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FOREWORD

This manual has been developed to provide guidance and assistance to
Roadway Design and other Department personnel in the practices and pro-
cedures for the detailed design of highways and the preparation of contract
plans.

The principal objectives of the manual are:

® to document Department policies with regard to standards
of design and procedures for development of contract plans,

® to define criteria to guide judgments and decisions made by
Roadway Design personnel,

® to describe the most current and effective design techniques
and procedures, and present charts, tables and other in-
formation found to be useful by designers, and

e to assure that highway traffic safety factors are adequately
considered in the design processes.

Although the manual is directed principally to personnel of the Missisippi
State Highway Department, and often reflects specific policies and procedures
of the Department, alarge portion of thebasic information is directly applica-
ble for useby counties andcities. Frequent comments are included to identify
variations in standards and procedures adopted by the State Aid Division.

The materialin the manual has been reviewed and edited by a committee
of Department pe:sonnel who are knowledgeable of current design require-
ments and procedures. A representative of the State Aid Division was included
on the committee.

In this first edition, emphasis has been placed principally on compiling
and documenting policies and procedures currently being followed as a result
of various memoranda andverbal instructions. New and improved procedures
were incorporated in the manual when it was evident that they would be more
effective and would contribute to increased traffic safety.

Those persons who use the manual can contribute to its continuing im-
provement by submitting to their supervisor suggestions for ways in which the
manual can be made more useful and practical. A committee of persons
capable of acting onthese suggestions will assemble periodically to review the
suggestions and clevelop recommendations for the Roadway Design Engineer,
who will designate the improvements to be incorporated in the manual.



DESIGN MANUATL ORDER

!

WHEREAS, this Commission proposed to deveiop‘
and publish a Design Manual which will incorporate in
one document safety criteria and design standards or
reference to such standards recommended for use in
highway design; and

WHEREAS, the Commission has considered anc, ,
determined and now confirms that the publicaticn and
adoption of the Design Manual is proper and necessary.

NOW, THEREFORE, Be It Ordered by this Commission
that the Design Manual is an official documehf of this
Commission and that design of highways shall ccenform
to policies, procedures, and standards promulgzted by

such Design Manual.

ORDERED, This the 27th day of April 1976.

Certified a true and correct copy of

the original on file in the offices
BOOK %9 of the Mississippi S5tate Highway De-~

partment, this the 4th day of May
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Chapter 1
GENERAL DESIGN CONSIDERATIONS

Each year Mississippi makes alarge investmentinhighway construction.
The effectiveness of this investment is determined largely by the way in which
projects are planned and designed. The purpose of this manual is to provide
designers with uniform design criteria and procedures. Specific guides and
instructions are presented in the following chapters. This chapter provides an
overview of basic objectives, responsibilities and procedures. Special con-
siderations for the Division of State Aid Road Construction are set forth in
Chapter 11.

BASIC OBJECTIVE

The basic objective of the road design function is to provide the best pos-
sible level of service for highway users--along with maximum safety and
economy. Determinations astolevels of service are a partof the overall plan-
ning process, where improvement needs are identified, priorities are estab-
lished and improvement programs are defined. Design standards are adopted
which consider all three factors--level of service, safety and economy.

But standards often cannot be sufficiently explicit to assure the best de-
sign. Designers must do more than ""go by the book.'" They must exercise
good judgment--and frequently they must be innovative.

In additionto assuring adherance to established standards, there is need
continually:

® to avoid design details which may inadvertently create traffic
hazards.

® to avoid design details which will create maintenance prob-
lems and high maintenance costs.

® to be aware of improved design details which may provide
equal or better service at less cost.

Above all other responsibilities, designers should continually keep safety
in mind.

SAFETY CONSIDERATIONS

For quite some time it had been assumed that most accidents were attri-
butable to some :ype of driver error. And to some extent this may be true.
It is difficult to blame highway design for the single-car accident on a long
tangent section of wide modern highway.

But recent research has shown that quite often we inadvertently build in
hazards in our highways that contribute to accidents or increase their severity.
The "'driver's error' may sometimes be caused by the fact that he has been
misled by some roadway design feature.

We do not know all the answers yet--but we are learning. Publica-
tions of AASHTO and other agencies provide in-depth discussions of highway
design practices as related to highway safety. Some of the more significant
findings are presented in the following sections. Designers should make
certain our past mistakes are not repeated in new construction. All elements
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of design should be reviewed to ensure that any feature likely to be associated Roadway Geometrics
with injury or accident is eliminated or minimized in its effect.

Minimum geomsztric criteria for most roadway elements are set forth
in the design standards for particular types of highways--criteria for items
such as widths, slopes, grades, curvature, clearances, etc. However, the
designer must exerc.se individual judgment for specific applications. And

Slopes. Embankment and cut slopes should be as flat as pos-
sible so that a vehicle leaving the roadway will have some
chance for recovery. Where economically feasible, 6:1 or
flatter slopes should be provided.

Obstructions. An area adjacent to and 30 feet from the edge
of traveled way should be kept free of physical obstructions
which might prevent safe vehicle recovery.

Gore Areas, Avoid heavy structures and unyielding sign
supports in the area at the divergence of two roadways.

Signs. Avoid unnecessary signs. Use breakaway supports.
Review signing locations to assure maximum effectiveness
and safety.

Guardrail. The objective of guardrail is to lessen the hazard
to highway users, andnot to protectany part of the roadway.’
Guardrail should be used only when the result of striking an
object or leaving the roadway would be more severe than
striking the rail,

Roadside Design these judgments frequently affect highway safety.

Special attention must be directed to the safety characteristics of the ® Design Stendards. Design standards more liberal than the
roadside to ensure deliberate design rather than an unpredictable by-product minimums prescribed will often increase safety and in some
of construction. instances may not significantly increase the cost.

® Consistency. Geometric consistency is important to safety.

A sharp curve at the end of a long tangent or between two
relatively flat curves can be hazardous. This is discussed
further in the chapter on horizontal alignment,

® Sight Distance. Adequate sight distance is critical to safety.
Check out each vertical curve, intersection, median cross-
over, and driveway to make certain that sight distance is
not restricted below the standard,

® Critical Areas. Particular attention should be given to the
geometric adequacy of certain critical areas--locations such
as weaving areas, exit and entrance ramps, at-grade inter-
sections, transitions from new facilities to lower-standard
old facilities, and any locations where there is potential for
wrong-way travel on a one-way facility,

Driver Expectancy

During recent years highways have become more complex, traffic speeds
have risen and traffic streams have become more dense. Existing communi-~



cation systems between the highway and the driver are sometimes inadequate
for one or more of the following reasons: (1) failure to command the driver's
attention when it is necessary for him to make a vehicular control decision,
(2) failure to convey a clear message, thus leading thedriver to make an incor-
rect decision resulting in improper maneuvers and possibly the loss of vehic-
ular control, (3) provision of too many messages for driver comprehension
and proper response, and (4) failure to provide sufficient time for the driver
to respond with the correct decision.

The results of research point strongly to the fact that good driver com-
munication is only achieved by proper coordination among all roadway and
terrain features and the devices used toguide, warn, regulate or control traffic
operation. It has been shown that driver expectancy plays a very important
role in driver communication. The driver uses the géometric configuration,
delineation, markings, railings, intersections and other roadway elements to
develop an expectancy ds to what lies ahead and how he should react to the
situation. When the condition exists as expected, the road has communicated
well with the driver.

AASHTO has published a "Driver Expectancy Checklist', copyright 1972,
for use as a design review tool. Designers should become familiar with the
checklist and develop an awareness of those critical areas of design where
effective driver communication will contribute to safety.

Portions of the checklist will be included in subsequent chapters dealing
with specific areas of design, along with guidelines for safety considerations.

DESIGN RESPONSIBILITIES

The Roadway Design Division has basic responsibility for detailed design
of roads and preparation of contract plans. Individual projects are assigned to
specific squad leaders who perform and coordinate the design and development
of plans.

Supplementary expertise is provided within the Roadway Design Division
by specialists in photogrammetry, roadside development, environmental con-
siderations, pavement design, roadway lighting, hydraulics and geometric de-
sign. During the design process the Roadway Design Division exchanges infor-
formation with other divisions of the Department, as illustrated inthe chart
on page 1-4.

Each squad leader is responsible for the development of individual proj-
ects assigned to him. A principal purpose of this manual is to guide designers
in the use of uniform standards and procedures that consistently will result
in good quality road design and contract plans.

SOURCES OF INFORMATION
Many different kinds of information must be available to the highway de-
signer. Some information i$ related to specific projects--other information

is of a general nature related to all projects.

This manual is a principal source of information for designers. Other
sources are set Zorth below.

Technical Assisiance

The District Engineers furnish designers with field survey notes and
sketches, soils information and recommendations related to the design of
specific projects.

Designers will receive guidance and assistance from persons with
training and competence in specialized fields as indicated by the relationships
shown on the nes:t page.
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ROAD DESIGN ORGANIZATION AND RELATIONSHIPS
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1
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Construction
Division

Bridge
Division

Right-Of-Way
Division

Department Publications

Designers will have frequent need to refer to the following materials pub-
lished by the Dejartment,

® Standard Specifications

The book of Mississippi Standard Specifications for Road and
Bricge Construction describes the various construction work
iterr s and Department relationships with contractors.

® Special Provisions

A fiieof Spe‘éial Provisions is ' maintained to identify current
amendments (additions, deletions and revisions)to the Stand-
ard Specifications.

e Standard Roédway Design Drawings and Bridge Design
Drawings

These are drawings of standardized details suitable for use
in contract plans. For reference purposes, they have been
bound in two separate volumes,

° Stardard Operating Procedures

These volumes set forthofficial Department policies and op-
erating procedures for all functions, Roadway Design Divi-
sion procedures are found in the section entitled "RWD.,"



® Policy Memorandums

Designers will receive copies of memorandums defining new
or revised policies and procedures. Periodically the policies
will be incorporated in revisions to the Design Manual.

AASHTO Publications

Mississippi standards and policies adhere closely to policies established
by AASHTO. Numerous AASHTO publications provide background on accepted
highway design practices in greater detail than is appropriate in this manual.
Designers should be thoroughly familiar with the three comprehensive publica~
tions listed below. These sources are to.be used as guides on details not
covered in this manual--and for in-depth explanation of the concepts which
serve as bases for policies and procedures.

® A Policy on the Geometric Design of Rural Highways, 1965
(commonly known as the ""Blue Book").

® A Policy on Arterial Highways in Urban Areas, 1973 (com-
monly known as the "Red Book"').

° Highway Design and Operational Practices Related to High-
way Safety, 1974 (commonly known as the "Yellow Book').

Over fifty other AASHTO publications are available to provide authorita~
tive guides and policies in specific areas-~-such as pavement design, drainage
design, landscaping, rest area, lighting, utility, etc. A complete listing of
these materials is available in the Roadway Design Division office.
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FHWA Publication:;

) This Manual contains all FHWA program directives impacting on State
Highway Departments which were formerly issued as Policy and Procedure
Memorandums (PPM's), Instructional Memorandums (IM's), Notices, Orders,
etc. In addition, it contains all program directives relative to administration
of the Direct Federal Construction Program.

Information on the varieties and types of traffic signs and other traffic
control devices approved by FHWA for highway use is found in the:

® -\Manual on Uniform Traffic Control Devices for Streets and
Highways, 1971."

TRB and NCHRP Reports

The National Cooperative Highway Research Program (NCHRP) reports,
and various Trarsportation Research Board (TRB) publications--among them,
the Highway Capacity Manual--cover the entire field of highway and traffic
engineering. TRB publications prior to 1974 are identified as Highway Re-
search Board (HRB) reports.

Copies of “hese reports are available in the Department library.

Supplier Publicz.tions

Literaturec on special design problems may be available from suppliers
of construction materials. Such literature may be useful in the design of spe-
cial culverts, retaining walls and other items.
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Squad leaders will maintain a complete file of all information relative to

PROJECT FILE

each project for which they are responsible.

When a projectis assigned toa squad leader, he will be given a file folder
containing pertinent project information. compiled to date. Usually this will

consist of:

Form RWD-200, "Field Notes and Sketches"

This sheet documents the inventory of all field data trans-
mitted by the District--including field survey notes, right-
of-way notes, incidentalnotes and miscellaneous maps, plans
and sketches.

Soils Data

A reporton the testing of soil samples and a graphical sketch
of the soil profile throughout the proposed project--prepared
and submitted by the District.

Form RWD-600, "Project Design Data"

This sheet documents basic design data instructions for the
project, as prepared by the District Engineer and approved
by the Roadway Design Engineer.

Special Location and Design Recommendations

Sometimes there is need for special consideration of prob-
lems unique to a particular project. The designer will be
advised of the problem, and recommended procedures and
solutions will be documented.

™ Justificatior: for Deviations from Standards

Designers are obligated to adhere to established standards.
Any proposed design element which is less than the estab-
lished standard must be documented and approved by the
Roadway Design Engineer.

After receiving the initial file package, the squad leader should main-
tain a current project racord file with the following types of information:

e plan progre:ss record
® field inspec:ion reports
® miscellanecus project memorandums,

and should maintain a project estimate file for:
® quantity calculations.

On completion of the design and contract plans, the project record file
shall be retained in the Roadway Design Division for later transfer to Central
File. The project estimate file may be discarded after final contract payment.

QUANTITY ESTIMATES

The quantity of all contract bid items shall be estimated in terms of the
units of measurement set forth in the Standard Specifications. Uniform cri-
teria for degree of accuracy and rounding of computations are shown on the
next page.

All computations should be documented with quantity calculations in the
project estimate file.



UNIT ROUNDING
OF PRELIMINARY QUANTITY ESTIMATES

NEAREST UNIT

MEASUREMENT DESCRIPTION
QUANTITY SUMMARY
SHEETS OF QUANTITIES
Acre All items 0.01 acre 1 acre*
Barrel All items 0.1 barrel 1 barrel
CwWT All items 0.1 hundredweight 1 hundredweight
C.Y. All items 1 cubic yard 1 cubic yard
Except:
Structure Excavation 0.01 cubic yard 1 cubic yard
Concrete 0.01 cubic yard 1 cubic yard
Each All items 1 unit 1 unit
Gal. All items 1 gallon 1 gallon
Lb. All items 1 pound 1 pound
L. F. All items 1 lineal foot 1 lineal foot
Except:
Pipe Culverts 4-foot increment 4-foot increment
Guardrail 12.5-foot increment 12.5-foot increment
M. All items 1 thousand 1 thousand
M. B. M. All items 0. 01 thousand board 1 thousand board
measure measure
M. Gals All items 1 thousand gallons 1 thousand gallons
Mile All items 0.001 mile 0. 001 mile
S. F. All items 1 square foot 1 square foot
S.Y. All items 1 square yard 1 square yard
Sta. All items 1 station 1 station
Sta. Yd. All items 1 station yard 1 étation yard
Ton All items 1 ton*

0.1 ton

*When quantities are smaller than one unit, round to one decimal place.

Detailed analyses of estimated quantities are included in the contract
plans for certain pay items. Examples are shown in the model plans in Chap-
ter 12. The Summary of Quantities in the contract plans shall include all
pay items to be included in the contract.

CONTRACT PLANS

To assure accurate and consistent interpretation of contract plans, it
is important that the format, content and placement of information be con-
sistent for all projects.

Model coniract plans are described and illustrated in Chapter 12, De-
signers should adhere to this format when preparing the drawings and assem-
bling the plans.

The Department has a self-instructional Plan Reading Course which
should be administered to new employees for orientation and training in plan
preparation.

To minimize detailing and drafting work, Standard Drawings are used
extensively for those design features which may be common to many proj-
ects. Each squail leader is provided with a bound set of currently available
"Roadway Desiga Standard Drawings.' Applicable Standard Drawings should
be selected during the design process, and identified in the plan index so they
may be printed and bound with each set of contract plans.



Chapter 2

DESIGN STANDARDS

Without some form of established criteria, individual designers would be
called on to make personal judgments as to the appropriate geometric charac-
teristics of proposed highways. These decisions can have very significant im-
pact onthelevel of traffic service, safety and cost effectiveness of the highway
investment.

Design standards provide a framework to guide decisions uniformly with
consideration of those factors whichinfluence level of service, safety and econ-
omy.

Although this manual is directed principally to the design of state high-
ways and to procedures to be followed by the State Highway Department, many
of the guides and criteria are equally applicable to local roads and streets.
In the case of design standards, there are significant differences between the
criteria for state highways and the design guides for local roads and streets
adopted by the Division of State-Aid Road Construction. The established geo-
metric criteria for both types of facilities will be identified separately in this
chapter.

SOURCE OF STANDARDS

The American Association of State Highway and Transportation Officials
(AASHTO) isthe recognized authority onhighway design policies and standards.
Since 1938, AASHTO hasbeendeveloping and publishing design policies for use
by highway agencies-~-and continues to update policies and standards to reflect
new findings and the current state of knowledge.

