadway classification;
(2) Traffic volumes, |
(3) Nature of traffic (percent and size on trucks),b
(4) Flood history of the road location,, _
‘ (5) Economics (construction and maintenance costs),
(6) Future development, _
(7) Logging cycle, and 42

(8) Relative geologic stability of location.




The Hunboldt Co ty roadway demgner must remerrber that the design period,
equivalent wheel load (EML) and traffic index (TI) concepts are based upon
~ an assumption that roads deteriorate primarily as a result of traffic -This
is generally true; however, roads 1n areas of heavy rainfall ano'l frequent flood-
ing often deteriorate as a result of the natural elements rather than traffic
wear. | |
Also to be remembered is that the naterials used to build or improve
County roads often times are not of the highest quality. This means that the con-
‘'structed road may not actually acconmodate the theoretical design year traffic
" volumes. When selecting a design period the designer must allow for the

factors mentioned on the previous page.

2—215 Design Designation.

'I‘he design designation is the expression of the basic design factors which

control the roadway design. Following is an exanple of this expression:

ADT (70) = 1800 ° D = 60%
ADT (90) = 5200 7 = B%
DHV = 600 | Vv = 50 mph
Roadway Ca'cegory (5) = Two lane wide traveled way.

~ The above is explained as follows: _

ADT (70) « « « « « & . . The average daily traffic, in number of vehicles,

| | for the current year.
CADT (90) . e e e e e The average daily traffic for the future year used
| as a target in design. |

"DHV & v ¢ 0 0o e .. . . The two-way desigl hourly volume, vehicles

D v vv e e e e . . . The percentage of the DHV in the direction of

heavier flow. ‘
T'oe v o o o o o o o o o The character of the traffic. This is expressed by

the truck increment (T) as a percent of the DHV.

4G
&
W



V . .‘ e .‘ ...... The design speed in miles .per'v hour. |
Roa'.dway-CategofyA (5) . . The category or pasic type of road to be designed
| ~ according to the County's madﬁay .classification
system. M '
Within a project, one design designaticn shall be used except when:
(a) The design hourly traffic warrants a change in the number of
1anes, or |

(b) A decided change in topography dictates a change in design speed.

2-300 Geometric Design Elements.

2-310 Topographic Elements.

2-311 Sight Distance.

Sight distance is the continuous length of highway ahead visible to the

driver. In design, two sight distances are considered: passing sight distance

“and stopping sight dlstance (see Sectlon 1-602 for definitions).

Passing sight distance is considered only on two-lane roads. Passing

sight distance is not as critical as stopping sight distance for low volume

| roa.ds since the incidence of passing is relatively infrequent. Also, the high

number of curves characteristic of many County roads makes the cost of pro-

viding minimum passing sight distance prohibitive in many cases. By providing

" turnouts, passing may be accomplished with little inconvenience.

| - 2-311.1 Sight Distance Standards - The following table shows the stand—

~ards for passing and stopping sight distance related to design speed. ‘These

are the minimm values to be used in design.
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TABLE 2-311.1
SIGHT DISTANCE STANDARDS

Design Speed © Minimum Sight Distance
(miles per hour)
: ¥ Stopping (feet) Rk Passing (feet)

10 125 - -
20 . 150 -
v30 . ' 200 - 1100
4o | 275 . | 1500
50 350 , : 1800
60 525 ' 2100
65 | - 600 2300
70 ‘ 750 2500

* Applicable for all roads - assumed that driver's eyes are -
'3.75 feet above the pavement and object is 0.5 foot high on
v the road. v
*% Assumed that driver's eyes are 3.75 feet above the pavement and
object is 4.0 feet high on the road - applicable to two-lane
roads. .

e

The stopping sight distances in Teble 2-311.1 shall be increased by 18

percent on a sustained grade steeper than 3 percent and longef than‘l mile.

5_311.2 Stopping Sight Distance Standards at Grade Crests _ Figure 2-311.2

gives the length of vér’cical curve required to obtain stopping sight distance

for a given design speed when the algebraic difference in grades is known.

2—311.3 Stopping Sight Distance Standards at Grade Sags - From the curves .
in Figure 2-311.3, the length of vertical curve which provides headlight sight
distance in grade sags for a glven design speed is obtained if the algebraic

difference in grade rates is known.



Figure 2-311.2
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Note: Taken from California State Design Manual (Figure 7-201.4)




Figure £-311.3 |
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2.311.4 Stopping Sight Distance Standards on Horizorital Curves - Where

‘ an obJect off the pavement such as a bridge pier, bullding, cut slope, or
natural growth restricts sight distance, the minimum radius of curvature is
determined by the stopping sight distance.

Stopping sight distance standards on horizontal curves are obtained from
Figure'2-311.u. It is assumed that the driver's eyes are 3.75 feet above the
center of the inside lane (inside with respect to curve) and the object is 0.50
foot high. The line of sight. is assumed to intercept the view obstruction at
the mldpoint of the sight 11ne and 2 feet above the center of the inside lane.
The clear distance (m) is measured from the center of the inside lane to the
obstr'uctlon

The general problem is to determine the clear distance from centerline of
inside lane to a retaining wall, bridge pier, abutment, cut slope, or other

.1 obstruction for a gi\ien design speed. Using radius of curvature and sight
distanee for the design speed, Figure 2-311.4 gives the clear distance (m)

fr'om centerline of inside lane to the obstruction.
o When the design speed and the clear distance to a fixed obstruction are
known, this Figure also gives the required minimum radius whlch satisfies these

conditions.

2-311.5 Passing Sight Distance Standards on Crest Vertical Curves -

Figure 2-311.5 gives the length of vertical curve r'equired to obtain passing
' Sight distanee for a given design speed When the algebraic difference in grades-

is known.

2-312 Superelevation.

Accord_lng to the laws of mechanics, a vehlcle traveling on a curve exerts

. an outward force called centrifugal-force. Standard superelevatlon rates are

| designed to hold the portion of the centrifugal force that must be taken up by .
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Figure 2-311.5
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~ tire frictio'n within allowable limits.  The limiting safe friction factors
related to speed have been found to be as shown in Figure 2-314.1. '
- 2-312 1 Superelevation Standards For rural hig;h speed roadways super-

elevation will not be more than 0.125 foot per foot. fIhe naxirmm rate for low

speed low volume roads will be 0.06 foot per foot.

Departures from these values may- be ,justified under special conditions such

as an increase in superelevation rate on a short radius curve in order to maintain

, design'speed or because of the composition of the surface ;. 1.e., gravel, but in no
case shall the rate exceed the maxirmm of 0. 125 foot per foot.

On two-lane roads, it is not advisable to use different superelevation
_lepes for each half of the roadbed except for design speeds of 30 miles per
hour or iess when truck traffic is relatively heavy. On grades where tmchs
cannot maintain the posted speed, it is undesirable to design a maximum super-
elevation rate. |

2-312.2 Relation of Superelevation to Safe Speeds on Curves - Safe speeds

‘for various combinations of curvature and superelevation are obtained directly

from Figure 2-314.1. |
2-312.3 Snow and Ice Conditions - In some locations, usually ‘above 1500

feet elevation, where snow and ice conditions prevail, it may be necessary to.
reduce the maximum superelevation to 0.08 foot per foot. Reduction of the
standard .superele'vation rates on curves which require 0.08 foot per foot\, or
-'less is not acceptable Where snow and ice conditions prevail and on uphill'

truck lanes, the superelevation will be reduced to maximum 0.08 foot per foot.

- 2-312.4 Urban Street Conditions - Superelevation should be avoided entirely in urban

sections where restricted speed zone or street intersections are controlling factors.
In addition, established street grades, curbs, or drainage may pro\}e difficult to

alter. Such conditions may warrant, for example, a reduction in the superelevation
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rate, diff‘erent rates for each half of the roadbed or both. In warping street.
areas for d.rainage, adverse superelevation should be avoided. (See .Figure 2-314.1)

2—312 5  Axis of Rotation - For und1v1ded highways the axis of rotation

for superelevation is usually the centerline of the roadbed However, in special
cases where curves are preceded by long relatively level tangents, the plane of
snperelevation may be rotated about the inside edge of the pavement to improve
perception of the curve. In flat country, drainage pockets caused by super-
elevation may be avoided by changing the axis of rotation from the centerline
to the inside edge of the pavement

'I‘he selection of the axis of rotation should always be considered in con-
junction with the design of the profile and superelevation transition.

2-312 6 Superelevation Transition - 'I'ne superelevation transition generally

consists of the superelevation run-off (length of roadway needed to accomplish
the change in cross slope from a horizonta.l line to a fully superelevated section
or vice versa), the crown run—of.'f, and the remaining 50 feet of the vertical
‘curve as shown in Figure 2-312.6. |

A superelevation transition should be designed primarily to satisfy the
mquirements of safety. Comfort and appearance should also be considered.
The length of supereleva,tion’ transition shall be based upon the corrbination of the'
maximum superelevation rate and the design speed of the curve. - |

2—312 T. Superelevation 'I‘ransition Standards - Superelevation transition

standards are shown on Table 2-312.7.
2—312 8 Superelevation of Compound Curves - Superelevation of compound

" curves shall follow the procedure as indicated in the State Design Manual.

(L
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SUPEREIEVATION RUNOFF- FOR TWO-LANE PAVEMENTS -

TABLE 2-312.7

MINIMUM LENGTH STANDARDS FOR

L - Length of Runoff in Feet

Superelevation
Rate "s" Design Speed, MPH of':
Foot/Foot E — _
. 20 30 40 50 60
.02 50 | 100 125 | 150 175
.ol 50 100 | 125 | 150 175
' ..06_ 50 110 125 150 175
.08 50 145 - 170 190 215
.10 50 180 | 210 240 270
.12 50 215 250 290 325




2-313 Tra‘veled way C'rown

_  The crown or center of a two-lane roadway is designed to be higher than .
~the edges of the roadway in order that water will drain off of the r'oad into the
drainage system On surfaced roads (Asphalt Concrete or Seal Coat) proper CIrowns
may be specified however, construction practices and technology do not always
-guarantee adequate crown. The tendency to drive in the center of the road may
’cause' "compacting” 'of crowns on roads. On unsurfaced roads, maintenance practices
_such as grading also contribute to the destruction of the crown.

It 1is difficult to retain a proper crown on an unsurfaced road because in
~many cases the "surface" material is of poor. quality, therefore proper grading
may not be sufficient to hold the crown. Secondly, the tendency is for drivers
to drive near the center of the road (especially on low-volume roads) and as a
result, ‘a properly constructed crown will be conpacted to a point where little
or no crown remains. _ |

Because of the quantity of rainfall whichv the County receives, improper
érowns result in improper drainage, which may result in:

~ Rapid road deterioration,

- Ponding of water, and

- Slippery surface and hydroplaning

. Where the roadway width is narrow, such as on one-lane roads, a one-way
slope 1is advised. rather than a crown. One-way slopes normally should have the
_1ow side 1ocated on the uphill side of the road.

2—313 1 Cross Slope Standards - Cross slopes will be four percent (ll%) on

. non-surfaced County roads. A two percent (2%) slope will only be acceptable if
the surface material is high quality Asphalt Concrete and construction equipment

is such that no less than a two percent (2%) slope is consistently achieved.



2—3114 Horizontal Alignment

. Horizontal alignment should provide for safe and continuous operation at

a uniform design speed for substantial. lengths of roadway The standards which

follow apply to curvature on both two-lane and mlti—-lane highways except when
otherwise noted. _

- The ne,jor considerations in ’horizontall alignment desigi are: safety,
grade profile, type' of facility, design.speed, topogr'aphy; construction |
and nm'_ntenance cost. Topog;raphy controls both ourve radius and design speed |
to'a lerge extent. The design speed, in tum, ‘controls sight distance, but
.sight distance ‘must be considered concurrently with topography because it often
demands a larger radius than the design speed.

2-314.1 Standards for Curvature Aliglment -~ Following is a Table which

gives the minimum radius of curve for specific doesign speeds. This Table is
.based upon speed alonej it ig;nores the sight distance factor. o
Horizontal aligment mist afford at least the minimum stopping sight
distance for the design speed at all points on the highway, as given in Table
~2-311.1. | '

Curve widening shall be considered on low radius curves in order to com-

pensate for off trackmg: characteristics of trucks and trailers.
TABLE 2-314.1

STANDARDS FOR CURVE RADIUS

(Mites for Hour) e (Resty
20 | 120°
30 | 300
. 40 | 550
50 | 850
60 1150
70 . 1800




'Ihe safe speed for a particular curve is controlled by the radius ‘and the
. superelevation Safe ~Speeds - for various corrbinations of radius and supereleva— ,
tion. are given in Figure 2-3111.1. In design, this chart is used togéther with '

gure 2-311.4 to provide a safe curve.

2_311; 2 Compound Curves - Compound curves should be avoided, however, when

required the shorter radius should be at least two—-thirds the longer radius when
: the shorter radius is 1000 feet or less. 'I'he total arc length of a compound

curve should be not less than 500 feet.
2—31‘4 3 Reversmg Curves — Reversing curves w1thout an intervening tangent' '

may be permitted Severe physical restrictions may dictate the use of curves in

opposite directions with a short mtervening tangent _
2—314 Y Aligrment at Bridges - Curves beginm.ng or ending near a bridge

should be so placed that no part of the superelevation tranSition extends onto
the bridge Conpound and/or reversing curves on a bridge are undesirable. If
curvature is unavoidable, the bridge should be entirely on a sinple curve as

f.jlat. -as p,hysical conditions permit.

' 2-315 Gradient (Grade) .

, ‘The grade line is a reference line by which the elevation of the pavement
’and other features of the hlghway are established. It is controlled mainly -
by topography, by the type of highway, horizontal _alignment; safety, sight
distance, construction costs, drainage, and ma.intenance. The perforrrence of

| heavy vehicles on a grade also must be considered.

All portions of the grade line must meet s1ght distance requirements for

the design speed classification of the road.
2-315. 1 Grade Standards The naximum grade rate will be 12 percent. The

minimum will be 0.5 percent in snow country and 0.12 percent at other locations.

Except for conventional highways in areas subject to urbanization, a level grade
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line ié permissib1e inv1eve1 terrain where fills are shallow enough to call for
side slopes of 4:1 or flatter and the dike is omitted.
Ibble 2-315.1 contains the maximum recommended grades fbr various types

of terrain and differing design speeds.

 VAYIMEM GRADES
- (Percentage) |

: Design Speed (MPH)
-Type of Terrain o o ,
| 20 30 bo | 50 | 60

| Flat il 7| 1| 6] 5
Rolling 10 9 , g8 | 7 6
Mountainous 12 | 10 10 9

- Note: For hlghways ‘with ADTs below 250 grades of
: relatively short lengths may be 1ncreased to
150 percent of the value shown.

2-315 2 Critlcal Length of Grades.
Figure 2-315.2 gives the critical 1ength of grade tangent related to

percent}upgrade and»speed reduction. for ordlnary design purposes, a 15
mile per hour speed reductioh curve will be uséd. '

2-315.3 Grade Line at Structures - (See State Design Manual).
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Figure 2-315.2 .
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2-316 Vertlcal Curves

Properly designed vertical curves should provide adequa‘ce 31ght distance,
comf‘ortable driving, good drainage, and pleasing appearance -
2—316 1 Vertical Curve Standards - A parabolic vertical curve is used.

Figur'e 2—316 1 glves all necessary ‘mathematical relations for computing a verti-

cal curve, elther at crests or sags. In lieu of the method shown, the rate of

'change of grade per station may be used in computations.
For design speeds of 40 miles per hour. or more, the minimum length of

verti_cal curve normally shall be llOO feet. For 30 miles per hour design
speed, it should be 200 feet whenever feasible. As flat vertical curves may
develop poor drainage at the level section, this difficulty may be overcome

by a sl_.'ight -gutter grade adjustment or by shortening the vertical curve.

 FIGURE 2-316.1 - VERTICAL CURVES
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s Slepe of the lﬁnl to the curve et eny point — percent.
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s
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2-320 Geometric Cross Section Elements.

2-321 Roadway _Geometrics. ‘I‘here are three basic elements of' roadway desigl

cross section geometrics:

(Al)’ Traveled Way,

(2) Shoulder, and

(3) Roadbed. | » A

Traveled way Width is the roadway area utilized by moving vehicles if
surfa’ced or, if the road is unSﬁrfaced it is that area that is maintained
expressly for the use of moving vehicles. |

Shoulder width is measured from the edge of traveled way to elther the
| inner edge of the gutter or to the ditch, berm or curb. Roadbed width is
measuréd from cut and/or fill hinge point to hinge point. The following
diagram illustrates the limits of each cross section dimension as defined above,
.)lus right of way which is ciiscussed in Section 2-322. |



2—-321 1 Cross Section Standards - Minimum and maJdmum Cross section

| standards for the various roadway categories shall be as shown on Table 2—321 1.

 TARIE 2-321.1

ROADWAY CROSS SECTION STANDARDS

. Roadway Category Traveled Way Shoulder ' Roadbed ¥¥* |
No. . Descrlptlon Width (Feet) width (Feet‘) Width (Feet)
1 Single Lane - Narrow | 10 - 12
|2 Strgle Lane-Turmouts | =~ 10-12 | =0- 12-16
3 Single Lane - Wide 6 | -0- © 18-20
4 Two Lane - Narrow | 1820 y B 22-30
5 ‘Two Lane - Wide o 48 32-40
6 'IWo'Lanev— Wide _ o
: (Roadway Parking) | - 24 8 40-60
7 Multiple Lanes **¥ 12" Lanes | See State Manual

& When required. Shoulders should be provided when a transitional area 1is
required between the surface and the natural ground level as a safe
place of refuge. for the vehicle operator during a traffic emergency.
Also, when lateral support above that provided by the ba.se is required
- shoulders may be needed.

~

# Surface width if paved.

#% Roadbed includes, improved shoulder, unimproved shoulder, backup, walkways,
~ slide bench, berm or dike, and ditch or gutter (hinge point to hinge '
point)

%% Turning lanes w111 be 12 feet For 4 or more lane highways, see State |
-Design Manual. -

2—321.2" Constant Cross Section - A,oonstant cross slection' need not be
nladntajned for the full length of the road or the road segment. However, when
varying roadway widths are considered, the effect upon safety must be evaluated.
Traffic control devices, warning signs, etc., should be utilized when constant

cross sections are not maintained.



. 2—321 3 'mmouts ~ Turnouts will be desigmed to be long enough to accam-
modate ‘the largest lega.l vehicle and wide enough to eliminate potentially |
dangerous conflicts at the roads design speed. - The tapered section,' at both

ehds of the turnout will be designed to allow safe transition from the traveled

way onto the turnout section

Turnouts should be located on curves where conflicting vehicles have
difficulty 'backing to the nearest widened section and other areas where sight
~ is restricted The distance between turnouts on low-volume roads (less than

100 ADT) is relatively uninportant provided they are intervisible.

- TABLE 2-321.3
TURNOUT STANDARDS

® | Design Element |  Standard |
| Length- | 80 Feet (Plus Length for Tapers)
Width 10 Feet
s ~ Distance Bett_:een 1000 Feet (Maximum)
Desired Location| At Curves |

Note: See Section T, Roadway Category 2 for other
standards for turnout roads. _

2—322 Roadside Geometrics.

2—322 1 Right of Wa}g The procurement of rights of way to such widths as

will accommodate the proposed construction, adequate drainage and proper mainten-
. ance of a roadway is a most important part of the overall design. Adequate
rights-of‘-way permit the construction of desired slopes resu.lting in more safety

‘ for the motorist and economical maintenance.




' 2—322 2 Right Of Way Width Standard The California Streets and High—

) ways Codes speciiy that new roads will not be designed or built with less than

a l40—f‘oot right of way. ‘Ihe width of right of way depends on. \ the cross section _
' elements of the roadway topography, geolow, and other physical controls
together with economic c'onsiderations Generallv, the right of way should extend
a minimum of 10 feet be&ond the slope catch point in rural areas, or to the back
of the walkway inurbanareas In developed areas, it may be more feasible to
~ limit the right of way width to a practical minimm and secure ‘constructio'n
easements ' o '

© 2-322.3 Shoulder Slope Standard.

In a normal crown section, shoulders 6 feet or more in width should slope
onab: percent grade away from the traveled way . On high speed roadways the
slope should be identical to the superelevation rate. Higher or lower slope
‘rates nay be considered when shoulders are less than 6 feet wide to accomodate

'dra:i.nage or maintenance re.quirements.

2-322 4 Dikes Standards

Dikes are to be used to confine drainage only where it is necessary to
protect side slopes suscepti‘ble'_ to erosion. Dikes on the high side may be
used for protecting the slope in unstable areas. |

A high dike is approximately O 5 foot high and is nade of compressed
'asphalt concrete. On fills, dikes are desired when the side slopes are

steeper than U4:1 to control slope erosion.

2-322 5 Side Ditch Standards.

Side ditches are corrmonly used on ‘the high side of a. superelevated curve
or where local drainage conditions require their‘use. ' For maintenance purposes:,
the slope from the edge of the shoulder to the bottom of the ditch should not

be steeper than 3:1, nor over l-foct ‘deép ‘at & ‘slope steeper than 6:1.
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2-322 6 Side Slope Standards

: . ' Side slopes should be designed for f‘unctional effectiveness and ease of
maintenance. A desirable minirmm for cut slopes is 1: l however, the geological
composition should be considered. Extensive variations f‘rom existing slope

~ rates should be allowed only after geological investigation and analysis. Fill
slopes should be 1-1/2:1 or flatter. Flatter slopes are: desirable in areas of
instability, on high speed roadways, and for low fills in flat country where
excavation quantities are in excess. Consideration should be given to general

‘ maintenance practices; and in snowfall .areas to Snow removal and snow storage

problems..

2-322 7 Slope Benich and Cut Widening Standards.

The necessity for benches, their width and vertical spacing shall be
established only after an adequate materials investigation. Benches should be
‘at least 20 feet wide and sloped to form a valley at least .1-foot deep with the
low point a minimum of 5 feet from the toe of the upper slope. Outsloping should
be considered where benches are needed. They can simplify drainage and ma.inten—
V ance providing erosion does not become the controlling factor. Consideration
should be given to utilization of techniques to reduce erosion problems and to

encourage rapid vegetation growth on cut slopes (i.e., serrated slopes)

2-330 Clearance Standards.

»2—331 Horizontal Clea.rances to Plers, Abutments and Retaining Walls.

The horizontal clearance to bridge piers, abutments and retaining walls
shall be determined upon the basis of engineering Judgment with the objective
of elinrlnating fixed. objects from near the edg_e of shoulder wherever economi-
cally feasible. A horizontal clearance of 30 feet or more ‘from the edge of the

‘traveled way is desired. Lesser clearances may be used where span length,

median width or other controls make the desired clearance unre.asonable.
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‘2—332 Horizontal Clearances to Obstructions

On a road with an ADI‘ of 750 or more, and with a design speed of 50 miles
per hour, or greater,- a clear roddside area should be provided 10 feet or more
outside the shoulder. Where the design speed is less than 50 miles per hour,
or ADT is less than 750, -a clear yroadside area should ‘be provided 10 feet or .
mor-e from _the ;edge‘ of the through traffic lane. (Applicable to objects such as
sighs,' trees, etc.)

2-333 Vertical Clearances.

'Ihe minimum vertical clearance will be 16 feet at all points on the surface’

of' the roadway

-_’2-33u Clearance Standards From Slope to Right of Way Line.

'Ihe minimum clearance from the right of way line to the catch point of a
major cut or fill slope will be a minimzm of 10 feet for all types of cross
sections There may be exceptions such as more clearance for drainage or less

. clearance due to building lines

2-340 Intersections at Grade. |
‘Most roadways interSect at grade. The intersection area is an integral part
/of each roadway. - In varying degrees, four ‘principle factors detemine the charac-
ter of an intersection. These factors are traffic, physical, econcmic and human
Traffic factors to be considered include: possible and practical capac‘ities,
turning movements, size and operating characterdistics of vehicles, control of |
movements at points of intersection, vehicle speeds, pedestrian movements , transit
operations and accident experience
Physical factors which control intersection design and the application of
charmelization are topOgraphy,-' fmprovements and physical requirements for highway
and channelization features. e ' | o '
" Economic factors, which are impor"tant and often controlling, include the
cost }of the improvement and the economic effect oh abutting Businesses where
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‘channelization restricts or prohibits certain vehicular mveme'nts within the
intersectional area.: | | |
Human factors such as driving habits, ability of drivers to make decisions,
_ef‘fect of surprise, decision and reaction times, and natural paths of movement

must be considered

2731{1 Corner Sight Distance Standards - 'I'ne mininvm corner sight dis-

tan,ce’ at intersections will be 100 feet for every 10 mlles of design speed
(30 miles per hour design speed = 300 feet sight distance). The alignment
design snould be adjusted so as to avoid an arigle of intersection of less than
U5 degrees in rural areas and 60 degrees in urban areas. |

2—3'—12 Intersection Design Procedures - Intersection design procedures,

cha.rmelizatiOn design standards and typical intersection designs are located in
Section 7—1100‘ of the State Design Manual. Chamnelization and intersection

._d_esign shall be coordinated with the Traffic Section.

2-350 Traffic Interchanges.
A traffic interchange is a conbination of ramps, grade ramps and grade
| _separaéions at the junction of two or more roadways for the purpose of reducing
or eliminating traffic conflicts Safety vand traffic capacity are increased by
' the provision of a traffic 1nterchange Crossing conflicts are eliminated by
grade separations. ‘I‘urrﬂng conflicts are either eliminated or minimized
depending upon the type of interchange design.

The selection of an interchange type and its design are influenced by many
f‘actors including the following: the speed , volume, traffic movement and com-
position of traffic to be served, the number of intersecting legs, the standards
_and arrangemént of‘ the local street system including tra.f‘fic control devices,

‘opography, right of way controls, local planning, proximity of adjacent inter-

changes, community impact consideration an.d. cost.



Interchange types are characterized by the basic shapes of ramps ,
v_ namely diamond loop, _directional or: variations of these types. Many inter-
change designs are conbinations of these basic types They ‘are. classified as
(a) local street, interchange_s_ and ,(b) freeway-to-freeway interchanges (or
expressway—to—-expressway) | |

Where traffic interchanges are: considered, channelization or turn pockets
‘should" be also considered as perhaps more practical or economical solutions.

- 2-351 Desigm Standards and Procedures - Procedures for the determination’

of interchange type, interchange design standards, typical illustrative designs
ard detailed design procedures can be f'ound in Section 7—500 of the State Design

2-360 Nhintenance Considerations

Throughout the Manual occasional ‘direct and indirect references are made
to roadway maintenance considerations In order to assist the desig)er in his
. efforts to design a road or roadway improvement which will be efficiently and
economically maintainable, conditions are listed on Table 2-360 which will
“remind him of maintenance ‘problems that can result from improper design and/or
construction practices These conditions should be reviewed periodically
throughout the design proJect as a means of promoting awareness of the :\mpor'tance

~of roadway maintenance.
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me 2360

" HOADWAY CONDITIONS WHICH CAN RESULT FROM UNDESIRABLE
- " DESIGN OR CONSTRUCTION PRACTICES - 4

COrxiit_ions

| Drainage structures too large or too small.

Right of way too narrow.

Tnadequate shoulder width (surfaced roads). -
- Improper surface type for traffic volume and base thiclmess.

Inadequate materials (quality).

“Crossdrain too flat.
‘Berms improperly located.

Utilities improperly installed. - :
Inadequate structural section (depth)
Design speed too high for surface type.
Deep cut, not benched. '
Inadequate head room (drainage structures).
Curves too sharp.

