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PREFACE

The Oklahoma Department of Transportation, ODOT, and the Association of County
Commissioners of Oklahoma, ACCO, pursuant to State Statute Title 69 § 689 first
developed the County Roads Design Guidelines Manual in 1991. The intent here is to
update methodologies and information for future use in the design on the County Highway
System. The Design Subcommittee made recommendations and forwarded those
recommendations on for comments to the Oklahoma Department of Transportation, Circuit
Engineering Districts, Federal Highway Administration, and the Oklahoma Association of
County Engineers.

Counties and Engineers use this manual as guidance on projects that exist on the County
Highway System. These projects may be classified as:

(Examples of work activities included)
1. New Construction - new alignment
2. Reconstruction - major changes to horizontal/vertical alignment, pavement structure
3. Resurfacing, Restoration, Rehabilitation (3R) — overlays, minor pavement width
and/or alignment changes.

If existing or future traffic counts surpass 2,500 Average Daily Traffic then the engineer
shall refer to the appropriate ODOT and/or AASHTO guidelines.

The “Green Book” table references are taken from AASHTO'’s “A Policy on Geometric
Design of Highways and Streets 2018”, 7" Edition. The “Low Volume” table references
are taken from AASHTO'’s “Guidelines for Geometric Design of Very Low-Volume Local
Roads, 2019”.

Herein are minimum acceptable design criteria that the designer should make every effort
to surpass while considering social, economic and environmental impacts.

The presentation of new design values in this text does not imply that the existing county
roads are unsafe, nor does it mandate the initiation of improvement projects. For 3R
projects existing design values/geometrics may be retained. Specific site investigations
and accident history analysis often indicate that the existing design features are performing
in satisfactory manner. The cost of full reconstruction for these facilities will often not be
justified.

These guidelines do not include information on ADA compliance or storm water
management. The Engineer and Owner should ensure that current state and federal laws
are observed. Use of sound engineering judgment prevails over manual guidelines. The
guidelines’ purpose is to provide a safe, cost-effective road system.
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The subcommittee has made every effort to balance safety, costs and engineering
judgment in the development of these guidelines.

Design Subcommittee:

Shelly Williams, P.E., Local Government Division Engineer, ODOT

Brandon Dudgeon, Assistant Division Manager, Local Government Division, ODOT

John Blickensderfer, P.E., Circuit Engineer District 1 Manager / Guy Engineering Services
Allen Laughrun, Transportation Specialist, FHWA

Zachary Gutierrez, P.E., Structural Engineer, FHWA

Randy Robinson, P.E., Transportation Engineer, OCCEDB

Tarek Maarouf, P.E., Engineering Manager, Local Government Division, ODOT
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CHAPTER 1
PLAN DEVELOPMENT

A. GENERAL INFORMATION

In order that all submitted plans be compatible and consistent with ACCO and ODOT
policies the plans should be developed using ODOT guidelines.

1. The web link workplace and Seed files for roadway can be obtained from
ODOT’s website at https://www.odot.org/roadway/cadd support/

2. ODOT Standard Drawings can be found at http://www.odot.org/cnstrctengr.htm
on ODOT’s web page. Traffic Pay Item Notes can be found with the Traffic
Standard Drawings.

Please note that on Pay Item Sheets, the pay item descriptions must exactly match the
pay items listed on ODOT’s master Pay Item list,
http://www.okladot.state.ok.us/contracts/itemlist.htm
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The following is a typical order of sheets. Dependent on the project, more or less sheets

COUNTY HIGHWAY SYSTEM

Index of Sheets

may be required.

1

Title Sheet

Typical

a. Roadway Typical

b. Guardrail Widening Typical
C. Drive Typical

Summary of Pay Quantities & Notes

(Roadway)

Summary of Pay Quantities & Notes

(Bridge)

Summary of Pay Quantities & Notes

(Traffic)

Roadway and Traffic Summaries

Use Every Time (If Applicable)
Erosion Control

Surfacing

Earthwork

Drives

Drainage Structures

Fence

Guardrail

Ditch Treatment

Pavement Markings
Mailbox

Removals
. Permanent Signs

AT T T@m0a0op

Drainage Area Map

SWMP, Storm Water Management

Plan

Survey Data Sheets / Alignment
Data Sheets

10.

il 8

12.

13.
14.

13.

16.

17

18.

19,

20.

21.

Roadway Detail Sheets
a. Roadway Details Sheet
i. Superelevation Detail
ii. Rounding Detail
iii. Curb & Gutter Detail
iv. Mailbox Turnout Detail

v. Interface Detail (Asphalt Only)

b. Intersection Detail
c. Demolition Plan

Plan & Profile Sheets

Traffic Detail Sheets
a. Signhing & Striping
b. Sequence of Construction

¢. Temporary Traffic Control and

Detour sheets
Erosion Control
General Plan & Elevation

Substructure Layout
a. Staking Diagram

Foundation Boring Logs

Details of Abutment
a. Abutment Details

b. Bearing Assembly

Details of Piers
a. Special Design

Details of Superstructure
a. Special Design

Details of Approach Slabs

Cross Sections
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CHAPTER 2
SURVEY

NOTE: The Specifications, and all forms noted in this document can be
downloaded from theCDOT Website at: www.okladot.state.ok.us/survey/.

This survey shall meet the requirements described in OKLAHOMA
ADMINISTRATIVE CODE, 245:15, Subchapter 13 (Minimum Standards for Land
Surveying) and Subchapter 21, which includes the complete text of Oklahoma
Statute Title 65:3 — 119 (Corner Perpetuationand Filing Act) as adopted by the
Oklahoma State Board of Licensure For Professional Engineers and Land
Surveyors, (latest effective version at the time of survey).

These Specifications are written for projects utilizing the United States Survey Foot as
the unit ofmeasurement.

For each specific project, additional requirements and/or amendments to these
specifications maybe provided by the Oklahoma Department of Transportation and
shall be covered by Survey Special Provisions written at the time of contract
negotiation and/or during the survey scope definition.

. GENERAL

A. The scope and coverage of the field survey to be accomplished are as
necessary toprepare Functional, Right of Way, and Construction Plans.

B. All field surveys, computer files, and other documents shall be
complete in everyrespect, and the information shall be set forth in a
professional manner.

C. Any discrepancy between newly acquired and existing survey data must be
brought tothe attention of ODOT for resolution, including plans, section
corners, previous surveys, horizontal or vertical control, or other items.

D. Any issues regarding adherence to the Specifications, or the
Survey SpecialProvisions must be brought to the attention of
ODOT for resolution.

II. CONTROL

A. GENERAL
1. ACCURACY, There are two distinct accuracies for Horizontal and
VerticalControl:

a. Network Accuracy: Accuracy that is relative to the National
GeodeticSurvey (NGS) Continuously Operating Reference
Stations (CORS).

b. Local Accuracy: Accuracy that is relative to the specific project
itself.

Both accuracies will be expressed as Circular Root Mean Square Error (RMSE) at 2
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Sigma (95%Confidence). These accuracy definitions are currently used by the
National Geodetic Survey, and are better suited to modern three dimensional survey
control networks than the older, Linear Accuracy definitions (15t Order, 2™ Order,
etc.).

B. HORIZONTAL CONTROL
1. The survey is to be placed on the current NGS Oklahoma State
Plane Coordinate System, NAD83(2011) or the latest iteration,
unless prior approvalis granted by ODOT to use a different
horizontal datum.

2. Primary Control will be derived from a fully constrained, Three
DimensionalStatic GPS Network Adjustment, utilizing a minimum
of three NGS CORS and any published hard monuments within 5
miles of the project. To ensure the highest accuracy, the Network
will be fully constrained vertically; by inclusion of at least 4
acceptable benchmarks (The CORS in the Network Adjustment are
acceptable as benchmarks). These may be Published NGS or
USGS Monuments, or may be taken from previously completed
ODOT Projects, as approved (in advance) by ODOT.

3. Double OPUS Solutions (different days, different times of day) will
also be obtained, and will serve as a general confirmation of the
integrity of the adjustment results. OPUS Solutions may be used
for project control in someinstances, with prior approval by ODOT.