The AASHTO publication, "A Policy on Geometric Design of Rural High-
ways, "' 1965, along with several smaller publications on specific elements
of highway design, provide the principal sources of information and criteria
contained in this :manual.

A similar AASHTO publication, "Geometric Design Guide for Local
Roads and Streets, " is the principal source of criteria for design of state aid
projects,

APPLICATION IN MISSISSIPPI

Many of the AASHTO design criteria are expressed as minimum values
or ranges of values for particular conditions. The Mississippi State Highway
Department adheres to the basic framework of AASHTO design policies, But,
the specific standards adopted herein by the Department reflect judgments as
to appropriate apolications in Mississippi--often higher than suggested mini-
mum standards.

Fixed Standards

Some standards aredefined in terms of fixed values--standards for ele-
ments such as lane width, shoulder width and bridge width, Widths less than
standard would not provide adequate levels of service and safety--and widths
greater than stanidard usually would not be an economical investment.

Rates of superelevation are fixed rates based on physical laws relating
to forces of motion and friction.
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Minimum Standards

Many standards will be expressedin terms of minimum values--criteria
for elements suchas sight distance, degree of curvature, median width, verti-
cal and lateral clearances, and slopes. Design higher than minimum values
is encouraged when there will not be a significant increase in cost.

Departure from Standards

Occasionally there may be unusual conditions which warrant departure
from standards. Any proposed design which does not assure at least the mini-
mum prescribed standards must be documented and approved by the Roadway
Design Engineer.

BASIC DESIGN CONTROLS

Several factors influence decisions as to the geometric characteristics
of highways. Consideration should be given to:

traffic volumes

design speeds

predicted operating speeds
highway capacity

systems

control of access.

Traffic Volumes

The amount and characteristics of traffic are perhaps the most signifi-
cant bases for highway design criteria. Highways normally will be designed
to accommodate traffic expected for a particular design year--usually about
twenty years in the future,

The Transportation Planning Division of the Department maintains cur-
rent records ontraffic data and develops projections of expected future traffic.
This information is made available to designers and is expressed in the fol-
lowing terms:

® Average Daily Traffic (ADT)--the total traffic for the year
divided by 365, or the average volume per day. The total
CURRENT ADT reflects existing traffic plus expected at-
tracted traffic upon completion.

® Design Houarly Volume (DHV)--the peak hour traffic (30th
highest hoirly volume) expected during the future year cho-
sen for design

® Directional Distribution (D)--a measure of the highest traf-
fic volume in one direction during peak hours, expressed
as a percentage of the DHV

® Composition (T)--a measure of the proportionate number of
trucks in the traffic stream, expressed as a percentage of
total traffic during the DHV.

For most highweys, the DHV is used for design criteria. On minor low-
volume roads the CURRENT ADT is sufficient.

The design traffic data to be shown on plans are:

ADT -- current (year specified)
ADT -- fiture (year specified)
DHV -- fiture
D -- directional distribution in predominant direction
expressed as a percentage of total DHV
T -- trucks, expressed as a percentage of DHV.



Design Speeds

For each proposed highway improvement, a design speed is selected
which establishes basic criteria for certain design elements such as curva-
ture, superelevation, sight distance and critical length of grades. It is the
maximum safe speed that can be maintained over a specified section when
design features reflect minimum values for that speed.

The selected design speed should be alogical one with respect tothe char-
acter of the terrain and the type of highway. Every effort should be made to
use as high a design speed as practicable.

A highway inlevel terrain justifies a higher design speed than one in rol-
ling or mountainous terrain. And a highway in open country justifies a higher
design speed than one in an urban area.

A highway carrying a large volume of traffic may justify a higher design
speed than a less important facility in similar topography. However, a low
design speed should not be assumed for a low traffic volume road where the
topography is such that drivers are likely to travel at high speeds. Drivers
do not adjust their speeds to the importance of the highway, but tothe physical
limitations and traffic thereon.

The table below provides a general guide to the ranges of design speeds
considered appropriate for various categories of highways in Mississippi.

HIGHWAY TYPE Design Speed
(MPH)
Multilane Highways - Rural : 70
| -~ Urban 50-70
2-Lane Rural State Highways - Arterial : 60

- Local & Collector *30-60

Rural State .Aid County Roads - #30-50

% 40 MPH is recommended minimum.

Predicted Operating Speeds

There isneed to recognize conditions where actual operating speeds typi-
cally may exceed the design speed, For example, terrain conditions may limit
the overall desigr speed to 50 MPH, but several long tangents within the sec-
tion may encourage much higher speeds. This situation should be recognized,
and those curves at each end of the tangent should be somewhat flatter than
minimum standards for 50 MPH so as to permit transition back to the design
speed. (Referenc:, page 3-13)

A danger also exists in the above situation if vertical curves on the
tangent section are designed for 50 MPH stopping sight distance when oper-

ating speeds may be 65 MPH or higher,

Highway Capacity

Highways must be designed to accommodate the traffic volumes expected
in the design year. The number of lanes to be provided is the principal design
element affected. In Mississippi, decisions as to number of lanes normally
are made during the planning process before projects are assigned to indi-
vidual squad leaders.

However, there are several significant factors related to highway capa-
city with which the designer must be concerned--factors such as:

® Passing Sight Distance. The theoretical capacity of a 2-lane
road is greatly reduced when there is limited opportunity
for overtaking and passing slower moving vehicles. In ter-

rain vhere it is impractical to provide an adequate amount
of passing sight distance, additional lanes may be required.

® Auxiliary Climbing Lanes. The capacity of a 2-lane road is
significantly affected by long, steep grades with slow moving
trucks. An auxiliary climbing lane may be warranted.

Revised July 25, 1978




® Signalized Intersections. Installation of signals at an inter-
section may reduce capacityto the point that additional lanes
may be required at the intersection.

® Urban Area Conflicts. Roadside conflicts associated with
urban area developments should be considered in assuring
adequate highway capacity,

® Lateral Clearance. It is found that restricted clearance
between the edge of traveled way and roadside obstructions
will reduce capacity.

® Interchanges. Capacity in the vicinity of interchanges can be
affected by the design of ramps, ramp terminals and weav-
ing sections.

Throughout the design process, the design volume and design capacity
must be compared--and where capacity is not equal to or greater than expected
volume, some other alternate must be considered.

Some guides for the need of capacily analyses are presented in sub-
sequent chapters. More detailed guides and instructions are in the Highway
Capacity Manual, Designers should be familiar with the Capacity Manual and
the factors to be considered. Traffic engineering assistance may be requested
for unusual or complex capacity analysis situations.

Highway Systems

Some design policies and standards are related to established highway
systems and levels of service. Three such systems are recognized in Mis-

sissippi:
® Interstate highways
® Other designated state highways

® State aid county roads,

Uniformly consistent nationwide standards have been established for the
Interstate System-~-standards generally higher than those used for other state
highways.

Standards for other multilane state highways are similar to, but gen-
erally somewhat lower than standards for the Interstate System.

Design standards for 2-lane designated state highways vary

according to the functional classification and traffic volume.

A somewhat lower level of design standards is applicable to county road
improvement projects inanced in whole or in part by funds allocated by law to
the counties and admini stered by the State Aid Division,

Tables of design standards for these systems are shown at the endof .this
chapter.

Control of Access

Design policies and standards will be affected by the type of access for
specific highways. The four types of access control are:

® Typel - Freeways. Full control of access, with no access to
through traffic lanes except at interchanges.

° Type 2A - Partially Controlled Access Highways. Access to
through traffic lanes permitted only at designated exits and
entrances. Frontage roads may be provided for abutting
property owners,

® Type 2B - Partially Controlled Access Highways. Access to
through traffic lanes permitted only at designated exits and
entrances.

Revised July 25, 1978



® Type 3 - Conventional Highways., Access to traffic lanes
permitted directly from abutting property. Special per-
mits are required for additional new access points after ini-

tial construction is completed.

Designers will be advised of the type of access to be employed on each
individual project.

STANDARDS BASED ON DESIGN SPEEDS

Two design standard considerations are related directly to the selected
design speed:

® curvature and superelevation

® required sight distances.

At least the minimum values for these standards must always be provid-
ed--regardless of traffic volumes, highway systems or any other considera-
tion. Thesedesignelementsarevery closely related totraffic safety and cannot
be compromised.

Standards for gradients also are closely related to design speeds, al-
though some variations may be permitted for low traffic volumes or rough
terrain.

These critical standards are discussed in the following paragraphs, and
established values related to design speeds are shown in the table on page 2-10
at the end of this chapter.

Curvature and Superelevation

In the design of highway curves, it is necessary to establish the proper
relation between design speed and curvature and also their joint relations with
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superelevation. While these relations stem from laws of mechanics (speed,
centrifugal force and side friction factor), the actual values for use in design
depend on practical limits and factors determined more or less empirically
over a range of variables.

The maxinum permissible rate of superelevation is an example of prac-
tical limitations, Race tracks can accommodate high speeds with relatively
sharp curvature because of very steep superelevation, Highways must serve
vehiclestraveling ata wide range of speeds. Slow-moving vehicles or stopped
vehicles would lbe adversely affected with excessively steep superelevation,
particularly in zreas subject to ice and snow. AASHTO suggests maximum
superelevation rates in the range of 0.06 to 0.12 foot per foot (6 to 12%).
The Department has adopted a maximum rate of 0.10 foot per foot for state
highways.

Complete tables of superelevation rates for various combinations of de-
sign speed and curvature are shown in Chapter 3. For a particular design
speed, very little superelevation is needed for flat curves. As the degree of
curvature increases, the rate of superelevation must also increase. When the
required supere.evation reaches 0.10, the maximum permissible degree of
curvature is identified for that particular design speed. Similarly, a maxi-
mum degree of curvature is established for each design speed.

Stopping Sight Distance

Sight distaice is the length of highway ahead visible to the driver. The
minimum sight distance available must be sufficient to enable a vehicle trav-
eling at or near the likely top speed to stop before reaching an object in its
path. '

Reference should be made to the AASHTO Policy on Geometric Design
of Rural Highways for a thorough explanation of the concepts and procedures
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for defining required stopping sight distance. It is sufficient for this manual
to identify the sight distance requirements for various design speeds, and to
recognize those conditions which should be thoroughly investigated to assure
that adequate sight distance is provided.

Sight distance can be restricted by vertical curvature, horizontal cur-
vature, roadside obstructions or any combination of these elements. Proce-
dures for checking sight distance are described in subsequent chapters.

Established minimum and desirable stopping sight distances are shown
at the end of this chapter. Designers should always try to provide the desir-
able sight distance, Minimum values should be usedonly for unusually restric-
tive conditions.

Passing Sight Distance

Consideration of passing sight distance islimited to 2-lanetwo-way high-
ways on which vehicles frequently overtake slower moving vehicles and the
passing must be accomplished on a lane used by opposing traffic. Passing
sight distance for use in design is determined on the basis of the length
needed to safely complete a normal passing maneuver,

Sight distance adequate for passing should be provided frequently on 2-
lane highways, and the length of each passing section should be as long as
feasible,

There are no fixed criteria for the frequency of passing sections. How-
ever, experience shows that highway capacity is measurably reduced when
a significant percentage of a particular section of highway is restricted to
sight distances of less than 1,500 feet. Highways with high traffic volumes
will require a higher proportion of passing sight distances than those with

low volumes. Analysis of capacity related to percentage of length with sight
distance greater than the passing minimum would indicate whether or not
alignment and profile adjustments, or additional lanes, are necessary to ac-
commodate the traffic.

Established minimum passing sight distances are shown at the end of
this chapter. These distances for design should not be confused with other
distances used as warrants for placing no-passing zone pavement markings
on completed highways. Values shown in the Manual on Uniferm Traffic Con-
trol Devices are substuantially less than design distances and are derived
for traffic operating control needs which are based on assumptions different
from those for design. ‘

Grades

Establishment of criteria for grades has not been as objective as for
other geometric elements of highways, AASHTO has established recommended
maximum grades, based principally on analysis of vehicle operating charac-
teristics and common practice among highway agencies.

Criteria for maxinum grades are related principally to design speed--
with some permissible variations when consideringterrain and traffic volume,

General guidelines for maximum gradesare shown at the endof this chap-
ter. The maximum design grades should be used infrequently, only as dictated
by terrain conditions.

More detailed guicles and criteria for design of grades are presented in
Chapter 4.



STANDARDS BASED ON TRAFFIC VOLUMES

Most of the standards defining the geometric characteristics of highway
cross-section elements are related to traffic volumes. Geometric standards
adopted for use in Mississippi are summarized in tabular form at the end of
this chapter. Also includedis a typical cross section defining standard nomen-
clature for the individual design elements--as well as identifying the basis
for measurement of values referred to in the standards.

Each of the design elements shown in the tables is discussed on the
following pages.

Number of Lanes

The required number of lanes depends principally on traffic volumes
and highway capacity. Normally, the number of lanes will be determined dur-
ing the planning process. Designers will be concerned primarily with ana-
lyzing the need for auxiliary lanes at specific locations, and for evaluating
the overall effect of designfeatures, such as restricted passing sight distance,
on capacity. '

Surfaced Lane Width

The traveled way designated for vehicle operation (excluding shoulders)
normally consists of two or more surfaced traffic lanes. The lane width de-
pends principally on traffic volumes--and ranges from 10 feet for very low
volumes to 12 feet for most major highways.

2-7

Total Shoulder W:dth

Well designed and maintained shoulders are necessary on rural high-
ways with any appreciable traffic volume. Shoulders provide a refuge when
a driver makes a1 emergency or parking stop. Also, they provide a recovery
area for vehicles inadvertently leaving the traffic lane.

Surfaced Shoulderr Width

The surface widthofa shoulder is that part constructed to provide better
all-weather load support than afforded by natural soils or stabilized materials.

Median Width

Medians on rural highways preferably should be of sufficient width to
provide freedom from interference by opposing traffic, to minimize headlight
glare, and to assure safe operation of vehicles atintersections and crossovers.

Median width is the distance between edges of traffic lanes of the sepa-
rated roadways. The minimum permissible median widthon any rural multilane
state highway is 64 feet. Wider separation with independent grade design of
each roadway is desirable,

In urban areas with severe right-of-way restrictions, the median width
of state highways may be reduced to 30 feet. The median width of both Inter-
state and other fully controlled access multilane highways may be reduced to
9 feet when a concrete median barrier is installed.

Revised July 25, 1978
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Vertical Clearance

" Vertical clearance is measured between overhead structures and the
finished roadway surface. The designated clearance must be provided over the
entire usable roadway width, including shoulders.

On all statehighways, the minimum vertical clearance shall be designed
for 16'3", This will assure a minimum clearance of 16 feet after future re-
surfacing.

- The required vertical clearance for design of state-aid county roads is
14'6",

Where highway structures cross over railroads, the vertical clearance
between the top of rail and bottom of highway structure shall be atleast 23 feet.

Lateral Clearance

Adequate lateral clearance between the edge of traffic lanes and roadside
obstructions hasbeen showntobe a very important traffic safety factor. Vehi-
cles leaving the roadway should have reasonable opportunity to recover control
‘and returnto the roadway without overturning or colliding with roadside objects
such as trees, poles, headwalls or other large objects.

The minimum lateral clearance for rural interstate, multilane
and arterial state highways is 30 feet. For local and collector
roads and for state aid county roads, the required lateral clear-
ance is less, és’listed,in the appropriate design standards and

guides.

Breakaway-type light poles and sign posts are permitted in the lateral
clearance zones. Slopesinthese clearance zones should be as flatas practical.

In situations where guardrail is installed, the lateral clearance shall
equal or exceed the full shoulder width,

The bridge width dimensions in the design standard tables refer to the
clear width between cur>s or between rails, whichever is less.
/
Two conditions are set forth in the tables. The first entry applies to
all new bridge construction and widening of existing bridges.

The second entry applies when a highway is to be reconstructed. Exist-
ing hridgoae which fit the propocad alignmant and puofils may nomaln fn place
if the structural capacity and the clear roadway width are at least equal to the
values shown in the takles. However, each existing structure with less than
desirable width should be evaluated in accordance with criteria in the "Yellow
Book, "

For design speeds of 50 MPH or less on minor roads with few trucks,
existing bridges with widths 2 feet less than indicated in the table may remain
in place. In no case shall the minimum clear width be less than the approach
traveled way (surfaced lanes).

Roadway Width at Bridgs Ends

It is Department rolicy to install guardrail protection at all bridge ends
on state highways and on state-aid projects financed with federal funds. 1In
some instances, it will be necessary to widen the embankment at the bridge
ends to facilitate guardrail installation. ' ‘

The approach roacway width at bridge ends shall be at least 4 feet wider
than the clear width of “he bridge. The transition between normal roadway
width and the roadway width at bridge ends should be in accordance with the
design of the guardrail installation,

Revised July 25, 1978



Right-of-Way Border Width ’

The right-of-way border width is defined as the distance between right-
of-way lines and the toe of fill slopes or top of cut slopes.