” - Tmproper type of drop inlet (DI).
- Inadequate crown. :

Traveled way too narrow for equipment.
Improper placement of drop inlet (DI).
Cut slopes too steep.

Gutters too flat. -

" No downdrains (where-,rxeceséar'y).'
“Outlet channels inadequate.

Superelevation rate too steep or ‘too flat.

Gutters too narrow. and too steep. '

Cut slopes too flat.

Downdrain too short. :

Crossdrains placed too shallow.

Crossdrains placed too deep.

Crossdrain too steep. _

Grade too flat (poor drainage).

Grade too steep (materials loss). _ )
Roadway elevation too low (drainage problem). -
Frequent grade changes (many rolling hills or vertical curves).
Traveled way too wide. 3 v
Berms made of improper material. :

- Roadway elevation too high.

Improper placement of curves.

Right of way too wide. ‘ '
Improper location or connection to County roads.
Inadequate entrance to drop inlet or culvert.
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. SECTION 3 - STRUCTURAL DESIGN

3-100 General. o g - S
. Structural design of the roadbed is conicerned with the determination of
the Optimum_ combination of pavement and/or underlying layers for each unique
set of road conditions or requirements. The optinmin design is the combination
| that is estimated to give the fnos't economical service consistant with traffic
requirements (actuél or projected). "Most economical service" is defined as
‘the lowest eost per mile per year for initial construction eiqd maintenance of
| a road which provides the desired service. |
‘The goal in structural design is the selection of the most suitable avail-
able materials and combining them in such a marner that the most benef‘it will
be derived from the inherent qualities of each material. In establishing the
depth of each_.._layer,ﬂ_ the objective is to provide a minimum thickness of overly-
ing material that will reduce _the unit stress on the next lower layer commen-
surate with the load carrying capacity of‘ the material within that layer.
A1 roads unlees posted with load limits, slnall be designed to carry'
legal loads. The posting of certain County roads to lower than legal loads

may be considered In con,junction with the permit system, lighter sections
| could be used on residential streets if trucks are prohibited '
'The maxinum design period for structural sections shall be 20 years. The
' .designing of structural sections for less than 20 years is desirable in many
‘ins.tances. For examble, structure$ to support temporary logging activitie_s,
roads in high flood risk areas, and lightly traveled roadways may be ciesigried
‘for less than 20 years. The minimum desigl period shall be five years. |

. The design of the roadbed structurel section is not an- exact :science.' The
many variables to be correlated make 1t impossible to reduce the total problem

to exact mathematics. Present practice, some of which' is discus,sed herein;
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| -stems from enpirical relatlonships developed from test track and other pave-
ment experiments as well as the observation of pavements under actual serv1ce.
| Continual research is under way on this subject, and present d951gn methods
nay.be.subject to periodic modi fication. Extensive use of -the CoUnty's labor—-
atory testing facilities is encouraged to take advantage of recent technological
advances '

vHumboldt County,'along'with other counties in the northwestern United
States, -has a particularly acute problem with regard to structural design in
‘ that.satisfactory native materials for optimum roadway construction are in
short suppiy. .The acute drainage problem in the County also contributes to the
' struotural design problem. High volumes of water rushing over or under low
quality building materials at high velocities results in frequent washouts and
major danage Since the costvof importing high quality aggregates is high, extra
care must be taken by the designer (with help from the laboratory) to specify
‘the best combination of imported or local materials or material treatnent‘pro—
cesses to satisfy structural needs and provide maximum economy of construction

. and mairitenance.
7

3-101 ObJective and Scope.

The objective of this Section is to present policies, technical data and
practices for the design of the structural section of the roadway. In struc-
turai.design,fit is impractical to restrict engineering alternatives with'too
many~inf1exib1e standards. Therefore 1nformatlon contalned herein is to be
interpretedAmore as "guideline" in nature Basic concepts, factors involved

in structural design, types of structural sections and notes on desirable

practices are all 1ncluded in this Section ’



| 3-102 Policy. ' _
| 3-102 1 Design Life - It 1s the policy of Humboldt County to consider
.the advantages of design life (20, 15, 10, or 5 years),. taking into consider-
”ation the variables of geology, functional classification criteria and

maintenance requirements and capabilities

- 3-102. 2 Materials - It is the policy . of Humboldt County that all designs

for new roads or improvements to existing roads will specify materials require-
_ ments (quality and quantity) based upon a materials report from the County
| laboratory Any planned dev1ations from these material spe01f1cations must

be approved by the Director of Public Works.
3-102.3 Surface Types - It 1s the policy of Hunboldt County that County

Arterials (County. Classification System) will be designed to have an Asphalt
Concrete (A.C.) surface. 'Fbr all other classification of roads, the surface
type will depend upon traffic volumes, topography, economic and other consider-
_/ations. Seal Coat applications will be applied only to structural sections

designed to support the designed volumes and composition.

3—110 General Surface Types

Bituminous mix pavements, penetration treated earth or untreated gravel
and unsurfaced graded sections are the three types of traveled way surface
used by the County. Portland Cement concrete will not be used primarily because

of a lack of adequate soil stability and its high initial cost.

3—lll Selecting Type of Surface.

The selection of the appropriate surface type when de31gn1ng a new roadway

or an improvement should be based upon consideration of the following factors:
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(i)' Type, quality and qmtity of basement, and subbase m’ater'ials,

‘ (2) Existing surface (if an improvement), ‘

(3) Roadway classification (County System),

(4) Traffic volumes, | -

(5) Cost of construction and maintenance,

(6) Type of traffic (automobiles' versus heavy trucks), and

(7) Geologicel conditions. |

Table 3-111A shows constr-uotion costs for various‘. widths and thicknesses
of es.phalt concrete and double seal coat surfaces. Table 3-111B is a cost
index Whicr'i expresses the relative costs as measured against a surface 0.15
foot thick and 24 feet w1de Table 3-111C expresses the relative a\ferage
annual ‘costs (in the form of index values) to build and mlntain various widths
of road with different types of surfacing. Relative surface maintenance costs
.for different surface typ_esband widths are also expressed as index _values as
‘ part of Table 3-111C. | |

‘ Decisions regarding whlch type of surface to provide should be supported
- by an analy51s of the relative costs involved, using the above-referenced Tables
and other relevant cost data. The basic assumptions made while developing
. these costs, must be clearly understood before they are appli_ed. The'se assump-
tions are included as Figure 3-111D.
The cost tables will be revised periodically to reflect current costs. '
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‘Teble 3-111A

HOMBCLDT CCUNTY

Construction Cost Comparisons/mile

Asphalt
g B v Aéphalt Concrcﬁe* o
wideh - ’ " Thiciaess (£t.) ‘ o " Double
i (ft.) 0.1 0.15 = = 0.3 0.5 1.0 Seal Coat
10  $6,100 §$9,300 $14,600 § 24,300 $ 48,500 7,800
12 7,30 11,100 17,600 29,200 58,200 9,300
1% 8,600 12,900 21,000 34,100 68,100 11,400
16 9,800 | 14,800 23,500 33,9001 77,800 12,900
18 11,100 13,300 26,400 43,800 87,500 14,250
20 12,300 14,700 29,300 48,600 97,200 15,700
22 13,50 16,200 32,200 53,500 106,900 17,150
24 14,800 17,700 35,200 58,400 116,600 19,300
28 13,900 20,700 41,000 68,200 136,000 22,100
30 14,800 22,200 43,900 - 73,000 145,700 23,550
32 15,900 23,700 46,900 78,000 155,400 25,700
40 19,800 30,660 | 58,500 97,400 194,200 31,350;'
42 20,800 '30,900 61,600 102,300  204,100 33,500

*Includes Prime Coat Costs

(1970~71)



" Comparative

. | Cost Index N nwr.u
- Asphalt (1.0=24 ft. x 0.15 ft.)

Width _  Thickmess (ft.) _  pouble seal
(ft.) 0.1 015 0.3 0.5 1.0 Coat-No Prime -
10 0.3 0.5 0.85 1.4 2.7 0.4

12 0.4 06 10 1.65 2.75 oS

14 e 05 . L2 | 19 ~3.85 | 0.6

16 | 0.55 0.85 135 2.2 44 0.7

18 0.6 0.8 1.5 2.5 49 | 0.75
20 | 0.7 0.85  1.65 2.5 5.5 - 0.8

22 0.8 0.9 1.8 3.0 6.0 0.9

24 085 1.0 2.0 3.3 6.6 1.0

28 0.8 1.2 2.3 3.8 7.1 . 1.15

30. ' 0.85 1.3 2.5 4 8.2 a2

2 0.9 13 2,65 4.4 8.75 1.4 m_

40 1.1 BT S 3.3 | | u,u, 9.85 1.6 N

2 12 115  u.m_ | 5.8 1.5 1.8 Z
Numbers rounded to 0.05 | o . . N ., (1970-71)

—.
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“Table 3-111C

' H(W\'!'IOUSE'IHESERVICELIFEN\TD
SURFAcEmmrENANCECOSTINDEms -

Semce Life Index - The purpose of this index is to relate the apprbpriate

costs to construct and maintain various widths and types of roads over

the expected life of the road. For exanple, if yod wish to campare the-

long term costs of a road with a 24-foot roadbed and a 20-foot wide

‘asphalt concrete surface with a road having a 26-foot roadbed with a 22-

foot seal coat surface, you may use either of two indexes. The first

1ndex has a base number (1.00) corresponding to the highest surface type
_ (asphalt concrete) and the widest road depicted in the index (32-foot

roadbed- 24-foot surface). The second index has a base (1.00) which
corresponds to the lowest type. of surface (gfravel or native earth). and the
narrbwest roed used for the index (12-foot roadbed - 10-foot surface).
‘Using thehlgh type road as a base, Road 1 in our example (24-foot
roadbed - 20-foot A.C. surface) has an index value of 0.80. Road 2
/(26—foot roadbed - 22-foot seal coat surface) has an index value of 1.50.
Depending upon how you wish to express this relationship, you may use
either number as a base for relatincj the costs of the two road_s (i.e.,

Road 1 is 53 percent of Road 2, or Road 2 is 188 percent of the cost of

~Road 1, etc.). oryoumayrelatebothtotheindexbaseroad. This rela-

tionship may be expressed as follows

Road 1 will cost approximately 80 percent of the oost of the :Lndex
base road (32-foot roadbed - 24-foot A.C. surface) over the expected
life of the road and Road 2 will cost approximately 150 percent of

the index base road. The same type of relationships may be expressed ‘

using the low road type base. Using this index you can not relate

maintenance or construction costs independently.
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Table 3-111C

Surface Malntenance Cost Index - The purpose of this index is to relate the,

approximate costs to maintain the surface of various road surface types and

roadbed widths. For example, if you wish to ccmpare surface maintenance
costs for a seal coat road 20 feet w1de versus an asphalt concrete road 20
feet wide, having traffic volumes of about 400 veh._icles per day, you would
locate the index values from the a.ppropriate index (one slr;cws costs for

100 cr fewer Vehicles per day and the other for 400 vehicles per day) .

In this case, the seal coat index value for 400 vehicles per day is 2.05
endthe value for asphalt concrete is 1.00. This means that the approximate
average surface maintenance costs for the seal coat road are 205 percent |
" (or about double) of the costs for the asphalt concrete road.

Keep in mind that these values reflect surface maintenance costs cnly

and not total maintenance costs. -
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Table 3-111D

BASIC ASSUMPTIONS AND SOURCES
OF DATA FOR SERVICE LIFE AND
SURFACE MAINTENANCE COST COMPARATIVE INDEXES

‘Construction costs are from Humboldt County's recent contract experience

(1970) .

The maintenance cost base for the Service Life Index was developed from
the 1969-70 Humboldt County Maintenance Budget. Costs include routine
maintenance, heavy rainfall and snow removal projects and seal coat

projects  (most of which involved resealing existing surfaces). The cost

relationships between different surface types and roadbed widths were

based upon San Mateo County experience as taken from Highway ‘Research

Board Publication 63, "Econamics of Design Standards for Low-Volume Rural

Roads."

Surface maintenance costs for Surface Maintenance Index were derived fram

Humboldt County cost experlence and local practices (i.e., method of

'/grading, number of blade passes per mile, grading speed, etc.).

Relative maintenance costs for different roadbed widths and surface types
(for Surface Maintenance Index) were based upon San Mateo 'Oounty experience
as taken from Highway Research Board Publicétion 63, "Economics of Design
Standards for Iow-Volume Rural Roads." The cost base itself was taken from
Humboldt Couhty experience (see 3 above).

Adjustments were made to the constructlon costs of double seal coat and
gravel roads to compensate for the structural strength of asphalt concrete.
Expected road 11fe assumptlons for Service Life Index were:

Gravel Roads - 10 years (assuming gravel is added perlodlcally)

Double Seal Coat Roads - 15 years (includes 4 surface applications;

the initial coat plus a coat every 4 years). - 80



. Table 3-111D

. ‘As'_»phélt Concrete Roads - 15 years (assuming an initial surface
application plus routine maintenance including blanket patching

. as required).
7. Surface Maintenance Costs include:
| Grading and adding gravel for gravel rogds, and
. Pothole patching and edge patching for seal coat and

| asphalt concrete roads.

81



Table 3-111D °

) . ASSUMPTIONS UNDERLYING THE DEVELOPMENT
OF COST COMPARISONS AND THEIR INTENDED USE

(See Tables 3-111A & B) o

The cost data presented here has been developed for the purpose of dis-
playing‘ the relative constructlon costs of alternative roadway designs. 'I‘hey
are not intended for use in evaluating any particular roadway project. These
relative costs should not be used for project estimating. Our intention was to
concern ourselves with added or "incremental' costs as opposed to total costs.

We have basically viewed costs as being those which are nomally associated”
with major reconstructlon such as "storm damage" projects as opposed to minor
improvements such as widening the road by 2 f‘eet for a relatively short dlstance,
therefore, any incremental cost assumptions are not expressed as "decreasing

.cost rates with increasing roadway widths" but rather as "general volume price
‘breaks." Our assumed rates depend upon the degree of effort and material
involved. For example, for eiccavation costs, rather than stating different

~ quantity rates for roadways above a given width or depth, we have expressed
different rates for heavy, moderate and light excavation. Heavy excavation
would be the equivalent to a 15-foot deep cut; moderate a 10~foot cut and light
constitutes a 3-foot cut or less. |

This approach we believe, is more consistent with present estimating

practice and seems more realistic in terms of relating to actual progects.
Our "constructed" cost models were compared to actual projects which had similar
~ circumstances to ensure the reasonableness of our fabricated costs or cost
indexes.
The underlying assumption in our logic is that the most costlly improve-
’ments will be prompted by a pressing need (such as a washout) and the action

taken will be to reconstruct a section of road to a given standard.



. Table 3-111D

We'are not'convinced that adding roadway width beyond some arbitrary
. ' dimension neceésarily decreases unit costs Total progect volumes appear to
us to be more relevant when con51dering volume economies than do roadway widths.
The basis for our cost data and the assunptions and simpliflcatlons which we
have made are listed as follows:
l. Costs are based primarily upon estimates of contractors who have
- recently completed projects for Humboldt County. They are compila-

tions of bid results.

2. Costs are expressed on a "per mile" base.

' 3. Costs are approximate and do not include engineering and County overhead.

4. User costs are not considered; only construction costs.

. . 5. No attempt was made to calculate ammual costs or present or future

values of costs. Salvage costs were not considered.

6. Detailed cost rates and the cost factors included in these rates

are presented as Exhibit 1.
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- Cost .Elerent

Clearing & Grubbing

Excavation
(presumes a thorough
cut)

Drainage*¥-Pipe
st d)
(Assumes 2 ft. struc-
ture backfill)

(In-

T-Drop Inlet

Native Material
(5 mile haul)

Classified Aggregate (I) Cu. Yd.(subbase) §$
(II)Cu. Yd.(base)

* Subjective measures
** Drainage costs were not "constructed".
posites of representative projects.

e included.

HUMRCLDT COUNTY

(1970-71)

Construction Cost‘Rates

Unit of
lieasure

Acre-Heavy*
Medium¥
Light*

Cu.Yd-Heavy
(15' deep cut)
Moderate
(10' deep cut)
Light
(3' deep cut)

Lineal Foot-12"
18"
24"

30" )

36"

42"

48"
Each Unit

Cu. Yd.

Cost per
Unit

$2,000.
1,000,
500.

$ 1.00
1.25
2.00

$ 10.00
14.00
20.00
26.00
35.00
40.00
47.00

500.00

$ 1.70
(County
Rate)

8.83

Table 3-111D

Cost Factors
‘Included -

Labor, Equipment.and
Contractor's Overhead.

Labor, Equipment, and

'Contractor's Overhead.

Labor, Equipment,
Material (In Place -
No major structures)

Labor, Equipment,
Material, Overhead.
(Source to site in-
place)

Labor, Equipment,
Material (Source to
site, in-place)

They were based on
No major structures
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Cost Fleusnt

Surfacinz - Double
Seal (Includes pricer
at 2 cents per sq. yd)

Asphalt Concrete

Unit of
Massure

Sq. Yd.

1000 ton or
' less
Over 1000 ton

Cost per

Unit ($)

$

$

1.37

15.00
12.00

Table 3-111D

Cost Factors Included

Labor, Equipwent,
Material, Contractors

- Overhead (In place)

Labor, Equipwent,
Material, Contractors
Overhead (In place)



‘3—200 Asphalt Concrete Pavement Desi@.

3-201 Design'Factors. The major factors to be coneidered in developing an

_-asphalt concrete stfuctural cross section are as follows:

~ 3-201.1 Structural Quality of the Basement Soil - This quality is measured

by means‘of the stabilometer and expansion pfessure tests and is expressed as
the resietance\value R.  (Reference Test Method No. Calif. 301.)

3-201.2 T;affic - The magnitude and number of all wheel loads estimated for -
a predetermined period are converted to an equivalent nunber of 5,000-pound
wheel loads or EWL for short. This makes it possible to compute their destruc-
tive'equivaleht which is expressed as a numerical value called Traffic Index
er TI. For conversion from EWL to TI, see Table 3—2030. For a more conpreé

hensive discussion, see Section 7-600 of the California Design Manual.

3-201.3 Slab Value of Pavement and Supporting Layers - The required thick-

ness of a given layer or layers of roadbed structure varies with the respective
elab or tensile strength. This tensile quality is expressed in terms of a

gravel equivalent value.

3-201.4 Economic Factors - A satisfactory structural section may be

. accomplished with various conbinations of'materials. In selecting tﬁe most
appropriate design, economy both in initial cost and future maintenance is a
prime consideration. Relative costs of native earth and claseified aggregates
for various roadbed widths and thicknesses are presehted in Tables 3-200A
through 3-200D. Tables A and B are expressed in 1970 dollar costs and C and

D are cost indexes.
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Table 3-200B
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Table 3-200C
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3-202 Evaluation of' Soils and Base Materials.

The resistance value R 1s a coefficient representing the shearing resist—
ance to plastic def‘ormation of a saturated soil at a given density. The R
value '1s measured by the stabilometer tes_t.' Almost all ‘corrpacted soils have a
tendency to expand when subjected to water. As they expand, and take on water,
solls lose density and load-supporting ability, which is indicated in laboratory
tests by a lowering of R value. -See Section '71-6102 of California Design Manua'lv

for further discussions.

| 3-203 Evaluation of Traffic.

Traffic data required for desigx include traffic ‘counts which represent the
present and estinated future average dailly two-way truck traffic volumes. Trucks
are classified according to the number of axles, .and buses are considered to be
trucks. Expansion factors should be determined for each axle classification
¥ from the most appropriate available traffic count data.

/The purpose of obtaining this inf'omation is to rrake a representative
.estinate of the equivalent 5,000-pound wheel loads (EWL) in one direction of
- travel'to be expected during the 20-year period following construction or a
specified period other than 20 years. | '

Table 3-203A gives constants used in obtaining the annual number of equiva- -
lent 5 OOO—pound wheel 1oad repetitions in one direction of travel. For other
highways or special conditions of loading, the constants may be ad,justed if

axle load infomation is known.



| TABLE 3-203A
EWL CONSTANTS FOR DUAL-TIRED COMMERCIAL VEHICLES

Annual Design EWL
Type of Vehicle ‘Per Vehicle Per Day
: City Streets and County Roads
2-axle truck 200
3-axle truck 690
4-axle truck 1070
5-axle truck 1700
6-axle truck 1050

The constants have been computed for use with normal two-way traffic counts
to give EWL figures for one-way travel. When using directional counts, the

constants must be multiplied by two.

The Table below is an éxample of the application of the above constants in
estimating the EWL. The 20-year EWL is obtained by multiplying the average

annual design EWL by 20,'so for the example: 20 x 831,950 = 16,639,000 EWL.

(1) - (2) - (3) () (5) ~(6)
Present Expanded
' Average - | Expansion Average - Average
Vehicle Daily Factor to Daily EWL Annual
Type Trucks 10 Years Trucks Constants EWL
In Both | After Con- | (Col. 2 x (Col. 4 x
Directions | struction Col. 3) Col. 5)
2-axle trucks 20 1.70 35 200 7,000
3-axle trucks 100 2.70 270 690 186,300
4-axle trucks 30 1.55 45 1070 48,150
5-axle trucks 230 1.45 335 1700 569,500
6-axle trucks 20 ©1.00 20 1050 21,000
‘ Total Average Annual Design EWL . . . « « o ¢« ¢ o o - 831,950

O
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The distrlbutlon of dual-tired commerc1al ‘vehicles over the traveled
. way of multi-lane roads in one dlrecton of travel varies from lane ’co lane
For.two41ane and four—lane highways, 100 percent of the ‘calculated EWL is
usedvto determine the traffic index (TI) fer all 1anes;. In the above example,
a TT of 9.5 is obtained frbm Table 3-203C using 100 percent of the calculated

EWL of 16.6 million, always reading to the nearest 0.5.

TABLE 3-203C

CONVERSION OF EWL TO TRAFFIC INDEX

EWL T - EWL *TT
104 15,000,000
2.5 o 9.5
562 23,400,000
| 3.0 ' 10.0
‘ 2,290 35,600,000
‘l') | 3.5 , 10.5
| 7,620 | 53,100,000 |
| s 11.0
21,800 77,900,000
4.5 11.5
55,600 112,000,000
5.0 12.0
129,000 159,000,000
. 5.5 , 12.5
277,000 223,000,000
: 6.0 13.0
558,000 308,000,000
6.5 13.5.
1,060,000 420,000,000
7.0 14.0
©1,940,000 568,000,000
7.5 14.5
3,400,000 759,000,000
- 8.0 15.0
5,750,000 1,000,000,000
8.5 15.5
9,420,000 ©1,320,000,000
9.0 )
15,000,000

‘ " * Traffic Index = 6.7 (—g) 0.119

- v



3—20” “Evaluation. of Slab Value of Pavement, Bases and Subbases.

The design of asphalt concrete structural sections by the method descrlbed
in this Manual results in a theoretical total thickness expressed in terms of
gravel equivalent. This thickhess or deptﬁ of cover is.dependent on the quality
of the basement soil (R value) and the estimated traffic in terms of TI.

The depth of cover over any basement material must satisfy two conditions.
First, it nust be of sufficient depth to protect fhe material against displace-
ment due to the traffic loads. Second, it must be of sufficient weight to
ﬁrevent-further expansion of the material with resulting loss in stability.

The theoretical thickness of the individual layers as determined by the
design ﬁethod must be converted to actual thickness by means of gravel equivalent

factors which are given in Table 3-310.

3-205 Evaluation of Economic Factors in Achieving "Theoretical Thickness."

Various combinations of materials can usually be determined which will
‘satisfy the thickness requirements, but one or more may be eliminated on the
basis of past experience or availability of materials. The final choice should
',/normally be based on the most economical section considering estimatesiof
initial cost combined with future maintenance. The County cost indexes which
relate the costs of various'fypes of structural materials for different

thicknesses will be used to develop cost comparisons.

3-300 Structural Elements of Flexible Pavement.

3-310 Typical Designs.

Figure 3—310'shows typical arranQEments of the elements of flexible
pavement designs. Table 3—310 gives depths of asphalt concrete pavement and
base layers for various base maﬁerials related to traffic index. This Table
is to be used as a guide and is not to be construed as placihg limitations on

design or eliminating alternate designs from censideration. S 95



Figure 3-310

@ [ STRUCTURAL ELEMENTS
OF FLEXIBLE PAVEMENTS S

€ THICKNESS OF COVER
Use design formuta for thickness of totel cover .

) SHOULDER DESIGN

Except for oli— paved 2-lane roods and medion
shouiders on 4-lane ond 6-lane divided highways,
shoulder design is based on 1% of EWL but not
less thon o Tl of SO ) o

Median shoulders on 4-ione ond G-lone divided
highways sholl be poved 5'-wide with o uniform
thickness of 0.20' o

* € SHOULDER BASE .
Use bose material or high quality subbase .

'@ FLAT FILL SLOPE DESIGN

Use embankment material in this orec when siopes
are flatter than 4:i ond subsurfoce drainage prob-

Table 3-310 lems ore not onticipoted. -

Typical Depths of Pavement and Base Related to Tl

Depth of layer (feet)
Type of ~ | Pavement ' ’ : .
base orbase {7150 |T16.0|TI7.0|T18.0|TI9.0|TI10.0{TI11.0{Ti12.0] T113.0f TI 14.0
material layer . : _ ‘
{cClass A CTB......... | Pavement...| oo | e | eeee ] 0.25 | 0.30° | 0.35 0.40 0.45 | 0.50 0.55
Base.. ool 0.60 | 0.65 0.70 080 | 085 | 0.90 0.9%
Class B CTB......... | Pavement...} e | 0.25 | 0.30 0.35 | 0.40 | ... I I —
: - Base...........| coeeeeen.] 0.45:1 0.55 0.65 0.70 | .eeeee e vcecmanae [ eeemessecnar ] cvnene
Class 1 AB.............. | Pavement...| 0.20 0.25 0.30 | 0.35 0.40 0.45 0.50 0.55 0.65 *
(80 R Value) Base......] 0740 | 0.50 | 0.60 065 | 075 0.85 095 | 1os 1.10 *
Class 2 AB............ | Pavement...] 0.20 025 | 0.30 0.35-| 0.40 0.50 0.5 | 0.60 . .
- (78 R Value) Base.........| 0.40 0.50 | 0.60 0.65 | 0.75 0.80 090 | 100 . *

TES: “The above table was made as s guide with the thicknesses based on the TI in each column and the. assumption made that subbase
with an R Value of 50 would be used. Extra thickness was addel for a safety factor as stated in 7-604.4.
Asphalt concrete base course 0.25 foot thick would normally be specified where the total thickness of asphalt concrete exceeds
0.40 foot. ) ’ . -
® Designs in these categories require special justificstion. ' q G
.,

TTB is cement treated base. AB is aggregate base.

Note: Taken from the California State Design Manual (Figure and Table 7-603.1)
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. 3-320 - Surface Types.

3-321 Asphalt Concrete Pavement .

N "»ASphalt concrete pavement, in depths commensurate with the _anticipated T1
and qdality of base, may be used for either heavy duty or light duty pavements.
3-321 1 Thickness - Asphalt concrete pavement ordinarily ranges in thickness
- from 0.15 to 0. 65 foot, the depth to be determined by the design method described in
this Manual. As a safeguard against slippage, not less than 0.25 foot ordinarily
should be ‘placed over Class ‘A cement treated bases. Increased stability and |
economy fr'equently results from using an asphalt concrete base course when the -
‘required pavement thiclmess exceeds 0.40 foot.
__In some situations, it may be most economical to specify the total planned
thickness of' asphalt concrete and make the substitution of an asphalt concrete

base course optional.

3-322 Road-Mixed Asphalt ngfacing.