4. The Horizontal Control shall meet or exceed the following accuracy
criteria:
a. NETWORK ACCURACY: 0.10 FOOT
b. LOCAL ACCURACY : 0.05 FOOT

C. VERTICAL CONTROL
1. NETWORK VERTICAL CONTROL:
a. Vertical Control Datum will be NAVD 88, derived from the
vertical component of the three dimensional GPS Control
Network, previouslydescribed.

2. LOCAL VERTICAL CONTROL:

a. Direct Differential Leveling will be used to establish local
benchmark elevations along the project. As a minimum, this
will consist of the mean of two distinct runs, or level loop. The
unadjusted vertical differences between intermediate
benchmarks, for each Level Run, areto be shown in the
Check Levels and Benchmark List. The Adjusted Elevations
for each benchmark will be derived by distributing the error
between Source Benchmarks, equitably along the entire
length of the Level Loop, with each intermediate benchmark
receiving a proportional share of the error. Adjusted
Elevations will be the sourcefor all Digital Terrain Modeling,
and Topography.
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3.

COUNTY HIGHWAY SYSTEM 2022 DESIGN GUIDELINES

b. In towns, benchmarks shall be set not greater than one block
(or 300 feet) apart, and in rural sections benchmarks shall be
set approximately700 feet apart, where practical. A
benchmark will be set on each crossdrain structure. A
permanent benchmark will be set on, or outside the
anticipated Right of Way, approximately each quarter mile,
where practical.

c. Examples of acceptable benchmarks include the following: X
cut in concrete. 80d or larger nails or railroad spikes in trees
or utility poles,survey monument set in concrete.

The Vertical Control shall meet or exceed the following accuracy
criteria:
a. NETWORK ACCURACY (FROM GPS OR LEVELING):
0.10FOOT
b. LOCAL ACCURACY (CONFIRMED BY LEVELING): 0.02
FOOT

The following Survey Control Data notation is contained in the
ODOT, Survey Division MicroStation® Design File Standard, as
part of the first Survey Data Sheet. This notation must appear on
the Survey Data Sheets andon the title sheets of Functional, Right
of Way, and Construction plans:

SURVEY CONTROL DATA

1. HORIZONTAL CONTROL:
A. Horizontal control for this survey is the NGS Oklahoma State Plane
CoordinateSystem, NAD83 (CORS), (North or South Zone).*

B. ESTIMATED NETWORK ACCURACY — North: 0.07 Ft. East 0.07 Ft.
Ellipsoid:
0.10 Ft.

C. LOCAL ACCURACY (CONFIRMED BY RTK OR TRAVERSE) — North:
0.07 Ft., East 0.07 Ft., Ellipsoid: 0.10 Ft. (Note these values are the
maximum allowableRoot Mean Square Error (RMSE) at the 95%
Confidence Level. Actual values will vary by project).

2. BEARINGS:

The bearings shown herein or hereon are grid bearings derived from the NGS
Oklahoma State Plane Coordinate System and are not Astronomical. The
angle of variance betweenGrid North (GN) and the astronomical True North
(TN) is depicted diagrammatically.

3. VERTICAL CONTROL:
A. Level datum is NGS, NAVD 88 (specify GEOID model used for this project
to deriveorthometric heights)
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B. ESTIMATED NETWORK ACCURACY:
GPS Network Adjustment -or-OPUS Projects -or- GPS Double OPUS
Solution -or-Direct Differential Leveling, Double Loop: 0.10 Ft.

C. LOCAL ACCURACY: Direct Differential Leveling (through the length
of theproject): 0.02 Ft.

Note: These values are the maximum allowable Root Mean Square Error
(RMSE) at the95% Confidence Level. Actual values will vary by project.
* Project specific. Show only that which applies.
“Assumed” or “Arbitrary” level misn le.

[l. CENTERLINE/ALIGNMENT

A. The alignment shall be made on the section lines if feasible. If the
alignment is not ona section line, complete and accurate ties are to be
shown at all crossings of major land lines (angle and distance from
Centerline to corners).

B. Survey centerline stationing shall run from South to North and from
West to East,where practical.

C. Stations are established at even 100 foot increments from a designated
Point of Beginning. Stationing for Points on Tangent (POT'’s), Points of
Intersection (PI's),Points of Curvature (PC’s), Points on Sub-Tangent
(POST’s), and other controllingpoints on the alignment shall be defined.

D. All Centerline curves shall be computed on the arc definition based on
the length ofthe radius.

E. Complete curve data is to be shown for all horizontal curves (P.l. Station
w/X & Y coordinates, Delta, Degree, Tangent, Length, Radius and
External). All major curvepoints (P.C., P.l. and P.T.) are to be set and
referenced.

F. The intersection points of the Centerline of Survey with all Section
Lines, Quarter Section Lines, Subdivision Lines and Centerline of
Streets shall have points set on them and referenced. In addition to the
Reference Point information, these points of intersection shall have the
following shown; stationing, coordinates, and distanceseach direction to
the land corners.

G. If existing centerline stationing exists then all P.O.T.’s, P.l.’'s, P.C.’s,
P.T.’s, and P.O.S.T.’s or any other principal control pointshall be iron pins,
approved monuments or well defined crosses cut in concrete and shall be
referenced to permanent points. In no instance will wooden stakes be
accepted. The distance between Centerline control points shall be
approximately 1,000 to 1,500 feet, where practical.
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H. Reference points shall be set and described so as to make them as easily
recoverable as possible. All reference points for survey monuments shall
be of a permanent nature, such as a #4 rebar/iron pin, “x” on concrete
walk, approved monument, R.R. spike in a tree or any accessible
permanent object with a precise measuring point. A minimum of three
reference points shall be set on each point referenced and arrangedso
that, at least two of the reference points shall fall on a true line passing
through thepoint being referenced, either by both reference points being
on the same side or on both sides, with the angle from the line or lines to
be as great as practical (near perpendicular to one another, for maximum
strength of figure). The first reference point shall be set a minimum of 50
feet from the Centerline of Survey. Subsequent points shall be no more
than 100 feet apart. If possible, at least two reference points should be set
beyond the anticipated Right of Way Lines so they will not be disturbedor
destroyed by construction. All points and reference points set in cultivated
fields shall be buried a minimum of 12” deep. Bearings and distances
shall be shown between all reference points and the points they are
referencing.

IV. ~TOPOGRAPHY

A. In urban or platted areas all topography shall be obtained for
approximately 100 feet.In rural areas all topography within 150 feet shall
be obtained. In addition, any othertopography that might affect the
acquisition of Right of Way or the preparation of theplans shall be
obtained. Typical examples are homes or businesses that are located
beyond the normal distance that topography is obtained. If there is an
existing driveway, used to access to such structures, then the buildings
must be located and identified in the survey.

B. Topography to be located/identified includes, but is not limited to; existing
paving, roads, trails, bridges/drainage structures, utility lines, buildings,
driveways, gates/fieldentrances (show width of gates), mail boxes, gas
pumps, storage tanks (both above and below ground), and any other
manmade cultural or topographic feature that mightaffect proper design
and/or impact Right of Way acquisition.

C. If any topographic features are discovered during the course of the survey,
that are suspected to be of historical, archaeological, or cultural
significance, such as Native American Graves, or other evidence of
occupation by prehistoric peoples, notificationmust be sent immediately to
ODOT’s Environmental Programs Division, so they can investigate the site
in question. At no time will such sites be depicted on the sheets. In the
Historical Letter and Written Report, they should be described as“Potential
Cultural Resource Sites” with no specific information given, as to the
exact location or nature of the sites.

D. Areas such as private dumps, underground fuel storage tanks, etc. should
be identifiedon the Survey Data Sheets as “Potential Environment
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Contamination”. Specific details of these sites are to be included in the
Historical Letter and Written Report.

V. DIGITAL TERRAIN MODELING

A. Digital Terrain Model (DTM) data shall be taken to a minimum of 150 feet
right andleft of the centerline of survey or to a minimum of 50 feet beyond
the proposed new right-of-way lines, whichever is greater.

B. For Roadway-Size Drainage Structures (culverts less than 20 feet in
length), a separate flowline profile (3 dimensional breakline depicting
horizontal and verticallocation) of the stream shall be obtained for a
distance of 500 feet upstream and downstream.

C. For Bridge-Sized Structures with floors (Double 10 foot culverts or larger)
flowlineprofiles will be obtained for a distance of 500 feet upstream and
downstream.

D. For Bridge-Sized Structures without floors, flowline profiles will be
obtained for adistance of 500 feet upstream and downstream.