There is nofixed rule for designing right-of-way widths. Each situation
must be evaluatedindividually with consideration of existing conditions and eco-

nomic factors. As a general rule, the right-of-way design for state highways‘
should provide at least the border widths shown in the design standard tables.

State law requires that right-of-way for state-aid projects be furnished
by the county., Sufficient right-of-way should be acquired to accommodate the
proposed roadway section, '

Surface and Shoulder Slopes

The pavement surface must be sloped sufficiently to ensure proper drain- k

age, yetnotso steeply asto adversely affect vehicle operation, For state high-
ways the surface slopes on tangent sections shall be 1.50 percent for concrete
andhot bituminous pavements and 2.0 percent for double bituminous surface
treatment, All shoulder slopes shall be 4.00 percent,

For state-aid projects, the ranges of permissible surface slopes are
shown in the design tables,

Side Slopes

Roadway excavation and embankment sldpes shouid be reasonably flat
in the interestof safety, appearance and economy of maintenance. Four types

2-9
of cross-section slopes are identified on thetypical section nomenclature draw-
ing:

In cut sections,

® Foreslope--the slope extending outward and downward from
the shoulder point to the ditch line,

@ Backs;lope-~the slope extending upwardand outward from the
ditch line to intersect the natural ground line.

In fill sections,

° Safety slope--the slope extending outward and downward from
the shoulder point for a horizontal distance to meet the mini-
mum lateral clearance requirements set forth in the design
stanclard tables.

® Fill slope--the embankment slope eXtending outward and
downward from the outer limit of the safety slope to intersect
the natural ground.

Factors which affect the ratés of slope are type of highway, traffic

volume, depth of cut, and height of fill as shown in the slope schedules.

Liberal wafping and roundin'g of the’ cross section should be provided
at the ditch bottoms and tops of backslopes.

Revised July 25, 1978
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DESIGN  STANDARDS AND GUIDES GEOMETRICDESIGNSTANDARDSy
BASED ON DESIGN SPEED

DESIGN SPEED — MPH
DESIGN CRITERIA ;
30 40 50 60 65 70
‘ GEOMBTRIC ‘DESIGN STANDARDS BASED ON DESIGN SPEED Maximum Horizontal Cur‘ratureg/ 25.0 13.5 8.5 5.5 4.5 4.0
, , : ; : (Degrees)
@ TYPICAL SECTION NOMENCLATURE - | Stopping Sight Distance (Feet)
‘ Minimum 200 275 350 475 550 600
Desirable 200 300 450 650 750 850
. GEOMETRIC DESIGN STANDARDS FOR MULTILANE
STATE HIGHWAYS
Passing Sight Distance (Feet) 1100 1500 1800 2100 2300 2500
. GEOMETRIC DESIGN STANDARDS FOR RURAL 2-LANE Maximum Grades (Peréert)
ARTERIAL STATE HIGHWAYS 3/
‘ State Highways:
Level Terrain 6 5 4 3 3 3
Rolling Terrain 7 6 5 4 4 4
. GEOMETRIC DESIGN STANDARDS FOR RURAL 2-LANE Mountainous Terrain 9 8 7 6 6 5
LOCAL ROADS AND COLLECTOR ROADS 4/
State-Aid County Roadsi:-
Level Terrain T 7 6 5 - f -
Rolling Terrain 9 8 7 6 - -
COUNTY ROADS

1/ Applicable to all road systems.

2/ Based on maximum superelevation rate of 0. 10 foot per foot. See
tables in Chapter 3 for rates of superelevation and runoff distances.

3/ Low volume rural highways may have grades 2 percent steeper.

-4/ Grades for relatively short lengths may be increased 150 percent
for highways with ADT less than 250.

Revised July 25, 1978
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GEOMETRIC DESIGN STANDARDS FOR MULTILANE STATE HIGHWAYS \0/0) ((S& st _o-) |2 et

Interstate Other Multilane
Lt Rural ] Urban Rural | Urban
NUMBER OF LANES 4 or more as determined by capz;cjity ¢nalysis
SURFACED LANE WIDTH (Feet) 12
£

Outside 12 “ 10

SHOULDER WIDTH (Feet) ediar 5 4 ///:/ / 2
. 2.

Outside 10 L ' 9

SURFACED SHOULDER WIDTH (Feet) Medion 3 /’:}/ (1//‘ /7(— I.’/A1 3
40/ /7 ’(a ¥ 30
MINIMUM MEDIAN WIDTH (Feet) 6y T 6 -
9w, conc/&%,/ﬁarmer /o 9 w. conc. med. barrier
MINIMUM VERTICAL CLEARANCE 16'35 f
Obstruction / [
MINIMUM LATERAL CLEARANCE (Feet) Guardrail / )g/ / ) ‘ 10
Wijdt! traffic lahes plus Width of traffic lanes plus
BRIDGE WIDTH 127 outsidg%\;ﬁr ay’g{median ulder 10' outside shoulder and 6' median shoulder
(4
MINIMUM ROADWAY WIDTH AT BRIDGE ENDS / / Bridge width plus 4'
v
DESIRED MINIMUM R.O.W. BORDER WIDTH (Feet) 30 /\( 30 15
~
MINIMUM R, O, W, WIDTH (Feet) N 300 // / . 253 v
L
LE

}PE scC

/ Cut Seetprms /

Fill Slopes

BaJkMes

Within 30' of Pave, Edge

OQutside 30' of Pave, Edge

Slopes Slopes Slopes Silopes
6:1 3:1 6:1 HE3 N
6:1 3:1 6:1 Jel

2// Maintain a minimum of 1 foot depth ditch from subgrade shoulder.
as required in cuts when in superelevated sections,

Adjust foreslope disiance

Revised July 25,

1978
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GEOMETRIC DESIGN STANDARDS FOR MULTTILANE STATE HIGHWAYS

2+12
INTERSTATE OTHER MULTILANE
DESIGN CRITERIA Rural Urban Rural Urban
NUMBER OF LANES 4 or more as determined by capdcity analysis
SURFACED LANE WIDTH (Feet) : ' 12
: Qutside : 12 10
SHOULDER WIDTH (Feet)
Median 8 : s . 8
Outside 10 ' a9
SURFACED SHOULDER WIDTH (Feet) ; -
Median . 4 ) 4 3
. : 40 : 30
MINIMUM MEDIAN WIDTH (Feet) . 64 64
10" 4. Conc. Med. Barripr 10" W. Conc. Med. Barrier
MINIMUM VERTICAL CLEARANCE 3/ ‘ ‘
]6!6!!
Obstruction . 30
MINIMUM LATERAL CLEARANCE (Feet)|Guardrail 12 10
BRIDGE WIDTH ’ Width of traffic tanes plus Width of traffic lanes plus
- 12" outside shoulder and ' median shoulder | 10' outside shoulder and 6' median shoulder
MINIMUM ROADWAY WIDTH AT BRIDGE ENDS Bridge width plus 4'
DESIRED MINIMUM R.0.W. BORDER WIDTH (Feet) 30 15 30 15
MINIMUM R.0.W. WIDTH (Feet) 300 1/ 250 1/
SLOPE SCHEDULE
Cut Sections Fi11 Slopes
Foreslopes Backslopes Within 30' of Pave. Edge | Outside 30' of Péve‘ Edge
Depth of
Highway Ditch Slopes Slopes Slopes Slopes
System (Feet) ‘
Interstate | 2/ 4'-0" 4/ 61 3:1 4’  6:1 3:1
Other Multi-Lane | 2/ 4'-0" 4/ 6:1 3:1 4, 6:1 3:1

1/ Determined by build-up, property value, etc. ]
Revised July 25, 1978

Adjust foreslope distance as Revised September 24, 1985

2/ Maintain a minimum of 1 foot depth ditch from subgrade shoulder.
required in cuts when in superelevated sections.

3/ 16' Minimum (6" allowed for future resurfacing).

4/ 4:1 slopes may be used in Urban Areas. However, minimum lateral ¢learance should be in accordance
with AASHTO "Guide for Selecting, Locating, and Designing Traffic Barriers".



MINIMUM GEOMETRIC DESIGN STANDARDS FOR

accordance with AASHTO "Guide for Selecting, Locating, and Designing Traffic Barr-ers".

RURAL ARTERIAL HIGHWAYS
v o
Current ADT Under 400 - 400 & Over
DESIGN CRITERIA
DHV 100 - 200 201 - 400 Over 400
NUMBER OF LANES 2 -Check capacity warrants for
auxiliary climbing lane or 4-lanes
LANE WIDTH  (Feet). 12
Total 6 8 10
SHOULDER WIDTH  (Feet)
. Surfaced - 3/ - To be determined during design.
' . Obstruction 30
MINIMUM LATERAL CLEARANCE  (Feet) 2/
) Guardrail Width of Shoulder
VERTICAL CLEARANCE ' . 16' - 3 (Minjmum)
BRIDGE WIDTH  (Feet) 36 o 40 ~ 44
MINIMUM ROADWAY WIDTH AT BRIDGE ENDS Bridge Width + 4'
DESIRED MINIMUM RIGHT OF WAY BORDER WIDTH {Feet) 10 10 - 15 15 - 20 20
MINIMUM RIGHT OF WAY WIDTH (Feet) 120 ' 130 150
Foreslope
(Within 30' of Slope 4/ 6:1
CUT SECTION Pavement Edge) -
SLOPE Backslope . Slope 3:1
SCHEDULE
Within 30' of
Pavement Edge Slope 4/ 6:1
FILL SECTION ;
Outside 30" of
Pavement Edge Slope 3:1
1/ The current ADT is the ADT expected after completion of the fac111ty
2/, Measured from the edge of the traveled lane.
3/ Generally, paved shoulders will not be utilized except as approved for special conditions.
4:1 slopes may be used in Urban Areas. However, minimum lateral clearance should be in

Revised July 25,

Revised April 24,

1978
1984

Revised September 24,

1985



MINIMUM GEOMETRIC DESIGN STANDARDS FIR 2-LANE
RURAL COLLECTOR ROADS

2-14
Current ADT 1/ Under 400 400 & Over.
DESIGN CRITERIA — = -
: DHV 100 - 200" 201 - 400 Over 400
Level Terrain 3/ b 50 S5 Lo S5
MINIMUM DESIGN SPEEDS 2/ — = -
- Rolling Terrain 4/ 0~ 55 wo 55 57 S5
SURFACED WIDTH  (Feet) L , ) 24 ’
STRIPED LANE WIDTH (Feet) ' 1T’ o ' 12
MINIMUM WIDTH OF SHOULDER (Feet) 5/ . 4 ’ 6 . ) .
MINIMUM BRIDGE WIDTH (Feet) 28 o 30 - . 32 l 40
MINIMUM ROADWAY WIDTH AT BRIDGE ENDS (Feet) o Bridge Width + 4°'
: 40 MPH & Under 10
MINIMUM LATERAL CLEARANCE (Feet) 5/ Obstruction
\ Over 40 MPH 7/ w7 . g 20 20
Guardrail Width of Shoulder
MINIMUM VERTICAL CLEARANCE ) . 16" - 3"
DESIRED MINIMUM R.0.W. BORDER WIDTH (Feet) ‘ 5-10 10 -,15 ' 15 - 20
MINIMUM R.0.W. WIDTH (Feet) 80 100 . . 120
SLOPE SCHEDULE
CUT SECTIONS FILL SECTIONS
) Foreslope .| Backslope ‘Height of
' Fi11 6/ | Slope
TRAFFIC VOLUME (DHV) Depth of (Feet) .
Ditch |Slope Slope
(Feet)
40 MPH & Undeq 2.5 4:1 3:1 Under 5 4:1
Under 200
Over 40 MPH. 3 4: 3:1 Over 5 3:1
Over 200 Lo 4:1 3:1 - Under 10 4:]
Over 10 3:1
1/ The current ADT is the ADT expected after completion of the facility.
2/ AASHTO minimum values are shown. Generally, provide at least a 40 MPH des1gn speed.
3/ That condition where 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 expenses. Revised July 25, 1978
4/ That condition where the natural slopes consistently rise above and fall below the h1ghway grade line and where occasional steep slopes Revised April 24, 1984
offer some restriction to normal highway horizontal and vertical alinement. Revised September 24, 1985
5/ Measured from the edge of the striped lane. g
6/ Measured from the finished shoulder.' .
7/ Distances indicated are based on use of 6:1 or flatter slope. Slopes steeper than 6:1 may be used beyond this distance. When 6:1 slopes

are not utilized adjacent to the shoulder, the distance to obstruct1on should be as indicated in the AASHTO "Guide for Selecting, Locating,
and Designing Traffic Barriers".



GEOMETRIC DESIGN GUIDES FOR RURAL ¢TATE AID COUNTY ROADS (FAS)

1/ Current ADT Under 400 400 & Over
DESIGN CRITERIA
DHY 100 - 200 201 - 400 Over 400
3/ Level Terrain 40 50 60
MINIMUM DESIGN SPEEDS 2/ 4/ Rolling Terrain 30 40 50
Mountainous Terrain 30 40
MINIMUM WIDTH OF SURFACING (Fect) ) 22 24
MINIMUM WIDTH OF SHOULDER  (Feet) 4 6 8
Under 50 MPH Design Speed 26 28 32 40
MINIMUM BRIDGE WIDTH (Feet) g
50 MPH Design Speed & Over 28 40
Bridge Loading H-15
CRITERIA FOR EXISTING
BRIDGES TO REMAIN Clear Width Desirable 28 32
IN-PLACE (Feet)
Minimum 22 24 28
40 MPH & Below 10
MINIMUM LATERAL CLEARANCE Obstruction 41 - 49 MPH 5/ 10 15
(Feet) 6/ =
50 MPH & Over 5/ 10 15 18
Guardrail Width of Shoulder
MINIMUM R.0.W. WIDTH (Feet) See Section on R.0.W. in Chapter 11
MINIMUM VERTICAL CLEARANCE 14'-6"
Fi11 Slopes, Desirable 4:1 or Flatter
Foreslopes,
& Backslopes Minimum 3:1
SLOPES
High Type Surf. 1.5 to 2 percent
Surfacing
Cross Interm. Type Surf. 1.5 to 3 percent
Slopes
Low Type Surf. 3 percent
1/ The current ADT is the ADT expected after completion of the facility.
2/ AASHTO minimum values are shown. Generally, provide at Teast a 40 MPH desicn speed.
3/ That condition where 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 expenses. Revised July 25, 1978

4/  That condition where the natural slopes consistently rise above and fall beiow the highway grade line and where

5/  Distances indicated are based on use of 6:1 or flatter slope.
When 6:1 slopes are not utilized adjacent to the shoulder, the distance to ubstruction should be as indicated
in the AASHTO "Guide for Selecting, Locating, and Designing Traffic Barriers".

6/ Measured from the edge of pavement.

occasional steep slopes offer some restriction to normal highway horizontal and vertical alinement.

Slopes of 3:" may be used beyond this distance.

Revised
Revised
Revised

April 24, 1984
December 11, 1984
September 24, 1985
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Chapter 3
HORIZONTAL ALIGNMENT

Horizontal alignment establishes the general character of a rural high-
way, perhaps more than any other design consideration. The configuration of
tangent highway sections and the curves that connect these tangents affects
safe vehicle operating speed, sight distances, opportunity for passing and high-
way capacity.

Carefully considered, good design of highway alignment contributes to
traffic safety and minimizes investment loss due to early obsolescence of the
facility.

LOCATION SURVEYS

Most location surveys for state highways in Mississippi are the responsi-
bility of the Districts--and are performed by District personnel. Completed
surveys are submitted to the Roadway Design Division, along with pertinent
design recommendations.

Designers normally will adhere to the alignment established by the Dis-
tricts. If unusual circumstances are encountered during the design process,
office projections may be computed for variations from the surveyed line--
or additional field surveys may be requested if the departure from the sur-
veyed line is significant.

The ultimate quality of the horizontal alignment is thus influenced by
decisions of both District and Roadway Design personnel. Alignment decisions
should be governed by the criteria set forth in this chapter.

GENERAL CRITERIA

Some criteria for horizontal alignment can be quite specific and meas-
urable--design speed, maximum curvature and superelevation. But others
are not as explicit, and require judgment and consideration of existing condi-
tions.

These general criteria are outlined below:

® Alignment should be as directional as possible, but should
be consistent with the topography. Winding alignment,
composed of short curves, should be avoided since it usu-
ally :s a cause of erratic operation.

® Generally, use flat curves throughout--avoid use of max-
imum permissible degree of curvature except where ab-
solutzly necessary.

® Keep the alignment consistent. Sharp curves should not be
introduced at the ends of long tangents. Sudden changes
from areas of easy curvature to sharp curvature should
be avoided. Where sharp curvature must be introduced,
it shculd be approached by successively sharper curves ,
from the generally easy curvature,

® For a small deflection angle, the curve should be suffi-
ciently long to avoid the appearance of a kink. Curves
should be at least 500 feet long for a central angle of



3-2

manent elements of the highway.
utility and safety--and to improve appearance.

5 degrees, and the minimum length should be increased
100 feet for each 1-degree decrease in the central angle.