Road-mixed asphalt surfacing is used when facilities to manufacture
asphalt concrete pavement are not economically available. It is usually
/ placed in depths from 0. 15 to 0.35 foot to add structural strength’ for roadway

improvements. Liquid asphalts are used to develop this type of surfacing.

3-323 Bituminous Seals.

Bituminous seals include types such as chip seal, fog seal and slurry
seal. Thelr primary uses are to provide a skid—resistant texture to Ipavements,
prov»ide' a wearing surface, recondition a dry or weathered surface » prevent |
moisture and air from entering the pavement, and fill shr:mkage cracks in the
existing pavement. They also may be en'pioyed on stage constr’*uctibn projects

as a temporary expedient.
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3-324 ,PenetrationeTreatment;

Pe_netratidn treetnent consists of the application of light liquid asphalt
to roadbed material. It will be used by the County principally as a prime coat
and shall be applied only on high quality base material. . Dust palliatives may
be developed through a penetration tr*eatrrént; however, they -are not to be used
freely since their applicatien tends to deteriorate the base material rather than

protect it.

3—325 Graded Native

Native earth or gravel surfaces are common in areas with low traffic
volumes. - Cru.shed or natural river or bank rock may be used for gr'avel surfacmg

Surface will be maintained by perlodic blading.

3—330 Bases and Subbases.

3-331 Untreated Bases.
. Untreated aggregate bases may be used under asphalt concrete pavements

when specification quality material can be produced economically. They may be

used under both light and heavy-duty pavements.

3—332 Cement Treated Bases.

» Cement treated bases frequently provide economy in reducing thickness of
surfacing and total cover due to their high slab strength and stability.
Class Aor B cement treated base may be either road-mixed or plant-mixed. The
plant—mixed type generaily provides better quality and should be specified for
use on arterials and major collectors when surfaced with asphalt concrete.

Cement treated bases nbrﬁlally fiave a'mirﬂ.nm thickness of 0.50 foot.

3-333 Stabilized Bases.

Asphalt or lime stabilized bé.ses may be used where satisfactory untreated

S S Nempa g it

iy v

‘aggregate base material is not available and where the cost of other types of -

treatment is prohibitive. Substantiation for using such bases must be developed. 93

LV

from preliminary tests of available materials.



‘. » 3-33” Subbases | | |
A layer or layers of subbase shall be used where the basement soil will

not support a structural section consisting of pavement ‘and base alone, or
where 4t 1s more economical to reduce the base thickness requirement by the
introduction of a lower priced subbase layer. '

.4 Where cohesionless sand is used as subbase material under a cement treated
' nbase ) it 1s necessary to provide a working table layer of aggregate base or
cement treated base aggregate.r This working table normally will be from O. 30
to b.lIS' foot thick to provide for the proper support of the cement treated base.

| 3-400 Design Procedures for Flexible Pavements.

| 3—&01 General.

_ As was discussed earlier in Section 3—204 the thickness of - cover over
any material (1. e. base, subbase, selected rraterial or basement soil) mist
Asatisfy two conditions:  First, 1t must be of sufficient weight to prevent
: expansion of the material beyond the assumed moisture content and density on
which the design is based Second, it must be of sufficient thickness to '

- protect the material against displacement due to ‘the traffic loads.

}‘ _ In the first case, where expansive materials are encountered the desig'x
procedure becomes involved with determination of various R values for the
expansive rraterial which will vary with moisture content and assumed structural
sections For a description of the method, see 'Dest Method No. Calif. 301. '

| 'I'ne second case is the more usual case, in which R values of base and
subbases are to be specified and the nﬁ.nitmnn R value of the basement soil
can be determ:lned because under the weight of any structural section based on
| traffic load, the basement soil will not be expansive. - In this case, it is not.
necessary to assume a 'st'ructural "sectio'n» to ‘perform the laboratory calculations

for R value. Therefore, various designs can be readily determined and the most

economical section chosen. | o - 99



3-1402 -Basic. Data.

The basic data required for a flexible pavement design consmts of R values v

I from the Materials Report the number of lanes from the Proj ect Report and the

lane TI

3-403 Design Example ..

The design procedure is illustrated by an example with basic data assumed
as f‘_ollows L ) | '
‘Minimum R value of basement soil = 10
: ’Iwo lane. construction |
. Lane TI = 8.01 _
(1) Determine the total gravel equivalent réquired by the formula:
GE = OQOO32' (TT) (100-R). In this case, the gravel equivalent would be 2.30 feet
and this result can be checked on the structural design chart, Figure 3-403A.
_Intersect tne sloping traffic index line for 8.0 with the vertical line repre-
4senting the R value of 10 and read the gr'avel equivalent of 2.30 feet from the
horizontal line. _ ,
(2) Select a base type for the first alternate design. Assume a Class .
2 aggregate base which has a specified R value of 78. |
(3) Determine the gravel equivalent required for the asphalt. concrete
surfacing using the fomula in (1) above and the 78 R value of the base. The
value of 0.56 foot 1s obtained by the formula and can be checked on the chart,
Figure 3-403A, in the same manner as described above for total. gravel equivalent.
 From Table 3-403A under the column headed TI 7.5 and 8.0, can be found the
gravel equivalent factor of 2.01.. Dividing 0.56 by 2.01 gives an actual thick—
ness of 0.28 foot which, should be rounded up to 0.30 foot. In this same ccolumn,
“the next hi.gher,; value of gravel »‘veyguivale,nt for asphalt cqnc_rete is 0.60_‘ and; the
actual thickness of 0.30 can be read horizontally to the left in the "Actual.

" ‘Thickness of Layer".colum. - - - A
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.

(ii) Select a'class of su'hbase for this design. In actual practice , the

" materials report would probably designate the most economical class -of subbase

EX
ol

available f'or the project. For the example, assume a Class 2 subbase which has

a speciﬁed minimum R value of 50.

(5) Again using the aforesaid formula, the gravel equivalent of: the combined
surfacing and base would be 1. 28 feet over subbase with an R value of 50.

Subtracting the gravel equiValent for the 0.30 f‘oot of ‘asphalt concrete, which is

, 0 60 from the 1. 28 gives a gravel equivalent of 0 68 foot for the base. From

"~ the "Aggregate Base" column of ‘Table 3-U403A, the next higher value listed is

0. 72 and this value corresponds to an actual thick:ness of 0.65 foot which should

‘be. used
(For Class A cement treated base, there is no specified R value. To

2

detemdne" an -alternate design using this base, it is necessary to choose an

‘\

80 and ‘SO i"l' v-\can be designed as an aggregate base except that the proper column

in Table 3—HO3A must be USed to convert to actual thickness ) '
(6) To design the thickness of subbase for the example, the gravel equ:Lva- '

- lents of the asphalt concrete and Class 2 a@regate base are subtracted from the

total required gravel equivalent determined in Step (1).
230-060-072—098feet u ‘
Since aggregate subbase has a g'avel equivalent factor (Gl) of 1.0, the

§

result of the above subtraction is the actual thiclmeSs and 1. QO foot would be :
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Figure 3-U403A

STRUCTURAL DESIGN CHART
FOR FLEXIBLE PAVEMENTS

GE =Gravel E'qm'vol'e" |
“TI sTraffic Index
R sResistance Vaolue |

 EQUATIN
GE= 0.0032 (TD) (100=R
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REVALVE |
Aiabn. Molran from California State Design Manual (Figure 7-604.3)
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'I'ne completed desigx is 0 30 foot of asphalt concr'ete over 0 65 foot of

“ An altemate desigl f‘or the assumed basic data could be as follows

RN N 5 .'.lx‘t

Gravel

* hetual L
- Thickness ' o reety
' (In Feet)  Material in Layer _{In Feet)
v 0.25 Asphalt Concrete . . . . . e e e e e 050
;: 045 Class "A" Cement 'I‘reat.ed Base ERRR : 077
S - 1 05 ; N Class 2 Subba-se e o 0_ o o ', . ‘ 8“ o e "_————-—a———-‘ 1.05
1.75 : : T . 2.32

.. The’ above designs, based on the fomula, do not provide an adequate factor :

of safety. _ It is necessary to add thickness to the theoretical designs to

provide this safety factor and it is accomplished by providing an 1ncrease in

' required gravel equivalent for eithei the surface or the base material. , In o

' desigxs using Class "A" cement treated base, the increased thickness should be

-applied to the base 1ayer. In untreated aggregate base and Class "B" cement

tredted base desighs, the factor of safety should be provided by increased

thickness of the asphalt surfacing. The increased thickness of surfacing or

base will result in a decrease in the thickness of subbase because the safety

factor 1s not applied to the over-all gravel equivalent requirement. - The

gravel equivalent increases to be added for safety are as follows:

Gravel Equivalent
Increase

Layer Applied To

| Base Type (Feet)
% Class "A" Cement Treated Base .24 . . ... Cement Treated Base
Class "B" Cement Treated Base 0.18 . . . . . . Asphalt Concrete
‘ Aggregate Base | v | 0.16 . . . . . . Asphalt Concrete

* When no high subgrade is allowed, the gmvel equivalent increase l1s

0.10 foot for Llass "A" cement treated base.
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]

For light traffic and/or moderate speeds, the safety factor should be
omitted. R o
The altemate designs on the previous page, corrected by the safety

factor-s and thiclmess selected to the’ nearest 0. 05 foot would be as follows:

Actua‘l g o - _ c vael"

Thickness | Equivalent

(In Feet) Material mlay__ o é . _{(In Feet)
0.35 Asphalt CONCrete . + « « « « oo s o o o oo 070
0.65 Class 2 Aggregate Base . . . . oo o . . ..  0.72
0.90 - Class 2 Subbase . e 0.90
190 i | 2.32
0.25 ASphalt CONCIete . « « o o o o o o o« o o o 0.50
0.60 Class "A" Cement Trested Base . . .. ... 1.02
0.80 Class 2 SubbBSE .« « + « « « o « « o+ <+ o _~0.80
1.65 - | 2.32

Costs of these and other possible designs would be estimated and com~
pared so that the best possible choice could be made considering
economics and suitability to the project area. ‘

Where the basement soil has an R value of 40 or move, the subbase layer
may be omitted. In cases where the subbase layer would be thin, considefation
should be given to increasing the depth of base and omitting the subbase.
| A structural section consisting of asphalt concrete placed directly on
- the basement soil without base or subbase vis permissible if it cén be shown
that it would be cheaper than alternative designs. These full depth asphalt
concrete sections also may be justified on widening projects on thev basis of

 safety or less interference with traffic during construction.
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.  For high Qol’une ‘and heavy load prajects; a safety factor of "0.12 f‘o_of.
gravel equivalent should be added 1n full depth designs. - o
T,ypical designs based on the fomula plus added thickness for- a safety
f‘actor are shown in the Table at the bottom of F‘igure 3-310 For other' types :
classes of bases, or subbases with an R value other than 50, the de-sigls' .

should be deter-mined by the formula as in the ‘example.
Figure 3—1403B 1s a TI calculation form used by the County. R values and

gravel equivalent values are also placed on this form which becomes part of

the design documentation.
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3-1404 '_I_ypical Str'uctural Section.

_ Figure 3-1401! shows a typical structural design f‘or an all-paved Category

5 road. The triangular underdrain is to be used where there is the ‘1ikelihood

of surf‘ace waters percolating under the pavement. Where subsurface waters are

encountered “the standard underdrain shown on the State standard construction

plans ‘should be used. | | ' R ¢
FIGURE 3—40“ ’ P

‘Note: Some dimensions may vary.
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SECTION 4 - DRAINAGE

4-100 General
Drainage is often the single most important factor to consider in
des'igning roadways or roadway improvements in Humboldt County. Much of the
deterioration of roads is attributable to the high volumes of water which
pass through the County, creating both surface and subsurface drainage con- -
ditions which must be contended with by design and maintenance personnel alike.
Drainage design seeks to prevent the accumulation and retention of water
on, witnin, or along the roadway and bprovide» for the passage of stream flow
under the roadway by:
(1) Anticipating the amount and frequency of storm runoff;
(2) Determining natural points of concentration and discharge
and other hydraulic controls; -
* (3) Removing detrimental amounts of subsurface water, and
(4) Providing the most efficient disposal facilities con-
sistent with cost, the importance of the road, maintenance
economy, and legal obligations | | ’
Furthermore, storm drains and culverts are designed to provide for the
continuous and smooth flow of drainage channels and streams such that velocity
and energy line remain close to that of the natural stream or channel, thus
preventing excessive silting or scour of both the culvert and the inlet and
outlet. Pipe entrances should provide for a smooth transition flow. Water
flow should never be turned rapidly at sharp angles and provision should be
made at all changes in direction of flow for superelevation of surface, scour,
head loss, silting action and possible overflow. Protection should be pro-

vided for entrance head, debris passage and possible blockage entrance scour,
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or damage in pipe, chemical action on pipes, outlet erosion or back water,

and downstream channel .

. 4-101 Objectives and Scope,

The objective of this Section 1s to present policy -and general guidelines
for designing drainage systems. Some desired engineering practices and
specific standa.rds are included; however, most of the detailed procedures,

culvert specifications, etc., which are needed for design are to be found in

reference documents listed in Section l&-107
Also included in. thir Section are rules of drainage law, design discharge

guides and storm drain design practices.

4-~102 Policy.

4-102.1. Coordination with General Plan - It is the policy of Humboldt
County that all roadway design proJect drainage plans must be compatible with
requirements of the ‘County 's long-range drainage program and the a_dopted Master
Drainage Plans for the various areas of Humboldt County.

4-102.2. Scope of Drainage - It is the policy of Humboldt County that im-

' provements}h_i‘n‘ the drainage of areas outside the right of way shall only be con-
side/--red if economic benefit would;vaccrue te the County. Furthermore, agreements
regarding Eproperty owners' or developers v responsibilities to pay for the drainage
items or systerns must be established by agreements authorized by the Board of
Supervisors | | | o |

4-102.3 Erosion and Water Pollution - Tt is the policy of Hun'boldt County

that erosion or water pollutlon pertaining to or resulting from the eonstmc—

tion of highways or roadways is to be held to a practical minimm and shall

_ be terrporary in nature »
| 4-102. ll Drainage Law - It is the policy of Humboldt County that the

) recognized rules of drainage law be f’ully applied in the design of drainage

stems.
sy -ms _.. o 110



4-103 "Design Responsibility and Authority.

California law unequivocally grants authority to highwéy agencies to
acquire, design, construct, and nwaint‘ain drjainage facilities as incident
to the authority for the highway itself.

The desig;n engineer is responsible for the hydraulic adequacy of all
drainége structures and for structural adequacy. He will also review major
repair or mplacenént projects. |

Drainage duties of the designer include:

' - Preparation of the drainage plan for each improvement

or the review of such a plan when prepared by others;

-~ Study of important culvert sites and other drainage
problems including cooperative projects, starting in
the planning phases if féasible and through all stages
of design; |

- = Accumulation and analysis of hydrologic and hydraulic

data for existing and proposed drainage structures,
also the location and interpretation of high water marks;

- Design of all culverts or the review of culvert designs‘
made by others; | '

- Review of drainage changes proposed during construction;

| - Making of investigations and recommendations on drainage

problems arising from the maintenance of existing County
highways;

- Coordination of design activities to insure conformance
with established drainage and flood protection policies;

- Representing the County at meetings with other interested
parties concerning dra_mage or flood protection problems; and

-~ Inspection of existing drainage structures during»_stonns.
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4-104 Rules of Drainage Law.

. There are four basic and reliable fulés of drainage 1aw which should be
continually reviewed by the desig;ner-}.v » |
(1) An upper owner has a right to have surface water flow off his
.la.nd and a lower owner cannot obstruct the flow.
(2) An upper owner may not divert surface waters on his lahd to
the land of a lower owner by artificial means nor may he
accelerate the flow by means of ditches or increase the drain-
' age of his oun 1and to the mjury of the lower owner.
(3) One may not obstruct or divert the flow of a natural watercourse.

(4) One has a right to protect himself against flood waters.

4-105 Factors to Consider In Drainage Design.

The number of factors which must be consideréd when designing a drainage
. system are numeroﬁs. Drainagé system needs may be met with various combina-
tions of drainage structures and open channel designs.
Figure 4-105 is a "check list" of drainage system design consideratidns
whi/ch the design engineer should use as a guide. It .will serve to remind him

of the factors which may be applicable for any given drainage design project.

4-106 Economics of Drainage Design.

v Economic analyses of drainage designs, where required, should consider
the following factors: |
(1) The cost of construction and right of way;
| (2) Useful life and cost of replacement or extension;
(3) Effects of the improvement on property, particularly as to
County liability; and ’
. (4) Repair, cleanup, traffic control ahd other pertinent main-

tenance charges.



Figure 4-105
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4-107 References,

The following list of publicatlons should be referred to for specific

drainage design problems. Drainage theory, practice and standards mayvbé

found within these reference documents:

Reference
(1) Aluminum Culvert

(2) Bank and Shore Protection
(In California Highway Practice)

(3) California Culvert Practice

(4) California Highway Design Manual

(5) Capacity Charts for the Hydraulic

' Design of Highway Culverts (Hydrau-
lic Engineering Circular No. 10)

(6) Concrete Culverts and Conduits

(7) Culvert Design Aids: An Application
of U. S. Bureau of Public Roads
Culvert Capacity Charts

(8) Debris Control Structures

(9) Design Charts for Open-Channel Flow

“ (10) Design of Roadside Drainage Channels

(11) Friction Factors for Large Conduits
Flowing Full

(12) Handbook of Hydraullcs

(13) Handbook of Drainage and
Construction Products

(14) Hydraulic Design of Stilling Basins
and Energy Dissipators

(15) Hydraulic Energy Dissipators
(16) Hydraulics of Bridge Waterways

(17) Street and Highway Drainage
Volumes T and II

Publisher

Kaiser Aluminum

California Division of Highways
California Division of Highways
California Division of Highways
Bureau oflPublic Roads

(Federal Highway Administration)

Portland Cement Association

Portland Cement Association
Bureau of Public Roads
Bureau of Public Roads

Bureau of Public Roads

Bureau of Reclamation

(Kings & Brader) McGraw Hill

Armco Drainage and Metal Products

Buréau of Reclamation

McGraw Hill Book Compaﬁy
Bureau of Public Roads

The Institute of Transportation

and Traffic Engineering
University of California
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4-200 ' Runoff Estimates,

4-201 General,

The runoff estimate, or design discharge, depends upon many variables.
Some of the more important are: duratién and intensity of rainfall; storm
frequency; the size, imperviousness, slope and shape of the drainage area;
‘probable changes in land use. Judgement and care are essential in making
runoff estimates. Such estimates may vary considerably because present
methdds_of estimating are inexact and the watersheds encountered in roadway
practice usually are small basins, less than 20 square miles in area, for

which reliable data frequently are lacking.

4-202 Chart Solutions.

Figure 4-202A gives a graphical solution of the rational method fqr cul-
verts. This figure includes a map of the State which shows the average rain-
fall intensity to be expected for given regions during a 60-minute period once
‘in 100 years.

Whenever possible, more localized County maps should be used. Information
- may also be available from the U. S. Forest Service, the Weather Bureau and
the District Office of the State Division of Highways. Many lbcal areas do not
have the intensities indicated by Figure U4-202A.

This nomograph does not apply to urban areas; it applieé only to natural
éonditions and is useful where reliable rain-intensity and runoff data are
unavailable. In large watersheds, this nomograph should be used with caution.
It is not a substitute for careful analysis based on the latest hydrologic
data which must be cdntinuélly accumulated.

The above-mentioned figure applies to a pear-shaped drainage basin. If
the basin is of different shape, the time of concentration changes; then the

correct runoff is obtained by entering the chart with a computed time of
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concentration. Figure 4-202B is.a form used to calculate drainage design
requirements for basins under 10 square miles. Various runoff factors

applicable to the County are given on this figure.

4-.203 Time of Concentration,

For storm drains, the time of concentration consists of the inlet time
and the time of flow in the drain; for culverts, the time of concentration and
the inlet time are the same. In a storm drain problem, Figure 4-202A considers

the inlet time, but not the time of concentration.

4204 Field Inspections.

There is no substitute for a field review. Although aerial photographs-

and topographic maps are good media for the study of a drainage area, field
inspections are necessary to verify design assumptions. A field reconnalissance
should be made before installing new culverts. When existing culverts are to
be replaced with a size different than éxisting, a field review should be con-

ducted to review location and size.
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Figure 4-202A

.N.&Sa.%\ﬂ s
A culver!? site in the Imperigl Valley is 3 miles downstream and 900 f1. lower than the most -
remote point an the watershed . The tributary bosin has an area of 2.0 square miles
and average ratio of runoff to precipitation is estimated at 60 percent .
The line through H2900 ft. Lz 3mi.,62Q , A32 sq.mi. and K= 60
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Figure U4-202B

COUNTY OF HUMBOLDT Project | e
Departirent of Pnbllc WO“KS W.0. i _*_-__«"_Shf 2 of
Calc____Date C“l'.ui Ppate
&}rag” Desien for Small Basins Station_ e I
Under 10 Square Miles
_Area: A= ____Acre‘-. or_ . S8q. Miles
Length of Basin: - L= _Feet or_____ Miles
ngheut point in Ba sin° Elevation = ' Feet
Lowest’ point in Basin: ' Elevation = " Feet
Elevation. above po_int:’v“‘*‘of |
concentration a-b = H = Feet
Percent of runoff: K =
(See }3elow)
o RUNOFF FACIORS
R - % of Less 9% Greater | Ranofi Factor
‘ ' Total Soil than to than X % of
Area Type 2% 10% 10% Total Area
NSE VEGETATION
ods & Brush, * SL 10 20 30
ns’oods, etc. % C 15 25 35
DERATE - VEGETATI ON k |
wns, Brush, % SL 15 30 40
chards; ete. * C 25 40 50
GHT VEGETATION |
sture land, * SL 30 45 60
rms | *C 40 55 70
PERVIOUS
vements, Walks,
of Tops, Rocky '
opes, etc. * 1 90 90 95
TOTAL = 100% K = Total

SL.S andy Loam, C=~Clay; I = Impe"Vibus

lve for Q by use of the chart (Design Dlscharge for Small Baq:ms) using the

values found for H, L, A, and K.

- ] ) Cfs .

118



4-300 Culvert Design,

4-301 Criteria for Balanced Design. .

The culvert facility shall be designed to discharge
- A 10-year intensity storm without static head at
entrance; and
- A 100-year intensity storm utilizing the available
head at entrance. |
'The second condition above may not be required for certain projects, but
it should be calculated if any possibility of property damage could result.
The first condition should be met in all cases except temporary installations.
The available head may be limited by the fill height or the effects of
ponding on upstream property. Additidnal explanation of these principles and
detailed procedures for their application are given in the various references

listed in Section 4-107.

4-302 Use of Available Head.

It is not always economical or practical to utilize all the available
head. This applies, in particular, to situatiorswhere debris and detritus
must pass through the culvert and where a headwater pool canndt be tolerated, or
where the natural gradient is steep and high outlet velocitiles are objectionable.

(1) Debris and Detritus. There are two solutions to this problem:

(a) Retain solids upstream from the entrance, or
(b) Pass them through the culvert.

If drift and detritus are retained upstream, a riser or chimney with a
debris cage may be added as a vertical extension to the culvert, thus increasing
the head; however, this head should not be allowed to develop excessive veloci-
ties or cause pressures which might induce leakage in the culvert. If drift

and detritus are passed through the culvert, the available head must be used
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to maintain or accelerate the velocity of the flow approaching the culvert
instead of creating a pond at entrance, thereby inviting a blocked culvert.

(2) Steep Gradients. Full use of the available head may develop exces—

sive velocity resulting in abrasion of the culvert itself or in downstream
scour. A iarger culvert operating with less velocity frequently is more econ-

~omical than an energy dissipator.

4-303 Chart Solutions to Culvert Capacities.

'Detailed analyses for small culverts (less than 15 square feet in cross
section) seldom should be necessary; charts usually will suffice. Chart solu-
tions for large culverts should be checked'by other methods.

Excepf for submergence, the charts described below disregard conditions
at inlet and outlet, as well as in the approach channel.

(1) Figures 4-303A-B give the capacity of different sizes and types of
culverts undervvafious heads.

(2) Figure 4-303C sﬁows the relationship between capacity at the neutral
slope (or the slope which will just carry a 100-year flood with a full water-
way) and various sizes and types of culverts. This chart may be used for a
firé£ approxinﬂtion; ) |

(3) Figure 4-303D gives the minimum culvert entrance for a 10-year flood
directly for circular pipes and indirectly for other shapes byvusing an
equivalent rectangular cross section. Capacity in this case depends on the
size of opening and shape of entrance. |

See references listed in Section U4-107 for other chart solutions.
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Figure 4-303C
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Figure 4-303D
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4-304 Entrance Design.

The design of culvert entrances must consider hydraulics, debris and
detritus, the effects on traffic, property, economics aesthetics, and

maintenance.

(1) Hydraulic Considerations. The types of flow generally encountered in

culvert design are: (a) flow with entrance control, the condition that is
most common, which occurs with a free outlet; and (b) flow with outlet control
which occurs, for example, with a submerged outlet. Under entrance control,
the key'factor governing the capacity:of a culvert is the size of the entrance
opening and friction loss in the barrel does not govern. Devices such as a
rounded or beveled lip or an expanded entrance increase capacity. On this
basis; capacity is affected by the velocity head and the entrance loss. It
follows that the slze and shape of entrance will control the level of ponding
at entrance, help maintain the velocity of approach, and in special cases,
such as a long culvert,'lower costs by pérmitting a smaller size to be used.
The design charts in Figures 4-303A-B account for entrance losses for
various heads based on the entrance types stated therein. For entrances not
covered by these charts, different methods or other charts may»be used.
Entrance loss coefficients for all types‘of entrance are available in BPR

hydraulic engineering circulars.

(2) Entrance Improvements. Except for transitions, the entrances dis-

cussed below are the types most frequently used and can be provided at
reasonable cost. |

(a) Rounded Lip Entrance,

(b) Expanded Entrances,

(¢) Transitions, and

(d) Entrance Risers.



4-305 Outlet Design.

‘ Improved culvert outlets are designed to restore natur'él flow conditions
downstream. Outlets should be carefuily scrutinized,forvconditions Which pro-
duce scour. Where progressive erosion is to be expected, corrective measures
such as bank protection, wingwalls, or transitions may be considered. When
dealing with erosive velocities at outlet, the effects on downstream property

should also be evaluated;

4-306 Choice of Type and Cross Section.
The choice of culvert type and cross section is based on the following
factors:

- (1) Physical and Stfuctural Factors. Of the many physical and structural

considefations, some of the most important are:
- (a) Durability, |
(b) Headroom,
. (c) Earth loads,
(d) Bedding conditions,
(e) Culvert rigidity,

(£) Impact.
(2) Hydraulic Factors. Hydraulic considerations involve:

(a) Design dischérge,
(b) Shape, slope and cross sectional area of channel,
(c) Velocity of approach,
(d) Total available head,
(e) Bedload,
(f) Inlet and outlet conditions,
(g) Slope of culvert, |
. (h) Smoothness of conduit, and

(i) Length of culvert.
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A comparison of alternative ‘culverts of dissimilar type, but of
equivalent hydraulic capacity may be obtained by consultiﬁg the various

references listed in Section u-io7.

(3) Méintenance and Construction Factors. These include:
}(a) Local experience,
(b) Accessibility of site,
(e) Constructioh conditions.

(4) Economy. Comparative costs should be weighed on a long-term basis
considering the factors given under Index No. U4-105.  Economic comparisons
should consider the overall cost.of instalation including inlet and outlet
treatment and maintenance costs. | |

(5) Selection of Type.