E. Intervals between individual readings will be a maximum of 25 feet for the
first 150feet, then 50 feet beyond, with care being taken to obtain
readings at significant horizontal breaks or vertical “head-cuts” in the
flowline.

F. From a minimum of 100 feet before, to 100 feet after bridge locations
(structures 20feet or longer), DTM and Topographic Data will be
extended to a minimum of 500 feet right and left of centerline of survey.

G. For all bridge structures, the banks and toes shall be located for a distance
of 500 feet upstream and downstream.

H. In Urban Areas, at Street Intersections, breaklines shall be obtained at the
Centerlineof Streets, edges of paving, and ditch flowlines 100 feet.
Additionally, if curbs are present, breaklines will be obtained on tops of
curbs, and in gutters lines 150 feet.

V. UTILITIES

A. All public and privately owned utility lines and facilities, both overhead
and underground, shall be located to a minimum of 150 feet right and
left, or to the limitsof the topography and DTM. This information will
include the location, size, type material, and ownership with name,
address, and telephone number of owner. Allutilities will be shown at
zero elevation, with the exception of the following:

B. Elevations shall be shown on low-wires of overhead utilities crossing
Centerline of Survey. A graphic depiction of the swag of the low-wire shall
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be shown only on hightension lines.

Elevations shall be shown on storm sewers and sanitary sewers. This
will includemanholes, lamp holes that fall within the limits of the
topography and DTM.

On crossings, inlets and outfalls shall be located, with elevations, right
and left ofcenterline, to the first manhole beyond the limits of the
topography and DTM.

The source of utilities information shall be denoted in the Survey Data
Sheets, whether located by the owning company, or by a contracted
locating company, or byother means.

VI. LAND SURVEYS

A.

All work pertaining to Land Survey points that are calculated,
monumented, or otherwise used in the survey will be performed under
the responsible charge anddirect supervision of a Professional Land
Surveyor (PLS) licensed in the State ofOklahoma.

The PLS shall file Oklahoma Certified Corner Records for all Public
Lands SurveySystem Corners used to complete the survey.

Land Corners are to be established, referenced and filed in both directions
of the surveyed bridge (Section Corners and 1/4 Section Corners). If the
Centerline of Survey is not on a section or 1/4 section line, the points of
intersection of the Centerline of Survey and the section and 1/4 section
lines that it crosses are to be set and referenced and ties shown in the
submitted notes. All Section Corners and Quarter Section Corners
monumented or found in place shall be referenced by a minimum of three
Reference Points, as required by the Corner Perpetuation and Filing Act.
A detailed diagram, depicting the Corner Monuments and their associated
Reference Points will be shown on the Survey Data Sheets. The size and
type of monument will be described in detail. A brief narrative, describing
the history and pedigree of each corner, as well as justification for using a
particular corner location will also be shown. The same is to apply to
Original GLO/BLM/USGS Survey Meander Lines and Corners and all
Original Government Survey Subdivision Lines and Lot Lines.

All non-original corners shall be set in accordance with the
Bureau of LandManagement’s “Manual of Surveying Instructions”
(Revised: 2009).

All Original Townsites and platted Subdivision Lots and Blocks within or
adjacent tothe Existing Right of Way limits shall be depicted.

POT’s, POC’s, PI's or POST'’s, shall be calculated for the centerline of
all streetsintersecting the Survey Centerline (not monumented).
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V. DRAINAGE

High water elevations shall be taken for all bridge structures and other
major streams.Extreme care shall be taken in obtaining this information
The location shall be shownwhere the reading was taken, (Bridge Seat,
visible drift, or other spot delineated by witnesses), date on which the High
Water Event occurred and the source of information. If the information is
provided by a local resident, the name and address of the witness shall be
shown.

IX. PROPERTY OWNERSHIPS AND RIGHT OF WAY

A. Ininstances of non-typical circumstances related to properties or right of
way, any documents pertaining to boundary disputes, court cases,
unrecorded plats, or otherRecord Evidence will be submitted with the
survey.

B. Recorded deeds and easements shall be used in determining Existing
Right of Way. Existing Plans shall also be utilized as a supplemental
source of information. Any conflicts between the two data sources should
be discussed with ODOT prior to completion of the project, with the goal
of finding an equitable solution, agreeable toall parties.

X. RAILROADS

At all railroad crossings complete surveys shall be made on the railroads
using the Railroad Alignment and Railroad Station Numbers for a distance
not less than 500 feet on each side of Centerline of Survey. DTM Data
shall extend to a minimum of 50 feet beyond the Railroad Right of Way
Lines. A three dimensional breakline of the top of each rail shall be
obtained at intervals not to exceed 100 feet, to a minimumdistance of
1,000 feet each side of Centerline of Survey.

1. When a Railroad is parallel to the Survey Centerline, within the
limit of theDTM, or as specified in the Survey Special Provisions,
elevations shall be obtained on the top of each rail at
approximately 500 foot intervals.

2. The location, size and flowline profiles of all railroad structures

shall beobtained;

A typical section (side view) shall be obtained on all railroad bridges

4. Railroad structures shall be described and tied to the Centerline of
Survey.

(98]
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CHAPTER 3
BASIC DESIGN CONTROLS

A. FUNCTIONAL CLASSIFICATION

The County Highway System in Oklahoma should be functionally classified as to its use
and relative importance to the transportation needs of the county. This concept
impacts project selection as well as project design.

B. TRAFFIC VOLUME

The design traffic volume will be based upon the road’s functional classification. All
projects, not including 3R projects, on the Major and Minor Collector System will base
design upon a 20-year traffic volume projection. A minimum 2% per year growth rate
may be used unless other traffic factors are known. Local Roads, and 3R projects on
Major and Minor collectors, may base design on the current average of a continuous
seven-day traffic count to achieve an average daily traffic, ADT, count regardless of the
improvement. For all bridge replacement projects use future projected traffic volume.

C. TERRAIN

The topography of the land traversed has an influence on the alignment of roads and
streets. Topography does affect horizontal alignment, but it is more evident in the
effect on vertical alignment. To characterize variations, engineers generally separate
topography into three classifications according to terrain:

e Level terrain is that condition where highway sight distances, as governed by both
horizontal and vertical restrictions, are generally long or could be made to be so
without construction difficulty or major expense.

¢ Rolling terrain is that condition where the natural slopes consistently rise above and
fall below the road or street grade and where occasional steep slopes offer some
restriction to normal horizontal and vertical roadway alignment.

e Mountainous terrain is that condition where longitudinal and transverse changes in
the elevation of the ground with respect to the road or street are abrupt and where
benching and side hill excavation are frequently required to obtain acceptable
horizontal and vertical alignment.

Terrain classifications pertain to the general character of a specific route corridor.

Routes in valleys or passes of mountainous areas that have all the characteristics of
roads or streets traversing level or rolling terrain should be classified as level or rolling.
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In general, rolling terrain generates steeper grades, causing trucks to reduce speeds
below those of passenger cars, and mountainous terrain aggravates the situation,
resulting in some trucks operating at crawl speeds.

D. MINIMUM DESIGN SPEED

Geometric design features should be consistent with a design speed selected as
appropriate for terrain conditions. Low design speeds are generally applicable to roads
with winding alignment in rolling or mountainous terrain or where environmental
conditions dictate. Higher design speeds are generally applicable to roads in level
terrain or where other environmental conditions are favorable.

The design speed for a project should represent the operating speed that is expected
on the completed project. Design speed is a function of the terrain on which the project
is constructed and the type of surfacing to be constructed. Design speed is defined as
the speed selected to control the geometric features of the project taken including
features such as horizontal curvature and superelevation, stopping sight distance,
passing sight distance and maximum grades. It is the speed that can be safely
maintained through the project when traffic and weather conditions are so favorable
that geometrics of the highway govern. On county roads there may be an occasional
geometric feature (usually a horizontal curve) where conditions warrant a lower design
speed. These exceptions should be communicated to the driver by a warning sign with
a speed advisory plate indicating that a reduction to a certain speed is needed.

The following table gives the minimum design speed for various terrain conditions, type
of surface and current or projected ADT.