Onlong, highfills, keep the curvature as flat as possible.
Under these conditions, it is difficult for drivers to per-
ceive the extent of curvature.

Avoid sharp compound curves. Where topography makes
their use necessary, the radius of the flatter arc should
not be morethan 50 percent greater than the radius of the
sharper arc.

Avoid abrupt reversals in alignment (S curves). There

must be sufficent tangent distance between the curves to
assure proper superelevation runoff for both curves and
sufficient distance for required signing.

Avoid 'broken back curves' (short tangent between two
curves in the same direction). This arrangement is haz-
ardous and is not pleasing in appearance.

Horizontal alignment should be carefully coordinated with
profile design. This is discussed in Chapter 4.

Horizontal and vertical alignment are probably the most important per-
Thorough study is warranted to increase
In many cases this may be

accomplished without additional cost.

HORIZONTAL CURVES

Design of horizontal curvature is based principally on the established
design speed and terrain conditions. Design sta,ndarcis and criteria for maxi-
mum permissible curvature are discussed in Chapter 2. The characteristics
of horizontal curves and procedures for defining curvature are set forth in
this chapter.

Horizontal curvaiure may consist of simple circular curves or a combi-
nation of circular curves with spiral transition curves at each end.

Simple Curves

Simple curves are a portion of the arc of a circle. The design elements
of a simple horizontal zurve, and their terminology, are shown in the diagram
at the right.

Usually the P.I. station, the deflection angle (A) and the degree of cur-
vature are established. The remaining curve data must be computed using the
following formulas.

L N
o= IOOD ~
_ 5729.58
moo- A
r = R tan 5
S VAN
T = R(sec 5 - 1)
M = R(1- cos$)
[ C = ZRsin?
P.C. Station = P.I. Station - T

P, T, Station = P.C., Station + L



SIMPLE HORIZONTAL CURVES

il

"

I

Point of Intersection

Point of Curvature

Point of Tangency

Deflection Angle

Degree of Curvature

Length of Curve (ft.)

Radius of Curve (ft.)

Tangent Length (ft.)

External Distance (ft.)

Middle Ordinate (ft.)

Central Angle (equal to Aangle)

3-3

Computation is considerably simplified with use of a standard table of
functions for a 1-degree curve. Such tables give values of T and E for 1-de-
gree curves and speci’ic deflection angles. For any other degree of curvature
(D), the values for T and E are then:

T = T (for 1 degree) g - E (for 1 degree)
D D

Accuracy of calculating and recording curve data should be:

D

A
All distances

degrees to the nearest minute
degrees to the nearest second
nearest one-hundredth of a foot.

Spiral Transition Curves

The purpose of spiral transition curves is to gradually ease the driver
into and out of circular curves without a sharp break from the tangent sections.

Spiral transition curves are to be used with simple curves as indicated
in the table on page: 3-7. Their use is not required on state aid roads and
spirals may be elim‘nated on specific curves within a project for sufficient
cause. '

Typical gécmetz.'ics and terminology of spiral transitions are shown in
the diagram on page 3-4.

Usually the P... station, the deflection angle (A) and the degree of
curvature ( Dg ) are established.
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SPIRAL TRANSITION CURVES

]

n

Tangent to Spiral

Spiral to Curve ® = Deflection angle from
tangent at T.S. or S.T.

Curve to Spiral to any point on the spiral
Spiral to Tangent D. = Degree of Circular Curve
Total Tangent Length Ly = Length of Spiral (feet)
Total External Distance Lc = Length of Circular Curve
Total Deflection Angle Rc = Radius of Circular Curve
Circular Deflection Angle X,Y = Coordinates of S.C. point

Spiral Angle (angle be-
tween T and tangent
atS.C. or C.8.)

Deflection angle from
tangent at T.S. to S.C.
or S.T. to C.S.

related to T. S. point and
offset from tangent

Coordinates of offset of
theoretical P.C. of circular
curve (the distance of P is
referred to as "throw")

e
T
It

‘ Values for X, Y, K and P may be read directly from tables of spiral
curve functions. The remaining curve data can be obtained from tables or com-
puted from the following formulas.

Ls D = A -
- s Dc A= O - 20
8 = 300 ¢ )
1004 - 5729.58
Le = “p, . Re Dec

R O

Curve stationing should be identified by the following procedures.

T.S. station = P.I station - Ts

S.C. station = T.S. station + Lg
C.S. station = T.S. station + Ls + L¢
S.T. station = T.8. station + 2Lg+ L¢

Accuracy of calcu .ating and recording curve data should be:

D¢
A, Dcand g
All distances

degrees to the nearest minute
degrees to the nearest second
nearest one-hundredth of a foot.

i}

Pavement Widening on Curves

Under certain conditions pavements are widened on the inside edge of
curves toallow for a greater width because rear wheels generally track inside
front wheels when rounding a curve, and because drivers sometimes have dif-
ficulty in steering within the traffic lane on curves.



Curve widening shall be provided as shown in the table below for the
various combinations of degree of curvature and pavement width.

Widening in Feet for . .
Degree of 22-Ft, 20-Ft.
Curvature Pavement Pavement
Below 2° 0.0 0.0
2° up to 4° 1.5 2.0
4° up to 6° 2.0 2.5
6° and over 2.0 - 3.0
State Aid ‘ Standard SA-SE-1

Widening shall be applied on the inside edge of pavement with transition
distances at each end of the curve coincident with the superelevation runoff,

Equations

Frequently during design there is need to compute office projections of
alignment--departures from the line surveyed in the field, These usually in-
volve changes inlengthof alignment; and to avoid changing stationing through-
out the project, equations in stationing are introduced. The equation identifies
two station numbers, one that is correct when measuring on the line back of
the equation, and one that is correct when measuring ahead.

Equations are discussed here because most commonly they are located
at the P.T. of a horizontal curve. Proper procedures for documenting equa-
tions are shown in the two following examples.

TYPICAL EQUATIONS IN STATIONING

-
Ry
]
hoad
_,; b Projected ¢
Al § A
g: L - 'l i l‘
Y |
—;,'—-’-‘Q“"——';'—— — —
E—«; % A
A e @lE Survey ¢
Bl Aol |
dl Gu3ls
B, B8+l
i E“o
i g}a‘b -
oL dld
AL

PROJECTED LINE RETURNS TO SURVEYED LINE
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Parallel (Concentric) Curves on Divided Highways

When the median width of a divided highway is a constant distance of
64 feet or less, the stationing and all other alignment computations are based
on a single survey base line--normally the center of the median. A common
profile grade and one set of curve data serve for both roadways.

When the median width exceeds 64 feet, each roadway should have sep-
arate horizontal and vertical controls--even though there may have been a
single survey base line. In other words, each roadway must have its own
profile grade and horizontal curve data.

Two problems arise whendealing with independent horizontal curve con-
trols:

1. The distance along the outside roadway is always longer
than the survey stationing--and the distance along the in-
side roadway is always shorter. In order to use the sur-
vey stationing on the tangent following the P.T., it is
necessary to introduce an equation in stationing at the
P.T.

2. If the curves are to be truly parallel, they must be con-
centric (common center of radii)--and this means the de-
gree of curvature of the outside roadway will be somewhat
flatter than the surveyed curve, while the inside roadway
curve will be sharper. Each must be identified separately.

Parallel (concentric) curves are illustrated at the right. The deflection
angle (A) and the P.C. stationing will be the same for all three lines. All
other curve data will be different for each of the lines. The two equations
will reestablish common stationing ahead from the P.T.

A~
O~
//’/ \\\\
) -
/éo\/Ou;Lde Roadway &7 5
:\ O~ Q,'/ o
Q‘\ — \\ &
/\t)// - == /&?
. i h‘z o/
O_\\ Surveyed Line Al (?/
o O~ - Qr//
(Pt MR,
/g\/ [nside Roadway : 5:"/02
o R &
\ /§
\ /=

Non-Parallel Curves or. Divided Highways

Another option is available for the situation described in the preceding
section if it' is not escential that the curves be precisely parallel. A rea-
sonable approximatmn to parallel conditions can be attained if the degree
of curvature for both roadways is the same as that used for the surveyed
line. This situation is :llustrated to the right on page 3-17.

For this alternative, the basic curve data for all three lines will be
identical--except that the stationing of the P.C., P.I. and P.T. will be dif-
ferent in each case. The equation should be placed at the P.T. of the inside
roadway to reestablish common stationing from that point ahead, and opposite
the P.T. of the inside roadway to reestablish common stationing for the out-
side roadway.



SUPERELEVATION

The basic concépts and criteria for superelevation of curves were set
forth in Chapter 2 under the discussion of design standards. Practical ap-
plication of these criteria will be described in this chapter.

Design Tables

The next table, on the right, sets forth basic design criteria for rates
of elevation (e) and superelevation runoff lengths (L) as related to an assumed
design speed and degree of curvature. The maximum permissible degree of
curvature (D) for each design speed also is identified.

CRITERIA FOR SUPERELEVATION RATES AND RUNOFF LENGTHS #

DESIGN
. V=40 mph V=50 mph V=60 mph V=70 mph
e L e ‘L e L e L
0°15' NC 0 | NC 0 NC o NC 0
0°30° NC 0 NC . 0 RC 150 RC 150
0°uys’ NC 0 RC | 150 . .023 200 .029' | 200
1°00' RC 125 .023 130 .032 | 250 .039 250
1°17¢ .018 125 .029 150 .0ouo 250 .050 | 250
1°30°' ’ .021 | 125 .033 | 200 .0u6 250 .058 300
1°uo0* .023 125 .036 200 .050 250 .063 300
2°00° .028 150 LOUé; 200 .058 250 .074 | 350
2°27° .033 150 ,.050 200 .068 300 .085 400
2°30°" .034 | 150 .051.{ 200 .069 300 .086 400 *
3°00" ~.0u0 | 150 .059 | 250 .079 350 ;09“ 400
3e30¢ | .ou | 200 | .067 | 250 | .087 | 350 | .099 | ugo
N - 7 —
3°54" .050 200 .072 250 1092 350 .099 HQO
ufoo' .051 200 .073ﬁ 250 .093 | 350 .100 uo0
5°Q9' .061 200 .08y 250 .099 350 Dmgxﬂu.0°
6°00" .070 200 .092 | 300 .100 | 350
7°00! .077 200 .098 300 Dm2¥#5,5°
8°00' .08u 200 .100 | 300 D = Degree of curve
9°00' || .089 | 250 p_ =g 5° | V = Design speed
max e = Rate of superelevation
10°00' .093 | 250 (ft./ft.)
L = Length of superelevation
11°00" .097 250 runoff (ft.) for 2-lane
orn pavements
12°00 -099 250 NC = Normal crown section
130001 .100 250 RC = Remove adverse crown,
superelevate at normal
_Dmax-l3'5° crown slope
*State Aid Division--use Standard SA-SE-1
For 3-lane pavements ———w——wmww— L= (1.2) x (L for 2-lanes)

For 4-lane undivided pavements- L = (1.5) x (L for 2-lanes)

Spiral transition curves are required for the length of superelevation
runoff for all curves listed in the table below the heavy line.
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Normally the values for a particular design speed shall be used on SUPERELEVATION TRANSITION
all curves throughout a project., However, if it is anticipated that certain
curves may experience actual operating speeds in excess of the overall de-
sign speed, all safety related design elements, including the maximum degree
of curvature and superelevation design, should bebasedonthe operating speed.
An appropriate notation should be placed on the plans indicating that the curve : Full Superelevation
has been designed for a specific operating speed.

Very flat curves will not require superelevation. In the table, these
situations are identified with the symbol NC, meaning that the normal crown
slope used on tangent sections can be carried through the curve.

The symbol RC means that it is necessary only to remove the adverse
‘slope from the outside lane or lanes. All lanes will slope to the inside of
the curve at the rate of the normal crown slope.

SIMPLE CURVE

The indicated superelevation rates are applicable, regardless of the num-
Full Superelevation

ber of lanes, The runoff lengths shown are for 2-lane highways, For 3-lane e~
and 4-lane pavements, the runoff lengths should be, respectively, 1.2 and . _- - ~a
1.5 times the lengths shown for 2-lane pavements, : § )< , 7\ d}{o
« ' >
?:@, Yy >/—\ N ;‘)'Q/
A& 7/ 4 : O No.'e,
o . €%
Superelevation Transition %@@3 \" % < %
N\
/
. ‘ . % : ?
To meet the requirements of comfort and safety, superelevation should Q%?P& c/%(\?%*

be introduced and removed uniformly over a length adequate for the likely

travel speeds. To be pleasing in appearance, the pavement edges should not \Q V
be distorted as the driver sees them during the transition, .
. , . SPIRAL TRANSITION CURVE ‘

Practices for superelevation transition on simple curves and. curves
with spiral transitions are different--even though the rates of superelevation
and runoff lengths are the same for a given degree of curvature and design
speed. Criteria for applying superelevation transition are shown in the illus-
tration at the right for both simple curves and spiral transition curves. ' :
Revised July 25, 1978



When spiral transition curves are used, the superelevation runoff is al-
ways coincident with the spiral length (T.S. to S.C. or C.S. to S.T.) and
the designated full superelevation is provided between S, C. angi C.S.

In the case of simple curves, approximately 0.7 of the superelevation
runoff length should occur outside the limits of the curve (before the P, C, and
after the P.T.), and about 0.3 of each runoff length should occur within the
curve, These proportionate values are not precise--they may be adjusted
slightly for the convenience of making the runoff coincide with 25-foot incre-
ments of stationing. The intent is a compromise between placing all of the
transition on the tangent section (where superelevation is not needed) and
placing all of the transition within the curve (where full superelevation is
needed throughout the entire length.)

At the outer limits of the superelevation runoff sections (before and af-
ter the curve) the inside lane will be sloped at the normal crown rate and
the outside lane will be a level section. An additional distance of 150 feet is
provided for tangent runout to provide for transition of the outside lane from a
level section to a normal crown slope.

Superelevation Rotation Point

Superelevation nigrmally will be rotated about the roadway centerline--
that is, the outside lane will rise and the inside lane will lower.

This creates a problem, however, in the case of divided highways with
a relatively narrow median. A significant elevation differential may occur
betweenthe median shoulders. This makes it difficult to design median slopes
adequate for drainage, safety andpleasant appearance, By rotating each road-
way about its median edge of pavement, the elevation differential can be mini-
mized.
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The following criteria should be used to identify the proper type of super-
elevation:

CASE 1. Superelevation Rotated Around the Centerline
® All 2-lane roadways

Y All 3-lane roadways--the third lane being an aux-
iliary lane such as a climbing lane

® All 4-lane or 6-lane roadways (2 or 3 lanes in each
direction) separated by a median width greater than
64 feet.

CASE II.  Superelevation Rotated Around Median Edges of Pavement
° All 4-lane or 6-lane roadways (2 or 3 lanes in each
direction) separated by a median width of 64 feet or

less.

Typical siperelevation transitions for Cases I and II are illustrated in
the diagrams or. page 3-10.
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CASE I SUPERELEVATION — ROTATION ABOUT CENTERLINE
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CASE II SUPERELEVATION — ROTATION ABOUT MEDIAN EDGES
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SAFETY CONSIDERATIONS

Many design considerations of horizontal alignment are directly related
to traffic safety. These are summarized below.

Stopping Sight Distance

Obstructions along the inside of a curve may limit sight distance below
that required for safe stopping. Such obstructions might include walls, cut
slopes, wooded areas, buildings, high farm crops and sometimes guardrail.
These situations should be checked out and adjustments made if necessary to
assure stopping sight distance.

The design chart at the right shows the required middle ordinates for

clear sight areas for each design speed. Under some conditions, it may be
necessary to resort to field measurements or scaling of dimensions on plans.

Passing Sight Distance

On highvolume 2-lane roadways, consideration should be given to maxi-
mizing the opportunities for passing in order to maintain capacity.

Measurement of sight distance along horizontal curves for the purpose
of identifying restricted passing areas can best be accomplished by direct
scaling from the plans.

For marking of highways with restricted passing sight distance, see
Chapter 10.
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Decision Sight Distances | — JE— S —
e < T
—_—
Drivers frequently are required to make decisions concerning vehicle \
operation, Occasionally the characteristics of the horizontal alignment can
adversely affect the ability to make these decisions. Examples of these sit- - T = T T

uations include:

Proximity to Curves. Of prime importance is the view
of the curve ahead, or at least a partial view to indicate
direction of curvature,

Curve Signing. Negotiating a curve requires a driver's
full attention and thereby minimizes the effectiveness of
signing within curves. The use of short tangents between
curves usually results in inadequate lengths of tangent for
proper signing. If the design speeds of the curves are
equal to or greaterthanthe legal speed, the length of tan-
gent should be at least 300 feet plus the required distance
for superelevation runoff. Distances up to 1,000 feet are
needed for proper signing whenthe design speeds are less
than the legal speeds.