(a) Selection of a Specific Type In the cases listed below, the
selection of the appropriate culvert type shall be supported by
a complete analysis based on the foregoing factors. All per-
tinent documentation shall be placed on file.

(b) Use of Altefnative Types - The plans and specifications should
provide for alternatives on the basis of optional selection by
the contractor. The required types of pipe are feinfdrced con-
crete, asbestos cement, and corrugated metal (steel). Any of

- these materials may be used if they meet minimum criteria for
the required service life.

(¢) Service Life and Special Requirements - The service life of
metal culverts shall be determined from the pH and resistivity
tests covered in Test Method No. Calif. 643 and from guides

contained in the references listed in Section 4-107.
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4307 Provisions_Against_Culvert Deterioration,
‘,Allltypeg Qf.culverts are subject to deterioration from corrosion or
abrasion.

(1) Metal Culverts.  The following measures are commonly used to prolong

service 1lifo:

(a} All metal culverts shall be galvanized.

(b) Asphalt Dipping - Asphalt dipping combined with galvanizing may

merit consideration in these situations:

i

Where water is stagnant or where dense vegetation or leaves
*" are likely to produce organic acids;

Where lack of fall or an obstruction would result in deposi-

tion, continuous wetness or both;

In locations of continuous flow;

“In well drained and normally dry alkali soils.

. T Under ‘the following conditions asphalt dipping of galvanized
pipe usually does not give sufficient protection:
" Z'\ihere excessive’ velocities are combined with abrasives in the

flow;

Where the culvert is subject to salt air or salt water;

o In highly mineralized soils, peat soils, also in alkaline
'soils that are pOOfly drained and frequently moist;
- Where barnyard runoff exists in the flow.
ThéSe conditions warrant consideration of other types of
" culvert pipe, extra metal thickness or other means of protection.

(¢) Invert Paving - Invert paving is frequently used for culverts

exposed to excessive wear from abrasives in:the flow or where

. used as a stockpass.
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(d) Extra Metal Thickness - Additional metal thickness will increase

service life. However, where corrosion combiﬁed with abrasion
is to be expected, othér types of culverts geﬂerally will be more
economical than meﬁal pipés bf heavier gage.

'(e) Planking - Placing of inverted channel iron to decrease erosion
due to abrasive elements_wili be considered as an.acceptable
method to'réduce maintenance.

(2) Portland Cement Concrete Culverts. The following measures increase

the durébility of concrete culverts:

(a) Extra Thickness - Extra invert thickness may serve where erosion

is likely to be so severe as to appreciably shorten the service
life of a concrete culvert.
(b) Density - High density concrete pipe such as achieved by spinning
" or other processes should be considered under exposure to salt

air or salt water.

4-308 Federal Requirements.

Corrugated metal culverts of the types listed below will meet FHWA require-
ments for use on federal-aid projects provided that the specifications conform
- to approved AASHO standards.

(1)'Factory—riveted corrugated metal pipe involving diameﬁers from 8
inches to 84 inches, inclusive. (While such pipe is available in sizes
greater than 84 inches in diameter, approval is to be considered only on an
individual project basis.) |

(2) Field-assembled corrugated structural plate pipe involving diameters
from 60 inches to 180 inches, inclusive; structural plate pipe-arches involving
spans from 60 inches to 192 inches, inclusive; and structural plate arches

involving spans from 4 feet to 30 feet, inclusive.
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(3) Factor'y-rivéted corrugated metal pipe-arches involving spans from
18 inches to 72 inches, for which there are no approved AASHO stan.dards',, will
be acdeptable for use under fills not exceeding 15 feet When specifications
therefor are approved by the FHWA.

FHWA approv::i will be based on conditions applicable to the locations

involved, including the relative economy of alternative types of installations.

4-310 Physical Standards for Culverts.

4-311 Alignmentv and Slope.

“From the standpoint of hydraulic efficiency, durability and maintenance,
abrupt changes in direction or slope are undesirable. Angle points are per-
missible in the absence of abrasives in the flow, otherwise curves should be

used.

Curvature in pipe culverts .is obtained by a series of small arigle points.
For further details on curvature, manufacturer's literature should be consulted.

For the downspout type of installation consideration must be given to |

anchorage.

4-312 Diameter and Length for Pipe Culverts .

The suggested minimum diameter for cross drains under the roadway is
18 inches. For pipe runs exceeding‘ 100 feet, an intermediate inlet or cleanout
should be considered or a 2l-inch diameter used. For 2U-inch diameter pipe
runs exceeding 300 feet, intermediate inlets or cleanouts are required.
'ihe length of pipe culvert to be installed shall be determined as follows: |
(1) Establish a theoretical length based on slope-stake requirements,
making aliowance for headwalls. »
. (2) Ad,juét the theoretical length for height of fill by applying these
rules:
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(a) Forffi115'12 feet high or less, no adjustment is required.
(b) For fills higher than 12 feet, add 1 foot of length at each
end for each 10-foot iﬁcrement of fill heightfor portionv
. thereof, neglecting the first 12 feet;
(¢) In the case of high fills with benches, the additional length is
| based on the height of the lowermost bench. |
.(3) Use the nearest combination of connerciai lengths which equals or
exceeds the length obtained in (2) on the preceding pége.
Multiple Pipes - In general, the:spacing‘of pipes in a multiple installa-
tion, measured between outside surfaces, shall be‘one-half the nominal diameter

with a maximum of 2-1/2 feet and a minimum of 1 foot.

4-313 ‘Bedding and Backf11l Considerations.

The height of overfili a culvert will safely sustain depends upon founda-
tion conditions, methods of ihstallation, and its structural streﬁgth and
rigidity.

(1) Foundation conditions at the culvert site have considerable bearing

~ on the stresses imppsed-oh the culvert: |

(a) A slightly yielding foundation under both the culvert and the
adjoining fill is the condition generally encounteréd.

' (b) Appreciable uniform settlement under both the Culvert and the
adjbining fi11 will not overstress the culvert.

(é) A relatively unyielding culvert foundation coupled with settle-
ment in the adjacent fill can produce great overstressvin_the
culvert, regardless of type. |

(d) An unyielding foundation under both the culvert and the adjacent
£111 can produce high stresses in the culvert, particularly a
rigid pipe with flat bedding; Such stresseé are counteracted by
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(e) Foundation investigations may reveal a combination of the

foregoing conditions. In such cases, as well as for sites,

where the height of cover exceeds 100 feet, a special deéign

- may be required. A more detailed foundation investigation is

required for a special design.

(2) Various acceptable methods of installation are presented in the

reference documents listed in Section 4-107. For any predictable settlement,

provisions for camber shall be made.

found in Tables 4-313A-D.

TABLE 4-313A

Maximum Height of Cover for .
Circular Steel Pipe With 2-2/3"

X 1/2" Corrugation

(3) Height of cover 1imitations for circular and pipe-arch culverts are

TABLE 4-313B

Maximum Height of Cover for
Circular Steel Pipe With 3"

X 1" Corrugations

1 Bepans may te riveted, welded or hulical.

1 hes abrasive flow conditions when the flow velocity
with a full evivert at entrince exceeds § fps, heavier gage

metal shall be provided.

Note: Taken from California State Design Manual Tables 7-822.7A and 7-822.7B

aaliines with-helical seams arc limited to diamoters of 48” or less.
r values below the heavy broksn line, if the gite investigation
l establishes

== (et
Maximum height of cover (fect)
34” Rivots 24" Rivets
Frizmeter )
inches 16 gaze 14 gage 12 gage 10 zage 8 gzge
SIMGLE RIVETED -

12 63 83

16 50 66

18 42 55 81

21 - 38 47 72

24 32 42 61 75

30 25 33 49 60 74
E 36 21 28 41 50 €2
'
{

DOUBLE RIVETED
42 40 43 72 76 80
48 35 as 63 67 70
4 34 56 89 63

60 50 53 56

66 46 49 51

72 45 47

78 43 44

84 40 40

NOTES

‘Maximuin heiglt of cover (feet)
Double 34” rivets Double 14 rivets
Diameter
inches 16 gage 14 gaze 12 gage 10 gaze 8 guge
36 43 571 88 | (101) © {107)
42 37 49 76 87 92
48 32 43 66 76 80
54 29 38 59 68 71
60 26 34 53 61 64
66 23 31 48 56 58
72 22 29 44 51 53
78 . 26 41 47" 49
84 25 38 3 16
90 23 35 41 43
96 33 38 40
102 31 35 a8
108 29 34 36
114 25 32 34
120 26 30 32 .
NOTES

ISearlzr; may be riveted, welded or juined with 3" bolts and the

number of bolis shall equal the number of rivets. Only one

type of seam is p
2 For-values below the

crmitted in one instatlation.
heavy broker line, if the site investization

establishes abrasive coaditicns when the flow velocity with
a full culvert at euntrance ¢xceeds 3 fus, heavier gage metal

shall be provided.

3 Fill heights exceeding 109 feet shall be considered a special
design (see values in parentliesas).



TABLE U4-313C

MAXIMUM HEIGHT OF COVER
FOR STEEL PIPE~ARCHES
WITH 2-2/3" X 1/2" CORRUGATION

| Minimum 'Maximum Height of Cover (ft.)
Span - Rise o e /16" Rivets 378" Rivets
(inches) g - (inches) | 14 ga 12 ga| 10 ga
 SINGLE RIVETED
21 x 15 3 9 -
24 x 18 i». 3 - -
28 x 20 | 3 "6 6
35 x 24 3 5 .5
a2 x 29 3k 5 5
DOUBLE RIVETED
49 x 33 4 5
57 x 38 5 s
64 x 43 6 6
71 x 47 7 -
 76 x 52 8 -
83 x 57 9 -

1. Seams may be riveted or welded. Helical lock seam limited to 57" x 38"
maximum size.

2. Cover limited by corner soil pressure of 1-1/2 tons per square foot. .

3. Heavier gage metal shall be provided for arches left of heavy broken line when
flow velocity with full culvert at entrance exceeds 5 fps.

4. Bituminous lining not available in 21" x 15" and 24" x 18" sizes.
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CTABLE 4-313D .
. MAXIMUM HEIGHT OF COVER...

L . PLATE CIRCULAR PIPE WITH - .
6" x.2" CORRUGATIONS,
; Maximur height of cover (foet)
. , : mgm 6-bolt seams
M - R ," D e e EXUN - . . ’
L isches | 12 gage 10 gage 8 gape 7 asee 5 eage Iosee 1 gage ! omae
w0 f BT R RIEE™Y 7 JCY BN SR : 98
S-S 0: 5T - 73 .85
72 a8 . ‘i’ 52 o7 i 78 | 13
T8 33 48 62 i /] 87
“ ] B - 8T.... . e 80 95
90 38 42 - 54 -62 5 88 %
96 7 o 80 58 70 3 90
a0 25 37 a 55 66 78 85
108 5 04 . 35 a ‘..:,‘l 63 . " w
14 2, 3 «Q © 5 70 76 8
120 2 a 40 - %6 - 72 02
Be .. 20, %" U PR TN IR I 8 © b &
4 28 o : 43 5t 00 66 o
. 18 27 35 41 ] 58 63 80
& »b—‘z g © S 26, " - s - -89 .. AT . ] 60 7
. ‘ e wo— o
17 " 28 32 . 88 45 53 58. 74
v 16 BT . 13} 36 “ 5 56 n
16 - 23 ] 38" ' © 5 68
15 22 20 e 40 4 52 66
15 3 - 28 . 23 30 ' 50 64
10 1 2 27 3 as “ 48 62
18 7 (TR 2 .26 30 36 s a7 60
92 20 25 20 35 ! 43 58
08 19 25 2 34 © “ 56
| 200 19 24 .28 33 2 4 54
20 18 23 e 33 a8 42 53
216 18 a3 2 31 3 0 51
222 22 26 3 36 30 50
228 2 28 2 35 a8 “®
234 21 24 20 ! 37 47
240 24 28 33 36 "
246 23 28 3 35 It
253 2 ] 2 Y “
NOTES

For values left of the heavy broken line, if the site in- -
vestigation establishes abrasive conditions when the flow
velocity with a full culvert at entrance exceeds 5 fps,
heavier gage invert plates shall be provided.
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4-314 ‘Minimum 'I’nickness of Cover.

Table U4-314 gives the minimum thickness of cover required for. design
purposes over culverts and p:lpe—arches. For construction convenience, the
minimum cover for all types of cnlver'ts is 6 inches greater than the thickness
of the stfuctural materials in the 'pavement cross section.

Class "C" Concrete backfill may be used for culverts where 1t is necessary
to have less than 18 inches of cover: below the top of a flexible pavement A
minimm of one foot of concrete backfill should be used at the sides of the,

culvert .

14 315 Culvert Joints.

4-315.1 Metal Culverts - Metal culverts 24 inches in diameter, or less,

nomxally require 12-inch hand couplers. Those larger than 24 inches should
utilize 2U4-inch hand couplers.
4-315.2 Reinforced Concrete - Reinforced concrete pipes are normally

.bonded together by the use of grouting; however, rubberized gaskets or other
methods may be utilized with the approval of the Design Englneer. '



 TABLE 4-314 o

MINIMUM THICKNESS OF COVER FOR CULVERTS

"MINIMUM THICKNESS OF CO

VER

SURFACE
. TYPE

Corrugated metal

bibes and pipe-arches :

Struciuul plate pipes
.and pipe-arches

Reinforced concrete
pipes

Flexible

Diameter or span

Diameter ot span

Pavements or
Unpaved

5

2 ft. minimum

8

2 ft. minimum

2 ft. minimum

Diameter or span

Diameter or span

Rigid
Puv‘ew'\oms

.-

1.2 ft. minimum

St 8.
1.2 ft. minimum

1 ft. minimum

Traveled Way—>

Minimum
of Cover

—»4 Shoulder Hinge

<

Y 2

at Ultimate E.P.

Thickness| "
"mecsured

Point

“-.Min. Thickness

Flared End‘Section/"

0.5' at H.P.
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4-316 Headwalls and Other End Treatments.

. (1) General Requirements - The need for culvert headwalls or other

structures, at either entrance or outiet, s_hould be based 6n the phy_sical,

hydraulic, and desthetic conditions particular to the site.

(2) Flared End Sections and Headwalls -

(a)

(b)

At Entrance - Flared end sections or headwalls are desived for

these reasons:

For hydraulic efficiency,
- To prevent a flow outside the culvert barrel in pervious
backfill materials, |

Acting as a counterweight, a headwall prevents flotation of

large culverts at entrance where ponding and plugging of
the opening by drift are anticipated,
- To prevent erosion of steep embankment slopes due to a fre-
quently recurring headwater pool.
For hydraulic reasons, flared end sections and headwalls are not
required undér the following conditions:
- For intermittent , low velocity flows where head conéervat.ion
is not important. |
- Where the design discharge isinsufficient to fill the open-~
ing‘of‘ a minimum size pipe. |
At Outlet - It is undesirable from a hydraﬁlic viewpoint and
usually unnecessary to place headwalls at outlets to culverts
less than 48 inches in diameter. Headwalls or other protection
are essential‘ regardleSs of culvert size where a degrading '

channel is apt to undermine the culvert or erode the embankment .
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Whenever erosive conditions are eneountered at outlet, standard
vheadwalls or w1ng—walls should be used with cautlon. Before

any end treatment is con51dered,ithe effects of such a discharge
on both the outlet structure and downstream property mhst be
evaluated. Where the culvert is exposed to view, either a
headwall or a flared eﬁd section should be provided.

(c) Flafed End Sections - As they orovide effective entrance, pre-
fabricated flared end sectiohs should be used in lieu of headwalls.
Flared end sections also 1end themselves well to situations call—_
ing for fill widening.

{d) Straight Headwalls - They may be used where right of way restric-
tions dictate. . |

(e) Winged Headwalls - Except in special cases, headwalls with wings

» are not recommended for use w1th small culverts as flared end
sections are more effective and less expensive.

(f) L-Headwalls ; Thisvtype has one wing normal to the culvert center-
line. It is used in well-defined channels with low to moderate

s velocity where an abrupt change in direction is required at the
culvert entrance. I-Headwalls may be used where warranted in
1ocat10ns well removed from the ‘shoulder.

(3) Mitered Ends. Mitered ends conforming to the fill slope have no

plece at entrance as they are less efficient than either flared end sections or
headwalls. Mitered ends may be used at outld:where the culvert is exposed to
view. As they are structurally unstable, they are not recommended for pipes
over 48 inches in diameter; Because the mitered_sectioo must be . removed,
mitered outlets also are not recommended_where extension of the culvert is

anticipated.



(M) Projecting Ends - The projecting end is perm1551ble in mountainous

terrain or where it is not exposed to view. Like the mitered end,. the pro-
Jecting entrance inhibits culvert efficiency when the entrance is submerged
In some situations, the outlet end may project beyond the fill, thus providing

security against erosion at less expense than bank protection work.

'4-317 Strength Requirements for Metal Culverts and Reinforced Concrete Pipe.

Strength requirements for corrugated steel pipes fabricated under the
three accebtable methods contained in:the."Standard Specifications," and for
»reinforced concrete pipe are given in various tables contained in reference
documents (Section 4-107). To properly useithese-tables and graphs, the
'deSigner should be aware of the premises on which the tables are based as

well as their limitations.

4-318 Box and Arch Culverts..

Reinforced concrete cast—inrplece box culverts, arch culverts and struc-
‘tural plate arch culverts with a cast-in-place footing and invert are par-
ticularly susceptible to unfavorable foundétion conditions. The footing
’ pressures under these box and arch culverts vary from approximately‘l.S tons
per square foot to 7.5 tons ber square foot withzero to 70 feet of.overfill.
For these reasons, the design engineer shall make a foundation investigation
of sufficient scope to determine the supporting power of the foundation

material, the potential settlement and unequal foundation support.
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4-400 Roadwa; J Drainage Requirements.

. ' For' purposes of this manual, roadway drainage covers the collection and

remova_]. of waters from ‘the roadway It includes such items as:

(1) Sur'f‘ace waters originating within the right of way, namely the
roadbed median and contributing slopes; »

(2) Surface waters originating outside the right of way and not confined
‘to channels; and »

(3) Ground water.

In the design of r'oadway drainage facilitles, the aim is to keep the
’trayeled way, free from flooding except for infrequent heavy rainstorms.
The frequency and tolerance of flooding shall depend' on the importance of the

roadway, coupled with the risks and costs involved.

4-401 Standards for Roadway Drainage.

_ ‘ (1) General Requirements: A
o (e) The design ls-torvm frequency and allowable extent of flooding

shall be as given in Table 4-401.

(b) In runoff cemputations by the rational method, a minimum of
10 nﬁnutes is recorrmended for both the time of concentration
and the inlet time.

(c) In general drainage across the traveled way should not flow

" over more than 4 lanes. 1 |

(2) Stage Construction. In stage construction, all permanent drainage

installations shall be designed to provide for the ultimate roadway improvement.

This applies mainly to storm drain .sys'tems.'
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TABLE 4-401

STANDARDS FOR ROADWAY DRAINAGE

Roadway Feature

% Limits of Flooding

D

esign Flood

Frequency - By Type

of Roadway
’ Access
. Arterials | Collectors { Road
Normal Traveled :
Way (a) Flush shoulder design low-
est edge of traveled way.
25 10 10
(b) Rolled gutter design low-
est S-foot width of travel-
ed way, but water shall not
overtop shoulder on low
side of superelevation.
Traveled Way at Lowest S-foot width of :
Depressed traveled way regardless of 100 25 10
Sections type of shoulder.

* Based on l0-minute time of concentration.
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4-402 Ditches

(l) Grade - The flattest grade recommended for de51gn is 0.25 percent
for earth‘ditches. Uhder "ideal" conditions, 0.12 percent may be used for
paved ditches | » . | ‘ |

(2) SIOpe Ditches - Slope ditches or surface ditches should be provided~

where it is necessary to intercept drainage from natural slopes inclined

‘toward the roadway. When the ditch grade exceeds a 4:1 slope, a downdrain

- 1s often advisable. Slope ditches may not be necessary where side slopes in

favorable_soils are flatter than 2:1 or'where;positive erosion control

measures are to be instituted during construction.

(3) Side Ditches - These are triangular gutters adjoining the shoulder.
For conditions governing their use, see Section 2-322.5.
(4) Chart Solutions - The nomograph in Figure 4-503A applies to all

triangular channels.

. 4=1403 Overside Drains.

The purpose of overside drains, sometimes called slope drains, is to'pro—

tect side slopes. against erosion They convey drainage down the slope which
is collected from the roadbed, the tops of cuts or from.benches in cut or fill
slopes. They may be pipes, flumes or paved spillways as shown on the standard
plans.

(1) Spacing and Location - The spacing and location of overside drains

depends on the conformation of the ground, the roadway profile, the quantity

of flow and the limitations on flooding stated in Table 4-401. Diversion

‘from one watershed to another should be avoided. If diversion becomes'neces—

sary, the drainage should be carried to a point of discharge into_a natural

watercourse or a storm drain.

(2) Type and Use Reguirements - Following are details of the various
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(a) Pipe Downdrains - Metal pipes are adaptable to any’slopé.
They should be used where;side slopesvarelézi'Qr stéeper; ‘
The minimum pipe diametér,shall be 8 inches, but 1argéffiows
or long pipe installations may dictate a iarger diameter.

(b) Flume Downdrains — These are rectangular corrugated metal

| flumes with a tapered eritrance. They are best adépted to
slopes that are 2:1 or flatter but if used on 1-1/2:1
slopes, lengths over 60 feet are not recommended. Abrupt
-changes in alignment or:grade_should be avqided.

(¢c) Paved Spillways - Pefmanent paved spillways normally are used on
side slopes flatter than U4:1 but they shall be not longer than
24 feet. Spillways also may be used on slopes as steep as 2:1

but their length shall not exceed 14 feet.

(3) Entrance Standards. -Authorized entrance tapers for pipe .and flume

downdrains are detailed on standard plans. An acceptable alternative to the

pipe entrance taper is a flared end section. Entrance tapers and flared end

sections should be depressed at least 0.5 foot.
The local depressions called "payed'gutter flares" may be used at overside
drains. ’

(H)VOutlet Treatment. Where excessive erosion is anticipated at an over-

side drain outlet, a simple energy dissipator should be employed.

(5) Anchorage. Overside drains should be_anchored.

(6) Drainage of Benches. Drainage from benches in cut or fill_slopgs
should be removed at interyals ranging from 500 to 800 feet.
(7) Selection of Type. Pipe and flume downdrains shall consist of

corrugated steel. For design purposes, materials must satisfy the conditions

stated on the following pageﬁ
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(a)

Design Service Life - The design service life of downdrains
shall be 50 years when buried more than three feet within the

embankment on projects wherelthadesign service life of culverts

.~ is 50 years. Under all other conditions, such as on the surface

 of a fill slope, it shall be at least 25 years.

(b)

Special Requirements - The design service life of metal downdrains
shall be determined from pH and resistivity tests covered in
Test Method No. Calif. 643 and other tables contained in

references listed in Section 4-107.



4-500 Storm Drains.

4-501 Storm Drain Systems.

Road Commissioner approval is required in advance‘.w’hen an ‘extensive storm
drain system is proposed. Storm drain systems for roadways ofte;x- involve
critical disposal problems, particularly where drainage of the surrounding
area 1is inadequate. A cooperative project effected with local interests may.

provide the best solution to the problem.

4-501.1 Notes on Hydraulic Design.

(1) Design DiScharge. Any recognized method of computing the quantity

“of runoff imay be employed. ’Ihe designer is reminded that using the maximum
time of concentration to determine design rainfall intensity ddes not
necessarily give the maximm runoff possible for a given drainage area. Various
shorter storm dufations should be investigated as the resultant higher intensi-
ties over partial drainage areas may produce larger flows.
| Where the watercourse is a combination of flow overland and in pipes, the
time of concentratibn is the sum of the inlet time plus the time of flow invthe
pipe. ‘ | |

Owing to sheet flow over the travelled way and shoulders as weli as flow
over the ground a minimum inlet time and time of concentration:of 10 minutes
is recommended fqr roadway areas. | | |

(2) Hydraulic Design of Conduits. Closed conduits should be designed

for the full condition. They may be allowed to operate under pressure, pr'o-
vided the hydraulic gradient is 0.75 foot or more below the intake 1ip of
any iﬁlet which may be affected. In no event should the energy gradient rise
abové the lip of the intake.

_ In a shallow system with a flat invert slope, allowance should be made for

" energy losses at bends, junctions and transitions.
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- (3) Backwater at Outlet. To determine the lowest outlet elevation for '

‘ drainage systems which discharge into leveed channels or bodies of water
effected by tides, consideration must be given to the probabilities of‘ back
water.

When necessary, backflow protection should be provided in the form of
flood gates ‘ |

() Sto_rgge, vIn 'de\'reloping the most economical installation, the designer
shouid not overlook economies obtainable by the ponding effect of storage in
gutters, media.ns and interchar:ge_ areas. Inlet spacing largely controls
surface storage in gutters arxd medians; inlet capacity goy'er'ns in sump areas.

" (5) Floating Trash. Except at pumping installations, every effort

should be made to carry all feasible floating trash through the storm drain
system. Curb-opening inlets and drop inlets are well suited for this purpose.
. In selecting "vgrate'd inlets for urban sections, the designer should consider the

potential use of the street by children and narrow-wheeled bicycles.

4—502 Standards for Storm Drain Pipes.

(l) Location and Alignment. Longitudinal storm drains for the disposal

of roadway drainage should not be placed under the traveled way or

shoulders. Whenever a location under the roadbed is necessary, manholes
should be located outside the shoulder. In urban sections rhariholes may be

located within t_he roadway section. Where bends are required the alignment

should be on a circuiar curve. Angle points in the alignment should not
exceed 10 degrees; otherw1se » @ manhole should be used
(2) Pipe Diameter. The minimum pipe diameter shall be as given in Table

4-502, except that pipes located wholly or partly under the roadbed shall be
. at least 18 inches in diameter.
The minimum diameter for use with pipe drop inlets (Types GCP, ocp, GMP
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TABLE'M—Soa

Minimum Pipe Diameters for Storm Drains. -

Type of Dra.in : : - Mini.mwn Diameter (Inches)f
Trunk Drain » 18

Trunk Lateral | : - 15

Inlet Lateral . | | ‘ 15 *

* 18" minimm if wholly or partly under the roadbed.

(3) Strength. Strength requirements for both metal and concrete pipes
can be found in the appropriate references listed in Section 14-107

(14) Selection of Type. In general the considerations which govern the

sel-ection’ of culvert type apply to storm drain conduits. One exception is the

roughness factor which generally assumes greater importance in a storm drain.

(5) Depth of Cover. TFor applicable standards for minimum thickness of
_cover, see Section 14-3113 For maximum heights of overfill, see the reference

documents 1isted in Section 4-107.

4-503 Gutter Design,

. (1) Capacity. Gutters shall be designed to keep f‘loodiné within the
limits given in Table 4-401. Easy solutions of gutter flow problems are . .
obtained by using Figure U4-503A which applies to trlangular channels and -

: ;other shapes illustrated on the chart.
‘ - (2) Gutter Types. The shape and dimensions of‘ approved curb and gutter

cross sections commonly used are shown in various reference documents (.Sectvion

u ._4—107)

(3) Longitudinal Slope. Longitudinal gutter grades should not e flatter

than 0.12 percent. - ) = .
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Figure 4-503A" .
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(4) Cross Slopes. On 2-foot curbed gutters to the right of traffic,

tnevrmmnel cress fall shall be 2 inches. On gutters”Widerlthan 2 feet, tne
cross slope shall not exceed 7 percent; Fiatter‘crossJSippes”sheuld be
avoided because they cut down gutter canacity and severely reduce iniet
efficiency.