Table 3-1. Design Speeds

Design Speed (mph) for Specified Design
Volume (veh/day)
Type of Under 50 250 400 2000
Terrain 50 to to to and
250 400 2000 over
Level 30 30 40 50 50
Rolling 20 30 30 40 40
Mountainous | 20 20 20 30 30

(Table 5-1, “Green Book”)

The designer should strive for a higher design speed for specific features of the road
where they can be obtained at nominal cost. The County may post a speed limit
different than the design speed if the completed road conditions warrant a change in
the speed limit would be reasonable and safe. (OK ST. Title 47 § 11-803) Refer to the
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current edition of the Manual on Uniform Traffic Control Devices, which indicates the
proper process to decide on a speed limit.

E. HYDROLOGY (CROSS DRAINS)

All aspects of design pertaining to drainage shall be based as a minimum on a 5-year
storm event (Q5). 10-year minimum on collector; local roads 5-10 years. No overtopping of
the roadway or shoulder (based on a 5-year storm event) will be allowed in design
considerations. This criterion shall only relate to those structures less than 20’ in length,
measured along the roadway centerline, not categorized as bridge structures. See
Chapter 10 for details of drainage design requirements.
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CHAPTER 4
HORIZONTAL ALIGNMENT

A. GENERAL INFORMATION

All geometric elements should, as far as economically practical, be designed to operate
at a speed likely to be observed under normal conditions. Typically county road
projects are designed with regular horizontal curves. Compound curves should be
avoided as they are not aesthetically pleasing and mislead the driver’s expectations of
how sharp the turn is.

This chapter consolidates many of the often-used tables, or parts of tables from
AASHTO'’s “Green Book”. Further discussions on side friction, passing sight distances,
stopping sight distances, compound curves, & spiral curves can be found there.

B. ALIGNMENT

Alignment between control points should be designed to as high a standard as possible
consistent with the environmental impacts, topography, terrain, design traffic volume,
the amount of reasonably obtainable right-of-way, and the amount and cost of
earthwork involved. Sudden changes between curves of widely different radii or
between sharp curves should be avoided. The design should include passing
opportunities if at all feasible.

The locations of cross street intersections should be considered when determining the
alignment. See Chapter 7, At-Grade intersections for more discussion.

C. ROADWAY CROWN

Pavement or surfacing crown should be adequate to provide proper drainage.
Normally, cross slopes should be as shown below in Table 4-1.

Table 4-1. Cross Slopes

Range in cross slope rate for a single lane
Surface type g p(% ) d
Paved 15-2
Unpaved 2-6

(Table 4-1, “Green Book”)
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D. SUPERELEVATION

Superelevation is the rate of roadway cross slope expressed in percent (%). For rural
roads with bituminous-type surfaces, superelevation should not be more than 10%, and
an emax of 8% is typical in Oklahoma, where snow and ice are factors. Superelevation

shall not exceed 6% on bridges and the preferred rate for constructability is 2% (See

Chapter 12).

Depending on the maximum superelevation value, the minimum radii to be used for
different design speeds are shown in Table 4-2. These minimum radii should be the
exception rather than the rule. The purpose of the table given here is to assist the
designer to come up with an acceptable alignment for the chosen design speed.

Table 4-2. Minimum Radii
Normal Crown assumed to be 2%

Min R With Superelevation
Design without -
emax | speed super Min R Min R Min R
(MPh) | gy | ADT<250 | 56“tDT ADT>400
(ft) 0 400 ()
(ft)

8% 20 1640 40 40 76
25 2370 75 75 134

30 3240 75 135 214

35 4260 135 215 314

40 5410 215 315 444

45 6710 315 445 587

50 8150 465 585 758

55 9720 585 760 960

10% 20 1680 35 35 72
25 2420 70 70 126

30 3320 70 125 200

35 4350 125 200 292

40 5520 200 290 410

45 6830 290 410 540

50 8280 410 540 694

55 9890 540 695 877

(Tables 3-10 & 3-11, “Green Book”)
(Tables 4-4 & 4-5, “Low Volume”)
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After the alignment is determined, the designer can refer to table 4-3 for the appropriate
superelevation rates. Typically, narrow paved shoulders will rotate with the travelled
way. For shoulders wider than 4 feet, the shoulder breakover should not exceed 0.07
ft/ft. AASHTO Guidelines for Geometric Design of Very Low-Volume Local Roads,
2019, advises that for low volume roads, the superelevation tables from the “Green
Book” should be used utilizing reduced design speeds. Table 4-3 combines Green
Book tables 3-10b and 3-17b and gives the revised design speed headings from
exhibits 5 & 6 in AASHTO Guidelines for Geometric Design of Very Low-Volume Local
Roads, 2019. The values from the green book have been truncated in table 4.3 at the
minimum radii given in the Guidelines for Very Low Volume Roads.

Superelevation runoff is the length of highway needed to accomplish the change in
cross slope from a section with zero cross slope (adverse crown removed) to a fully
superelevated section. These values are also in Table 4-3. The tangent runout length
is the length to remove the adverse crown and can be found by entering the table at the
typical section slope (usually 2.0). Spirals are not typically used in Oklahoma,
particularly on county roads. Adjustments in design runoff lengths may be necessary
for smooth riding, surface drainage, and good appearance.

Table 4-3. Min Radii for Design Superelevation Rates & Runoffs at Design ADT & Speeds

L = Runoff length based on a 12’ lane.
R values are for emax = 8%
If R in table < actual R, move down to next line
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DESIGN SPEED (mph)
ADT <250 20 25 30 35 40 45 50 55 60
veh/day
ADT from
250 to 400 20 25 30 35 40 45 50 55 60
veh/day
ADT >
400 15 20 20 25 30 35 40 45 50 55
veh/day
e(%) L) [ minR) | Lty [ minRet) [ Li) [ minRt) | L@y [minR@t) | L) | minRat) [ Ld) | minR@t) | L) [ minR@t) | L) | minRe) | @) [ minRt) | L@ | minR()
NC 932 1640 1640 2370 3240 4260 5410 6710 8150 9720
2.0 31 676 32 1190 32 1190 34 1720 36 2370 39 3120 Xl 3970 44 4930 48 5990 51 7150
22 34 605 36 1070 36 1070 38 1550 40 2130 43 2800 46 3570 49 4440 53 5400 56 6450
24 37 546 39 959 39 959 41 1400 44 1930 46 2540 50 3240 53 4030 58 4910 61 5870
26 40 496 42 872 42 872 45 1280 47 1760 50 2320 54 2960 58 3690 62 4490 66 5370
28 43 453 45 796 45 796 48 1170 51 1610 54 2130 58 2720 62 3390 67 4130 71 4950
3.0 46 415 49 730 49 730 51 1070 55 1480 58 1960 62 2510 67 3130 72 3820 77 4580
32 49 382 52 672 52 672 55 985 58 1370 62 1820 66 2330 71 2900 77 3550 82 4250
34 52 352 55 620 55 620 58 911 62 1270 66 1680 70 2170 76 2700 82 3300 87 3970
3.6 55 324 58 572 58 572 62 845 65 1180 70 1570 74 2020 80 2520 86 3090 92 3710
38 58 300 62 530 62 530 65 784 69 1100 74 1470 79 1890 84 2360 91 2890 97 3480
4.0 62 277 65 490 65 490 69 729 73 1030 77 1370 83 1770 89 2220 96 2720 102 3270
4.2 65 255 68 453 68 453 72 678 76 955 81 1280 87 1660 93 2080 101 2560 107 2080
44 68 235 71 418 Al 418 75 630 80 893 85 1200 91 1560 98 1960 106 2410 112 2910
4.6 71 215 75 384 75 384 79 585 84 834 89 1130 95 1470 102 1850 110 2280 17 2750
4.8 74 193 78 349 78 349 82 542 87 779 93 1060 99 1390 107 1750 115 2160 123 2610
50 77 172 81 314 81 314 86 499 91 727 97 991 103 1310 111 1650 120 2040 128 2470
5.2 80 154 84 284 84 284 89 457 95 676 101 929 108 1230 116 1560 125 1930 133 2350
54 83 139 88 258 88 258 93 420 98 627 105 870 112 1160 120 1480 130 1830 138 2230
56 86 126 91 236 91 236 96 387 102 582 108 813 116 1090 124 1390 134 1740 143 2120
5.8 89 115 94 216 94 216 99 358 105 542 112 761 120 1030 129 1320 139 1650 148 2010
6.0 92 105 97 199 97 199 103 332 109 506 116 713 124 965 133 1250 144 1560 153 1920
6.2 95 97 101 184 101 184 106 308 113 472 120 669 128 909 138 1180 149 1480 158 1820
6.4 98 89 104 170 104 170 110 287 116 442 124 628 132 857 142 110 154 1400 163 1730
6.6 102 82 107 157 107 157 113 267 120 413 128 590 137 808 147 1050 158 1330 169 1650
6.8 105 76 110 146 110 146 117 248 124 386 132 553 141 761 151 990 163 1260 174 1560
7.0 108 70 114 135 114 135 120 321 127 360 135 518 145 716 156 933 168 1190 179 1480
72 1M 64 17 125 117 125 123 214 131 336 139 485 149 672 160 878 173 1120 184 1400
74 114 60 120 115 120 115 127 198 135 312 143 451 153 628 164 822 178 1060 189 1320
7.6 123 105 123 105 130 182 138 287 147 417 157 583 169 765 182 980 194 1230
78 134 170 142 261 151 380 161 533 173 701 187 901 199 1140