Route Continuity. When a driver approaches a diverging
roadway situation, suchas Y-intersections, exitramps on
curves, or flat angle intersections, the main route should
be distinctly emphasized with sufficient sight distance to
eliminate any uncertainty on the part of the driver.

Transition Areas. Areas of transition between two lanes
and a greater number of lanes can be extremely hazard-

ous. The transition layout which follows is undesirable
and should be avoided.

Drivers in both directions may inadvertently continue in
a straight line at the junction point and find themselves
traveling in the wrong lane of the 2-lane section--or
against ths flow of traffic in the multilane section. The
drivers aredependent solely on signs and pavement mark-
ings, whereas poor visibility might negate both of these.

The most desirable transition layout is shown below.

B
e
vt ¢ ——

With this layout, the driver entering the multilane sec-
tion may continue on a straightline course, and thedriver
entering the 2-lane section is readily channeled into the
proper lare. Either driver must make an unnatural turn-
ing movement to enter the wrong lane.

The trans:tion layout on the next page is a compromise
that is ac:eptable--but not the most desirable design.



The table which follows is a general guide for sight distances related
to decision-making situations. This distance is the line of sight measured
from the driver's eye to a point on the road surface at which a decision
must have been made.

Predicted Minimum
Speeds--MPH Decision Sight Distance--Ft.

40 300
50 450
60 650
65 750
70 850
75 950

Predicted Speeds

Both design and predicted speeds should be considered. The next table

provides a guide for predicting speeds under certain conditions. The values
reflect the speeds which normally can be expected on tangent highway sections
with open highway conditions and average roadside congestion--regardless of
the design speed of the highway. Where considerable roadside congestion is
present, the values may be reduced by 10 mph. For new locations, urban
predicted speeds may be increased 5 mph.
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Predicted Speeds--MPH
Type of Road Level Rolling Hilly
Terrain Terrain Terrain

INTERSTATE:

Rural 70-75 70-75 70

Urban 60-65 60-65 60-65
PRIMARY: «

Rural 65-70 65-170 60-65

Urban 60-65 60-65 55-60
SECONDARY:

Rural 65-70 60-65 60-65

Urban 60-65 55-60 55-60

Most impo:tant are the transition areas between tangent and curvilinear
alignment. Abrupt changes should be avoided. The 85th percentile speeds
on tangent secticns of 50-mph design highways may range as-high as 65 mph.
And when a 50-raph curve is introduced abruptly at the end of a high speed
section, there is usually a high incidence of run-off-the-road accidents.

Accident Data

When designing an improvement which basically follows the old align-
ment, accident data should be reviewed to determine if there is a history of

~accident experiece which might pinpoint specific problems in alignment.

Superelevation

The rate cf superelevation should be based on predicted speeds where
there is a probavility of actual operating speeds exceeding the overall design
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speed. Caution should be exercised to ensure that other safety-related de-
sign elements are not underdesigned,

Proper superelevation runoff should not be sacrificed because of other
design considerations such as short tangents or proximity to bridge ends.

In questionable areas, surface contours should be plotted to assure prop-
er coordination between horizontal and vertical alignment and superelevation,
so as to avoid flat areas in the roadway surface that would permit ponding of
water and encourage hydroplaning.



Chapter 4

VERTICAL ALIGNMENT

Most of the significant decisions regarding horizontal alignment are made

during the processes of planning and performing location surveys.

However,

in the case of vertical alignment, the judgments and decisions of designers
primarily establish the characteristics of the roadway.

GENERAL CRITERIA

Several general controls should be considered in the design of vertical

alignment.

Designers should strive for a smooth grade line with grad-
ual changes, consistent with the type of highway and char-
acter of terrain, rather than a line with numerous breaks
and short lengths of tangent grades.

The "roller coaster" or "hidden dip" type of profile should
be avoided. Such designs often are proposed in the interest
of economy, to stretch the highway dollar--but they are
aesthetically undesirable'and extremely hazardous.

A "brokenback' grade (two crestor two sag vertical curves
separated by a short tangent) generally should be avoided.
One long vertical curve is more desirable.

On a long grade it is preferable to place the steepest grade
at the bottom and flatten the grade near the top.

Moderate to steep grades should be reduced through inter-

sectioas. This benefits vehicles making turns and serves

to reduce potential hazards.

Design decisions affecting sight distance should be based
on predicted operating speeds at specific locations, rather
than the overall design speed selected for the project. (See
Chapter 3 for criteria on decision sight distances and pre-
dicted speeds.)

Vertical sight distance restrictions will reduce passing op-
portunities. On higher volume 2-lane roads, consideration
should be given to maximizing the passing opportunities so
as to assure adequate capacity. In extreme cases it may be
necessary to introduce passing lanes.

GRADES

consisting of a series of tangents, connected with vertical curves,

Grade Definition

of Intersection (V,P.1.).

stationing and elevation.
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The vertical alignment of a highway is referenced to a profile grade line

The point where two grade tangents intersect is called a Vertical Point
Each V,P.I, is identified with a specific horizontal
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The rate of slope between two adjacent V.P.I.'s is shown as a percent.
The numerical value for percent of grade is the vertical rise or fall (feet) in
a horizontal distance of 100 feet.

Grades are identified as plus (+) or minus (-) in the direction of the
stationing. Rising grades are plus, falling grades are minus.

Maximum Grades

Maximum grades for particular design speeds and types of highways are
outlined in Chapter 2. The maximum grades should be used only where abso-
lutely necessary. Grades much flatter than maximum normally should be
used.

Grades steeper than the designated maximum should be used only with
prior approval of the Roadway Design Engineer.

Minimum Grades

Flat or level grades may be used for uncurbed pavements which are
adequately crowned to drain laterally. With curbed pavements, a minimum
grade of 0,4 percent should be used to facilitate longitudinal drainage.

Even on uncurbed pavements, it is desirable to provide a minimum of
about 0.4 percent longitudinal grade because the original lateral crown slope
may subsequently be reduced as a result of swell, consolidation, maintenance
operations or resurfacing.

Roadside drain ditches and median swales require a steeper gradient for
adequate drainage than is required for roadway surfaces. This is further dis-
cussed in the chapter on drainage.

Critical Lengths of Grade

The maximum grade in itself is not a complete design control. The
term "'critical length of grade"‘ is used to indicate the maximum length of a
designated upgrade which will not cause an unreasonable speed reduction of a
loaded truck. AASHTO suggests a 15-MPH reduction as being reasonable--
and on this basis, the critical length of an upgrade when approached by a level
or nearly level sectiorn of roadway is as follows:

Upgrade, Percen: 3 4 5 6 7 8

Critical Length
of Upgrade 1700 1100 800 600 500 500
(feet)

On moderate- tc high-volume roads, where critical lengths of upgrade
are substantially exceeded, consideration should be given to providing climb-
ing lanes, particularly where truck volume is high. Climbing lanes are dis-
cussed later in this chapter.

VERTICAL CURVES

Vertical curves are used to effect gradual change between tangent grades
at their points of intersection. = The major controls for design of vertical
curves are related to sight distance and comfort.

Characteristics of Vertical Curves

Vertical curves have the properties of a simple parabolic curve--the
vertical offset from the tangent at any point varies as the square of the hori-
zontal distance from the end of the curve.



Curves which are offset below the tangents are called crest vertical
curves--those whichare offsetabove the tangents are sag vertical curves. Ex-
amples are shown below.

CREST VERTICAL CURVE

.P.
P.
P.
G and
M
A
L

SAG VERTICAL CURVE

Vertical Point of Intersection
Vertical Point of Curvature
Vertical Point of Tangency
Tangent Grades in Percent
Middle Ordinate Offset Distance
Algebraic Difference of Grades
Length of Vertical Curve

<<<
ST

N

[ LA O 1O LI

Sight Distance Controls

The principal concern in designing vertical curves is to assure that at
least the minimum stopping sight distance is provided. The values set forth
in the design standards for desirable and minimum sight distances apply to
vertical curves,

Basic assumptions are illustrated in the next three drawings for condi-
tions related to stopping sight distance on crest and sag vertical curves, and
to passing sight distance on crest vertical curves.

[ s

S = Stopping sight distance, feet
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A driver must be able to see an object that may be on the road within
the minimum stopping sight distance. Theline of sight should not be obstructed
by the crest of a vertical curve.

S = Headlight beam distance = Stopping sight distance, feet

Nighttime driving conditions govern for sag vertical curves. The desig-
nated sight distance should be illuminated by the headlight beam with an as-
sumed upward divergence of 1 degree.

The effect of vertical curve design on passing sight distance is of con-
cern only with crrest vertical curves on 2-lane highways.

Minimum Length of Vertical Curves

By analyzing the requirements relating to sight distance and the charac-
teristics of the curve, determinations can be made as to the minimum per-
missible length of a vertical curve for particular situations.

The rate of change of grade along a vertical curve is constant--and is
measured by dividing the algebraic difference between the grades by the length
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of the curve in feet (A/L). This value gives the percent change in grade per
horizontal foot of curve.

The reciprocal of this value (L/A) represents the horizontal distance

required to effect a 1-degree change in the gradient along the curve. The ex-
pression L/A is termed K, and is useful for determining minimum lengths
of vertical curves.

Based onthe geometrics of eachsight distance condition and assumption,
formulas are used to compute values of K for each design speed.

The minimum length of vertical curve is computed by the formula:

L = KA

where: L = minimum length of vertical curve in feet
A = algebraic difference in tangent grades in percent
K = a constant value for the design speed

Established values of K are shown at the right in the table of Required
Sight Distances and Values of K for Vertical Curve Design.

It is emphasized that curves longer than minimum should be used to max-
imize sight distance where economically feasible. A vertical curve of at least
400-foot length should be used to avoid any appearance of an angular break
in the vertical alignment, even though sight distance criteria may permit a
shorter curve. ‘

Generally, it is impractical to design crest vertical curves to provide
for passing sight distance because of the high cost and the difficulty of fitting
the required long vertical curves to the terrain. Ordinarily, passing sight
distance will be provided only at those locations where combinations of hori-
zontal alignment and vertical profile do not require the use of crest vertical
curves.

For striping of highways with restricted passing sight distance, see
Chapter 10.

REQUIRED SIGHT DISTANCES AND VALUES OF "K"
FOR VERTICAL CURVE DESIGN

CRITERIA FOR STOPPING SIGHT DISTANCES

Design Speed - MPH 40 50 60 65 70
Minimum Stcpping S. D. 275 350 475 550 600
(feet{))
K Value for: 1 ;
Crest Vertical Curves 55 85 160 215 2565
Sag Vertical Curves 55 75 105 130 145
Desirable Stopping S. D. 300 450 650 750 ! 850
(teet)
K Value for: 1
Crest Vertical Curves 65 145 300 400 515
Sag Vertical Curves | 60 | 100 | 155 | 185 | 215 .

CRITERIA FOR PASSING SIGHT DISTANCESQ/

Design Speed - MPH 40 50 60 65 70
Minimum Passing S.D. 1500 (1800 {2100 |2300 | 2500
(feet)
K Value fnrrl
Crest Vertical Curves 686 985 (1340 |1605 |1895

y 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 designated sight distance.

2/ Passing sight distance criteria are for design purposes only and -
should not be confused with criteria for marking no-passing zones
as set forth in the Manual of Uniform Traffic Control Devices.



ESTABLISHING PROFILE GRADE

The profile grade normally will represent the finished surface elevation
at the centerline of the roadway or the median edge of the pavement for divided
highways with a raised median.

Profile grades may be computed manually, or by the computer. Manual

computation procedures are described in the following paragraphs to assure
understanding of the concepts.

Grade Computations

Initial efforts toward establishing the profile grade are recorded on a
working profile. Using recommendations from the field, and adhering to
standards and criteria in this manual, the designer plots a tentative grade
line on the working profile with the stationing and approximate elevation of
each V.P.I. clearly defined.

Starting atthe beginning of the project, a grade should be computed which,
when extended forward, would check in reasonably close to the plotted elevation
of the first V.P.I. The rate of grade (percent) is computed by dividing the
vertical difference by the horizontal distance, and multiplying by 100.

To the extent practical, the percent grade should be computed and re-
corded to two decimal places--and should be selected in the nearest multiple
of 0,04 percent to facilitate field staking at 25~foot intervals.

It is desirable to locate V.P.I.'s at even stations or midway between
stations for ease of computation. V.P.I. elevations should always be recorded
to the nearest 0.01 foot.
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After the first grade and V.P.I. elevation have been established, the
process is repeated between subsequent V.P.I.'s. Each grade and V.P.I
elevation is recorded on the working profile.

Frequently it is necessary to adjust a grade line after the initial grade
computations ha’e been made. When making this adjustment, it may be
necessary to compute the new grade to four or five decimal places to accurately
check-in to a previously established V.P.I. elevation.

Vertical Curve Computations

After the -angent grades have been established, appropriate vertical
curves must be designed for each V.P.I. Standards and criteria for sight
distance and minimum curvature should be adhered to.

Vertical curve profile grade elevations are established by computing ver-
tical offset distances between the tangent grade and the vertical curve at
various points along the stationing. In the case of crest vertical curves,
these offset distances are subtracted from the tangent grade elevations; for
sag vertical curves, the computed offsets are added to the tangent elevation.

The diagram on page 4-6 illustrates a crest vertical curve--however,
the formulas also are applicable to a sag vertical curve. The important things
to recognize are the plus or minus characteristics of the grades when comput-
ing algebraic differences--and whether the offset distances are to be added
to or subtracted from the tangent elevations.



4-6

VERTICAL CURVE COMPUTATIONS

_{G, - GyL
- 8

X2
M 7z

Where: = M = Middle Ordinate Distance at V.P.I. (feet)

L = Length of Vertical Curve (stations)
G, and G, = Tangent Grades (+percent)

P = Any Point on the Vertical Curve
X = Horizontal Distance from V.P,C. to P (stations)
Y = \Vertical Offset Distance (feet)

PROCEDURE:

1. Compute the minimum curve length which will satisfy the sight

distancc? requirements for the design speed (the product of the
albegraic difference in grades and the appropriate value for K
selected from the table).

Select a vertical curve length, preferably in even multiples of
100 feet, which fitsthe terrain conditions and equals or eI})cceeds
the prescribed minimum length,

Compute the middle ordinate distance (M).

Cqmpute the vertical offset distance (Y) at each station. For
points betweentheV,P.C. and V.P.I., the distance X is meas-
ured ahead fromtheV.P.C. For points between the V.P.I. and
V.P.T., the distance X is measured back from the V.P.T.

Establish curve elevations by subtracting Y distance from tan-
gent elevations (crest vertical curves) or adding Y distance to
tangent elevations (sag vertical curves).

When the grades have opposite signs (one is + and the other is -) the
high point on crest vertical curves and the low point on sag vertical curves
can be identified in terms of X distance from the V.P.C. by the formula:

G
X = S
LG,-G:

Vertical offset distances (Y) at any horizontal distance (X) from the
V.P.C. orV.P.T. can readily be computed using a calculator and the constant
values (C) identified in the table on pages 4-7 and 4-8.

The formula is: Y - ( G -G )(c)
L
where: Y = Vertical Offset (feet)
G,- G; = Algebraic difference in grades (%)
L = Length of vertical curve (stations)
C = Constant from table

The procedure is:

1.

Compute the value of gli—gi for the vertical curve. This value

can be loczedinthe calculator as a constant multiplier for all sub-
sequent calculations for this curve.

Enter the table at the distance (X) which represents the horizontal
distance from the V.P.C. to the 1irst station. Select the corre-
sponding value of the constant (C)and find the product of this value
and the constant multiplier. This distance is the vertical offset
tobe added to or subtracted from the tangent grade elevation at the
station.

Repeat the calculation at each station between the V.P.C. and the
V.P.I.--based on the X distance from the V.P.C.

Continue the calculations for each station between the V.P.I. and
the V.P.T. However, the value of C is based on the X dis-
tance betwaeen the station and the V., P. T.