(5) Curbed Intersections If pedestrian traffic is a ruling factor,

intersection drainage presents the following alternatlves to be weighed as
to effectiveness and economy :
| (a) Intercept the whole flow at or near the beginning of the curb
return. ‘
_ (b) Intercept a part of the water and allow the overflow to cross
o | o ©° the intersection. The width’of flow should be controlled S0
| tnat pedestrian.traffic is not unduly hampered. |
(¢) If it is small, pass the entire flow threugh the intersection
in a valley.gutter;—see subparagreph (6) below.

(6) Valley Gutters. Valley gutters across the traveled wéy should be

avoided. In general,. the total width of gutter should not exceed 8 feet and
cross slopes shall not exceed 3 percent. - Two percent is suggested,where more

than nominal speeds are involved.

4-504 1Inlet Types.
The basic features of standard storm drain inlets are shown in Figure

4-504. The Variety of standard designs found in the recommended reference"

docnments is considered sufficient to meet any drainage situation; hence, the

use of nonstandard inlets should be a rare exception. 2
From an operating standpoint,‘there are four main groups of inlets; -

these are:
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'(a) Curb opening inlets (Type O) which have an opening paralleling '
the direction of flow, ‘
(b) Grate inlets (Types G, GT GCP and GMP) these_provide a grate
| opening in the gutter or waterway, |
(c) Combination inlets (Types GDO and GOL) which have both a curb
S and a grate opening; and

(d) Wall‘opening_inlets,'in which the intake opening is normal to

the flow (Types OCP and OMP).

" (e) Slotted drains.(not pictured) may be considered. Maintenance
factors should be conSidered extensively before selecting
» slotted drains. |
The choice of type depends in general on site conditions, hydrauliosr
_ _and costs. Although the hydraulic capacity of any type is closely tied_to
tne'size‘and'type of intake opening,lthe capacity is greatly increased by

depressing the opening below the normal flowline of the waterway.

4505  Types and Uses of Grates.

Following are the dimensions and uses of standard grates:
Type 18- 9.- Clear opening——l8".x 35-3/8".
Clear bar spacing—1-3/8" (9 bars).
Uses——within the roadbed on highways where bicycles
and pedestrians are excluded.
Type 24-18 - Clear opening——24" x 35-3/8".
Clear bar spacing 3/4" (18 bars).
Uses——within the roadbed, normally under urban
conditions where bicycles and pedestrians are permitted.
Type 2U4-12 - Clear opening—24" x 35-3/8". |
Clear bar spacing--1-~3/8" (12 bars). 151
Uses——within the roadbed on highways where bicycles

and pedestrians are excluded.



'I‘ype 249 = Clear' opening-'-zu-" x 35-3/8",
.‘ ' | Clear bar spacing--2" (9 bars). |
|  Uses—-outside the roadbed. Will not support, 1 normal
hi_ghway wheel loads. This is the best grate for
passing leaves.
Type 36—R Round gr'ate-3l4-1/2" inside diameter.
Clear bar spacing—2".
Uses——outside the roadbed with concrete or metal pipe
drop inlet. Will not’, support normal highway wheel
loads. | | |

Diamond pattern grates may be used where bicycles are expected.

14-506 Location and Spacing of Inlets,

(1) Governing Factors. The location and spacing of inlets depend mainly
. on these factors: . |
| (a5 The amount af runoff,

(b) The grade profile,
e (c) The location and geometrics of grade intersections,

(@) Width' of flow limifations,.

(e) The inlet capacity, and

- ( f) Volume and movements of vehicles and pedestrians
(2) Location; There are no ready rules by which the location of inlets

can be fixed ; the most effective and economical installation should be the aim.

(3) Spacing. Arbitrary spacing of inlets should be avoided. The distance

between inlets should be determined Aby a rational analysis of the factoi's con-
" trolling the design. In a valley median, the designer should consider soil
permeability and susceptibility to erosion in the spacing of inlets. To

economize on disposal facilities, inlets are often located at culverts or

near storm drain conduits. N S 1
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(Ll) Inlets in Series. When conditions dictate the need f‘or a series of

inlets, the recomnended nﬂ.rﬁ.nmm spacing’should be approxjmately 20 feet, using
the nearest combination of commercial pipe lengths Allowance shou.-ld be made

for length added by pipe joints and the bevel at the pipe entrance

4-507 Hydraulic Design of Inlets, |
(1) Factors Governing Inlet Capacity. Inlet capacity is a variable

which depends on:
(a) The size of the intake opening,
(b) The velocity and depth of flow and the gutter cross slope Jjust
bupstream from the intake; and' |

(c) The amount of depression of the intake opening below the flow

line of the waterway.

(2) Curb-Opening Inlets. See reference documents listed in Section 4-107.

(3) Grate Inlets. The charts contained in the recommended references

(Section'l&-107) glve capac_ities for inlets with a single rectangular grate

on the basis of complete interception.

Ll-'-508 Local Depressions

(1) Purpose. A local depression is a paved hollow in the waterway
shaped to concentrate and direct the flow into the intake opening and thus'_

develop the i‘iill capacity of the inlet. In a gutter bordered py a curb, it

is called a gutter depression.
(2) ’General Notes on Design. With certain exceptions, a local depresSion

shall be provided at eirery inlet even though the waterway is unpaved. Where
the size of intake opening '4s in question, a depression of maximwn depth should
be considered before deciding on a larger opening. For traffic reasons, the

gutter depression shall be omitted in these cases: (a) driveways, and (b)

_ median curb and gutter installations It shall be permissible to omit gutter de-

flow does not exceed prescribed limits.

1a3
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(3) Local Depressions Outside the Roadbed. Local depressions outside

' the rdadbed generally consist of a paved apron or transi’cioh 'of a shape which

serves the purpose.

(W) Gﬁtter Depression. The gutter depression is designed for use in a

curb and gutter installation. It is carefully proportioned in length, width,
depthAénd shape. To best preserve the design shape, construction normally
should be of concfete. ‘Further requirements for guttér depressions are:
(a) Length - See references (Section 4-107),
(b) Width - Normally 4 feet, but for wide flows or a series of
‘closely spaced inléts, 6 feet is authorized, and
(c) Depth - Where traffic consideratiohs govern, the depth commonly
used is 0.10 foot. Use the maximum of 0.25 foot wherever |
feasible at 1ocations where the resulting curb height would not

be objectionable.

4-509 Manholes and Junction Structures,

(1) Manholes - General Notes. A manhole is an underground structure

which provides access to a continuous underground conduit. It consists of a
chamber at the bottom large encugh for a man to work in and a shaft,which

provides access directly from the surface.

There are no fixed rules for the location and spacing of manholes. In the

final analysis, the designer must seek a reasonable compromiseé between cost

- and - ease of maintenance.

(2) Junction Structures. A junction structure is an underground chamber -

o i

i o e A+

e e ettt e Ao ey o e s P

used to join two or more condults, but'does not provide direct access from the
surface. It is designed to prevent turbulence in the flow by providing a smooth

transition. Where required by spacing criteria, a marnhole should be used.
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4-600 Open Channels.

4-601 General

TWo charnel problems most often face the engineer in highway drainage
practice, they are:

- (a) To find the discharge of a natural stream, and
(b) To produce a safe, economical channel design

- Both depend on a basic knowledge of the factors which govern channel
flow. In a discharge problem, the key factor is the roughness coefficient (n),
_while in a design problem, the water surface profile and the velocity are the
most 1mportant considerations |

(1) Uniform Flow. Uniform flow occurs when the flow is steady and the

mean velocity is constant; it is only possible in a chamnel of constant Cross
section. Under this condition, the water surface is parallel to the bottom of
the channel and can be computed by friction formulae such as the Manning and

. Kutter developments of the Chezy Formula.

(2) Nonuniform Flow. Nonuniform flow. occurs when the mean velocity for

a given flow varies from one section to another and is the condition most
often encountered in highway practice. It may be divided into two general
classifications: (a) gradually varied flow where frictional resistance is

the principal'factor, and (b) rapidly varied flow in which either acceleration
or deceleration is the prime consideration -

In gradually varied flow, the stream adjusts itself to the size of the
Ccross section which the slope of the hydraulic gradient requires In such
cases; it is possible to approximate the water surface profile using a friction
formula such as Manning's. To obtain reasonably reliable results, the
stream must be divided into short reaches in which flow conditions are nearly

alike, and velocities should not change more than 10 to 20‘percent " In the
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reaChes selected f'or' computation purposes, the water surface profile must not
' diverge too much from the average charmel grade line for .evlen' moderate- '
divergencies can introduce gross errors. , ~ o
Rapidly varied flow occurs in the vicinity of transition sections such
as drops, dissipators, or sudden changes i-n channel cross section. Friction :
formulae should not be used under such conditions. | a

(3) Economy in Desigg Construction, right of way and maintenance costs

4must be cons:Ldered in designing an open channel. ‘Ihe size and shape as well
‘as_ the choice between a lined and an unlined channel are based on economic
comparisons which take into account the foregoing factors. On channel grades
producing erosive velocities, it may be more economical to construct an
unlined channel with drops rather than a lined chamnel on a straight grade.
The location of a channel in the outer separation, rather than the outer side

of a frontage road may result in economies in right of way and culvert costs.

. (4) Chart Solutions. A nomograph for the solution of the Manning Formula

1is shown in Figure 4-601.

4-602 - Design Storm Frequency .
The design storm frequency should be based on the requirements stated in

Section 4-400 and Table 4-L01.

l4—603 Design Controls for Types of Flow

To obtain the most efficient and economical design requires an understami—-

ing of the three types of flow, as explained in the ensuing discussion

(1) Critical Flows Under this condition the sum of the kinetic energy

and the potential energy of the flowing water is a minimtml and the discharge
is a maxirme for a given total head. Regardless of cross section shape, critical
'; flow exists at the depth for which the velocity head is half the hydraulic mean
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| depth Critical flow is an unstable condition met in passing from subcritical
to supercritical flow and vice versa. It should be avoided in de51gn

(2) Subcritical Flows Subcritical flows are tranquil or streaming

where the velocity is less than the critical velocity. They occur when the vel-
ocity head is less than half the hydraulic mean depth. Under these conditions,
restrictions in the channel can cause the water surface to rise upstream.

‘This phenomenon should be conSidered in channel design as backwater may be

the,control for depth.
(35 SQpercritical Flows. .SupercritiCal flows are rapid flows where the

velocity is higher than the critical velocity. They occur when the velocity
“head exceeds half the’ hydraulic mean depth. They may be turbulent and at very
high velocities may become»shooting flows. Supercritical velocities are
acconpanied by chamnel erosion, waveﬁaction, and, under certain conditions,

a hydradlic:jump. In the higher velocity ranges, the superelevation of the.
water surface at the sharper'bends may cause the flow to overtop the bark.
‘-Violent wave action also may take place with the same result. Under a super-
critical flow, the effect:of changes in channel conditions cannot be trans-

mitted upstream.

M-6OH Size and Shape Considerations

All channels should be designed on the basis of maximum utilization of
earth—moving equipment consistent with economy in construction and maintenance.
Trapezoidal channels are usually the most economical. Wide chamnels less than
one foot deep, however, are inefficient and, generally, are not recommended.
Channels of moderate capacity should have‘a 2-foot bottom. When sediments are
transported at low stages of flow, the velocity may be inéreased.further by

»using a V-shaped charnel.



In determining the steepness of side slopes for unlined ditches, consid-

| feration must be given to the erosive potential of the soil, and the amount and .

velocity of the design flow Under average conditions, ,slopes ranging from

| 1-1/2: l to 2: 1 are satisfactor'y To facilitate maintenance, s1de slopes for

ditches withinv interchangeareas should not be steeper than 4: 1. v
Channels with an overflow cross section -should be treated as separate deep

‘and shallow channels in computing the flow.

4-605 Charnel Alignment and Grade.

_ (1) AL g@ Except where the alignment is sinuous and corvature sharp,

head losses at bends may be neglected when velocities are low. In the higher

Vsubcritical velocity ranges, bends cause head losses which should be considered

in design. In channels with very high velocities, sharp bends should be ‘avoided.
(2) Grade. The flattest desirable longitudinal slope or grade is 0.12

percent for lined channels and 0.25 percent for unlined channels.

'4-606 Coefficient of Roughness.

. The deteﬁnination of Mamning's roughness, coefficient (n) calls for judg-
ment and a careful appraisal of charnel conditions in the field. .

- Suggested values of (n) for use in design, which are based on Horton's
coeff‘icients are given in Table H-606 for each type of conduit or channel.
| These are regarded as average values. They take into account deterioration
of the flow carrying surface, as well as distortion of the grade line due to
’unequal settlement, construction J oints together with other common irregular-

ities. The tabular values should be modified to satisfy abnorma.l conditions



S TABLE 4-606
SUGGESTED AVERAGE VALUES FOR MANNING'S ROUGHNESS COEFFICIENT (N) }
(Based on Materials and Workmanship Required in the Standard Specifications)

' Roughness
Type of Conduit or Channel ' Coefficient (n)
Steel pipe, ungalvanized . . . . .+ « o . e o .o e e 0.015
Cast Iron PIPE v v v v 4 e h e e e s e s e e e e e e e 0.015
Metal pipe (2-2/3"x 1/2" corrugations): :

_ Not 1lined . . . ¢« « & o 0 o & e e e s e e e e e e e ' 0.024
Lamooth asphalt quarter lining . - « = « « & ¢ ¢ ¢ = = =" 0.021
lSrnooth asphalt half lining =« = « <= * * * * e e e e - 0.018

Smooth asphalt full lining =« « =+ = ¢ = = * = * ©° " . 0.013
Metal pipe (3" x 1" corrugations) ¢ v v v ot ototttoc 0.027
Metal pipe.(6" x 2" corrugations) « * * ° ° EEEEEERE R .o 0.032
~Concrbete pipe ...... ‘e o e e e @ @ o s e s e e s e 0.012
201lay SEWer PIPE .« « . o e e e e e e e e e s e e e e e 0.013
Asbestos cement PIPE « « « « 4+ o s s e e e s e e e e 0.011
Drain tile (terra cotta) . « « ¢ o o o o o o o o o oo . 0.015
Unlined Chamnels: ' - :

Clay LOAM o « « o « o o o o o o o o o o o o o o o o & 0.023
@ o Il 0.020
‘ Gravel. « « « « « « = e e e e e e e e e e e e e e 0.030

UROCK .« e e e e e e e e e e e e e e e e e e - 0.040
Lined Chamnels:

Concrete (POUred) . « o o o o o o oo s e e e e e e 0.014

Air blown mortar, troweled . . . o . o o e e e e e 0.012 -

/Air blown mortar, untroweled . . < s ¢ . e e e s o 0.016

Adr blown mortar, purposely roughened . . . « « o« o o |- 0.025

Bituminous (plant-mixed) . . « « o ¢ o o e e oo .~ 0.018

Sacked concrete . . . . . T A 0.025

Pavement and Gutters:
CONCTELE « o v o o o o o o o o o o o o o o o e e e e . 0.015
Bituminous (plant-mixed) . . « « « o o o o o o o oo e - 0.016
Depressed Medians (10:1 slopes):

Earth (wWithout growth). . o v o o o o o o o o o o @ o - 0.040

Earth (with growth) . . « « ¢ o ¢ o o o o o 0 o o e . 0.050

Gravel . . o ¢ o o o e e e e e e e e e e e e e e 0.055

lpor pipe flowing full. ,

2Use (n) value conforming to local practice and materials in remodeling sewers
not owned by the County. '

®
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1&-—607 Channel Changes

" . o F‘rom a design standpoint a channel change 1s any realigrment or other o

change ‘in the hydraulic characteristics of‘ a channel.
- (1) Reasons for Channel Changes. Following are the main reasons for

channel changes
(a) Permit better highway alignment
(b) Economize by eliminating culverts or bridges where a stream
recrosses the highway, | '
(e Improve flow ccnditions 'in channels at bridges and culverts,v
' ' ' (d) Protect the highway against flood damage, and

(e) Right of way considerations. o

(2): Cooperative Projects. In cases where joint benefits result from |

planned drainage improvements, a cooperative project may be undertaken.

(3) Channel Changes in Larger Streams. Careful study of the ‘stream charac-
teristics is required to achieve an effective design. This study should include
“an examina-tion of the water surface prcfile and the velocities upstream and
downstream, as well as in the channel change itsel‘f. Since channel changes'
generally decrease (n) ‘temporarily and cause increasee in hydraulic' radius
and slope, any of the following effects may take place depending o_n 'conditions.
| (a) Improvement of the channel may result in damage by scour, |
(b) Where the channel change terminates, sed_imentation or meandering
may be induced. _
(c) A channel change perched above the bottom of the old flood -
stage stream bed may cause the stream to return to its old
bed during a subsequent flood and damage the highway. This
condition generally occurs in arid and semi—arid regions. |
. | S (d) A flatter downstream gradient may progress upstream undercutting

the banks of the channel change or undermining the highway fill.
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U—608 Permissible Velocities for Unlined Channels,

. Recorrmended per-mis51b1e velocities according to s011 type are given m

Table 4-608. Of the two sets of velocities given, the'ﬁsustalned flow" ‘

values should be used for intermittent flows of long duration.

TABLE 4-608 -

‘RECOMMENDED PERM'_[SSIBIE VELOCITIES FOR UNLINED CHANNELS

Type of Material in Excavation Section

Permissible Velocity
(Feet per Second)

Fine Sand (Noncolloidal)
Sandy ioam (Noncolloidal)
 Silt Loam (Noncolloidal)
-‘I" Fine Loam
"Volcanic Ash
Fine Gravel o
Stiff Clay (Colloidal)
Graded Material (Noncolloidal)
Loam to Gravel
Silt to Gravel
Gravel |

Coarse Gravel

Gravel and Cobbles (Over 8 Inches)

Intermittent Flow

Sustained Flow

Gravel to Cobbles (Under 6 Inches)

2.5
2.5
3.0

3.5
4.0
5.0
6.0

6.5
7.0
7.5
8.0
9.0

10.0

2.5
2.5
3.0
3.5
3.5
.0
1.5

16



4-609 Channel Linings.
(1) Purpose and Type. .y The main puxposes of channel lin:ings are:

(a) To prevent erosion damge |
(b) Increase velocity to prevent excessive sedjmentation, and
(¢) Increase capacity. ‘
Two types of .1inings are commonly used: asphaltic pavement and portland

cement concrete. -Asphaitic pavement cannot withstand hydrostatic pressure

- and is not recommended for steep side slopes. _Portland cement concrete may ‘be

used for pemxanent construction under "all conditions of service. Seal coats
are not recommended for a pennanent mstallation

(2) Standards for Thickness of Lining.  Table 4-609 gives approximate

channel lining thicknesses for both asphaltic pavement and portland cement
concrete. The given side thicknesses ‘normally apply to slopes flatter than the
angle of‘ repose of the soil and thus do not allow for earth pressure. In

f‘avorable soils and in the absence of hydrostatic pressure, side 1linings are

of‘ten placed on a 1:1 slope Under unusually favorable conditions, the slope

may be as steep as 3/4:1. In situations where neither hydrostatic pressure nor
wear are factors, the floor thickness should be the same as the sides. Under
unfavorable conditions, where it is necessary to use a slope equal to or steeper
than the angle of repose of the soil, the side lining either may be thickened
or designed as a sloping retaining wall. ' |

(3) Notes on Design.

(a) Inflow from the Sides - Where the charmel intercepts a surf‘ace
flow from the sides, the following measures are essential:
- Carry the lining to an elevation slightly below ground level;
- To prevent undermining, place a cutoff lip or wall at the top
of the lining; and
- When pipes discharge into the channel, cut them flush with

the chamnel lining. 163



: (b) Drainage Whenever hydrostatic pressure is anticipated, both' .
- . S o weep holes and a drainage systembehind the side 11ning are o o

(ll) Slope Paving’ 'I'ne ob,ject of this type of channel paving is bank pro-

»tection, usually on one side of the chamel. To guard against undercutting
. the ends ‘the lepe paving must be turned into the bank a sufficient depth to

'provide good anchorage and the bottom of the. footing xmst be below the scour

o L TABI.E ’4-609
. STANDARDS FOR CHANNEL LININGS
Mean Velocity I mickness of " Minimm
Feet Per Second ~ 'Lining (Inches) ~ Reinforcement
Sl swes | Bottom | |
' ASPHALTIC PAVEMENT
| .Le,ss'IhanB 2 '2-‘3._ 3 . None
E 8—10 C -3 -_3-14 . None
PORI‘LAND CEMENT CONCRETE
(Poured or Pneumatically Applied)
Less Than 10 . 2-3 1/2 ool g" x 6" 10 Ga. Wire Mesh -
- "10t016 f 45 |} 46 " #3 Bars at 15" centers
_ . S - _ - both ways
16 or-More § - 6 or | 7T or . - #3 Bars at 12" centers
S More More S both ways -
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4700 " Subsurface Drainage.
4-701 General. _ . o
The aim of subsurface drainage is the removal of detrimental amounts of
ground water to provide a stable roadbed and side slopes. |
The solution of subsurface drainage problems often calls f‘or a knowledge
of geology and the ’application of soil mechanics. On major problems, labora-
l_tory assistance should be requested »
‘The pasis for design is the Materials Report. This Report includes the
findings on subsurface conditions and the recamaendations for design
| There are many variables and uncertainties as to the actual subsurface
'conditions In general, the more obvious subsurface drainage problems can be
anticipated in design; the 1ess obvious are frequently uncovered during con-
stmction. Extensive exploration may be required to obtain the design variables
with reasonable accuracy. For these reasons, many designs are based on local
) experience and empirical ‘rules which have given satisfactory results. For this -
reason maintenance personnel familiar with the area in question should be -
onsulted. |
4-702 Subsurface Dischargg

o  Ground water, as disting,uished from capillary water, is free water occur-
ring in a zone of saturation below the ground surface. 'Ihe rate at which
ground water can be removed, or the subsurface discharge, deperds on the
" effective hydraulic head and on the permeability, depth, slope, thickness and
‘extent of the water-bearing formation (the aquifer). The discharge can be
obtained by analytical methods. Such methods, however, are usually cunbersame

and unsatisfactory, field explorations will yield better results.
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4-703 Notes on Exploration.

Field investigatlons may include: (a) soils and geologlcal studies,

(b) borings, pits or trenches to find the elevation, depth‘end extent of,the
acquifer, (c) inspection of cut slopes in the immediate vicinity; end (d)
measurements of the quantity of discharge, when feasible.

"Preliminary 1nvestigations must be as thorough as p0551ble, recognizing
that further information is sometlmes uncovered durlng construction. Where
an existing road is part of the neu construction, the‘presence and orlgin of
ground Water is often known or easily:detected. Explorations, therefore, are
likely to be lesser in scope and cost than explorations for a project on new
alignment In slope stability questions, and other problems of equal impor-
tance,;an extensive knowledge of subsurface conditions is required. The
designer should ask for the -assistance of the laboratory in such cases.

In general, erplorations,should be made during the reiny season or
after the melting of snow in regione where a snow cover is common. An excep-
'tion would be where seepage from irrigation sources occurs.

) Ground water dlfficulties frequently stem from perched water. Pumped
'weter supply wells often give unreliable indications of the water table and
such data should be used with caution. ' | '

4704 -Types of Underdrains .

Three types of underdrains are used: standard pipe underdrains, bored
horizontal drains, and stabilization trenches. French drains have been found

to be unreliable and are not authorized.

(1) Pipe Underdrains. The standard pipe underdrains consist of a
perforated plpe at the bottom of a narrow trench backfilled with filter

material.

‘(a) Single Installations - This underdrain is commonly used in these

cases:
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-; Along--the 'toe of a cut slope’ to 1ntercept seepage when slope
i stability is not in question " | |
- Along the toe of a fill ‘mthe side from which ground water

| originates |

- Across the roadway at the downhlll end of a cut.

(b) Multiple Installations . The same underdrain may be used in a
herringbone or other effective pattern in situations like the
following: '

- Within the stmctural‘cross section when a filter blanket

is required. |

- In stabilization trenches. in fill foundation areas. (See

_ Subparagraph (3) below.)

The standard plans for - the standard pipe underdrain show two cross sec-—
tions: one with the filter material carried to the subgrade level and one with
a topping of earth over t-he filter material. The first alternative shall be
“used under a paved area and the second under an unpaved area.

(2) Bored Horizontal Dra:Lns. These are installed in cut slopes and

under fills to guard against slides.
- (3) Stabilization Trenches. These are placed in swales, ravines and

under side-hill fills to stabilize waterlogged fill foundation areas that are
well defined. .

| _ Re_comnendations as to depth and width of trench are contained in the |
Materials Report. Trenches should be wide enough to permit the use of earth—

moving ecjuipment. The side slopes camorﬂ,y.used are 1:1.
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4705 Design Requirements for. Underdrains

(1) Size and Length Requirements ‘The minimum 1nside pipe diameter for 3
a standard pipe underdrain shall be 8 inches for all 1engths As a general
rule, this slze is adequate as a collector or lateral in most soils.

(2) Separation of Dralnage Surface drainage shall not be permitted to.

discharge into an underdrain. - The discharge from an underdrain into a storm
‘drain or a culvert however, is permissible if the outfall for the underdrain
is not under pressure

(3) Cleanouts Cleanouts may consist of a vertical riser with a light
‘cast iron cover brought to ground level. The diameter of the riser shall be
, at least the diameter of the conduit. Intermediate inspection of wells is
controlled by length, slope and soil conditions.

(4) Grade Requirements. In general, the grade should not be flatter than

. 0.5 percent . If this slope' is unobtainable, grades of 0.20 percent for laterals

and 0.25 percent for mains will be acceptable
(5) Depth and Spacing of Underdrains The depth of the underdrain depends

on /the permeability of the soil, the - elevation of the water table, and the amount
of drawdown needed to ensure stability. ‘Whenever practicable, an underdrain

pipe should be set in the inTpervious zone below the aquifer. ATable 4-705 gives
suggested depths and spacing of underdrains according to soil type. It is onl_x

a guide and should not be considered a substitute for field observations or

local experience .

" (6) Outlets. Outlets should be provided at intervals of not more than .

1,000 feet.
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TABLE -4-705

SUGGE‘S'IED DEPTH AND SPACING OF UNDERDRAINS FOR. VARIOUS SOIL TYPFS

Soil Classes |  Sotl Composition | Drain Spacing - (Feet)
. ‘ Per.-c_ent "Percent Percept
| | Sand | Silt | Clay |3 Ft.Deeplt Ft.Deep| 5 Ft.Deep| 6 Ft.Deep
Clean Sand | 80-100{ 0-20 | 0-20 110-150 | 150-200
Sandy Loam 50-80 | 0-50 | 0-20 f 50-100 | 100-150
Loam 30-50 | 30-50 | ©0-20 | 30-60 | H0-80 | 50-100 60-120
‘Clay Loam 20-50 | 20-50 20-30 | 20-40 25-50 | 30-60 40-80
Sandy Clay | 5070 | ©0-20 | 30-50 | 15-30 20-40 | 25-50 30-60
Silty Clay- | 0-20 | 50-70 | 30-50 | 10-25 | 15-30 | 20-%0 25-50
Clay = 0-50 | ©-50 | 30-100 | 15(max.)| 20(max.)| 25(max.) 40 (max.)
Note - Depth 1s measured tp linvert of pipe.
4-706 Types of Conduits. |
- This aim

‘Ihe aim of any underdrain installation is long-term effectiveness.
is associated with filtering ability, durability, strength of conduit and cost,
mainly in that order. In choosing between pipes of Adifferent type, ‘the key con-
siderations are filter.’mg ability and durability. Pipe cost assumes secondary
importance because it is a minor parb of the underdrain investment

Because open—j oint pipes tend to admit excessive solids, pipes with perfor-
ated walls and closed joints are recommended. 'Ihey may be made of metal s con—
crete, clay, asbestos—cement or bimminous fiber. In the presence of assresive

soils_ or waters, asbestos-cement and bituminous fiber pipes merit preference.