(Tables 3-10b & 3-17b, “Green Book”; Exhibits 5 & 6,

“Low Volume”)
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CHAPTER 5
VERTICAL ALIGNMENT

A. GENERAL INFORMATION

A driver’s ability to see ahead is needed for safe and efficient operation of a vehicle.
While frequent areas with passing sight distances are desirable, it is not always
practical to provide them on the county system. The designer should use good
engineering judgment to exceed minimum distances while considering earthwork, cross
streets, drainage, and aesthetics. This chapter consolidates many of the often-used
tables, or parts of tables from AASHTO’s “Green Book”. Further discussions on
passing sight distances, stopping sight distances, K values for trucks, & truck-climbing
lanes can be found there.

B. GRADE

The maximum design grades to be used on county road projects shall be according to
the chart below.
Table 5-1. Grades

Terrain Design Speeds (mph)
20 25 30 35 40 45 50 55 60
Level 7 7 7 7 7 7 6 6 5
Rolling 10 10 9 9 8 8 7 7 6
Mountainous | 12 11 10 10 10 10 9 9 8

(Table 6-2 for Rural Collectors, “Green Book™)
(Note: “Local Roads” may use “Green Book” Table 5-2)

The maximum design grade should be used infrequently rather than as a value to be
used in most cases. At the other extreme, for short grades less than 500ft, the
maximum gradient may be 2% steeper.

C. VERTICAL CURVES

Adequate passing sight distance is desirable; however, the control factor for vertical
curves shall be adequate stopping sight distance. Criteria for stopping sight distance
for crest vertical curves shall be height of eye 3.5 feet and height of object 2.0 feet. For
sag vertical curves a headlight sight distance longer than the stopping sight distance is
required. The K values below were calculated using the calculated stopping sight
distance from the “Green Book”, Table 3-1 and the crest formula on pg 3-166 and the
sag formula on pg. 3-173, which are based on passenger cars. The Low Volume K
numbers for crest curves come from AASHTO’s “Low Volume”, Exhibit 12. This
publication recommends using the “Green Book” for sag curves.
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If designing for a road with a high percentage of trucks or recreational vehicles, this

table should not be used.

COUNTY HIGHWAY SYSTEM

2022 DESIGN GUIDELINES

Table 5-2. Minimum Stopping Sight Distance

Design Stopping KValue | KValue | Kvalue | K Value

Speed Sight CREST | CREST | CREST SAG

(mph) Distance ADT<250 | ADT 250- | ADT>400 | All ADT

(ft) 400

20 111.9 3.8 4.2 6.1 16.5
25 151.9 6.1 7.2 11.1 25.5
30 196.7 8.4 12.6 18.5 36.4
35 246.2 13.4 19.5 29.0 49.0
40 300.6 21.4 29.0 43.1 63.4
45 359.8 31.3 41.7 60.1 78.1
50 423.8 445 56.8 83.7 95.7
55 492.4 61.7 76.0 113.5 114.9
60 566 82.7 102.4 150.6 135.7

(Tables 3-35 + 3-37, equations on pg 3-171 & 3-178, “AASHTO Green
Book”) (Table 4-9, “Low Volume”)

The 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 the
minimum sight distance. Curve lengths are usually rounded up and the minimums
should be avoided if possible. A maximum K of 167 for both crest and sag curves is
generally sufficient for curbed sections to allow for proper drainage.

The locations of cross street intersections should be considered when determining the
vertical alignment. See Chapter 7, At-Grade Intersections, for more discussion. The
sight distances available at the intersection can best be viewed graphically in the plan
profile section.
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CHAPTER 6
CROSS-SECTION ELEMENTS

A. ROADWAY WIDTH

The minimum roadway width is the sum of the traveled way and shoulder width given in
the table below. Shoulder width is measured from the edge of traveled way to the point
of intersection of shoulder slope and foreslope. In mountainous terrain or sections with

heavy earthwork, the graded width of shoulder in cuts may be decreased by up to

2 feet, but in no case should the roadway width be less than 20 feet.

Table 6-1. Traveled Way Width (ft) for Design Volumes and Speed

Design Speed ADT ADT ADT ADT
(mph) Less than 250 250 - 399 400 - 2000 2000 - 2500
Width of Traveled Way
<30 18 18 20 22
35 18 18 20 22
40 18 20 20 22
45 20 20 22 22
50 20 20 22 22
55 20 20 22 24
Width (ft) of Shoulder (Each Side)
All Speeds 2 2 3 6*

(Page 5-7 Geometric Design of Highways and Streets)

*At least 2ft of the shoulder shall be paved.

B. SHOULDERS

Recommend shoulders be constructed of gravel as a minimum.

. SIDESLOPES

Slopes should be as flat as feasible. Recoverable foreslopes increase safety by
providing maneuver area in emergencies, are more stable than steep slopes, aid in the
establishment of plant growth and simplify maintenance work. Vehicles that leave the
traveled way can often be kept under control if slopes and drainage ditches are
recoverable. Such recovery areas should be provided where terrain and right-of-way
controls permit.

Combinations of rate and height of slope should provide for vehicle recovery. Where
controlling conditions (such as high fills, right-of-way restrictions, or the presence of
rocks, watercourses, or other hazards) make this impractical, an analysis shall be
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performed to determine the proper method of treatment. See Roadside Safety, Chapter
8 and AASHTO Roadside Design Guide for additional discussions of this analysis.

Cut sections should be designed with adequate ditches to promote proper drainage.
The foreslope within the clear zone shall not be steeper than 1V:3H unless protected
by guardrail. Shoulders shall be widened to accommodate guardrail to provide a
uniform width of traveled way and outside shoulders. The backslope shall not exceed
the maximum required for stability, maintenance, right-of-way and utility restrictions,
clear zone, and safety.

The Special Provision 411-14(a-b)09, Asphalt Safety Edge, should be included as it will
apply to most county projects where the paved shoulder is 4 feet or less.

D. DITCHES

As a minimum, ditches shall have a cross-sectional area adequate to handle a 5-year
flood (Q5). The elevation of the bottom of the ditch shall be a minimum of 1.0 ft. below
the subgrade at the edge of shoulder. The minimum desirable grade for drainage
ditches should be 0.5% in order to avoid sedimentation. However, ditch grades may be
designed as flat as 0.4% as the minimum slope for grassed channels and 0.2% for
concrete lined channels to meet site conditions. The maximum grade should be based
on a tolerable velocity for vegetation and shear on soil types. See Drainage Design,
Chapter 10 for additional discussions. Ditch slopes greater than 3% (or velocities
greater than 8 ft/sec) should consider erosion control techniques such as paved ditch
liner, riprap lined ditches, ditch checks, wider ditch bottoms, etc. Rounded or flat bottom
ditches are preferred. V-ditches may be used in areas with limited right-of-way.
Interceptor ditches should be used in areas of steep backslopes and hillsides.
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CHAPTER 7
AT-GRADE INTERSECTIONS

A. SIGHT DISTANCE

Intersections should be carefully situated to avoid steep profile grades and to ensure
adequate approach sight distance. Intersections are not well situated on short-crest
vertical curves, just beyond a short-crest vertical curve, or on a sharp horizontal curve.
When there is no practical alternate to such a location, the approach sight distance on
each leg should be checked carefully. Where necessary, backslopes should be
flattened and horizontal or vertical curves lengthened to provide additional sight
distance. Sight distance should be sufficient to permit a vehicle on the minor leg of the
intersection to cross the traveled way without requiring the approaching through traffic
to slow down. The suggested corner sight distance for each design speed would be as
given in the table below.