VALUES OF “‘C’’> FOR VERTICAL CURVE COMPUTATIONS
X = HORIZONTAL DISTANCE

C = COEFFICIENT

XXl x| clxjc|lx|clx|jcixjcjixjcixcixjcixjcjix|cixici|xc xlHc

110,000} 51/0.130} 101/0.510] 151{1.140} 201{2,020f 251 3.150} 301|4.530| 351|6.160| 401]8.040| 451|10.170{ 501 |12.550| 551 |15.180| 601 |18.060 | 651 |21.190 701 {24.570
210.000f 5210,135{ 102 0.520| 152 |1.155} 202|2.040f 252 |3.175| 302|4.560| 352|6.195| 402{8.080| 452 |10.215| 502 |12.600| 552 |15.235 | 602 |18.120| 652 |21.255| 702 |24.640
3/0.000f 530,140 103 |0.530} 153 |1.170| 203 |2.060| 253 13.200| 303 |4.590| 353 |6.230| 403|8.120| 453 |10.260| 503 |12.650| 553 |15.290| 603 | 18.180 | 653 |21.320 | 703 |24.710
4/0.001] 540,146 104 10.541f 154 (1.186] 204 |2.081| 254 (3.226| 304|4.621| 354|6.266| 404|8.161| 454|10.306| 504|12.701| 554 |15.346 | 604 18,241 | 654|21.386| 704{24.781
5/0.001} 550,151} 105|0.551| 155|1.201| 205|2.101| 255 (3.251| 3054.651| 355|6.301| 405|8.201| 455|10.351| 505|12.751| 555 |15.401 | 605 |18.301 | 655|21.451 | 705 |24.851
610,002 560,157} 106 |0.5621 156 |1.217| 206{2.122] 256 |3.277| 306|4.682| 356|6.337| 406| 8,242 456|10,397] 505|12.802| 556 {15.457 | 606 |18.362 | 656|21.517 | 706 |24.922
710,002 570,162] 107 |0.572 | 157 [1.232] 207|2.142] 257 [3.302| 307 |4.712| 357 |6.372| 407|8.282{ 457|10.442) 507|12.852| 557 |15.512 | 607 |18.422 | 657|21.582 | 707 |24.992
810.003} 5810.168| 108 {0.583 | 158 11,248| 208/2.163] 258 |3.328| 308|4.743| 358|6.408| 408|8.323| 458|10.488| 503|12.903| 558 |15.568 | 608 |18,483 | 658|21,648 | 708 |25.063
910.004| 5910.174| 1090.594| 159 11.264| 209 2,184} 259 |3.354| 309 |4.774| 359 |6.444| 409|8.364] 459|10.534] 503 |12.954| 559 |15.624 | 609 |18.544 | 659|21.714| 709 |25.134
10/0.005| 60]0.180| 110/0.605| 160|1,.280] 210|2.205| 260 |3.380| 310/4.,805| 360|6.480| 410|8.405| 460{10.580]| 51)|13.005| 560 |15.680 | 610|18.605| 660|21.780.| 710|25.205
1110.006) 610,186} 111/0.616| 161 11,296 21112.226| 261 13.406| 311|4.836| 361 |6.516| 411|8.446| 461[10.626| 511 |13.056] 561 |15.736| 611|18.666| 661|21.846] 711{25.276
1210.007) 620,192} 112,0.627| 162 11,312} 21212.247| 262 |3.432| 312|4.867| 362|6.552| 412|8.487| 462|10,672| 512]13.107| 562 |15.792 | 612 |18.727 | 662|21.912 | 712]25.347
1310.008| 630,198} 113 10,638 163 |1.328| 213|2.268] 263 {3.458| 313 |4.898| 363 |6,588| 413|8.528| 463 |10,718] 513 |13.158| 563 |15.848 | 613.|18.788 | 663 |21.978| 713 {25,418
1410.010) 640,205 114|0.650| 164|1.345] 214|2.290| 264 |3.485| 314)|4.930| 364 |6.625| 414|8.570| 464|10,765| 514|13,210| 564 |15.905 | 614|18.850| 664|22.045| 714|25.490
15/0.011| 65/0.211 115|0.661} 165|1.361| 215|2.311| 265|3.511| 315|4.961| 365|6.661| 415 8.611) 465|10.811| 515|13.261} 565 [15.961 | 615|18.911| 665|22,111| 715|25.561
1610.013| 66)|0.218| 116/0.673| 166]1,378f 216]2.333| 266 |3,538| 316|4.993| 366|6.698] 4161 8.653| 466|10,858| 513|13.313| 566 16,018 | 616|18.973 | 666(22.178| 716 |25.633
1710.014} 67|0.224| 117)0.684| 167|1.394| 217,2,354] 267 |3.564| 317|5.024| 367|6.734] 417|8,694| 467|10,904| 517 |13.364| 567 |16.074 | 617|19.034 | 667|22.244| 717 25,704
1810.016| 68/0,231} 118|0,696| 168|1.411f 218|2.376} 26813.591| 318|5.056| 368 |6.771| 418/ 8.736| 468 |10.951| 513|13.416] 568 [16.131 | 618|19.096| 668|22.311| 718 |25.776
1910.018| 69/0.238| 119|0.,708| 169 /1.428| 219|2.398| 269 3.618] 319|5.088| 369|6.808| 419|8.778| 469/10,998| 51)|13.468] 569 |16.188 | 619|19.158 | 669|22.378| 719 |25.848
20(0.020| 70|0.245] 120|0.720) 170|1.445{ 220|2.420| 270(3.645| 320|5.120| 370|6.845] 420|8.820| 470|11.045| 52)|13.520] 570 |16.245 | 620|19.220| 670|22.445 | 720|25.920
2110.022) 710,252 12110.732| 171|1.462| 221)2,442| 271 3. 672 321|5.152| 3716.882| 421} 8.862| 471]11,092| 521|13.572| 571 |16.302 | 621|19.282| 671]22.512| 721 |25.992
2210.024) 72)10.259| 122 10.744| 172 |1.479] 2222.464| 272 13.699| 322 |5.184| 372/6.919| 422|8,904| 472|11.139| 521 |13.624] 572 |16.359 | 622|19.344| 672|22.579| 722 |26.064
2310.026) 7310.266} 123 |0.756| 173 |1.496] 22312,.486| 273 |3.726| 323 |5.216| 373 |6.956| 423|8.946| 473 |11.186| 523 |13.676| 573 |16.416| 623 | 19.406] 673|22.646| 723 |26.136
2410.029] 7410.274} 12410.769| 174|1.514| 224|2.509| 274 13,754} 324|5.249] 374|6.994| 424 8,989 474 11.234| 521|13.729| 574 |16.474 | 624|19.469 | 674|22.714| 724|26.209
250,031 75/0.281| 125/0.781| 175|1,531} 225/2,531| 275|3.781| 325|5.281| 375|7,031| 425/ 9,031| 475|11.281| 525(13.781] 575 {16.531 | 625|19.531| 675|22.781| 725 |26.281
2610.034] 7610.289| 12610.794| 176 1,549 226|2.554| 276 /3.809 326|5.314] 376|7.069| 426/ 9.074| 476|11.329| 523|13.834| 576 |16.589 | 626 |19.594 | 676|22.849| 726|26.354
27,0,036] 77,0,296| 127 10,806 177 1.566{ 227|2.576| 277|3.836| 327|5.346| 377|7.106| 427, 9.116| 477|11.376] 527|13.886| 577 [16.646 | 627|19.656| 677|22.916| 727 |26.426
2810.039| 7810.304) 128 10.819| 17811.584| 228/2.599f 278 3.864| 328|5.379| 378|7.144| 428| 9,159| 478|11.424| 523|13.939| 578 |16.704 | 628|19.719] 678|22.984| 728 |26.499
2910.0421 790,312 12910.832| 179 1,602 229/2.622| 279 |3.892| 329|5.412| 379|7.182| 429 9.202| 479|11.472] 529 |13.992| 579 |16.762 | 629|19.782| 679|23.052 | 729126.572
30/0.045| 80/0.320} 1300.845| 180|1.620| 2302.645| 280(3.920] 330(5.445] 380|7.220| 430| 9.245| 480|11.520| 539 |14.045| 580 16,820 | 630|19.845| 680|23.120| 730|26.645
3110.048| 810,328 13110.858| 1811.638| 231/2.668! 2813.948| 3315,478| 381|7.258| 431| 9.288| 481 11.568] 531|14.098| 581 |16.878 | 631]19.908| 681]23.188| 731/26.718
3210.051} 82/0.,336] 132/0,871| 182|1.656] 232{2.691| 282 3.976| 332|5.511] 382|7.296| 432|9.331| 482|11.616] 532|14.151| 582 |16.936 | 632|19.971| 682|23.256| 732 26.791
3310.054} 83/0.344| 13310.884| 183 |1.674] 233 12,714| 283 |4,004| 333|5.544| 383 |7.334| 433|9.374| 483 |11.664| 533 |14.204] 583 |16.994 | 633|20.034| 683|23.324| 733 |26.864
3410.058| 840,353 13410.898| 184|1,693| 234|2.738| 284 14.033| 334|5.578| 384(7.373| 434|9.418] 484|11.713/ 531|14.258| 584 |17.053 | 634|20.098 | 684|23.393 | 734(26.938
35]0.061| 85!0,361| 135|0.911| 185/1.711| 235|2.761) 2854.061| 335|5,611| 385|7.411| 435/ 9.461] 485|11.761| 535 |14.311| 585 |17.111| 635|20.161| 685|23.461| 735|27.011
36/0.065| 8610.370| 13610.925| 186|1.730| 236|2.785| 286 |4,090| 336|5.645| 386|7.450| 436| 9.505| 486|11.810| 533|14.365| 586 |17.170 | 636|20.225| 68623.530| 736|27.085
3710.068| 87/0,378| 13710.938| 1871.748| 237|2.808] 287 |4.118] 337|5.678| 387|7.488| 437| 9.548] 487|11.858| 537|14.418| 587 |17.228| 637|20.288 | 687!|23.598| 737|27.158
3810.072| 88)0.387| 13810.952| 188 |1.767| 23812.832| 288 |4.147| 338/5.712| 388|7.527| 438] 9.592| 488|11.907| 53314.472| 588 |17.287 | 638|20.352 | 688|23.667| 738|27.232
3910.0761 89]0.396) 13910.966 189 /1,786 239|2.856| 289 |4.176} 339/5.746| 389|7.566| 439 9.636] 489 11.956| 539 |14.526| 589 [17.346 | 639|20.416 | 689|23.736| 739|927.306
40,0.080| 90|0.405| 140/0.980| 190;1.805| 240,2.880| 290|4.205| 340|5.780| 390|7.605| 440| 9.680| 490|12.005| 540 |14.580| 590 |17.405| 640|20.480| 690|23.805| 740|27.380
41/0.084| 91)0.414) 14110,994| 191 11,824 241|2,904| 2914.234| 341|5.814 391|7.644| 441| 9.724] 491|12.054| 541 14,634 591 |17.464 | 641|20.544 | 691|23.874| 741|27.454
4210,088| 9210.423 | 142/1.008| 192|1.843| 242/2.928| 202 |4.263| 342|5.848| 3927.683| 442| 9.768| 492|12.103| 54| 14.688| 592 | 17.523 | 642 |20.608] 692|23.943 742 127.528
4310.092] 93/0.432| 143/1.022| 193 |1.862| 2432.952| 293 14.292| 343 |5.882| 393 |7.722| 443| 9.812| 493 |12.152| 541 |14.742| 593 |17.582 | 643|20.672| 693|24.012| 743 |27.602
4410.097| 94 0.442| 14411.037| 194/1.882| 244 2.977| 294|4.322| 344|5.917| 394 7.762| 444/ 9.857| 494|12.202| 541 14.797| 594 |17.642 | 644|20.737| 694|24.082 | 744|27.677
450,101} 95/0.451] 145/1,051) 1951.901| 245/3.001] 295/4.351| 345,5.951| 395|7.801| 445| 9.901| 495|12.251| 54/3|14.851| 595 |17.701 | 645 |20.801| 695|24.151| 745]27.751
4610.106| 96,0,461) 146 1,086 196|1.921| 2463.026| 296|4.381f 346|5.986| 396|7.841| 446| 9.946| 496 12.301| 543|14.906| 596 | 17.761| 646, 20,866 696| 24.221| 74627.826
4710.1101 97/0.470| 147 1.080| 197)|1.940] 247|3.050| 297 4.410f 347|6.020| 397|7.880| 447| 9,990| 497|12,350| 54'7|14.960| 597 |17.820] 647|20.930| 697|24.290| 747|27.900
4810.115) 98)0.480| 14811.095] 198|1,960] 248)3.075| 298|4.440| 348|6.055| 398|7.920| 448{10.035| 498 12.400| 543|15.015| 59817.880| 648|20.995| 698| 24.360| 748/ 27.975
4910.120| 9910.490| 149 1,110} 199|1.980] 2493.100| 299 4.400| 349|6.090| 3997.960| 449(10.080| 499 |12.450{ 549|15.070| 599 |17.940| 649]21.060| 699| 24.430| 749|28.050
50]0.125|100| 0,500} 150/1.125] 200|2.000] 250|3.125| 300|4.500| 350|6.125] 400|8.000| 450[10.125| 500|12.500{ 550|15.125| 600|18.000} 650|21.125] 700| 24.500| 750|28.125
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VALUES OF ‘‘C”’ FOR VERTICAL CURVE COMPUTATIONS
X = HORIZONTAL DISTANCE