4-707 Service Life Requirements .

'I‘he aim of any underdrain installation is long-term effectiveness. This

" aim is assoclated with filtering ability, durability, strength of conduit and
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- cost. From the standpoint of service 1life, however, the key considerations are
. filtering ability and durability ' | "
~ The design service life of underdrain installations shall be as follows
(a) Underdrains within the roadbed shall have the same desigl
 service life as. cross drains. o
(b) 25 years for underdrains outside the roadbed.
(c) 50 years for stabilization trenches where the cover exceeds
10 feet. | o -
The anticipated service life of pipe metal shall be determined from pH -and ..
resistivity tests covered in Test Method No. Calif 6‘43 Pipe service life
may be increased by a bituminous coating.
'I‘ne guide values contained in the tables mentioned above may be modified

where field observation of existing installations dictates the use of other

. values.

l!-708 Type of Installation and Conduit.

_ Following are the types of underdrain installations relative to conduit

characteristics and anticipated service life.
(l) Open-,j oint Underdrains Clay, concrete and porous concrete drain

tile may be laid with Open ,joints 'I'nese drains are effective in collecting

| . subsurface water in areas of coarse grained soil where the admission of exces—
sive solids through the joints will be controlled. This type of construction ,
1s appropriate for installations with a 25-year design service life - These
pipes are not suitable ‘for use in shallow installations as they would be sub- -

ject to damage by construction traff‘ic.
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(2) Perforated Pipe Underdrains

(a) Nonmetallic Pipes - Perforated pipes of bituminous fiber and
clay may be used in soils of low resistivity and in the presence
- of highly aggr%sive soil or water. Perforated asbestos cement
' 'plpe may also be used 'I'nese pipes are satisfactory in longim
tudinal drains where settlement is not anticipated Careful
COnsideration is _required before using them in deep stabilization
trenches where settlement is anticipated or in shallow installa-
“tions subject to danage by construction traffic, such as under-
~ drains within the structural section. With these limitations, this
group 1is appropriate for installations with a 50-year service life.
(b) Metal Pipes - Perforated pipes of corrugated metal (either of
steel or aluminum) are_Satisfactory for use in the structural
situations mentioned in subparagraph (a) above. However, their
use is contingent upon providing’ the necessary protection against
corrosion and abrasion where this is dictated by requirements of
the location and limitations of the pipe material.
Perforated metal pipe ‘underdrains may be used to the maximum
height of" cover required for culverts of similar diameter
_ Steel pipes are appropriate for installations with a 50-year
: design service 1life and alunﬂnmn pipes for installations with a

25—year design service life

4-709 Selection of Type.

1

-In cases where more than one material meets the foregoing structural,
corrosive, abrasive and. design service, 1ife expectancy requjrements, alternatives
may be specified on the basis of optional selection by the contractor. The

selection of a single type of underdrain may be appropriate due to other related
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factors This selection shall be supported by complete analysis of' all related

‘ factors and docmnentation shall be placed on file in the district

4-800 Roadside Development and Erosion Control.

4-801 thctional Plantirg The primar'y goals of functional planting are:

- Frosion control

'l‘raf'fic safety,

Redtlétion of fire hazard, and
- Screening adjacent property from trai‘fic sight and/or sound.

' The aesthetic effect derived is important but of secondary benefit

4-802 .Factors Considered In Planting Projects. The following factors

regarding planting should be -considered:
(1) In determining the._.category of planting to be used for a given
. project, both aesthetic_s and functional needs are considered. : |
(2) In no case will the County promote landscaping projects for the purpose

~ of control of advertising displays

rd

(3) A roadway in County territory may be 1andscaped without an ordinance,

. the Outdoor Advertising Act being: effective on completion of the proaect

l4—803 Roadside 'I‘reatment

The most pleasing ultimate aesthetic roadside effects can best be developed
with easy flowing contours. - Contour grading is important in roadside prepara-
tion, .erosion control and in the maintenance of planting. | |

The right of way line should be the control for the side slopes. This
applies to irregular as well as uniform right of way widths. The toe of slope
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" shall be at least 5 feat from the right of way line when side slopes are flatter
than 4:1, otherwise this distance shall be 10 feet. The goét of stab'ilizibg,
planting and per-pétual maintenance"of ‘ste,eper' slopes -may_sonétimes éxcéed the -
cost of the additional grading and rig’it‘ of way required to provide a flatter

slope.

- 4-804 Sight Distance and Safety Requirements.

As sight distance and safety are of primary importance, these considera-

tions must not be subordinated to aesthetics. |

4-805 Erosion Control.

A general discussion of erosion control 1s given in the booklet, "Erosion
Control on California State Highways" by H. D. Bowers, published by California

Division of Highways.
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* SECTION 5 - BRIDGES AND STRUCTURES

| ‘5-100 General. R S |
Humboldt County has 166 bridges in its roadway system (1970 inventory) .
Many of these structures are old and it is anticipated that new bridge recon-
struction and bridge improvement projects will continue to be a significant .
ﬁmction for the County Department of Public Works.

The County faces two basic problems in their bridge malntenance function.
First, while the traffic volumes on many County roads are low, the nature of
much of the traffic (loaded logging trucks) is such that- structural integrity
is critical - In other words, while many bridges are not used of‘ten, when they
are used, it is often to their capacity v ‘

Secondly, the geology and drainage conditions of the County are such that
the beds andbanks of streans and rivers are less than stable. Therefore,
much planning and extreme' care are necessary to protect the major investments
_which each new bridge represents.

i  Because of the critical nature of funding such bridges, it becomes all

“ important that construction costs are held to a minimum. This can on_ly be accom-
‘plished by designing the bridge to acconmodate minimum County needs. Little

can be done to reduce costs of providing for structural integrity ‘and geological
stability; however, cost reductions may be realized in the design of roadway
width. )

For low volume roads, the incidence of traffic conflict (how of‘ten vehicles
meet. in opposing directions) is such that two-lane bridge widths are seldom
required. - The "existing traveled way width" is often & poor criterion for design—
ing bridge roadway width. '

When designing bridges, traffic sai‘ety should of course be considered

' On two-lane County_ roads which are surfaced and provide rel-atively high
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mobility, it could be hazardous to introduce a single-lane bridge to the.
motoristf However, oh two-lane unsurfaced roads or two-lané narrow‘surfaced
roads‘Which have low traffic volumes and which provide .for rélatively low
mobility with adequate sight disﬁance,-a single-lane bridge would be adequate
under many circumstances. The cost of the additional lane could not be offset
by‘adding a small and infrequent conveniencé‘factor for a small.number of

County roadway users.

- 5=101 Objéctives and Scope.

The objective of this Section 1s to presehﬁ policy, standards, and
practices for the design of bridges and structures. The standards are re-
stricted to basic geometrics; the balance of standard specifications are to be

found in the State Bridge Manual.

5-102 Policy. |
5-102.1 Basic Bridge Roadway Width - It is the policy of Humboldt County

that bridge roadway width shall accommodate multiples of full lane widths.

/5-102.2 Bridge Construction Standards - It is the policy of Humboldt

County that California State Division of Highway bridge construction specifica-

tions and standards be followed when designing County bridges and structures.

5-200 Bridge Standards.

5—201_ANumber of Lanes. When determining the required number of bridge lanes,

the following factors should be considered:
(l) Ex1st1ng traveled way and shoulder width (roadway),
(2) Existing bridge roadbed width (if appllcable)
(3) Existing and projected traffi¢ volumes (incidence of conflict),
(4) Type of vehicles (present and‘prbjéctea"usagﬁ)j’”

(5) Pedestrian usage, ‘ o 17"



(6-) Legal vehicle requiremen'cs (federal, etatve, ceunty) 5
| (7) County ILand Use or Zonlng Plans, ' " , |
~ (8) Existing desigl speed and posted speed of t’angents leadlng to the bridge,
" (9) Roadway surface type, '
(10) Nature of bridge needs (permanent vs tempor'ary),
(1) Maintenance requlrements,
(12) Costs (cc.)nstruc‘:t'andma.intain), and | :

| (13) Community needs.

The Table below relates the desired number of bridge lanes for each
standard Roadway Category. | |
| TABLE 5-201
NUMBER OF BRIDGE LANES
" FOR ROADWAY CATEGORTES

T Number of ' Approximate
Roadway Category _ Bridge Lanes ADT Bange
1-Single Lane (Narrow) 1 0-25
o-Single Lane (Turnouts) : | 1 | 25-250
3-Single Lane (Wide) = | 1 | 100-400
I-Two Lanes (Narrow) 1 or 2 . 250-1000
5-Two Lanes (Wide) | | » | 1000-10000
| 6—TWO Lanes (Roadway Parking) 2 | 1000-10000
| 7-Multiple (3 or more) Same as Traffic |
o : ' : Lanes _ | 5000 & above

The selection_ of the number of bridge lanes should not be based entirely

upon traffic volume. All factors listed in Section 5-201 should be considered.
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. 5-202 W1dth of Roadway (Roadbed)
The width of the. roadway for single—-lane brldge will be twelve (12) feet,.
’ 'Ihe wldth ofe the roadway for a two-lane- bridge will be: twenty-four (24) feet.
For short bridges where the savings of providing narrow width would be minimal,
mll approach roadway width may be considered as the w1dth for the bridge roadway
Additional width for curbs, sidewalks and other needs should be added if warranted
| by local conditions to the above stated widths. For multiple lane (more than two

, lanes) bridges see the State Design Manual for standards

5—203 Bridge Length.
The def‘inition of‘ a bridge (Section l) specifies that it is a structure

‘with a span of more than twenty (20) feet. v
The requjred length of a bridge should. be calculated to provide for probable
. erosmn of stream or river bed banks and when such erosion is anticipated the
_structural integrity of the bridge should be insured by the placement of support
,,stmctures (piers and abutments) well onto or into stable material. The services

of an experienced geologist engineer should be utilized extensively.

5-204 Vertical Clearance.

The vertical clearance for bridges shall be that which is spec:Lfied by
State law, currently this is sixteen (16) feet. If surface treatments are

anticipated for the bridge, extra clearance should be planned 'initially. :

5-205 Cross Slope.

The crown is normally centered on the bridge except for single-lane one-
way bridges where a straight cross slope in one direction or a level section

shall be used. The cross slope shall be 2% . or- superelevated as required for

. horizontal alignment geometrics.
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5-206 Structure Design.

See State Bridge Design Manuals, Volumes I, II, and III for detailed

standards and specifications.

5-300 Retaining Walls.

(1) Cantilever Walls. In general the cantilever type wall should be the

normal selection for all locations where the height of wall varies up to
thlrty—51x (36) feet. All other types should pe considered to be special cases.

(2) Counterfort Walls. - These walls should be used where a minimum deflec-

tion of the wall is desirable. Because of the difference in deflections between
cantilever and counterfort walls, it is not.good'practice to mix types without
makingvsome provision for masking the differential defleotions by én offset

in the wall line at the junction of the two types. |

(3) Gravity Walls. While the economical maximum height is approximately

six (6) feet, it is permissibie to use gravity walls in conjunction with thé
cantilever type if the height is below six (6) feet and a considerable length

of wall is involved.

(4) Crib Walls. Crib walls compensate for dlfferential settlement along
the axis of the wall whereas the three walls mentioned above would show signs
of local failure. Following are the approved types: |

(a) Metal Type - The metal crib wall is often.used'wnere the
cost of concrete is high, as in mountainous areas. This
wall is 1light in weight, easily installed and quickly placed
and is therefore ideal for emergency repairs. '

(b) Concrete Type - This type is used in coastal areas where salt
air would limit the life of other types. Concrete.crib walls

are also well suited to scenic areas.
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(c) Timber Type ’I‘his type of wall has rustlc aesthetic value in‘e : ’,
" rural env.Lronment The probable service life of a timber type
~crib wall is substantlally less than other types and 1s nonsalvable.
However, the lower first cost makes it 1dea.1 for temporary uses,
_as on detours and s’cage conswuction

(5) Co'nc-rete Block Walls., This type may be used either for economy,‘ '

- aesthetics or both where the wa.ll helght does not exceed six (6) feet. Where

traff‘ic is adgacent to the top of the wall guar'd rails should be set back at

-1east three (3) feet from the top front face of the wall.

(6) Spec-ial Walls. Standards are by necess1’cy compromlses and ordinarily

some decrease in cost .can be realized by indlvidual design; for the normal case,’

however, the cost of special designs would exceed the savings. In a long run

of wall of standard design, such as a-wall between roadways on a sidehill a

special design could result :Ln con51derable savings.
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 SECTION 6 - OTHER STANDARDS AND POLICIES

 6-100 General, e T T

) 6-—101 Ob,jectives and Scope
It is the obJective of this Section to present pollcies, standar'ds and

basic guidelines for designing roadway ‘appertenances such as access openings,

: curbs gutters and pedestrian facilities, among others.

6;102' Policy.

v 6410'2' l Access Opening,s -"vIt is the policy of Hun'boldt- County that access '
'openings to County roads shall be approved by the Department of Public Works |
‘ 6—102 2 Driveways - It is the policy of Hunboldt County that all construction
to connect driveways to County roads within the maintained system shall. be author—
ized by a valid permit (see Humboldt County Encroachment Permit: Ordinance) ‘The
construction, repair and maintenance of all driveways shall be the responsibility
| of the property owner, developer or tenant of the abutting property This respon—
. 'sibility shall include the- entire -area of driveway from the edge of the existing

/ pavement or traveled way to the property line and shall include all. culverts or

other structures necessary for proper drainage control.

6—102 3 Curbs Gutters and Sidewalks - It is the policy of Hun'boldt County
' Vthat the Depa.rtnent of Public Works shall perform all survey work for curbs ,

| gutters and sidewalks
| 6-102. 1% Roadside Facilities - It is the policy of .Humboldt County that road-

side facilities such as pedestrian walkways, sidewa_lks and : equestrian or bicycle
trails will be provided only where it can be demonstrated to the Board of Super-
visors that they are needed or desirable and that these facilities will be .

designed with sa.f'ety and economy as the primary control factors.

‘6—200 Standards and Desired Practices..
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6—210 Access Openings - General

N ' Control of access- is achieved by acquiring rights of access to the highway
from abuttlng property owners and by permitting 1ngress and egress only at |
locations determined by the County. Roadways with access control g fencmg
or barriers-natural or 1nstalled' The term access opening" applies to openings
througd the riglt of way line which serve abutting land ownerships whose remain- .
:Lng access rights have been acquired by the County The number of access openings
on roadways w:Lth access control shall be minimized A

‘In case of a 1arge highway frontage under one ownership , the cost of
limiting access to one opening may be prohibitive, or the property may be

’ divided by a natural barrier such as a stream or ridge, making it necessary to
: 'A prov:Lde an additional opening. In the later case, it may be preferable to con-
nect the physically separated portions w1th a low cost structure or road, rather
4 than permit. two openings. ‘
.v : The designer should work closely with the right of way agent to determine
- the number, locatlon, and category as to land use of all proposed access openings
on the project giving consideration to each individual parcel. '

'/ReceSSed'ope'nings are 'desired at all points where"private access is per- |

mitted and shall be provided whenever they can be obtained without requiring
' alterations to existing, adj acent improvements -

A Joint access opening serving two parcels of land is desi:rable When points
of private access are to be provided with surfacing of suff101ent width and
.structural strength to serve the anticipated traffic, such surfacing shall extend
from the edge of the traveled way to the right of way line.

» Access. openlngs may be delineated by curbs and the actual opening in the
fence may exceed the opening between curbs. This type of design may be used

at all access. openings whether re_cessed or not.
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6-210 l Access Operﬂngs - Standards 'Ihe maximm width of opening

based on 1and use shall be determined from Table 6—210 1.

TABLE 6-210.1

 MAXTMOM WIDTH OF ACCESS OPENING

R s L Frontage
. o ~ Single | Joint : . Road
' R "~ Opening : a Opening . Multiple Use
land Use |  Width (Feet) | Width (Feet) |  Width (Feet)
Residential | 5 )2 - 40
| tertomture. | 2 | 30 1o
Comnercial 30 ‘ 30 _ 60

' ‘ 6—220 Residential and Commercial Driveways
‘ 6—220 l General The Director of Public Works may require as a condition

o "for issuing an encroachment permit for a driveway that the applicant improve the
stmctm"al section of the shoulder area between the existing pavement and the
. curb line He may also be required to construct a concrete curb and. gutter on
| ‘.the curb line and provide a walkway area for the entire length of the property

'abutting the County road 'Ihe structural section shall be determined by the
i ‘;Director of Public WOrks | N
| 6—220 2 Standards Refer to Humboldt County Encroachment Ordinance
v _._covering driveways f'or standards regarding construction and location Also,

see Figure -6—220._2 which 1is a drawing of driveway standards.
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~ Plgure 6-220. b

o . COUNTY OF HUMBOLDT
~P. C. CONCRETE DRIVEWAY DETAILS

Expangion Joints
0t 20 Intervals~




e 6-230 Curb, Gutter, and Sidewalk Standards

-6-230. 1 General rIhe Department of Public Works shall survey and set the
.required grade stakes for constructing curbs, gutters or sidewalks.’ Where
construction operations encroach upon the traveled way , adequate provisions
will be required for proper traffic control convenience; and safety of the
| public 'Ihe builder shall also provide access to all properties adJacent to .

the County road at a_ll times
6-230 2 Standards General The sw)grade shall be constructed to grade

cross section as directed by the Director of Public Works. Properly constructed
. forms on the front of the curb shall not be removed in less than one hour or
; more than six hours af.‘ter the concrete has been placed |
_ Expansion J oints, one-quarter inch wide, sha.ll be constructed at all
| returns and at intervals of twenty (20) feet. Expansion joints shall be filled
_'with pre-moulded j oint filler confomr]ng to the specifications of ASTM Designa-
tion D1751. R |

The lines and grades of all curb and gutter installations shall’be' provided

by, _or approved by, the Director of Public Works A1l work shall be performed

o by the pr'operty owner and shall conform to County specifications

6-230 3 Sidewalk Standards - Official sidewalk ‘width will be those widths

determined by the Department of Public Works, being a minimm of four )
‘,inches thick with a cross slope of one—quarter (1/'4) inch per foot toward the
‘curb grade. In residential driveways, the sidewalk shall be at least six (6)
‘inches thick and in. commercial driveways, eight (8)- inches thick. ‘

, 'Ihe surface of‘ the sidewalks shall be scored into rectangles of not. less
' ~than sixteen (16) or more than thirty (30) square feet. No concrete sidewalks
shall be constructed unless concrete curbs are in place, or are‘cOnstructed at
the same time. Figure 6-230 shows a typical section drawing of -a sidewalk.

6-230.4 - Curb and Gutter Standards . Figure 6-230 shows typical sections

‘of six (6) and eight (8) inch curbs with gutters. The desired standard dimen-
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.6—300 Intersections and Road Approaches

Figure 6—300 details a typical desrred public r-oad intersection showmg
desired-dimensions of access ‘opening, mcludmg radius, width and sight d.'.LS—

tance guides .

' '6-'400 Pavement 'I‘ran81tions

Design standards of the various features of the transition between road-

beds of dif'ferent width should be consistent with the design standards of the

- superior facility The transition should be made on a tangent section whenever

possible and should av01d locations with horlzonta.l and vertical sight dis~-
tance restrictions Whenever feasible, the entire transition should be v1$1ble
to the driver of a vehicle approaching the narrower section The design should

be such that intersections at grade within the transition area are avoided.
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.‘ '6-'50'0 éeaésmaa Facilities,. E
6-501 Sidewalks The County rnay assume financial responsibility for the
construction of sidewalks under the conditions described below

(1) Repla.cement in Kind Where existing sidewalks are to be disturbed
by roadway construction, the replacement shall apply only to the frontages
involved and no other sidewalk construction, such as closing existing gaps in
sidewalks, shall be authorized except as part of the right of way agreement.

(2) Conventional Highways - 'Ihe roadway cross section generally furnishes
roadside areas and, if the number of pedestrians is sufficient to interfere withj
traffic, the city or property owner, whose roadside development induced the
pedestrian traffic, may construct and naintain sidewalks ‘on County right of way
under a permit '

‘ (3) Interchange Areas - Sidewalks may be constructed where necessary to
connect an existing system of sidewalks to provide passage for pedestrians
across the roadway right of way or where such system is imninent as evidenced

. by subdivision activities in the irrmediate area of the cross road. '
(14) Sepa.rated Cross Streets - Sidewalks may be constructed on separated
~ cross streets where reconstruction of the cross street is made necessary by the ,
roadway proj ect and where the warrants of Item (3) above apply o
(5) Foot Paths - The construction of foot paths differs from the usual
sidewalk installation only in standard and cost but not in principle.~ At
intersections where the adjacent area is developed and a significant voltme of
pedestrian traffic is anticipated an all-weather foot path may be provided

across a traffic isla.nd.
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‘ 6-600 Equestrian or Bicycle Facilities.- o
- 'Ihe County may acquire adequate right of way nea.r roadways in some rural
_ locations to. provide for equestrian trails or f‘acilities for riding bicycles.-
, Where such facilities are planned adequate safety measures must be taken to =
protect rider and animal and to prevent hinderance to motorists passing by v_
The standards rega.rding width, materials, etc., will be determined by the

| 'desigl engineer an_d a.pprove_d by' the Director of Public Works.

6—700 Material Specification and Site Selection.
6-701 General '
_ Due to the lack of large quantities of high quality road building
materials the design of structural sections must include written specification
. of quantity a.nd quality of materials. The importance of material 1s such that
. County roadway designers should be familiar with investigation and testing pro—
cedures, and with procedures for selecting material sites and disposal sites
Eactual informtion obtained from such investigations shall be made readily'
' | available to prospective bidders and contractors. The responsibility for inter—
preting such inforrration shall rest with the contractor and not with the County. f
_ No material sites or disposal sites, except mandatory sites, will be deslg~
| vnate,d in the special pmvisions. The general policy is to avoid spec:Lfying |
mandatory- sources. Data in ‘support- of such sources must show certain and sub—'
stantial savings to the County Mandatory sources will be specified on Federal—
aid Proj ects, only under exceptional circumstances, and prior approval of the BPR
will be requ:Lred Supporting data in such cases should be submitted as early
as possible, as it must go to the Washington office of the BPR for decision

This policy and requirement also applies to diSposal sites.
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' 6-701 1 Materials Report 'Ihe materials report shall include complete _." '
. 5 inforrration on all 1ocal sources investigated and shall discuss the quality, - 3
cost and availability of rraterials from conmercial plants T.he fact that
materials sites are not desigmated in the special provisions does not reduce
the importance of thorough exploration and testing Any . discuSSion of. the
quality, suitability or quantity of naterial in local materials sites necessary
for design purposes should be included in the materials report and not noted
: on the test reports For any potential naterials source explored or tested, all
boring and test data must be f‘urnished including those. tests which indicate

unsuitable or inferior material.

6-702 Materials Information Furnished to Prospective Bidders.

It is .t.he' intent that all test data for preliminary tests of local sources
which might be considered for use on a specific project will be furnished to’

. _ prospective bidders on that pro,j ect. ’Ihe following information should be
Aincluded: | | '

(1) A cover page showing key information , an index and agreements, R

(2) A vicinity map, |

(3) A map of each material site, I
(4) A tabulation of test data,

(5) COpies of options or agreements, and

(6) Soil survey sheets. _

Maps, test reports and other data included in the "Materials Information"

shall be factual but may include comnents, conclusions or opinions as to the
quality, quantity, ‘suitability, depth or area of the material in any 1ocal

. materials site if these opinions are clearly indicated as such.

- 190



 SECTION 7 - DESIGN STANDARDS FOR ROADWAY CATEGORIES
| 7-100 General.

7-101 Ob,jectives and Scope

' 'Ihe objective of this Section is to present basic and geometric design
: standards which correspond to each County Classification System Roadway
'Category 'Ihe Classification System itself is explained in this Section and

also. included is a reference guide which identifies mximnn and/or mirﬂ.nmm

o standard values for all geometric roadway elements. 'Ihe specific section of

‘the Manual which discusses each desig1 element is noted on the reference guide.-

'7-102 Policyv.
7-102.1 Integrating the County Classification System into the Roadg@_.y

Design Process - It is the policy of Humboldt County that design of new roads

or inpmvenents to existing roads will be based upon pre-determined Poadway

Classification, Use, and Level of Service factors. Furthermore, each new roadway

- design will reference the- appropriate category classifications.

7-102.2 Ccmmmicating with the Public Using the Classification §!stem -

-It is the policy of Hmnboldt County that during discussions, hearings, etc.,
- involving the public, references to the specific roads will include their County
| Classification designation as well as Use, I_evel' of Service and Type, Or Cate-

) gory to promote bétter understanding.

) 7—200 Design Standard Elements

Figure 7-200 is a basic reference guide which contains, for each desigl
element, the range of standard values (variations are primarily a function of
traffic volume or design speed) ' The basic factors which control these values ‘
are noted and the Manual section mumber where further detailed information may

) _be_ located is also indicated.
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. Figure 7-200- -

, o . . ‘ -Control Factors

, Toi coeed | 70mpn. | 20mh .mfficVome S sy .23
sic S Peaign Speed. Tomn. | 20mR. . and Terrein | @ 2-a31

.bd-:-"' 1 o0 R S . qypeofﬂoad (s 2-2114.'

BB e | B3y e
.t ma Des o . = ‘
v ft. - 30 mph e (F) 2-311.3 (F) 2-311.4
LT ‘ ‘ft, - 70 mph' Design Speed : (1) 2-31L.1 (F) 2-311.5
¢ Passing . C R ft. - 20 mph  Design Speed (s) 2-311 . '
.|~ Intersections’ .} ~ {700 ft. - TO Mph: : (8) 2-312°
N relevation - o ' : _ ' v ' =
P e ™ loass e, | Design Speed, Horizontal| (S) 2-312.1
| - T ek ] susrSievation Rate () 2-312.6
| . Rueff - 325 6. - | 50 ft. . Superelevation s -312.
" (Trensition) o R . Desim Speed | R
' 26 | Surface Type . (s)2-313

R 1 7 200 - 20mh pogyon speed, Radtus, | (S) 2-31 - :
Hortsontal Allgment| . 11600 fu. - 0 mh. D renevation * | @ 2'31"1 (F) 2-318..

Voo | g somn] oazm | vesten et 1 (s 238 -
rattoct (arode) | 2z - 023 | PO @ 2351 @ 2352

Vertical Cuves | R T © Design Speed Grade .| (S) 2‘316
Vertieal Qurwed | - - - b DBt Frerential _(F) 2-316.1

'oss ion ' vaeled Way 1 211 n:.-_ . 10 ft. Deslgn Speed, Trafflc (S) 2-321

G Hes - - 0 | (2 1anes) L S O Volume, Paridng, . | (T) 2-321.1
_Shoulders = . | - 8ft. prkg. 4 g, Safety, Roadway 1 (T) 2-321.1

_ o ' Category - . .
Roadbed _ s 12 fe. Roadway Category =~ (T) 2-321.1

| mawouts. ] | Bor. gth. | v | 23230
AT S 10 ﬁ;. wide S i (T) 2-321.3
S e 1000 ££. btwn. 1+ Volume, Terrain :

adside Right of Way = | Minimm 10 ft. beyond slope |  Lend Use, . () 2-322.2
Geometrics . ‘ ‘gtakes - rural areas to Terrain, Geolog Co

' :  back of walkway = urban -
‘ -areas. NewRoads 4o re.