Table 7-1. Intersection Sight Distance

Design Speed Stopped Passenger Car Turning Left
(mph) Design Distance (ft)
20 225
25 280
30 335
35 390
40 445
45 500
50 555
55 610
60 665
65 720

(Table 9-7, “Green Book”)

Note: Intersection sight distance shown is for a stopped passenger car to
turn left onto a two-lane highway with no median and grades 3 percent or
less. For other conditions, the time gap must be adjusted and required sight
distance recalculated.

Where practical, it is desirable to increase the Corner Intersection Sight Distance
especially where higher volumes of trucks are present.
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Table 7-2. Truck Intersection Sight Distance

Design Speed Corner Intersec(::iec;rt\)Sight Distance
(mph) Single Unit Truck | Combination Truck
20 280 340
25 350 425
30 420 510
35 490 595
40 560 680
45 630 765
50 700 850
55 770 930
60 840 1015
65 910 1100

(Equation 9-1, pg. 9-45, “Green Book”)

For additional information for the calculation of corner intersection sight distance, see

Chapter 9 of the AASHTO “Policy on Geometric Design of Highways and Streets”. If

the recommended Corner Intersection Sight Distances cannot be met, the intersection
should be changed to a full stop controlled intersection with the introduction of proper

traffic control devices.

B. TURNING RADIUS

Intersections should be designed with a pavement corner radius that is adequate for
anticipated truck traffic to minimize trucks crossing over into adjacent lane. See the
Chapter 9 of the AASHTO “Policy on Geometric Design of Highways and Streets” for
turning paths.

Intersection legs that operate under stop control preferably should be 90°. The
intersection legs should not be less than 75°, but may allow 60° when ADT<400 and
the intersection site has no negative accident history due to turning movements.

Minimum Edge Radius of 25 feet shall be used.
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CHAPTER 8
ROADSIDE SAFETY

A. CLEAR ZONE WIDTH

Clear Zone is the distance from the edge of the driving lane to an obstacle. The
probability of vehicle departure from the driving lane increases as traffic volumes rise.
The minimum clear zone width of 2’ is required on all projects. Refer to the current
version of AASHTO’s Roadside Design Guide for further details.

Table 8-1. Clear Zone Requirements

Design ADT Width (ft) |
0 — 400 2 ‘
401 — 2500 7-10 ‘

(Pg. 4-35, “Low Volume 2019 second edition)

As an alternative to using the table values above, the designer may use two methods to
reduce the clear zone widths. With the first method, a designer may use a cost-
effectiveness analysis that assesses the appropriate roadside design. A NCHRP
program, Roadside Safety Analysis (RSAP), is one analysis that compares alternate
safety treatments and provides guidance in selecting a design. In the second method
the designer may submit a design exception that is recorded by the Oklahoma
Department of Transportation see chapter 15.

B. GUARDRAIL END TREATMENTS

For all projects under 400 design ADT, the designer may use a guardrail anchor unit, a
turn down end treatment Type A, on the leading edge of guardrail (designer to provide
detail sheet). Remember to include a delineator as shown on the standard at the end.

Over 400 design ADT shall require on the leading edge of guardrail, a crash tested end
treatment, NCHRP 350 or MASH, (Refer to current ODOT Traffic Safety Standard).
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CHAPTER 9
GEOMETRIC DESIGN CRITERIA

A. GENERAL INFORMATION
The notes below shall apply to the table found on the following page. This table serves
as a useful quick reference guide for minimum new design values on new and
reconstruction projects. The engineer should make every effort to exceed these
minimums where project attributes, such as costs, are not greatly affected. On 3R
projects existing design values/geometrics may be used after investigating safety
improvements through traffic counts and accident studies. (see Chapter 16).

(1) Design Year. Recommended that on Major / Minor collector system a 20-year
projection be used.

(2) Design Speed. The design speed should equal or exceed the anticipated posted
or regulatory speed limit after construction.

(3) Shoulder Width. All shoulder widths refer to the constant slope between the edge
of the travel lane and the point of intersection of the shoulder slope and the side
slope. (See Chapter 5).

(4) Right-of-Way Width. The minimum Right-of-Way width will be the sum of the
travel lane width, the necessary width for fill and cut slopes, and width needed for
parallel utility. (unless utility easement option is used)

(5) Clear Zone. See Chapter 8.

(6) Back Slopes. Back slopes should be flat as possible and it is recommended no
steeper than 1(V):3(H) for maintenance activities, but may be as steep as
1(V):1/4(H) in rock cuts.

(7) Minimum Radius for ADT>400 / Superelevation Rate. The values provided in
the table are based on a emax=.08, which will apply in most cases. See Chapter 4

for lower ADT.

(8) Vertical Curvature (K-Values). Values in the table are minimums for ADT > 400.
See Chapter 5.

(9) Structural Capacity. Title 69 Sec. 662, "County Built” project must be a min. H-23
tons operating rating. See Chapter 12 for projects not county built.

(10) Bridge Width. Title 69 Sec. 662, "County Built" project must be a min. 24" wide.
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Table 9-1. Minimum Geometric Design Criteria

COUNTY HIGHWAY SYSTEM
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Design Element

Manual Section

ADT 0-250 |ADT 251-400|ADT 401-1500 |ADT 1501-2000 |ADT 2001-2500

Design Year Ch. 3 Current (1)
Level Ch.3 30 40 50 50 50
Design Speed mph (2) Rolling Ch.3 30 30 40 40 40
Mountainous Ch.3 20 20 30 30 30
Surface Type Gravel Paved
Lane Width Ch.6 9 10 11 11 12
Type
Shoulder Width (3) Table 6-1 2 2 3 3 6*
Cross Slope Paved Table 4-1 1.5%-2%
Gravel 2%-6%
Right of Way Width See Part (4)
Clear Zone See Part (5)
Side Slopes Cut Foreslope Ch. 6 Min. 1V:3H
Backslope Ch. 6 Recommended Min. 1V:3H (6)
Fill Ch.6 Min. 1V:3H
Design Speed (mph) 30 35 40 45 50
Min. Stopping Sight Distance (ft) Table 5-2 196.7 246.2 300.6 369.8 423.8
Min. Radius (ft) (7) Table 4-2 214 314 444 587 758
Min. Superelevation (7) See Table 4-3
Vertical Curvature K-Value (8) Crest Table 5-2 18.5 29 43.1 60.1 83.7
Sag Table 5-2 36.4 49 63.4 78.1 95.7
Level Table5-1 7 7 7 7 6
Maximum Grade Rolling Table 5-1 9 9 8 8 7
Mountainous Table 5-1 10 10 10 10 9
Minimum Grade Desirable 0.5%; Minimum 0.0%
ADT 0-250 251-400 401-1500 | 1501-2500 |
New and Reconstructed Bridges Structural Capacity Ch. 12 HL-93 (9)
Width Ch. 12 County Bridge Standards (10)
Existing Bridges to Remain in  Structural Capacity Ch. 12 H-25 H-25 H-25 H-25
Place Width Ch. 12 20 22 24 26

*At least 2ft of the shoulder shall be paved.
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CHAPTER 10

DRAINAGE DESIGN

A. STORM FREQUENCY

2022 DESIGN GUIDELINES

All drainage for county road projects shall be computed using no less than the 5-year
rainfall frequency curves unless the area served dictates the use of a greater return
frequency. Drainage structures shall be designed in accordance with the table below.

Roadwav Classification Exceedance Return Period
¥ Probability (%) (Year)
Major Collector System or AADT > 2000 VPD 4% 25
Minor Collector System or AADT 400 < 2000 VPD 10% 10
Local Road System 20%-10% 5-10

B. DESIGN METHODOLOGY

General guidelines for Q calculation methods:

1. USGS Method for 1 square mile < drainage area < 2,500 square miles; see
“Techniques for Estimating Peak-Streamflow Frequency for Unregulated
Streams and Streams Regulated by Small Floodwater Retarding Structures in
Oklahoma” by U.S. Geological Survey and Water-Resources Investigations
Report 97-4202. Calculation aids are available at:
http://water.usgs.gov/osw/streamstats/oklahoma.html

SCS Method for 200 acres < drainage area < 640 acres; see “NEH-Part 630-

Hydrology” for SCS Method. (NEH = National Engineering Handbook and Part
630 is the hydrology section. Link to NEH manual:
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/manage/hydr

ology/?cid=STELPRDB1043063

2. Rational Method for drainage area < 200 acres; see ODOT Roadway Design
Manual Chapter 15, Drainage latest edition for “Rational Method.”