C = COEFFICIENT

XCXCXCXCXCXCXCXCXCXCXCXCXCXCXC
751! 28.2001 801] 32.080! 851| 36.210] 901| 40.590| 951|45.220| 1001| 50.100| 1051} 55.230| 1101} 60,610 | 1151} 66.240| 1201} 72.120 | 1251|78.250| 1301/ 84,630 1351/91.260 | 1401/ 98.140 | 1451} 105.270Q
7521 9879751 802! 32.160 ] 852! 36.295| 902| 40.680 | 952|45.315| 1002| 50.200| 1052} 55.335| 1102| 60.720| 1152{ 66,355 1202| 72.240 | 1252 78.375| 1302| 84.760( 1352|91.395 | 1402| 98.280| 1452} 105.415
17531 983501 03| 32.240| 853| 36.380| 903| 40.770{ 953|45.4101 1003|50.300| 1053| 55.440| 1103 | 60.830| 1153| 66.470] 1203 |72.360 | 1253 |78.500| 1303| 84.890| 135391.530 | 1403 | 98.420| 1453 105.560
754] 28 4261 804| 32.321 | 854 36.466| 904| 40.861| 95445.506| 1004| 50.401| 1054 55.546| 1104| 60.941 | 1154| 66,586| 1204|72.481| 125478.626| 1304| 85.021| 1354} 91.666 | 1404| 98.561| 1454 105.706
7551 98 5011 805! 32.401 | 855| 36.551| 905|40.951 | 955|45.601 | 1005| 50.501| 1055 55.651] 1105{ 61.051} 1155| 66,701 ! 1205|72,601| 1255|78.751| 1305| 85.151} 1355|91.801 ) 1405] 98.701| 1455)105.851
756] 28.5771 806! 32.482 | 856 36.637| 906| 41.042 | 956|45.697 | 1006| 50.602| 1056] 55.757| 1106| 61.162| 1156| 66.817| 1206|72.722 | 1256|78.877| 1306| 85.282| 1356, 91.937 | 1406} 98.842| 1456/ 105.997
757! 28.6521 8071 32.562 | 857| 36.722| 907| 41.132 | 957|45.742 | 1007!50.702 | 1057| 55.862 | 1107| 61.272 | 1157| 66.932| 1207, 72.842 | 1257|79.002| 1307| 85.412] 1357|92.072 | 1407 98.982 | 1457} 106.142
7581 28.728 | 808| 32.643 | 858| 36.808| 908| 41.223 | 958]45.888| 1008| 50.803 | 1058| 55.968| 1108] 61.383 | 1158| 67.048| 1208|72.963 | 1258|79.128] 1308/ 85.543 | 1358 92.208 | 1408| 99,123 | 1458 106.288
759] 28.804| 809| 32.724 | 859| 36.894| 909| 41.314] 959|45.984 | 1009|50.904| 1059| 56.074 | 1109| 61.494 | 1159| 67.164] 1209|73.084 | 1259|79.254| 1309 85,674} 1359|92.344 ) 1409| 99.264] 1459106.434
760] 28.880| 810| 32.805 | 860| 36.980] 910| 41.405| 960|46.080 1010| 51.005| 1060| 56.180| 1110| 61.605 | 1160| 67.280| 1210|73.205| 1260 |79.380| 1310/ 85.805| 1360|92.480 | 1410| 99.405| 1460 106.580
761] 28.956| 811]32.886 861|37.066| 911|41.496| 961]46.176] 1011|51.106] 1061| 56.286| 1111|61.716| 1161] 67.396]| 1211|73.326| 1261|79.506| 1311 85.936| 1361|92.616| 1411| 99.546| 1461|106.726
7621 29.0321 812|32.967 | 862|37.152| 912] 41.587 | 962|46.272| 1012} 51.207| 1062| 56.392| 1112| 61.827| 1162| 67,512 1212|173.447| 126279.632| 1312 86.067 | 1362|92.752 | 1412} 99.687| 1462|106.872
7631 29.108| 813 33.048| 863!37.238| 913| 41.678 | 963|46.368| 1013|51.308| 1063| 56.498| 1113 61.938| 1163 67.628| 1213{73.568| 126379.758| 1313) 86.198| 1363} 92.888 | 1413| 99,828 1463 | 107.018
7641 29.185] 814! 33.130] 864|37.325| 914| 41.770 | 964|46.465| 1014} 51.409 | 1064| 56.605| 1114] 62.050 | 1164| 67.745| 1214|73.690 | 1264|79.885| 1314| 86.330| 1364|93.025 | 1414| 99.970| 1464} 107.165
765 29.261 | 815|33.211| 865|37.411| 915| 41.8611 965)|46.561 1015} 51.511| 1065| 56.711] 1115 62.161| 1165| 67.861| 1215|73.811| {265|80.011| 1315|86.461{ 1365} 93.161 | 1415]100.111| 1465]107.311
766] 29.338 | 816 33.293 | 866 37.498| 916] 41.953 | 966|46.657| 1016} 51.613 | 1066| 56.818| 1116| 62.273 | 1166| 67.978| 1216|73.933 | .266|80.138| 1316/ 86.593 | 1366} 93.298 | 1416|100.253 | 1466 |107.458
767! 29.414| 817! 33.374 | 867|87.584 | 017/ 42.044 | 967|46.754| 1017| 51.714| 1067| 56.924| 1117| 62.384| 1167|68.094| 1217|74.054| .267|80.264 ) 1317| 86.724) 136793 .434 ) 1417 100.394| 1467107.604
768]29.491 1 818 33.456 | 868|37.671| 918]42.136| 968|46.851 | 1018 51.816} 1068| 57.031| 1118| 62.496| 1168| 68.211| 1218|74.176| :.26880.391| 1318| 86.856] 1368| 93,571 | 1418] 100.536 | 1468 107.751
769 29.568 | 819]33.538 | 869|37.758] 919 42.228 | 969|46,948 | 1019|51.918| 1069 57.138| 1119| 62.608| 1169| 68.328| 1219{74.298| 1.269|80.518| 1319} 86.988| 1369} 93,708 | 1419} 100.678 | 14691 107.898
7701 29.645 820| 33.620 | 870! 37.845| 920| 42.320-| 970 47.045 | 1020| 52.020| 1070| 57.245| 1120| 62,720 | 1170| 68,445 | 1220 74.420| :.270/80.645| 1320| 87.120| 1370| 93.845 | 1420] 100,820 | 1470)108.045
7711 29.722 | 821 33.702 | 871137.932 921] 42.412 | 971|47.142]| 1021|52.122| 1071|57.352| 1121} 62.832{ 1171 68.562| 1221|74.542 | :.271|80.772| 1321} 87.252| 1371|93.982 | 1421} 100,962 | 1471|108.192
72129.799| 89221 33.784 | 872|38.019| 922| 42.504 | 972|47.239] 1022] 52.224| 1072| 57.459 ] 1122] 62,944 1172| 68.679| 1222|74.664 | :.272|80.899| 1322 87.384| 1372, 94.119 | 1422| 101,104 | 1472108.339
7731 29.876| 823! 33.866 | 873| 38.106| 923| 42.596 | 973 47.336| 1023|52.326| 1073| 57.566| 1123|63.056| 1173} 68.796| 1223|74.786| :.273181.026| 1323| 87.516] 1373194.256 | 1423} 101,246} 1473 108.486
7741 99 954 | 824133.949 | 874|38.194| 924| 42.689 | 974|47.434 | 1024] 52.428] 1074| 57.674| 1124 63.169| 1174] 68.914| 1224|74.909 | 1.274|81.154| 1324| 87,649 1374/94.393 | 1424| 101,389 | 1474|108.634
775130.031 | 825|34.031 ] 875|38.281| 925|42.781 | 975|47.531| 1025|52.531 | 1075|57.781] 1125| 63.281 | 1175| 69.031| 1225]75.031| :275|81,281| 1325/ 87.781| 1375]94.531 | 1425| 101,531} 1475 108.781
7761 30.109 | 826.34.114 | 876|38.369| 926|42.874| 976,47.629| 1026 52.634 | 1076| 57.889 | 1126| 63.394 | 1176| 69.149| 1226|75.154 | -276| 81,409} 1326 87.914 | 1376|94.669 | 1426 101.674 | 1476| 108.929
7171 30.186| 827| 34.196 | 877! 38.456] 927| 42.966 | 977|47.726| 1027|52.736| 1077| 57.996| 1127| 63.506 | 1177 69.266| 1227|75.276| -.277|81.536( 13271 88.046| 137794.806 | 1427| 101,816 1477|109.076
7781 30.264| 828 34.279| 878| 38.544| 928! 43.059 | 978|47.824| 1028| 52.839 | 1078]58.104| 1128} 63.619| 1178| 69.384| 1228|75.399| :278| 81.664| 1328| 88.179| 1378|94.944 | 1428 101.959 | 1478 109.224
779 30.342| 829! 34.362 | 879| 38.632| 920| 43.152 | 979|47.922 | 1029| 52.942 | 1079] 58.212] 1129|63.732 | 1179 69.502| 1229|75.522 | 1279| 81,792} 1329|88.312 | 1379 95.082 | 1429 102,102 | 1479 109.372
780! 30.420| 830! 34.445 | 880! 38.720] 930! 43.245| 980|48.020| 1030|53.045| 1080| 58.320 1130|63.845 | 1180] 69.620| 1230]75.645| 1280| 81.920] 1330| 88.445 | 1380 95.220 | 1430 102.245 | 1480 109.520
7811 30.498| 831) 34.528 | 881|38.808| 931! 43.338| 981|48.118| 1031|53,148| 1081 58.428{ 1131/ 63.958| 1181|69.738{ 1231|75.768| 1281 82,048 1331 88.578| 1381{95.358| 1431} 102.388 | 1481|109.668
7821 30.576! 8321 34.611 ! 8821 38.896| 932| 43.431 | ©982|48.216} 1032]53.251 | 1082| 58.536| 1132] 64.071| 1182 69.856| 1232 75.891 | 1282 |82.176| 1332/ 88.711| 1382|95.496 | 1432 102.531 | 1482 109.816
7831 30.654| 833|34.694 | 883|38.984| 9331 43.524 | 983|48.314 | 1033|53.354| 1083 | 58.644 | 1133| 64.184| 1183 69.974| 1233|76.014 | 1283 | 82.304| 1333| 88,844 | 138395.634 | 1433| 102.674 | 1483 | 109.964
784|30.733 | 834 34.778 | 884|39.073{ 934 43.618 | 984|48.413 | 1034|53.458 | 1084| 58.753 | 1134|64.298 | 1184| 70.093 | 1234|76.138| 1284 82.433| 1334 88.978| 1384|95.773 | 1434 102,818 | 1484 110.113
785130.811| 835| 34.861 | 885|:39.161| 935|43.711 | 985/48.511| 1035|53.561 | 1085| 58.861| 1135] 64.411| 1185/70.211| 1235|76.261 | 1285|82.561 | 1335| 89.111| 1385]95.911 | 1435]| 102.961 | 1485)|110,261
7861 30.890 | 836| 34.945 | 886! 39.250( 936] 43.805 | 986|48.610| 1036|53.665| 1086] 58.970| 1136| 64.525 | 1186|70.330| 1236]76.385 | 1286|82.690| 1336/ 89.245| 1386 96.050 | 1436 103.105{ 1486| 110.410
7871 30.968| 837)35.028 | 887! 39.338| 937 43.898 | 987148.708| 1037|53.768| 1087|59.078| 1137] 64.638| 1187 70.448| 1237|76.508 | 1287|81.818| 1337 89.378| 1387|96.188 | 1437|103.248 | 1487|110.558
7881 31.047| 838|35.112 | 888|39.427| 938! 43.992 | 988(48.807 | 1038|53.872 | 1088|59.187| 1138|64.752 | 1188} 70.567| 1238|76.632 | 1288|82.947| 1338} 89.512| 1388|96.327 | 1438| 103,392 | 1488 110.707
789131.126| 839/ 35.196 | 889] 39.516| 939| 44.086 | 989|48.906 | 1039]53.976| 1089 59.296| 1139| 64.866| 1189 70.686| 1239]76.756| 1289 |83.076| 1339| 89,646| 1389|96.466 | 1439| 103.536| 1489|110.856
790{31.205| 840|35.280 | 890|39.605| 940| 44.180 | 990]49.005| 1040|54.080 | 1090| 59.405 | 1140| 64.980 | 1190|70.805| 1240|76.880 | 1290|83.205| 1340} 89.780| 1390} 96.605 | 1440| 103,680 | 1490 111,005
791131.284| 841|35.364 | 891! 39.694| 941]44.274 | 991|49.104| 1041|54.184 | 1091|59.514| 1141|65.094 | 1191|70.924| 1241|77.004 | 1291|83.334| 1341 89.914| 1391|96.744 | 1441}|103.824 | 1491111.154
792131.363 | 842! 35.448 | 892|39.783| 942/ 44.368 | 992149.203 | 1042!54.288 1092]59.623 | 11421 65.208 | 1192|71.043 | 1242} 77.128 | 129283 .463 | 1342| 90,048 1392| 96.883 | 1442 103.968 | 1492 |111.303
7931 31.442 | 8431 35.532 | 893|39.872| 943! 44.462 | 993/49.302 | 1043|54.392 | 1093|59.732 | 1143 65.322 | 1193 |71.162| 1243 | 77.252 | 1293 |83.592 | 1343 90.182| 1393|97.022 | 1443 104.112 | 1493 | 111.452
794!31.522 | 844|35.617 | 894|39.962| 044 | 44,557 | 994|49.402 | 1044|54.497 | 1094|59.842{ 1144|65.437| 1194|71.282| 1244| 77.377| 1294 |83.722| 1344} 90.317} 1394|07.162 | 1444| 104.257 | 1494 | 111,602
795! 31.601| 845 35.701 | 895| 40.051| 945} 44.651 | 995|49.501| 1045|54.601 | 1095|59.951 ] 1145|65.551 ] 1195|71.401| 1245|77.501 | 1295|83.851 | 1345] 90.451| 1395|97.301 | 1445 104.401 | 1495| 111,751
796|31.681| 846|35.786 | 896| 40.141| 946|44.746 | 996|49.601 | 1046|54.706] 1096| 60.061 ] 1146| 65.666 | 1196|71.521| 1246|77.626 | 1296|883 .981| 1346| 90.586| 1396 97.440 | 1446 104.546 | 1496| 111,901
797131.760| 847|35.870 | 897| 40.230| 947|44.840 | 997|49.700 | 1047 |54.810] 1097| 60.170 | 1147 65.780 | 1197|71.640| 1247|77.750| 1297 |84,110| 1347| 90,720 1397 97.580 | 1447| 104.690 | 1497 |112.050
798| 31.840| 248|35.955 | 898| 40.320| 948| 44.935 | 998|49.800| 1048|54.915| 1098| 60.280 | 1148|65.895 | 1198|71.760| 1248{77.875 | 1298|384 240| 1348} 90.855| 1398| 97.720 | 1448| 104.835 | 1498|112.200
799131.920| 849|36.040.| 899| 40.410| 949] 45.030 | 999|49.900 | 1049|55.020| 1099| 60.390 | 1149|66.010| 1199|71.880| 1249|78.000 | 1299 84.370| 1349} 90.990| 1399 97.860 | 1449 104.980| 1499|112,350
800|32.000| 850 36.125 | 900| 40.500] 950| 45.125 | 1000|50.000 | 1050(55.125 1100| 60.500 | 1150| 66,125 | 1200 72.000{ 1250|78.125:{ 1300 (84.500| 1350] 91,125} 1400{98.000 ] 1450} 105,125 | 1500

112.500




Recording Profile Grades

The established profile grade elevations should be recorded to the near-
est 0.01 foot on the cross-section sheets and along the bottom. of the plan-
profile sheets.

Also to be shown on the profile sheets are the stationing and elevation
at each V.P.C., V.P.I. and V.P.T., the gradients between V.P.IL."'s, and
the length of each vertical curve. '

SPECIAL CONSIDERATIONS

Field Recommendations

Recommendations with regard todesign of profile grades may accompany
the field survey data. Special considerations may be required for items such
as high water levels, ditch flow lines, unusual soil conditions, road intersec-
tions, adjacent property development, or other unusual conditions which may
control profile grade elevations.

Profile grades should be 'designed to assure adequate elevation above
high water levels. Freeboard clearance above high water should be at least
5 feet for Interstate highways, 4 feet for Primary highways and 3 feet for
other less important roads. '

Ties with Adjoining Projects

A smooth transition is needed with adjoining projects. Existing grade
lines should be considered for a sufficient distance beyond the beginning and
end of a project to assure adequate sight distance. Connections should be
made whichare compatible with the design speed of the new project--and which
can be utilized when the adjoining road section may be reconstructed.
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Balancing Earthwork

Unless thers are circumstances which preclude the possibility, it is
desirable to desigathe profile grade to achieve a balance of earthwork. Exca-
vation from the normal cut sections should be adequate to construct the fills--
with no need for torrow material or for wasting excess material.

Wherever possible, earthwork should be balanced at bridge ends, rail-
road crossings and major highway intersections. Balance points normally

~ should not exceed distances of about one-half mile to one mile.

Reasonable earthwork balance usually can be attained by minor adjust-
ments in the grade line, such as:

e raisirg or lowering a tangent grade between two V.P.I.'s.

‘@ raisirg or lowering a V.P.I. and adjusting the gradients
to the adjacent V. P.L 's.

e lengthening or shortening a vertical curve.
When the excess or deficiency of excavation is known, the required a-
mount of grade zdjustment can be estimated reasonably close on the basis

of average cross-section widths (outside limits of cuts and fills) and the length
of grade that will be affected.

Climbing Lanes

Climbing lenes offer a comparatively inexpensive means of overcoming
losses in capacity and providing improved operation where congestion on grades
is caused by slow trucks in combination with high traffic volumes. A 2-lane
highway may be adequate with climbing lanes whereas a much more costly
multilane highwav would be necessary without them.
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There are so many variables involved that hardly any given set of con-
ditions canbe described as ''typical.” A general criterion is: the DHV should
not exceed thedesign capacity by more than approximately 20 percent. If there
is reasontobelieve this value may be approached, a detailed capacity analysis
should be made.

In this manual, two basic criteria are set forth to identify conditions
where climbing lanes should not be considered. This will permit designers
to make initial evaluations and determine whether or not a complete capacity
analysis should be performed. The two criteria are:

® Critical Length of Grades. Earlierin this chapter there
was discussion of critical lengths of grades which signifi-
cantly reduce the speed of trucks. When the length of grade
is less than the critical length, a climbing lane should not
be considered. If the critical length is exceeded, the traf-
fic volumes should be investigated.

® Traffic Volumes. Thetable on the right identifies minimum
two-way DHV for consideration of climbing lanes, with gra-
dient, length of grade and percentage of trucks as design
factors. If the design DHV is less than the value in the
table, a climbing lane should not be considered.

Climbing lanes, when warranted, should be 12-feet wide. The cross
slope should be a continuation of the cross slope of the adjacent traffic lane.
Desirably, the shoulder width should be the same as for the normal roadway
section. A minimum shoulder width of 6 feet shall be provided.

Climbing lanes should begin no later than at a point where trucks will
have slowed to about 30 MPH. The beginning of the lane should be preceded
by a tapered section at least 250 feet long.

MINIMUM TRAFFIC VOLUMES FOR CONSIDERATION OF

CLIMBING LANES ON 2-LANE ROADS

) Length Minimum Two-Way DHV for Consideration
Gradient . of Climbing Lanes for Various Percentages
Percent Ofwgll'f:’ge of Dual-Tired Trucks

T=3 T=5 T =10 T=15
1/3 * 700 *600 * 525
1/2 * 750 550 450
4 3/4 670 500 390
1 750 640 470 370
11/2 730 610 440 340
710 590 420 340
1/3 * 690 *640 * 550 *480
1/2 620 460 370
5 3/4 650 540 380 300
1 630 510 360 270
11/2 600 490 340 260
600 480 330 250
1/3 *625 *580 480 390
1/2 570 470 330 250
6 3/4 540 430 290 220
1 530 420 280 210
11/2 520 410 270 200
510 410 270 200
1/3 470 410 310 240
1/2 400 320 210 160
7 3/4 380 300 200 150
1 360 280 180 140
11/2 350 270 170 130
340 260 160 120

* DHV values over which 4-lanes are warranted




Climbing lanes should end no earlier than the point where a typical truck
can regain a speed of about 30 MPH and can return to the normal lane without
hazard insofar as sight distance is concerned. Normally a climbing lane
should extend about 300 feet beyond the crest of a hill, plus an additional taper
of at least 250 feet.

Drainage Structures

Where there are special controls affecting drainage flow lines, particular
attention must be directed to profile grade design which will assure at least
minimum cover over drainage structures. Criteria for minimum cover are
set forth in the chapter on drainage.

Major Structures

Design of profile grades must be carefully coordinated with bridge de-
sign and with the controls related to vertical clearances and high water. Ver-
tical clearances set forth in the design standards should be adhered to.

Following completion of bridge design, there should be verification that
the required clearance actually will be provided--and that the grade controls

shown on the bridge plans and on the road plans are identical.

Railroad Grade Crossings

The finished surface grade line must match the top of the rails at rail-
road grade crossings. In most instances, minor warping of the surface cross
slopes will be required.