Standard Slopes - » -‘ : |
Shoulders : - 5% : , K (s) 2-323
Side Ditches : 3:1 slope Not W lo!‘t - 'Terrain, Geology - (s) 2-325
. : ‘ : ‘ - deep at 6:1 . ‘
o . 8lope.
Side Slope ) S .

Cut o : 1:1 : Terrain, Geology - (S) 2-326
_ Fill o 1-1/2:1 or ~ Terrain, Geology - (S) 2-326°
Benches - 20 ft. wide ) : - (8) 2—327
i e : - 1-ft. deep Lo i : .

Clearance ‘. . ] o

- Horizontal to S - I

. Plers, Rétaining | - - 30 ft. Span Length, = 1 (8) 2331
Walls ! ' - median width

. - Horizontal to | w1t Traffic Volume, ' | (s) 2-332

' (bstmqtions : .- Design Speed -

© Vertical : , 16 £t (s) 2-333
Slope to R/W 10 ft. Drainage . (S) 2-334

o

ntersections, :
Tterchanges - | See State Design.

v e A T A . . .
e oo A A i i A A AR P e

ot A




’- ""_7-300 Roadwayjlassification System. S
The County Roadway Classification System is an integral pa.rt of all road-

.'way desigq pro,j ects This system will provide the basis for relating County

| roadway user needs to realistic standards for the desigl of new: and improved

roadways. ‘ Figure 7-300 1s. a map of a selected section of the County maintained
system. Each road is depicted using symbols representing the three basic func- |
B R ‘tional classification categories Arterial, Collector, and Access Road. |
| ~ Due to the existence of a State classification system for County roads.
. care must be taken to distinguish between the two systems whenever they are
: referenced For administrative dealings with the State, their classification
- will be. referenced 'I'he inventory of County roads (data processing print—out)
provided by the State designates all roads within the County as:
FAS, '
Arterial,
Collector,
_ Minor - Rural,
.. Minor - Ui:'ban,“:. »
Select Rural, |

' _Select Urban, or

- State Highways.

193



Jeleen 9. .

e

T

.:nu_‘)’xv*

) ﬁn‘-‘.v. .v .

s 91V30

T
.«
e
w3
adasng,




Besides the designated classification, the State inventory of County roads
R contains road identification data, road length right of way, and termini for .
| . - each road 'I’ne County inventory conta.ins the above listed information R the
e County s classification and other pertinent data |
| - Current roadway desigx practice basically specifies deslgn standards for-
roadways according to the desigi hour volume (DHV) of traffic which is expected
vof the road Hunboldt County design standards will be specif‘ied according to
‘the "Use" and "Level of Service," which the road will provide as measured by
'many factors volume being one but not necessarily the most important factor.

These factors consider the:
, '_ - Basic _ﬁmction- the road serves,

. Primry user of the road,

L - Relative nunber of residences or facilities served,

Roadway 1ocation (urban vs rural)

. - | - Use of the land abutting the road_,
- Mobility (average safe Speed) »
- Volume of tra.ffic (AM‘),
- Number of lanes required, and

- Relative width of the required ‘traveled way.

’Ihe consideration of these factors in combination will result in the design of
roadways which are appropriate for County needs and desires _

The reader should be familiar with the following description of the
classification system concepts and mechanics as well as the geometric desig‘x
standards before he can fully understand Figures 7—302A 7—302E Standards for

Roadway Categories 1 through 5

7-301 System Description.

» . _ - The following report describes the concepts and procedures for a.pplying
the Roadway Classification System.,
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| -'7—301 1 Introduction.

'Ihe purpose of this Section is- to present the basic concepts rega.tding_.

'the Roadway Classification System and to define the tems which are used

: '_‘_..to describe the system

Classification Concept - The Roadway Classification System is to '

'provide a method for describing County roadways in terms of their usage,

| 'the service they provide, and their basic physical or geometric features

A basic concept underlying the proposed system is that roadway cate-

:.gories additional to those usually applied (traffic volume and geometrics) ,v

_should form the basis for describing and classifying roads. 'I'ne descriptive

- categories which. mke up the classification system are:

©. Use Categoriesv ‘

Leve'l of Service =Categories , and

Roadway Categories

: 'Ihe application of these descriptive categories to a roadway or road segnent

- will allow definition of the following roadway characteristics:

] "'I'he Basic function it serves within the County network (functional

classiﬁcation-elements of use),

The primary user” of -the road (a limited number of residents seeking

access to their property or the beneral public),

The relative number of residences or facilities served by the- road, '

,'I'ne roadway 1ocation in terms of urban versus rural surroundings

. The use of the land where the road is located expressed in planning

o ‘terms such as- comnercial industrial, residential, ete. s

The mobili y that the road provides for traffic as measured by

average safe speed, -

A ‘Ihe volume of traffic carried by the road as measured by average

- daily traffic (ADT),
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Ihenwtber oflanes of moving traffic which the road can |

= acconmodate, a.n_d'

— 'I‘he relative width of the traveled way which implies the basic
‘ . roadway width | i ' B
.’ To acc‘:onmodate a data processing system for recording inventory data,
a cod:Lng system has been developed for each element and category within |

- the system. o

Basic Definitions 'Ihe terms defined in the following paragraphs are

'ﬁmdamental to the classification system They should provide the reader
with a basic understa.nding which will 1ater be supplemented with more
 detatled explanations.

I3

' Use Category A designation or description of how a roadway is utilized

which considers four elements 1) the function which the road per—

-foms, as- defined by the ﬂmotional classification system, 2) the pri-, :

Cmary type of user (private vs public), 3) the number of residences or
- facilities served if an access: road by functional deﬁnition, and

4) the roadway 1ocation and land use as later defined. Ten distinct
: categories of use have been developed based upon the most comnon com-
“ _binations of qualifiers within the above four elements. rIhe Use

Category is a primary element of the proposed roadway -inventory system.

i Functional Roadway Class1ﬁcation - A designation or description of streets
or. roads. according to the character of service that they provide or |
“abe intended to provide. Functional classification defines the -

o 'nature of the network traffic channelization process by defining the -
part that any particular road or street should play in serving the
“flow of traffic through the County network. Functional Classification'

._is one of four elements used to determine Use Category.



Private Use (of a. Roadway) - 'I‘his describes the type of use normally -

"associated with a road which provides access to a 1imited nunber of |
| 'msidences, farms, ranches, or small facilities. A road with private
use is normally not. used by the general public since it, does not lead
to areas of public interest. - This temm qualifies the "primary user
: ‘element which is used for determining the Use Category.
_Pub’lic Use (of a Roadway) - This describes the type of use normally assocla-

ted with roads on which the general public travels. Public use is
distinguished from private use to determine "orimary user" which is
- an element for determining ‘the Use Category .

~ Roadway Location 2 desigiation of where the road is situated ‘with respect

to urban or rural surrOundiny | Land having 20 acre or 1arger parcels
. is consider'ed rural and that having less is urban. Coun y zoning
: naps are _to be referenced as the authority for making the designation.
'.L'ocati‘on' in con.junction with land use is one element used to detennine
v ‘Use Category A | | | |
Land Use _a designation of how the land abutting the road is being used
.based upon County planning concepts and definitions. Terms used to |
describe 1and use are Residential Cammercial, Industrial, _Recreational,
Famx/Ranch and Forest Land use in conjunction with roadway location
is one element used to determine Use Category..

Level o'f Se'rvice Category - A designation or description of the service or

utility value. that a road has as measured by the mobility it provides .
and the traffic volume which it accorrmdates Ten distinet categories '
or "1evels" of service have been developed based upon the most common

combinations of mobility and volume criterion.



bility - The. speed measured in milles per hour, at which a vehicle B

. can move safely along the roadway during low traffic densities 'I‘his _>
is the average speed that can. be maintained over a highway, or section,'
. when the design features of the highway are the pmnaxy constraint

: ,T.he design and roadway features which govern this Speed are grade, -

' cuwature, stopping sig:t distance, surface condition, and traveled

o ‘ way width. Mobility, along with volume are elements of the level of v

A service category ’ _

Volume Traffic volume is expressed as average daily traffic '(ADT); lt
" is. mrmally the 211 ‘hour volume, or the total nunber of vehicles |
during a stated. period divided by the number of days in that period

B Low volume rural roads are considered to be roads having less than
'..llOO ADT. Volume, along with mobility, are elements of the Level of

’Service Category .

_ 'Roadway Category - A designation or. description of a roadway or roadway

segnent which references the number of traffic lanes and the relative
width of the traveled way ‘
I_;_.anc; - A portion of the width of a roadway which will safely acconmodate
. a 1egal—sized vehicle. A
Single I_ane Road - A road which allows only one 1egal—sized vehicle to

travel freely at any given point on the roadway

: 'I\no Lane Road - A road which allows two legal-sized vehicles to pass at

any given point on that road. These vehicles may be opposing traff'ic

or they may be proceeding in the same. direction

Multiple Lane Road - A road providing three or more lanes of traffic One

lane may be for turning only.
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R a_y The total rOad including curbs, gutters, ditches, lepes,‘ v
channels and other features necessary for proper drainage and
construction Right of way is ot considered part of the roadway

L -,v'-Traveled Way ’I'he portion of the roadway for the movement of vehicles, .

: exclusive of shoulders and auxiliary lanes.

I .: '.Narrow Traveled Way A traveled way - which meets minimal requirements for

movement of traffic relative to the mobility and volume requirements o
L of the road. Maneuverability is restricted
) Wide Traveled Way - A traveled way which meets or exceeds the mininum

requirements for free movement of traffic relative to the mobility
and volume requirements of the road., Maneuverability is not restricted
for the free operation of the vehicle. _

| Traf'fic Generator - Any location ’ by its nature or properties, which

, ,creates or attracts traffic due to the roadway users' desire or need
‘_'.to travel to or from this location Cities, towns, state highways, :
- business centers, cultural centers and recreation centers are exanples
ERR f traffic generators

Ma,jor Tra.t‘fic Generators Within the County system, a traffic generator

v : }'_which creates ma,jor traffic volumes such as state highways, cities, :
. large towns, large mlills’ and ma,jor recreation centers. These are
normally the most common trip start points or destinations within the
- .'Comty. - | ‘ | | |
. _'Minor* 'I‘raffic Generators Generators which create lesser traffic volumes

(relative to ma,jor generators) such as small towns, schools minor
recreation centers, small’ ‘business or shopping centers, small in—

dus-trial .or -commercial centers.

'_.‘ j* When actual studies are conducted to classify roads, it may be desirable

to develop numeric 'values to distinguish between nnaJor and. minor traffic

»1
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- ~',7-301 2 Detemﬁ.ning Use Categories.. S ‘ -

‘ The purpose of this section is to present the concept of "Roadway

: : :Use n to define the categories of "Use,’ . and to briefly explain how to

| "b,detennine the appropriate "Use Category“ for any - County road or road -

L segnent : »

o Concep_t - 'I'he establishment of a "Use Category" for defining parts

¢ of the County roadway system will assure consideration of the "purpose"

- ‘for constructing or maintaining a roadway .The importance of a roadway is
- ’determined not only by the volume of tra.ffic which uses that road but

.also by the critical nature of its existence This category will form the -
basis for determining roadway priorities Coupled with other: data (Level |
.of Service) the priorities associated with each category will ultimately
allow. the roadway designer and the ma.mtenance engineer a consistent

' _basis upon which to plan the County s roadway requirements.

Element Descriptions. T

et g s

Functional Classification -~ This classification is corrmonly used by

engineers and transportation system developers to broadly define ‘the _
: functional relationship between a given road and the total network The
three terms which are used in describing County roadway functions are:
.Arterial |

L. Collector _

. .Access Roads'. o

'I'ne following definitions are. general and sumnarize the criteria'used
for establishing each functional roadway classification Figure 7—30lA

presents a more explicit definition of each of the three classifications ;
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'Arterial Road‘--An arterial provides service between major traffic generators
such as cities or large towns end normally provides the most direct:
route to the State system. ‘It'usually provides.the’highest‘level of
serv1ce to the County as measured by mobility and traffic volume.

An arterlal will have some access and traffic control and may be
located in either an urban or a rural area.

Celiector Road - A road which collects and/or feeds traffic from or to

access or arterial roads. A collector can elso provide a direct link
| between two arterials or proQide access to an arterial. A collector
also provides service between minor traffic generators.
Access "Road - A road which provides access or entrance to residences,
pbusinesses or other abutting property. It generally provides the
lease mobility within the County system and is usually the first and

1ast road to be used for a "trip" within the County.

An illustration of the basic relationships between the different classes

of roads is presented on the following page.
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- Major traffic generators (cities, large towns, large industrial
- sites, state highways, major recreation areas) ‘

Minor traffic generators (small towns, minor recreational areas,
subdivisions, shopping centers, schools, etc.)

Residences or small facilities (generally of private and not
public interest) : -

‘Arterial
' Collector

| Access Road
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| - Tné'procedu're for establishing f‘unctional classification is as.
o follows: o o |
- _  Obtain basic background infornation concerning the entire :
roadway network or system. (Note A map has been developed which
» shows many of the roads in the County, locations of traffic generators,
such as citles, towns, mills, recreation areas; ADT's are noted in key
locations as well as populations; land use designations are also shown )
Other maps and County'records may be necessary to relate function and
i to quantify class1fication criteria.
‘ ‘There are two basic approaches to the classification procedure.
The Bureau of Public ‘Roads' procedures call for the ranking of traffic
generators in order of population or traffic volume as a first step
They then identify. all roads which directly connect these generators
. 1‘ as being a.rterials (or whatever other primary de51gnation which they
| .might use). They then suggest ‘that the mileage represented by these
roads be accumulated to the point where a given percentage of the total
systemvmileage is reached, At this point, the balance of roads which
connect traffic generators and otherwise serve a collection function
 are designated.as collectors.
Another approach would be to start at the-other end;of the spec-
-trum, 80 to speak, and identify all roads which qualify as access
.roads and then work up through collectors and arterials. One advantage
to this approach, is that it seems to overcone the difficulty in dis—
tinguishing Arterials from Collectors This seems more difficult
‘than separating Access roads from Collectors. Therefore, by starting
» with Access roads and working up, a large percentage of roads would
. o fall into their proper class1fication with a minimum of dispute.

Also, it seems desirable to.keep the "trip" concept in mind when
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B ‘classifying In ‘other words, when visualizing a typlcal trip within.
'the County, the originating pomt would usually be a residence or.
a facility. The first road used would, therefore, be an Access road
| 'I'he next raocd to be used for moderate or 1ong trips would probably be
,a Collector For longer trips, the Arterial would then be sought
in most cases .

Either of the two above outlined approaches may be used success-
fully. Once the roads are classified for'function, reclassification
~will only be required _if major reconstruction or a significant change in

traffic patterns occurs. |
In any case, the person or persons responsible for classifying

should relate each road to the six criteria on Flgure 7—30lA. Gener—

ally, these criteria are arranged from the most significant, "Relation-

| ship to System,"_ to the lesser inportant criteria on the right side
‘of the table. ‘

_ It is importaht to classify each road according to its pr_esent
ﬂmction, not its future or desired function. The classifiershould
endeavor to erase State: or Federal classification terminology from
his mind when looking at the County network. FAS roads need not
necess‘arily be classified as arterials under the County system.

Primary User (Private vs Public) — The Functional Ciass:\‘.fication

generally defines the character of service that a road provides, however,'
the exact nature of usage of any given road within each classification is
not the same as that of any other road within the same classification.
Therefore, more specific definitions of roadway usage are needed to
better understand what types of roadways are required to accommodate

various kinds of usage.



. R ‘I'he 1dent1fication of "who" uses the road is considered an irrportant'
use criteria insofar as roadway de31gn and maintenance are concerned
Roads used primarily f‘or access to residences by smgle fa.milies need

; not be of the same nature as roads which provide access to public parks.

~ Maintenance standards and priority systems for improvements ) etc., should
also be influenced by the type of user. | |
The Primary User element of the Use Category may be qualified as

either Private or Public. Private use refers to use by a relatively
s_mail number of County residents where the road primarily serves as an access
to residences. Public use refers to use by the general public where the
road normally provides ‘more than access to residences or to a smgle
corrmercial location.

Number ofyResiden_‘ces or Facilities Served (Acoess ‘Roads) - To estab-

. v lish roadway priorities,. additional definition is required for "access'
roads. This deﬁnition is based on ‘the number of residences or facilities
served by the road. The terms to be used in this category are as follows

. One

. 'lWo - five-‘
. Over five

Roadway Location - Land Use - A combination of'two criteria are

.required' for‘,this element. The first is Roadway Location described either
as Urban or Rural (Rural 1and has parcels that.are 20 acres Or larger).
The second is Land Use defined as elther Residential, Commercial, Indus-.
trial Recreational Farm/Ranch or Forest. | |
 These distinctions are important for the following reasons. First,
'. | the planning requirements for design or naintenance of urban roadways 1s.
_usually quite different than those necessa.ry for rural roads. Maintenance

practices such as dumping earth over the side of a rural road are not to
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-be planned for in urban areas. Consideration of roadside parking and .

storm drain systems is irrportant in urban areas whereas it normally is not

1n r'ural areas.

Land use also influences roadway des1gn and maintenance con51dera-
.tions'. Roads with heavy industrial or commercial traffic must certainly
have different structural maintenance requirements than roads terminating
at private residencés - County land use maps as provided by the County
vPlanning Department will be the basic. reference used in making category
.determinations within this element.

Category Definitions Figure 7—301B conbines all of the "Usage"

definitions just discussed and relates them in a tabular format. These
corrbinations allow establishment of‘ the most probable groupings of these
elements and definition of "Use Categories“ for Humboldt County roads
The procedure for classifying any County road is as follows:
.. Determine Functional Cla.ssificatlon.
. Determine prima,ry user. All collectors and arterials are considered
| to' havev' public users. Access roads leading to parks or business
locations are to be considered as having public users. All other
access roads would have priv'ate users if the road priirarily serves
residences.
Determ:me the number of residences or facilities served. This
~may not be determinable through County records Persons familiar
with the roads may need to be consulted |
Determine f‘rom maps showing land use (County zoning or general
plan maps) the conbination of  roadway location and land use.
After making the above determinations, using Figure T-301B, f‘ind

the Use Category which 1s most‘ appropriate.
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- 7-301 3 Determining Level of service Categories

‘ _ The purpose of this section isto present the concept of "Level of . L

Service," to define the service level categories and to briefly explain .
| ,how to determine level of service for any County road or road segnent
Concept - The development of definitions of roadway service will
. help to answer the basic question of "how much" use a road receives. This

category, in conJunction with the previously described Use Category, should

_provide the design engineer with the criteria he needs to conceive a pre—

| liminary roadway desigq and to establish priorities for roadway improvement

and rraintenance

Element Descriptions 'I'he level of service category is. composed of
two elements, traffic volume and mobility Volume is measured by average
daily traffic (ADT) and. mobility is described in terms of average safe
speed as defined in the introductory section of this report The various
incremental measures -of mobility and volume are listed on Figure 7—3010.

Category Definitions I_evel of service categories are listed on

_'Figu.re 7-30lD Each 1eve1 is based upon a combination of mobilityand
| volume criteria. 'I’ne twenty. most common combinations of criteria are
_organized basically . according to mobility. Levels 1 through ll relate to
___11 low mobility, 5 through 9 with low mobility, 10 through 15 with moder-
ate mobility and 16 through 20 with high-levels of mobility. The det.ermina—
tion of levels (maximum values for each service 1evel category) was based'
upon the engineering concept that the basic geometric design features of
a Toadway (nunber of lanes and width of traveled way) must change to’
V‘ acconmodate 'differe nt levels of mobility and volume. The selection of
maximum ADT's for each level was based upon what our research-indicated
were commonly used volume preaks. (100, 250 4oo, 1, 000 etc.)

The procedure for determining the appropriate stigg level of. service

is as follows: . -' : . .
. | | 211



. "Detennine the average safe speed (mobility) by either traveling

the road and estimating the ‘speed, conduct speed checks and deter—
mine the 85th percentile, or by consulting several County employees
who are familiar with the road and who are qualified to estimate

the average safe speed The estimator should consider all of the

factors outlined in the definition of average safe speed presented |

- earlier in this report

. Volume may be determined either from existing County records or

for roads where ADT" 1s not calculated, estimates may- be made by

those most knowledgeablé of the"roads in question.

. After the average safe speed and the ADT have been determined,

“1locate on Figure ’7-3’01D the Level of Service number in the‘ 1eft

column which correspOrxis to the appropriate combination of mobility

and volume criteria

‘The procedure for determining the projected level of service is as

follows:

Pro,j ect the average safe speed as you would estimate the design

speed. Proj ect the volume as you would determine the design period

ADT, probably through the application of a growth factor to the
present ADT.

Then select ‘the appropriate service level from Figure 7-301D.

" based upon your combined projections of mobility and volume

Ko
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- Very Low
Low
Moderate
High

General Range

Low

Moderate

High

MOBILITY-AND-VOLUME'CRITERIA

'MOBILITY

' Figure T-301C

~ AVERAGE SAFE SPEED

VOLWME

Nominal

- ‘Very Low
Low :
Moderately Low

Moderate
Moderately High
High

Very High

0 - 20
25 - 35
40 - 50 .
Above 50
ADT
0- 25
25 - 100
100 - 250
250 - 400
400 - 1000
1000 - 5000
5000 -1Q000
Over

10000

o
pt
(%)



LEVEL OF SERVICE CRITERIA

Figure 7-301D

EVEL OF

ERVICE  MOBILITY (MPH) VOLUME (ADT)
0 V- Low 0-20 Nominal 0- 25
1 | V - Low 0 - 20 V - Low 25 - 100-
1 V- Low 0-20 Low 100 - 250
1 V- Low 0-20 Moderately Low . 250 - 400
2 Low. 25-.35 V- Low 25 - 100
2 Low = 25-35  Low 100 - 250
2 , Low  25 ‘- 35 Moderately Low 250 - 400
wa . 25 - 35 Moderate 400 - '_1',000
é _de ‘ '25 - 35 Moderately High 1600" - 5,000
4 MOdera;e - 40 - 50 V - Low _x2'5j - 100
'} 4 'Moderate - - 40 - 50  Low ‘106 - 250
‘4 Moderate ) 40. - 50 Mdderatély Low | 250 - 400
5 Mbdérate | . 40 - 50 ‘Moderate | 400 - 1,0'00.
5 Moderate 40 - 50  Moderately High 1000 - 5,000
6 Moderate 40 - 507 High 5000 - 10,000
7 High “Over 50  Moderately Low 250 - 400
8 ) _'Hi;gh ~Over 50 Mdderatg 400 - 1,000
8 High Over 50 lModerately High 1000 - 5,000
9 High over 50  High 5000 - 10,000
‘l.' High " Over 50 v - High Over 10,000

214



‘7—301 o4 Deternrlning Roadway Categories.

. This section explains the concept of Roadway Categorles and presents
_ '_the d’e_finitions» or'criteria which relate to each of the ‘seven roadway '
' .categories. | 4 |

-, Concegt - The purpose of a Roadway Category is to provide a descrip- :
tion for a road in terms of its basic physmal or g;eometric features. The
elements used to define these features are:

The nunber of traf‘fic lanes, and
_ The relative width of the ‘traveled way.

Based upon the application of these criterla to the County s roads
~ seven distinct categories of road have been developed

Element Descriptions - Descriptions of the two roadway elements are

. contained in the introductory section ‘of this report

Category Definitions Figure 7-301E illustrates and describes the

distinguishing elements of each roadway category.

oo
-
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‘Figure 7-301E
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' 7-301 5 Inventory Coding System

A coding system is required to facilitate the adaptation of classifi—
» 'cation and other inventory data to an electronic data processing system.
| The purpose of this section is to explain the coding system which has been
| » 'developed for classif‘ication iterrs and to suggest how this system might .
| be integrated into an overall roadway inventory system ‘ |
| Flgure 7—301F contains code nunbers and descriptions of the va.rious
lelements of the roadway classif‘ication system. 'I'hese elements represent :
the criteria which are essential to the three classification categories:
Use, Level of Service, and Roadway Categories
Figure 7—30lG contains a sample fornat for displaying identifica-
tion and classification component elements and lists other inventory corrpon—
ents for which coding rray be- developed at a future date. These other |
conponents mig;ht include
Traffic Control/‘l‘raffic Safety
Physical Inventory
| Priority/Maintenance |
Some of the probable elements within these conponents are suggested for

' illustration purposes only. Figure 7-301G should assist the reader in

e visualizing how the roadway identification and classification conponents

might fit into a total inventory system.



Figure 7-301F
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- 301 6 Examples of Classif‘ication System Application

. - The purpose of‘ this section is’ to present for informatlon purposes -
only, more exanples of how the cla531f‘ication system ___@_ £ be used by
desisz;ners maintenance personnel and administrators

r"he f‘irst use would be as a base for an 1nventory system. Section »

7-301.5 relates the inventory concept and how the classification system R : i
will support an mventory A . |

- oecondly, the system will be used in the development of design standards.

Figure 7—301H is a table which illustrates how this roadway category . |

- . »selection process might be structured to relate Use Category and Service
?fi"'}'_evelfCategor_ies.' As can be ~see’n from the Exhibit, by considering the Use , : ¥
Category and the elements used to develop the category, and ‘then relating | |

these to the "desired" level of service for the road or road segment a de- ’ i

cision can be made regarding the appropriate road category or categories

¢ ’ which can best provide the indicated service. For example if for a given

road it 1s determined that the use category is Collector-Rural, Code 5, and

that the desired jevel of service is U, .(based upon-a desired safe speed
of 4o miles per hour, and a projected ADT of 300) , the table indicates
that the roadway categories most appropriate for consideration for this
combination of use and service might be 3 and 4. -Category~3 is a wide

s:mgle—lane road and l} is a narrow double-lane road. Of course, the ultim-

B SR P Y RTINS SN S

ate decision regarding design standards would have- to be based upon the con- R

__sideration of many other factors. o . B
The above examples of the potential application of the classification T :

system are few; however, this should generate ideas in the reader's mind

as to the many other uses for the system.
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Figure 7-301H
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7-302 Standards for- Roadway Categories

The geometric des1gn standards Wthh correspord to- each of flve roadway
_.ssn‘lcatlon categories are related on Figures 7—302A through 7-302E. Other '
pertinent design infomatlon and roadway classiflcation system recorrmendations

._ are also shown on these fTigures. |
Roadway Category 6 will have the same standards as Category 5, except that

" 8-foot paved shoulders w111 be prov1ded for roadway parkjng Standards for

Category 7, multiple-lane roadway, may be found in the State Design Manual.

All other design standards, not peculiar to any particular roadway category may

be found in various . sections throughout this-Manual (see Figure 7-200).
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SECTION 8 - COUNTY FAS PROGRAM STANDARDS
- 8-100 General L |
~ Section 109 (a) of Title 23 requires that plans and specifications must .
 provide for a f‘acility that will adequately meet the existing and probable
- | f‘uture traffic needs and conditions in a manner conducive to safety, durability
‘and economy of maintenance. '
The 195'4 Secondary Road Pla.n provides that AASHO Standards., entitled

"Geometric Design Standards for Highways Other Than Freeways, " (contained in

this Sectioh) ,will be met or exceeded except as modified. For specific con-
ditions.: not covered in the above standards, either A Policy on Geometric |
Design of Rural Highways, 1965," or "A Policy on Arterial Highways in Urban

Areas, 1957 ,'é should be used.

8-101 Objective and Scope_

The objective of this Section 1s to present the Geometric Design Standards

which AASHO recommends for low-volume rural roadways .