Further guidance for the Rational Method is included below:

The Rational Method may be used to compute the design flows for all structures less
than those classified as Bridge Structures, i.e. 20 feet or more in span. This method is

given in the formula:
Q=C*I*A
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where:
Q = total flow in cfs
C = runoff coefficient, see Table 10-5.
| = intensity in inches /hour. See Tables 10-3 and 10-4.
A = area of the drainage basin in acres and is less than 200 acres.

The runoff coefficient, C, is a factor used to modify the amount of runoff from an area
under consideration because of surface conditions which change the drainage
characteristics. This coefficient, C, is a factor which decreases the total runoff from
100%. Table 10-5 is included with a range of values for the most anticipated conditions.

The Time of Concentration is determined and from that the intensity, |, is calculated.
The Time of Concentration is the time required for water to flow from the most remote
part of the watershed to the drainage structure and is broken into two parts: time for
overland flow and time for channel flow. Formula for Time of Concentration is:
Tc=To+Tf
where:
Tc = total time of concentration
To = time of flow overland to the channel
Tf = time of flow through the channel to the drainage structure

The Time of Concentration of overland flow, To, can be computed by:
To =k (Lo%37) / (S0%20)
where:
To = Time of Concentration in minutes
Lo = Length of the overland flow in feet
So = slope in feet / feet
k = a coefficient dependent on ground cover, see Table 10-1.

Table 10-1
Ground Cover Material K
Concrete/asphalt 0.372
Commercial development 0.445
Residential development 0.511
Rocky, bare soll 0.604
Cultivated soil 0.775
Woodlands, thin grass 0.942
Average pasture 1.040
Tall grasses 1.130

Time of Concentration for channel flow, Tf, can be computed by:
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Tf=k (Lf 0.77 ) / (Sf 0.385)
where:
Tf = Time of Concentration in minutes
Lf = channel length in feet
Sf = channel slope in feet / feet
k’ = a coefficient dependent on type of channel, see Table 10-2.

Table 10-2
Channel condition K’
Straight, clean stream 0.00592
Average stream, few obstructions 0.00835
Meandering stream w/pools 0.01020
V-ditch 0.01252

With the time of concentration calculate the intensity from:
I=a/(Tc+b)°
where:
values of a, b, and c are found in Table 10-4 for each zone in the state of Oklahoma
and the different zones are found in Table 10-3 on the next page.
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TABLE10-4:RAINFALLFREQUENCY

2 Year 5 Year 10 Year 25 Year 50 Year 100 Year

a=52.00 69 79 91 100 112

ZONE1 |b=10.50 15
c=0.782 0.7825

a=56.43 72 | 8 | 95 | 108 | 120

ZONE 2 |b=11.50 15
c=0.810 0.8000

a =40.85 73 | 8 | 97 [ 110 | 120

ZONE3 |b= 7.00 15
c=0.772 0.8100

a=41.30 75 | 8 | 103 | 117 | 129

ZONE4 |b= 7.50 15
c=0.790 0.8350

a=53.38 84 | 97 | 14 | 127 | 142

ZONE S5 |b=10.50 15
c=0.865 0.8820
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Table 10-5
Estimated Values of Runoff Coefficient, C, for Rational Formula
LAND USE VALUES OF C
Business:
Downtown areas 0.70-0.95
Neighborhood Areas 0.50-0.70
Residential:
Single-family areas 0.30-0.50
Multi-units, detached 0.40-0.60
Multi-units, attached 0.60-0.75
Suburban 0.25-0.40
Apartment dwelling areas 0.50-0.70
Industrial:
Light areas 0.50-0.80
Heavy areas 0.60-0.90
Parks, cemeteries 0.10-0.25
Playgrounds 0.20-0.35
Railroad yard areas 0.20-0.40
Unimproved areas 0.10-0.30
Streets:
Asphalt 0.70-0.95
Concrete 0.80-0.95
Brick 0.70-0.85
Drives and walks 0.75-0.85
Roofs 0.75-0.85
Lawns:
Sandy soil, flat — 2% 0.05-0.10
Sandy soil, average 2%-7% 0.10-0.15
Sandy soil, steep 7% 0.15-0.35
Heavy soil, flat — 2% 0.13-0.17
Heavy soil, average 2%-7% 0.18-0.22
Heavy soil, steep 7% 0.25-0.35
Agricultural land:
Bare, packed soil, smooth 0.30-0.60
Bare, packed soil, rough 0.20-0.50
Cultivated rows:
Heavy soil, no crop 0.30-0.60
Heavy soil with crop 0.20-0.50
Sandy soil, no crop 0.20-0.40
Sandy soil with crop 0.10-0.25
Pasture:
Heavy soil 0.15-0.45
Sandy soil 0.05-0.25
Woodlands 0.05-0.25
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C. OPEN CHANNEL FLOW

Highway ditches and drainage channels shall be designed using the Mannings formula:
Q = (1.49/n) (A)(R?3)(S'7?)
where:
Q = discharge in cubic feet per second, cfs
A = area of the channel section in square feet
n =roughness coefficient, see Table 10-6.
R = hydraulic radius in feet, R = Area / wetted perimeter
S = slope of channel in feet per feet, ft/ft

This formula should also be used to compute flow through culverts behaving as open
channels. The maximum desirable velocity should not exceed 8 ft/sec in any open
channel under optimum conditions and velocities less than 3 ft/sec should be avoided
to prevent the settling of solids suspended in storm water effluent.

D. CULVERT DESIGN

Drainage culverts for cross drains may be designed using the Manning’'s Equation for
open channel flow. When the engineer warrants a more detailed analysis the culvert
shall be designed according to methods as set forth in the FHWA'’s HY-8 or the ODOT
Roadway Design Manual, Hydraulics Section. The HY-8 Culvert Analysis and Design
Program may be downloaded at:

https://www.fhwa.dot.gov/engineering/hydraulics/software/hy8/

Side drains shall not be less than 18 inches in equivalent diameter and cross drains
shall not be less than 24 inches in equivalent diameter. As with the channels and
ditches, the culverts shall be sized to provide optimum flow rates for soil conditions.

No corregated metal pipes shall be used under roadways.
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ROUGHNESS COEFFICIENTS FOR USE IN MANNING EQUATION (1) (4)

I. Closed Conduits (2)

A. Concrete Pipe 0.011-0.013
B. Corrugate metal pipe or pipe arch

1.2 2/3” x 1/2” corrugation (riveted pipe) (3)
a. Plain or fully coated 0.024
b. Paved invert (25% and 50%
paved)
(1) Flow full depth 0.021-0.018
(2) Flow 0.8 depth 0.021-0.016
(3) Flow 0.5 depth 0.027
2. 2” x 1” corrugation 0.027
3. 6” x 2" corrugation (field bolted) 0.032
C. plastic 0.009
1. PE smooth walls 0.009-0.015
2. PE with corrugated walls 0.018-0.025
3. PVC smooth walls 0.009-0.011
D. Vitrified clay pipe 0.012-0.104
E. Cast-iron pipe, uncoated 0.013
F. Steel pipe 0.009-0.011
G. Brick 0.014-0.017
H. Monolithic Concrete
1. Wood forms, rough 0.015-0.017
2. Wood forms, smooth 0.012-0.014
3. Steel forms 0.012-0.013
|. Cemented ruble masonry walls
1. Concrete floor and top 0.017-0.022
2. Natural floor 0.019-0.025
J. Laminated treated wood 0.015-0.017
K. Vitrified clay liner plates 0.015
Il. Lined Open Channels (2)
A. Concrete, with surfaces indicated:
1. Formed, no finish 0.013-0.017
2. Trowel finish 0.012-0.014
3. Float finish 0.013-0.015
4. Float finish, some gravel on bottom 0.016-0.017
5. Gunite, good section 0.016-0.019
6. Gunite, wavy section 0.018-0.022
B. Concrete bottom float finished sided as indicated:
1. Dressed stone in mortar 0.015-0.017
2. Random stone in mortar 0.020-0.025
3. Cement rubble masonry 0.020-0.025
4. Cement ruble masonry, plastered 0.016-0.020
5. Dry rubble (riprap) 0.020-0.030
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C. Gravel bottom, sides as indicate:

1. Formed concrete 0.107-0.020
2. Random stone in mortar 0.020-0.023
3. Dry rubble (riprap) 0.023-0.033
D. Brick 0.014-0.017
E. Asphalt

1. Smooth 0.013
2. Rough 0.016
F. Wood, planed, clean 0.011-0.013
G. Concrete lined excavated rock:

1. Good section 0.017-0.020
2. Irregular section 0.022-0.027
lll. Unlined Open Channels (2)
A. Earth uniform section

1. Clean, recently completed 0.016-0.018
2. Clean, after weathering 0.018-0.020
3. With short grass, few weeds 0.022-0.027
4. In gravely soil, uniform section, clean 0.022-0.025
B. Earth, fairly uniform section,

1. No vegetation 0.022-0.025
2. Grass, some weeds 0.025-0.030
3. Dense weeds or aquatic plants in deep channels 0.030-0.035
4. Sides, clean, gravel bottom 0.025-0.030
5. Sides, clean, cobble bottom 0.030-0.040
C. Dragline excavated or dredged,

1. No vegetation 0.028-0.033
2. Light brush on banks 0.035-0.050
D. Rock,

1. Based on design section 0.035
2. Based on actual mean section,

a. Smooth and uniform 0.035-0.040
b. Jagged and irregular 0.040-0.045
E. Channels not maintained, weeds and brush uncut,

1. Dense weeds, high as flow depth 0.080-0.012
2. Clean bottom, brush on sides 0.050-0.080
3. Clean bottom brush on sides, highest stage of flow 0.070-0.011
4. Dense brush, high stage 0.100-0.140
IV. Street and Expressway Gutters:

A. Concrete gutter, trowel finish 0.012
B. Asphalt pavement,

1. Smooth texture 0.013
2. Rough texture 0.016
C. Concrete gutter with asphalt pavement,

1. Smooth 0.013
2. Rough 0.015
D. Concrete pavement,

1. Float finish 0.014
2. Broom finish 0.016
E. For gutters with small slope, where sediment may accumulate,

increase all above values of n by 0.002
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V. Highway Channels and Swales With Maintained Vegetation
(values show are for velocities of 2 and 6 f.p.s.),

A. Depth of flow up to 0.7 feet

. Bermuda grass, Kentucky bluegrass, buffalo grass,

1

a. Mowed to 2 inches 0.070-0.045
b. Length 4 to 6 inches 0.090-0.050
2. Good stand, any grass,

a. Length about 12 inches 0.180-0.090
b. Length about 24 inches 0.300-0.150
3. Fair stand, any grass,

a. Length about 12 inches 0.140-0.080
b. Length about 24 inches 0.250-0.130
B. Depth of flow 0.7-1.5 feet

1. Bermuda grass, Kentucky bluegrass, buffalo grass,

a. Mowed to 2 inches 0.050-0.350
b. Length 4 to 6 inches 0.060-0.040
2. Good stand, any grass,

a. Length about 12 inches 0.120-0.070
b. Length about 24 inches 0.200-0.100
3. Fair stand, any grass,

a. Length about 12 inches 0.100-0.060
b. Length about 24 inches 0.170-0.090
VI. Natural Stream Channels, (3)
A. Minor streams (surface width at flood stage less than 100 feet)

1. Fairly regular section,

a. Some grass and weeds, little or no brush 0.030-.035
b. Dense growth of weeds, depth of flow materially greater than weed 0.035-.050
height

c. Some weeds, light brush on banks 0.040-0.050
d. Some weeds, heavy brush on banks 0.050-0.070
e. Some weeds, dense willows on banks 0.060-0.080
f. For trees within channel, with branches submerged at high stage, 0.010-0.100
increase all above values by

2. Irregular section, with pools, slight channel meander, increase
values in 1. a-e about 0.010-0.020
3. Mountain streams, no vegetation in channel, banks usually steep,
trees and brush along banks submerged at high stage,

a. bottom of gravel, cobbles and few boulders 0.040-0.050
b. Bottom of cobbles, with large boulders 0.050-.0070
B. Flood plains (adjacent to natural streams,

1. Pasture, no brush,

a. Short grass 0.030-0.035
b. High grass 0.035-0.050
2. Cultivated areas,

a. No crop 0.030-0.040
b. Mature row crops 0.035-0.045
c. Mature field crops 0.040-0.050
3. Heavy weeds, scattered brush 0.050-0.070
4. Light brush and trees

a. Winter 0.050-0.060
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b. Summer 0.100-0.160
5. Medium to dense brush,

a. Winter 0.070-0.110
b. Summer 0.100-0.160
6. Dense willows, summer, not bent over by current 0.150-0.200
7. Cleared land with tree stumps, 100-150 per acre,

a. No sprouts 0.040-0.050
b. With heavy growth of sprouts 0.060-0.080
8. Heavy stand of timber, a few down trees, little undergrowth,

a. Flood depth below branches 0.100-0.120
b. Flood depth reaches branches 0.120-0.160

C. Major streams (surface width at flood stage more than 100 feet),
Roughness coefficient is usually less than for minor streams of similar
description on account of less effective resistance offered by irregular
banks or vegetation on banks. Values of n may be somewhat
reduced. Follow recommendation of note 7 if possible. The value of n
for larger streams of most regular sections, with no boulders of brush,
may be in the range of from 0.028-0.033

Table 10-6 Footnotes:

(1) Estimates are by Bureau of Public Roads (FHWA) unless otherwise noted and are for
straight alignment. A small increase in value of n may be made for channel alignment
other than straight.

(2) Ranges for section | through Il are for good to fair construction. For poor quality
construction use larger values of n.

(3) The tentative values of n cited are principally derived from measurements made on
fairly short but straight reaches of natural streams. Where slopes calculated from flood
elevations along a considerable length of channel, involving meanders and bends, are
to be used in velocity calculations by the Manning formula, the value of n must be
increased to provide for the additional loss of energy caused by beds. The increase
may be in the range of perhaps 3% to 15%.

(4) The presence of foliage on trees and brush under flood stage will materially increase
the value of n. Therefore, roughness coefficients for vegetation in leaf will be larger
than for bare branches. For trees in channels or on banks, and for brush on banks
where submergence of branches increases with depth of flow, n will increase with rising
stage.
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CHAPTER 11
PAVEMENT DESIGN

A. GENERAL INFORMATION

Typical projects for county roads can be broken down into three major catagories. The
first type of project would be bridge replacement projects with short approach roadway
sections. The second type of project would be longer roadway paving projects. These
longer roadway projects may include one or more bridge structure(s) but the roadway
design effort is a large part of the design effort. The third type of project would be
mainly structural overlays. The first two project types will have surfacing designed with
preferred programs such as WinPass or PaveExpress. If other design methods are
used they shall be based on the latest AASHTO pavement design methods. Overlay
project designs should use the latest AASHTO design method.

Pavement design, collection of data, data summary and calculations may be
completed by a geotechnical firm hired as a subcontractor by the Design
Engineer.

Designers may need to consult the Geotechnical Investigation, Chapter 13, for
futher consideration.

B. DESIGN CONSIDERATIONS

e A current or projected ADT count and percentage and type of truck loadings will be
necessary for any design. (Note oil field traffic, agriculture, industrial, mining and
aggregate production)

e Soil Types and properties obtained from one or more of the following
o Bridge Borings
o Roadway Borings
o Oklahoma Soil Classification Charts

e Length of Project
o Bridge with short approaches
o Large roadway projects
o Overlay only

e Design Life
o The design traffic volume will be based upon the road’s functional
classification. All projects, not including 3R projects, on the Major and Minor
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Collector System will base design upon a 20-year traffic volume projection.
A minimum 2% per year growth rate may be used unless other traffic factors
are known. Local Roads, and 3R projects on Major and Minor collectors,
may base design on the current average of a continuous seven-day traffic
count to achieve an average daily traffic, ADT, count regardless of the
improvement.

e Work Type
o New Construction - new alignment.
o Reconstruction* 