8-102 Policy.
8-102 1 Use of FAS Standards - It is the policy of’ Humboldt County that

'Federal Aide Secondary (FAS) recomnended standards will be used on FAS designed
roads 0 nly when County standards (contained in this Manual) are not acceptable

to the Federal agency controlling the FAS project.

lat)
'
C?S



. by accepted procedures. The design hourly volume, DHV, will be the basis |

Introduction.

‘ Geometric highway design deals with the dimensions of those highway
features such as alignment, gredes | widths, sight distance s cleafances and
slopes as distinguished from structural design which deals with such fea-
tures as thickness-, composition of materials ‘and load carrying capaCity

Frequently, available finances do not permit the construction of the
ideal i‘in‘higj*May des"ign. Where economy is necessary it is suggested that it
. be practiced on some feature other than the principal geometric features.
The roadway section can be improved_i and widened at reasonable cost.

The surfacing can be widened and strengthened at any future date that fi-
nances will permit. But the geometric features‘ of alignment, grade, ;and_
sight distance, when -once‘ molded into the landscape and tied down by
right-of-way and surfacing, are most difficult and expensive to correct. It
appears, therefore, that in discussion and decision on these principal geo-
metric features a gener'ous factor of safety should be added, and unquestioned _
adequacy rather than strict econonw should be the criterion.

These standards are intended to be applied as general design controls
regardless of the system of which the highway is a part. The use of more
1iberal values than the indicated minimum values herein is feconmnded
where cond"itions are favorable and costs are not excessive. - For specific
conditions not covered herein, 'r.efer'ence should be made to A Policy on Geo-
metric Design of Rural Highways, 1965, abbreviated GHD in table references

herein, and A Policy on Arterial Hlghways in _Urban-Areas-, 1970. ,

RURAL HIGHWAYS

Design Hourly Volume, DHV.

Highways shall be designed for'specific traffic volumes as determined




for E:iesign eicept, that the current annual average daily traffic, ADT , may be

‘ the basis for desigh for _19w volume roads. Normally t.his' Wiil be the 30th ’
highest hourly volume for the design year. Usually the désign yéér is about
20 years from date of corrpletibn of‘"constr_'uction, but may be anywhere

within a range of 15 to 25 years.

Design Speed. .
A design speed of 30, 40, 50, 60, 65, 70, 75*%, or 80 mph as appropriate

- for conditions, shall be selected.

Sight Distance**.

Minimum stopping" sight distances.for all highways and passing sight |
distance for 2-lané highways shall be as shown in Table 1. Criteria for
measuring sight distance, both vertical and horizontal, shall be:

For stopping sight dist;ance; heiéht of eye 3.75 feet and height

. ' o ~ of object 0.5 foot. | _ B
| For passing sight diStance, height of eye 3.75 feet and height

of object 4.5 feet.

¥ Design speeds of 75 and 80 mph are applicable only to highways with full
control of access or where such control is plamned in the future, see pages
5 and 145 of A Policy on Geometric .Design of Rural Highways, ‘196_5. _

. ¥¥ These height criteria for measuring sight distance supersede those in
A Policy on Ar*berial Highways in Urban Areas, AASHO, 1957.




 TABIE 1
‘ . MINIMUM SIGHT DISTANCES IN FEET

' Ref. table III-1, p. 136, table ITI-4, p. 145, ~
 table III-14, p. 206, and table III-15, p. 211, GHD :

Design speed, mph | 30 4 S0 60 65 70 75 801

'STOPPING SIGHT DISTANCE

Stopping distance, ft. 200 275 350 475 550 600 675 750
K value for: 3/ | s | : |
Crest vertical curve : 28 - 55 85 . 160 215 255 325 400
Sag vertical curve 35 55 75 105 130 145 160 185

PASSING SIGHT DISTANCE

Passing distance, ft., ' ' . '

2-lane . . o 1100 -1500 1800 2100 2300 2500 2600 2700
K value for: 3/ ' ' ‘

Crest vertical curve 365 686 985 13U0 1605 1895 2050 2210

3/ K value is a ‘coefficient_ by which the algebraic difference in grade may be.
multiplied to determine the length in feet of the vertical curve which will
. provide minimum sight distance. , - '

Grades.

Maxirmm grades shall be as shown in Table 2.

Climbing Lanes.

A climbing lane, or added lane for upgrade slow-moving vehiéles,
should be provided where critical length of grade is exceeded , the percent-

 age of trucks is high, and the traffic volume is high in relation to capacity.

Alignment. . v
Alignment between control points should be of as high sta_ndard as is

commensurate with the topogfaphy, ‘the 'existing‘ traffic, and the probable
future traff‘ic in order-that future inprov,emeﬁts may be made with a minimm

.of, investment loss due to. obsolescence ;' Sudden -changes between curves of

231




TABLE 2
MAXIMUM GRADES IN PERCENT U/

' Ref table III—13, p. 195,
: _.vDesi;gl speed, mph

 ‘Type of Topography e
» 0 40 50 60. 65 70 75 80

Flat | ",6”'5 4.3 3 3 '3 3
Rolling | ;6 5 4 4 b bW

Mountainous o 9 8 7 6 6 5 - -

14/ Short grades less than 500 feet in length and one-way downgrades may
be 1 percent steeper. For extreme cases, in urban areas and at some
undérpasses and bridge approaches, - steeper grades for relatively
short lengths may be considered. For low volume rural highways
grades may be 2 percent steeper.

widely diff‘eren_t .ra.dii orbetween iong tangents and sharp curves should be
avoided by the use of curves of gradually increasing or decreasing radii
' w1thout at the same time introducing an appearance of forced alignment. In
relatively level topography on multilane highways the use of long curvee of
'very small degree are. preferred to long tangents connected by relatively
sharp curves, except that on 2—1ane roads 'cangents are less a deterent to
- passing than flat radius curves even where adequate passing sight distance
is provided on the latter. Where crest vertical curves and horizontal
curves occur at the same 1ocation , there should be above—nﬁnimum sig'xt
‘dlstance design, and the relation between horizontal and vertical sight dis—A
tance should be checked to assure that the horizontal curve is visible as
drivers approach ‘ ‘

Depending on the maximum superelevation value, the maximam curvature

for different design speeds is shofm 1n Table 3
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TABLE 3

MAXIMUM DEGREE OF. CURVE AND MINIMUM RADIUS

DETERMINED FOR LIMI

TING VALUES OF e and £ 5/ -

Ref. table III-5, p. 158, GD

| Design - Max. Total ~ | Minimum “Max. degree | Max. degree of
speed . | e (e+f) radius of curve = | curve(rounded)
mph feet degrees degrees

30 .06 .22 273 21.0 21.0
bo .06 .21 508 11.3 11.5
50 .06 .20 833 6.9 - 7.0
60 .06 .19 1263 4.5 4.5
65 .06 .19 1483 3.9 4.0
- 70 .06 .18 1815 3.2 - 3.0
75 - .06 - W17 2206 2.6 2.5
80 .06 .17 | 2510 2.3 2.5
30 .08 24 - 250 22.9 23.0
Lo .08 .23 464 12.4 12.5
50 .08 . 22 - 758 7.6 7.5
60 .08 21 1143 5.0 - 5.0
& .08 . .21 131 4.3 4.5
.08 w20 1633 3.5 3.5
15 .08 .19 1974 2.9 3.0
80 .08 A9 2246 2.5 2.5
30, | .10 . | .26 231 24.8 25.0
Lo 10 - .25 ho7 13.4 13.5
50 .10 .24 694 8.3 8.5
60 .10 23 1043 5.5 5.5
65 .10 .23 1225 4.7 4.5
70 .10 22 1485 - 3.9 b0
75 .10 .21 - 1786 3.2 3.0
80 .10 .21 2032 2.8 3.0
30 .12 .28 214 - 26.7 26.5
40 12 27 395 14.5 14.5
50 . 12 .26 641 8.9 9.0
60 .12 .25 960 6.0 - 6.0
65 .12 .25 1127 . 5.4 5.0
70 .12 24 1361 4.2 4.0
7 A2 .23 1630 3.5 - 3.5
80 .12 C 23 1855 3.1 - 3.0

o

rate of roadway supérelevétioh,'fbot per‘f6ofﬁ e
side friction factor for design '




For small central or deflection. angles the curve should be long enougn
to aVoid the appearance of a kink For a central angle of 5 deg,rees the curve»
should be at least 500 f'eet long and for each decrease of‘ one. degree in the

central angle the 1ength should be increased at lea.st 100 feet

Crown and Superelevation

~ Pavement crown shall be a minimum which will provide proper drainage.
Cross slope normally should be as shown in Table b, '
For rural highways superelevation should be not more than 0. 10 or 0.12
. foot per foot, except that where snow and ice conditions prevail the super-
elevation should be not more- than 6.06 or 0.08 foot per foot. For urban
highways superelevation should be not more than 0.06 or 0.08 foot per foot.
‘ Superelevation runoff is the length of highway needed to'acoor@lisn
the change in cross slope from a nomal crcmn section to a fully super-

' elevated section Minimum lengths of runoff for 2-lane pavements or for two
lanes in one direction of a ‘4—1ane divided highway are shown in Table 5.
Adjustments in design mnoff length, curves at changes in gradients of pave- _
‘ment edges, and warping of pavements are necessary for smooth riding,

 surface drainage and good appearance.

Nunber of Lanes

The number of lanes shall be determined on the basis of highway capacity

and design volume. |

For low volume roads, 2-1ane roads are appropriate regardless of other

'conditions
~ Where the design volume exceeds the capacity of an existing 2-lane
road or a proposed design f‘or a 2—1ane road, the following measures shall be
considered ' _

Improve alignment and profile to decrease gradient and increase ’the
percentage of total length of highway with sufficient sight distance
to afford opportunities for passing.

Inprove capacity by the addition of climbing lanes .or constmctcbcn ff

L.1ane sections. .



TABIE U
) o NORVAL PAVEMENT CROSS SLOPES

Ref. table IV-1, p. 22, GHD

Surface Type | Range in rate of cross slope

inch per foot | foot per foot

High | w8 -am | .01 - .02

- _Intermed’iate 3/16 - 3/8 .015 - .03

__Low b - ;/2 .02 - .04
TABLE 5 -

. MINIMUM LENGTH FOR SUPERELEVATION RUNOFF
2-LANE . PAVEMENTS 6/

~ Ref. table ITI-11, p. 176, GHD

. Superelevation - I~Length of runoff in feet for
. rate _ : design speed, mph of:

L1200 © 215 250 290 325 345 360 390

30 4 s 60 6 70 75 8

foot per foot S
702 | 100 125 15 175 190 200 220 . 240
.ol 100 125 150 175 190 200 220  2h0
06 | 110 125 150 175 190 200 220 240
.08 W5 170 190 215 230 240 255 265
100 180 210 240 270 290 300 330 330
395

~Tane pavements; 1.2 times length for 2-lane highway
4-1ane undivided pavements;1.5 times length for 2-lane highway
- f=lane undivided paveme'nts;z.o times length for 2-lane highway

6/ For wider pavements lengths shown in table should be as f_‘oll_o_wé: '




Improve capacity through mtersections by added lanes
Modify design to provide a l!-lane highway initially or as planned
stage construction. - ’ '

Capacities of 2-lane two-way highways and lane capacities for nultilane
highways shall be determined on the basis of highway characteristics, com-
- position of traffic, and an ap‘p‘ropriate speed of operation during the design
year.® Design should be based on one of the three ranges of running speeds
- listed below |
1._ Average running speed 145—50 mph: Applicable for most main rural

2-lane, two-way highways and all rural mltilane highways in level and in
rolling terrain ' | |

| At this rumning speed the capacity of a 2-lane highway varies from 900
- passenger cars per hour. under ideal conditions to 270 vehicles per hour in
'rolling terrain with a design speed of 60 mph, with 20 percent trucks and
with 80 percent of the highway length having sight distance of less than |
1500 feet. The capacity of a single lane of a multilane freeway at this run-
ning speed varies from 1000 passenger cars per hour per lane under ideal
conditions to 630 vehicles per hour per lane in rolling terrain with 20 per-
- cent trucks. ‘

2. Average running speed 40-U45 mph: Applicable for hig)wa;ys approach-

ing ur’oan areas, for multilane highways in muntainous terrain, and wher-

| ever feasible for 2—1ane highways in mountainous terrain. |

| At this running speed the capacity of a 2—1ane highway varies f‘rom 1150
passenger cars per hour under ideal conditions to 2140 vehicles per hour in

mountainous terrain with a design speed of 60 mph with 20 percent trucks

* A Policy on Geometric Design of'RuralgHighwals_;, AASHO, 1965, pages 101-109/
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and with 80 percent of the highway length having sight distance of less than

.500 feet. The capacity of a single lane of a multilane f‘reeway at this run-
ning speed varies from 1200 passenger cars per hour per lane under ideal

conditions to 500 vehicles per hour per lane in mountainous terrain with 20

percent ‘trucks.’

"'3. " Average running speed 35-40 npgi Applicable to 2-lane rural high-
ways®in "m'ount'ainous‘ terrain where design for higher running speed is not
feasible. Also applicable to controlled access highways in urban areas where
during the design hour it is expected that freedom to travel at high speed
will be curtalled by DHV traffic. |

At this running Speed the capacity of a 2-lane highway varies from 1500
passenger,cars. per hour under ideal conditions to 320-vehicles per hour in
‘mountainous’ terrain with a design speed of 50 mph, with 20 percent trucks,
and with 80 'per_cent of the highway length having sight distance of less than

.SOO feet. | | | |

The ‘¢apacity of a single lane of a multilane freeway under urban condi-
tions at this' running Speed.varies from 1500 passenger cars per hour per
1lané ‘under ideal conditions, to 950 wehicles per hour per lane in rolling ter—

rain with 20 percent trucks.

width of Roadway

For roads with current ADI‘ under 50 vehicles per day, the minimum
w:Ldth of roadway between intersections of side slopes shall be 26 feet “For ~
all other roads the minimum width of roadway shall be the sum of the mini-

mum w1dth of surfacing and usable shoulder widths as described hereafter.

Width of Surfacing.

of traffic volume and design speed shall be as shown in Table 6.

 Minimum widths of surfacing for ;2-,lﬁa,ney roads for various comblnations

For multilane highways lane widths shall be 12 feet.




TABLE 6
MINIMUM WIDTHS OF SURFACING FOR .2-LANE
| RURAL HIGHWAYS | |
Ref. table V-1, p. 261, GHD

Minimum widths of surfacing in feet for design volumes of: &/
. |current ADT|Current ADT|Current ADT
Design 50250 250-400 400-750 *
speed, : - DHV DHV DHV
‘mph . | : 100-200 | 200-400 | 400 & over
30 20 20 20 | 22 2l
40 20 20 22 I 22 | 2l
50 . 20 20 .22 2l 2l
60 | 20 22 22 24 2l
65 20 22 2l 2l ol
70 20 S22 24 o4} 24
5 o4 | 24 oo 2l 2l
80 24 | o4 2l 2l 24

8/ Design volume in terms of mixed traffic. For design speeds of
30, 40, and 50 mph, surfacing widths that are two feet narrower
may be used on minor roads with few trucks. C

Right Shoulders.

Minimum width of usable right shoulder for rural highways éhall be as
shown in Table 7. | |

The usable width of shoulder is that which can écconmodate a vehicle '
.partailly or wholly when it is stopped. Wherever feasible it is to be surfaced
or stabilized. | Where the traveled way and shoulders are surfaced alike. some
delineation between ‘the- .f,wo is desirable. |

Where guardrail is installed the lateral distance to the face of the guard-
rail shall be at least equal to the minimum ussble shoulder width and desir- |

ably two feet greater.

0
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TABLE 7 -

. : MINIMUM WIDTHS OF USABLE SHOULDERS
| FOR RURAL HIGHWAYS 9/ SR

'Ref. table V-2, p. 261, GHD

" Design volume | Usable shoulder width, feet
Current ADT DHV MInimum Desirable
50~250 ‘ : 4 _‘ o -6
250-400 - ooy 8
| 400-756 ©100-200 6 10
- | 200-400 -8 10
= | Over 400 slg/ ‘ 12

9/ For low volume roads, use of a roadway width that is
the sum of values in tables 6 and 7 is acceptable -
regardless of the actual width of shoulder.

10/ Changed from 10 feet in previous editions of these
. - =~ standards. This change, which was officially

: approved subsequent to the adoption of A Policy on
Geometric Design of Rural Highways, 1965, also super-
sedes the 10-foot value shown in table V-2 (page 261) |

and on page 21 of that Policy.

- Bridges to Remain in Place.

‘Where an existing highway 1s to be reconstructed, an existing bridge
which fits the proposed alignmenﬁ and profile may remain in place when. its
structiﬁfé.l capacity in terms of design loading and clear roadway width are '
at _léast equal to 1:h¢.a~ vaiues shown for the appiicable traffic volume as glven

ih"_Table 8.




TABLE 8

MINIMUM STRUCTURAL CAPACITIES AND MINIMUM ROADWAY
WIDTHS FOR BRIDGES TO REMAIN IN PLACE -

N Design loading Roadway
Trartic structural capacity clear width*, feet
Current Desirable | Desirable | .. .
“wr | PV mintmn | MR ndmom '“”"‘i"“’""‘[
50-250 - H-15 H-15 26 20
250-400 - H-15 | H-15 28 22
400-750 | 100-200 | H-15 H-15 28 2
200-400 | Hs-15 | H-15 | 3 2l
over 400 H-20 H-15 36 30

* Clear width between curbs oi‘ rails whichever is the lesser.

e For design speeds of 50 mph or less, minimum clear widths
that are two feet narrower may be used on minor roads with
. few trucks. In no case shall the minimum clear width be less

than the approach traveled way width.

‘Multilane Highways.

Where a 2-lane two—way highway is not sufficient to carry the esti-
- mated DHV, a multilane highway should be provided. Rural rmltilane high-
ways should be divided. A higtway is not normally considered to be a di-
vided highway unless two or more lanes are provided in each direction of
travel and the median is U4 feet or more in width ‘and constructed or marked
in ‘a manner to discourage its use by moving vehicles except in emergencies
Multilane undivided highways may be permissible, (a) as segments of an
otherwise 2-lane highway where there would be substantial lengths with
sight distances insufficient for safe passing, (b) where lanes are added in
both directions on long steep grades, and (c) where the :foedside' is heavily

~ developed and local service is one of the primary objectives. In each case a
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divided highway 1s preferable. 1If desired, a paved flush but contrasting me-

.ian may be provided.. » |
Medians ‘
| There are mny advantages in wide medians and widths of 60 or more feet
should be prov1ded where feasible The minimum width of median to ef‘fectively
separate traff‘ic movmg in opposite directions is .about lt feet. For
protection of vehicles at grade crossings ‘the width of median should be at
" least 30 to }&O feet. Where left turn lanes. are to be provided in the median
area a width of 22 feet or more is preferable and at least llblpf‘eet should be -
provided | '
‘The median adjacent to the let‘t edge of each pavement should be de--
signed to enable vehicles to safely encroach thereon in emergencies
| Where a divided highway is being considered the advantages of inde—
.)endent roadway desigq should be explored to secure a pleasing and eco-

nomical des1g;n that fits the topography
On high speed, high volume highways with medians 30 feet or less in .
width, a suitable median barrier should be installed Where the median is

30 feet or 1ess in width and a median barrier is used median curbs should

not be used.

Right—of—Way Width

. Right-of-way width should be not less than that required for all ele- ‘

ments of the Cross section and appropriate border areas Additional width

may be nec,essary fo_r construction.

Curbs
Except where necessary to control traffic or drainage, the use of curbs

' , .on roadways ‘should be avoided for safety’ in enabling vehicles to veer from

P Y




the bavemenﬁ in ‘emer'gencies, for economy and for ,sinplicity. Where.barrier
curbs are continuous along a low speed highway they should be off‘set at |
1east one foot and preferably at least 2 f'eet from edge of‘ traffic lane and so
carried across‘ all structures.‘ Barrier curbs introduced on br'idg,es or inter-
mittently elsewhere should be off‘set at least 2 feet and preferably at least
_ 3 feet. | | o

Normally 'nlédian Cur'bs are not 'USed with mediahs of about 15 feet or

more in width excépt where a median turning lane is provided. Medians of
lesser w1dth may be curbed or treatéd in same other way to provide a more

posrcive separation. Median curbs are no’c to be used on high speed highways.

Side Slgp‘ es.

'-‘Slo_pés should be as flat as feasible. Flat side slopes increase‘ safety
by pmviding maneuver ar'eaL in emergencies, are more stable than steep slopes
and simplify the establishnént and maintenance of plant growth. The 1_nter-
section of slope planes' should be well rounded.

Where right—of-way is available it frequently is less costly to flatten
embankment slopes to _6:1 or ﬂatter for appreciable depths, instead of con-

structing guardrail Maintenance cost 1s also reduced.

Vertical Clearance.

Vertical ciearance at all new undér'passes on State trunk highways in
rural areas shall be at least 16 feet over the entire' roadway width, to which_ :
an allowance shouldv be added for resurfacing. On State trunk higma:ys '
through urban areas a 16-foot clearance shall be provided under new under-
passes except in highly déveloped areas. A 16~-foot cléarénce should be pro-
vided in both rural and urban areas where such clearance is not unreasou-

., ably costly and where needed for défensé.- 'i"equirenxents; "Vert_ic':al clearance
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at underpasses on all other highways shall be at least 14 feet over the entire

.oadway width, to which an allowance should be added for resurfacing. # |

Horlzontal Clearances

The full approach roadway width shall be provided across all new

bridges Exception is made on major structures on which, due to their high

unit coSt, the selection of the cross section dimensions should be subject to

1ndividua1 economlc studies.

Also exceptlon is made where the design speed is less than 50 mph and

the current ADT is less than 750 and it 1is not practicable and feasible to

provide shoulder widths across structures In such case, the mlnimum

horizontal ‘clearance both right and left on structures from the edge of '

traffic lane to the face of parapet or railing shall be not less than 4 feet.

“At Underpasses the lateral distance from the edge of through traffic

anes to the face of walls, plers or abutments should be at least 2 feet 1

greater than the usable shoulder width.

Roadside Design and Appurtenances

K clear recovery area, preférably of about 30 feet should be provided

along high speed rural highways. Such a recovery area should be clear of

unyielding objects if practicable. If not practicable, protective devices

shotild be installed where indicated to protect the traveling public.

Drlveways

Access from roadsides to the roadways of arterial highways should be

controlled by regulationsu

¥ Tnis change was officially approved subsequent to the adoption of A Pollcy

on Geometric Design of Rural Hiﬁgwaxs, 1965. It supersedes the values
‘given in the sections: entitied "Wertical Clearance" on’'pages 46 and 521
of that policy with the exception of the values given for parkways.

Ku
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URBAN HIGHWAYS

The previous design controls appliCable to rural highways are applicablé
generally to urban highways. The following additional controls cover items

of difference.

Pavement Width .

Pavement snould have, ~where feasible, sufficient width to accommo-

~date the traffic volume without exceeding capacity during the design hour.
Design capacity should be calculated on the basis of roadway and traffic
conditions, taking into consideration such variables as frequency of inter-
sectlons; volume of‘vcross traffic at intersections, parking practices, turning

movements, and volume of‘ truck and bus traffic.

width, Arrangement and Utilization of Lanes.

The width and nunber of lanes on major streets is frequently governed
by practical 1imitations, such as existing building lines and other 1imitations
on available width of right-of-way. Lanes should be 12 feet wide where ‘fea~
sible, but not less than 11 feet.

Where the directional distribution during peak hours exceeds 60 percent
- on undivided two-way streets reverse flow lanes should be considered.

Advantage may be taken of a street with an odd number of lanes, as a
5 or 7—1ane street, to convert the center lane to a storage lane for left turn-
ing vehicles by pavement marking at appropriate intersections. This arrange-
ment is especially fitting on streets under traffic signal control with a sepa-
rate signal phase for left turns. On sections having sufficient widtn, a mlll
median and median lanes would be in order '

The operation of streets for one—way traffic is an accepted standard ‘
practice. Geometric standards for two—way streets are applicable also to

one-way streets.
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Curbs.

Where there are continuous bax'r'ier curbs but no shoulders or parking
.lanes“the. barrier curbs should be offset at least 1 ’fgét‘ and preferably at
least 2 feet from edge ofA traffic lane. | ,
Barrier cur'bs along narrow medians are fitting on low speed highways if
midblock turns are to be pfohibited. |
Curbs With‘in the- us.able,shouldervwidth sheuld not be used along high

 speed highw’ays .

Par'king Lanes

Dlagonal parking ad;] acent to througa trafﬁc lanes is hazardous and shall
not be permitted Where parallel parking is contemplated, parking lanes’
should be, wherever feasible, at least 10 feet in width, and preferably 12 feet.

()
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' SECTION 9 - SUBDIVISION STANDARDS

9-100 General. DR L

9-101 Objective and ScoPe

The obj ective of this Section is to present the design standards for Comty

subdivision roads.

9-102 Policz A
It is the policy of Himboldt County that the standards in this Section of the

Manual will be the standards to which roads must be built or i:rproved before
they will be accepted into the County Maintained System. (See Hunboldt County

' _Subdivision Qrdinance )

9103 Standards |

'Ihe design standa.rds for. geometric cross sections are shown on Figure 9-102A
through 9-102U for the various categories of roads as defined by the subdivision
ordinance A v

Special attention should be given to the location of utility and sewer
’lines and standards for curbs, gutters, dikes and slopes. The various sub-
division standards relate to roads according to: '

- Road classification (arterial , collector, minor, one way),

- Pqulation density (high, medium, low), and

- Topography (hillside , level).

Definitions of these terms are found in the subdivision ordinance._ Roadway

}'classification terms and criteria for potential subdivisions are not identical
to those of the County's classification for roads aJready in their system

'Ihe following basic roadway standards apply to potential subdivisions
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TABI.E 9-102 1

BASIC SUBDIVISION ROADIIAY STANDARDS

e Nunber :

Classification/ . | ‘ Traveled - | Lanes
~ Terrain Design rl‘hximxn Right of|Way Cross|Shoulder| T/W
Density | Speed| Grade [Way Width| “ Slope | .Width ] Width
ARTERTALS Ty | N . ‘
Level - High Density 6% 80 2% 8 »ll-12
COLLECTORS 40 1 o
Level ~ High Density : 8% | 50 2% 8 2-12
Level - Medium Density - 8% | 50 2% 8 2-12
Level - Low Density 8% | 50 2% 8-3 2-12
Hillside—High & Medium Density L - o
Parking _ 10% 50 3% * 8-3 2-12
No Parking 1 10% 50 %3 2-12
Hillside - Low Density 126 | 50 35 % | 8-3 . {2-12
N[[NOR | o -
2 | r | .30 | 10% | 50 2% 8 2-10
< Than 200 ADT - Parking |~ . | 10% | - 50 2% 8-3 2-12
than 200. ADT-No Parking 108 50 2% 8-3 | 2-10
Level - Mediun Density - | -
Parking 10% 50 2% 8-3. |2-12
No Parking - . 10% 50 2% 8-3 2-10
Level - Low Density o 10% 50 2% 8<3 2-10
Hillside-High & Medium Density | : :
~ Parking 16% 50 3% | 83 2-10 |
No Parking 16% | 50 3% * 3 2-10
Low Density . B ) ' |
- Under 100 ADT 16% | 50 3% * | 3 1-12
100 - 250 ADT 16% 50 3% * 3 1-12 |
Turnouts ' 16% 50 3% * 3 1-208.
250 - 490 ADT 6% | 50 x| 38 |2-12
ONE-WAY STREET 30
Hillside-High & Medium Densii:y_ : o _
Parking 16% 50 35 % | 8~3 112
No Parking. « - 6% | 50 %% | 3@ |1-14
¥ No Crown

9 . out
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