Adjacent Multilane Roadways

Normally, a common profile grade line is used for both roadways of di-
vided highways when the median width is 64 feet or less.
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For median widths in excess of 64 feet, independent profile grade lines
may be desirable due to the natural terrain. However, an appreciable grade
differential between the roadways should be avoided at crossovers for at-grade
intersections. Traffic entering from the crdssroad may make a wrong way
movement if the pavement of the far roadway is obscured due to grade differ-
ential. Required safety slopes in the median will place further restrictions on
the grade differantial,

This problem is further complicated when a divided highway is to be
provided by using the existing two lanes for one direction of travel and con-
structing two new lanes for the other direction.

For reascns of safety, it is desirable to have approximately the same
elevation on both roadways at crossroads and crossovers. But in many in-
stances, the existing two lanes may have poor vertical alignment--and attempts
to match the elevations would sacrifice the desirable vertical alignment of the
two new lanes. 'The location of crossovers may be adjusted slightly to improve
the safety chars.cteristics-~-but usually it is difficult to relocate a crossroad.

As a general rule in these situations, the grade of the crossover con-
nection should not exceed 6 percent. Even without a crossover connection,
large differences in elevation can cause problems in providing proper safety
slopes. The “able below suggests maximum elevation differeﬁtial between
adjacent roadways for various horizontal distances between centerlines.

Horizontal Distance Maximum Profile Grade Differential - Feet
Gto & - Feet With Crossover Without Crossover

64 1.0 1.0

8¢ 2.0 2.0

126 4.2 11.3

150 5.1 17.5

200 8.7 30.0

250 11.7 42.5
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Profile grades at or near the maximum differential should be avoided
wherever possible. Consideration should be given to reconstructing portions
of the existing roadway at such locations.

Urban Grade Design

The design of vertical alignment on urban projects frequently involves
special considerations. Vertical alignment often must be established on the
basis of conditions such as existing streets and adjacent property develop-
ment.

Where outside controlling factors are not severe, the normal practice
of carrying the profile grade on the centerline, or on median edges of pave-
ment, will work satisfactorily. When the controls are significant, it may be
necessary to supplement the main profile with other elevation controls--such
as gutter-line profiles or top-of-curb profiles. When this is necessary, these
supplemental controls should be clearly shown on the typical section and on
the plan-profile sheets.

Spline curves can be helpful in laying grades in urban areas where it
is necessary to meet numerous elevations in relatively short distances. Ele-
vations along spline curves should be shown at 25-foot intervals.

Special care must be taken to avoid flat spots where water will pond.
Curb lines should have a gradient of at least 0.2 percent and preferably a
minimum of 0.4 percent.

Vertical curves are not required when the algebraic difference in grades
is 0.2 percent or less. Where vertical curves are required, they should be
long enough to provide required sight distance, but should not be flattened to
such an extentas to cause adrainage problem. Usually itis convenient tolocate
V.P.I.'s and crest vertical curves at or near the centerline of intersecting
cross streets.

Elevation of tops of curbs should be level with or slightly below natural
ground, so as to permit drainage flow into the gutter andavoid ponding of water
behind the curb.

Where roadside development is extensive and the general elevation on one
side is higher than on ihe other, an unsymmetrical section may be required.
The crown point may be offset from centerline--and the total drop from crown
line to gutter line will be more than normal on one side, and less than normal
on the other. Unsymmetrical features must be clearly defined in the typical
sections and also shown in the cross sections.
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Chapter 5
CROSS SECTIONS AND EARTHWORK

Cross sectional views, right angle to the centerline, permit visualiza-
tion of the relationship between the existing ground line and the typical section
of the highway to be constructed. Cross sections also serve as a means for
computing earthwork quantities and designing drainage.

This chapter sets forth guidelines for:

® using survey cross section notes.
@ plotting original ground line and roadway templates.

® computing earthwork quantities.

PLOTTING OF GROUND LINE

The first step is to prepare the basic cross section sheets showing the
shape and elevation of the existing ground lines. Cross section notes from the
field survey are used for this purpose.

Cross sections may be plotted manually or by the computer with a data
plotter.

Field Survey Notes

Typical field survey cross section notes are shown in the illustration on
the right and are explained briefly thereafter.

TYPICAL
FIELD SURVEY NOTES FOR CROSS SECTIONS
- + - UM N
Y IBls.|H1 |Fs. [ELEV| EiEV ¢
BM¥1| 4./8 |31.35 310471 | [RIRSprke rin— Pase/oiPme
: . : — o T W b
_T.P. 2,792 | 3¢9.93 8.21 |3o1/4 A
e . ‘ Q Om !
181+72 2.3 3006 _ ‘
182700 8.9 3010 —i  f29(2) (o287
j e T OO R T IIT IS
I ST
- I
O O ;; i e onmrn e
— AR AT )
183+00 . . BT _ 270777107
.3 1203. 5 (3TITTETIIETTRGII7ONIISO
i . 2 jf ; Y AR
o 7. 25 i
18410 7 |30z.2 | RItni
479 9.5 | 300.4|FL Difch =
!
Ol0:.. , :
T.P. |G.22|34.38 | 3.77 |306.6 | . B———— —
TN Cirhe pa it gt
/85400 7.2¢ | 305,12 Hrsoltroo s ST Ts0TTI00 B0 T
\ &Ry /\. J/
1/ Headings on this line are for information only, and 2/Edge of Pavement

normally will not be shown on field survey notes.

In the example, the elevation control is from bench mark #1--a railroad
spike in the base of a 10-inch pine tree, 100 feet right of station 174+25. The
bench mark elevation is 311,171 feet.
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The first column of the left page shows the stationing of the cross sec-
tions--and also identifies bench marks (B.M.) and intermediate survey turning
points (T.P.).

The second column shows backsight rod readings from an instrument set
uptoa B.M. ora T.P.

The third column shows the computed height of instrument (H.I.)--found
by adding the backsight rod reading to the established elevation for the B.M.
or T.P,

The fourth column shows the foresight rod readings from the H.I. to
points along the centerline or to a subsequent B.M. or T.P.

The fifth column shows the actual elevation of the centerline or T. P, --
computed by subtracting the foresight from the H.I. elevation.

The sixth column shows the B.M. elevation, as well as notes to identify
special features.

The cross section measurements are shown on the right page. The
bottom figures of each row are the horizontal distances left and right of the
centerline, and the top figures are the rod readings at those points.

Actual elevation at each point is found by subtracting the rod reading
from the H.I. elevation. For example, the centerline elevation at station
181+72 is 300.6 feet (309.93 - 9.3)--and 150 feet left of centerline, the eleva-
tion is 302.% feet (309.93 - 7.2).

Accuracy required for computed height of instrument (H.1.) shall be to
one-hundredth (0.01) of a foot, and ground elevations shall be rounded to the
nearest one-tenth (0.1) of a foot. Elevation of bridges, roadway pavement,
flow line of drainage structures, etc., shall be to one-hundredth (0.01) of a
foot.

Preparation for Machine Plotting

In most instances it is desirable to utilize machine plotting of cross
sections, Manual plottiag may be more convenient for special conditions such
as intersections and interchange ramps.

Computer input will be punched directly from the cross section notes.
Prior to submittingthe notestothe computer section, the designer--in addition
to checking the H.I. elevations--should perform the following:

® Repeat all H.1. elevations in red pencil in the third column
at the top of each page.

° Encircle with red pencil and mark "omit' or "'do not punch, "
any cross sections or extraneous data which are not to be

plotted or included for earthwork calculations,

° Mark clearly, with red pencil, the beginning and ending
limits.

With machine plotting, the computer converts the recorded rod readings
to elevations which are then plotted.

Preparation for Manual Plotting

When cross sections are to be plotted manually, a similar conversion
must be made to facilitate the plottings. Each rod reading in the notes must
be subtracted from (or, when a plus rod reading, added to) the applicable
H.I., and the actual elevation must be recordedinthe notes immediately above
the rod reading. Centerline elevations are recorded in column five adjacent
to the rod reading. The designer should check the mathematics of all H.I.
elevations and bench raark ties prior to computing the ground elevation at
each point,



Scales

Cross sections normally will be plotted to a scale of 1inch=10 feet, both
horizontally and vertically. -

In urban areas involving greater detail of design, the horizontal and
vertical scale should be 1 inch =5 feet.

In special situations, other scales may be used. Any scale, other than
1 inch = 10 feet, shall be shown below the project number block in the upper
right corner of each cross section sheet.

Sheet Layout
The layout of cross section sheets depends on the width of cross sec-
tions to-be plotted and the horizontal scale selected. Three options are shown

in the illustration at the right.

® Option 1 should be used when the total width of plotted cross-
section exceeds 200 feet.1

e Option 2 may be used when the total width is less than about
150 feet.

® Option 3 may be used for widths between 150 and 200 feet.l/
The options will provide the best utilization of space on each sheet, with--

out undue crowding-~thus keeping the total number of cross section sheets to
a minimum,

i Horizontal scale: 1 inch = 10 feet.

CROSS SECTION SHEET LAYOUT
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Plotting

Cross sections will always be plotted so that the survey stationing in-
creases from the bottom to the top of each sheet.

Initial plotting should be with a sharp, hard pencil--all plotted informa-
tion should then be inked.

A centerline symbol (¢ ) is placed on the bottom border of each sheet to
identify the vertical line selected for centerline of the cross sections.

Horizontal distances each side of centerline are shown on the bottom
border of the sheet at 10-foot intervals.

The elevation of the existing ground at the centerline is recorded to the
nearest 0.1 foot (0.01 foot in the case of existing pavement) and shown im-
mediately below the plotted cross section. The stationing of each cross
section is recorded (in larger size numbers) below the centerline elevation.

The figure on page 5-5 is an example of cross sections plotted in ac-
cordance with the guidelines above and based on the cross section notes dis-
cussed earlier.

The vertical spacing between plotted cross sections should be sufficient
to avoid overlapping. The spacing will depend on the scale used, and on the
heights of fills or depths of cuts which must eventually be plotted on the cross
section. Designers should refer to the working profile while plotting cross
sections so that deep cuts or high fills can be anticipated and appropriate
spacing provided between sections.

When an occasional cross section might extend beyond the edge of the
sheet, the slope line may be extended by an offset match line, shown as fol-

lows.
[
[ '26.4 —— 26.4
g 150 : 150
/ 22,5 .

182 +00 51

Edge of Sheet™ |

Sheet Identification

Each cross secticn sheet shall be identified with the project number in
the space provided in ﬂxe upper right corner--and with a sheet number in the
lower right corner.

Sequential sheetnumbers, beginning with 901, will be assigned as cross-
section sheets are plotted. The entire mainline cross sections should be se-
quentially plotted fromkeginning to end without interruption. Any supplemental
cross sections (ramps, channel changes, etc.) should be grouped at the end
of the mainline cross sections--with each sheet clearly labeled in the lower
right corner to identify the purpose and location of the supplemental cross
sections.
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TYPICAL PLOTTED CROSS SECTIONS OF EXISTING GROUND LINE
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ROADWAY TEMPLATES

The roadway template is the graphical representation of the proposed
roadway typical section superimposed on the plotted ground-line cross sec-
tion.

When earthwork is computed manually, the plotted template is the basis
for earthwork computations. Templates should be plotted in pencil soft enough
to permit thorough erasure--because adjustments of profile grade may be nec-
essary to attain desired balance of earthwork.

When the computer is used for earthwork calculations, the roadway tem-

plates should not be plotted until all adjustments have been made and the final
grades have been established.

Typical Section Controls

The established typical section, or sections, for a project define the
basic geometrics of the roadway template--including features such as:

subgrade and crown slope

safety slopes (as appropriate)

cut and fill slopes

location of ditch line

vertical distance from profile grade to subgrade
(structure thickness).

These basic criteria must be adhered to when plotting the roadway tem-
plates,

Elevation Controls

The elevation of sach roadway template is controlled by the computed
profile grade elevation for the particular stationing,

For 2-lane roadways, and for symmetrical multilane roadways having
common profile grades, the elevation should be written vertically above the
point representing the profile grade point of the template. In the case of multi-
lane roadways, the profile grade elevation should be written above the profile
grade point of each roadway. Grades should be recorded to two decimal
places.

Normally, the principal concern is to define the shape and limits of
roadway excavation and embankment sections. It is not mandatory to plot
the structure portion o the typical section. The top of subgrade may be
plotted directly at an elevation of the profile grade minus the structure thick-
ness, as shown below, '

Profile Grade Elevation
(Finished Surface)

§: Total Structure Thickness
e I ~
]
1
Plotted Top of Subgrade 2200
145 4+ 00 Original Ground Line



Generally, it is desirable to plot the surfacing elements for the sake of
clarityto show conditions of pavement width transition, superelevation, inter-
sections, ramps, etc. Surfacing must be plotted for urban sections to show
relationships between curbs and the adjacent ground lines--and also to more
clearly define drop inlets and other drainage structures.

Drainage Structures

All minor drainage structures will be plotted to scale on the appropriate
cross sections as a basis for estimating lengths of culverts, flow lines, ends
of structures, connecting side ditches, etc. These design procedures will
be discussed in the chapter on drainage.

EARTHWORK COMPUTATIONS

Earthwork computations may be performed manually or with the com-
puter. Generally, a combination of the two may be more adaptable. The
computer should be utilized whenever possible to expedite computations and
to more readily facilitate balance adjustments.

Typical rural projects are more adaptable to earthwork computations
with the computer. Manual earthwork computations usually are more appro-
priate for urban highway and for unusual locations such as interchange areas.

The designer should determine the more appropriate approach as soon
as possible upon receiving the survey data in order to:

° begin keypunching of cross section notes for computer
computations, or

® begin plotting of existing ground-line cross sections for
manial computations.

Computer Computations

The Department'sinstruction manual showingthe required input for com-
puter earthwork programs is available to the designers. Computations are
performed from information in the field survey cross section notes and from
input data from the designer relative to profile grades and typical sections.

The printed output from the computer consists of (1) profile grade ele-
vations, (2) prof:le gradients in percent, (3) superelevation rates, (4) descrip-

tion of each teraplate including slope stakes, (5) cut and fill areas of each
‘template, (6) earthwork volumes, (7) mass ordinates, (8) plot of mass ordi-

nates, and (9) p.ot of slope stakes.

When the desired earthwork balance has been attained, and the final pro-
file grades have been established, the roadway templates should be plotted on
the cross sections and the earthwork volumes recorded on the cross sections
‘as shown in the illustration on page 5-8. Embankment volumes should always
be placed on the left--cut volumes on the right.

The effect of the balance factor will be discussed later in this chapter.



RECORDING OF COMPUTER EARTHWORK DATA Manual Computations

ON CROSS SECTIONS , ; ‘ E
Most techniques for manual computation of earthwork volumes are re-

lated to the eoncept of average end areas, as illustrated in the diagram and
‘ = formulas below.
3 :

! ok

e : s 1 Tl -
7
14
(= Fill Volume (from /
= computer printout)

(includes balance Cut Volume (from

AT factor) computer printout)
HH T
4 RN
. \
= ‘ V= D (éili) Y
' 2
Eﬂ . R orV = D(A+B)
4 54
where V = Volume between sections in cubic yards
A and B = End areas of adjacent sections in square feet
D _ D = Distance between sections in feet,
2 27 = Conversion factor from cubic feet to cubic yards

The end areas (A and B) can be measured with a planiméter or computed

mathematically by the coordinate method or by breaking the area into several

smaller, geometric shapes.

I+
TS




Coordinate Method for End Areas

The coordinate method provides a convenient technique for calculating
end areas for earthwork computation. This procedure also works well for
end areas of other irregular shapes such as subbase and base course.

Vertical and horizontal coordinates are identified for each irregular
breakpoint of the area, as shown in the figure below.

Reference Line . 6.6

Starting
Point

The upper figure at each point is the elevation--and the lower figure is
the horizontal distance from the reference line (usually the centerline).

The principle is to multiply the difference in elevation of two adjacent
points by the sum of the horizontal distances of the points from the reference
line. The sign of the computation is plus (+) if the line slopes upward--and
minus (-) if theline slopes downward. The end area of the section is one-half
of the algebraic sum of the individual computations,

A convenient procedure is to start at the ground elevation at the center-
line and perform the computations in a counterclockwise direction returningto
the reference line--and then repeating the process in a clockwise direction for
the left portion of the area. This computational sequence is illustrated by the
arrows in the figure.
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Computations for the end area of the example cross section are shown
below.

A = 1/2 (0.8 x15) - (1.7 x 42) + (13.3 x 46.9) + (0.6 x 19.9)] +
1/2 - (0.8 x13) - (1.2 x 34) + (0.2 x 50) + (14.2 x 48.9) +
(0.6 x 19.9)]

= 1/2 (12 -71.4 + 623,77 + 11,94) +1/2 (-10.4 - 40.8 + 10.0 +
694.38 + 11.94)
- 288.16 + 332.56
A = 620.72

End areas computed by this procedure can be used in the formula in the
preceding section for computing volumes between sections.

Strip Stick Method for Volumes

The most zommon technique used by the Department is the "strip stick"
method. This method retains the basic concept of the average-end-area
approach--however, the design of the strip stick permits measurements of
irregular sections in such a way that the accumulative readings on the sticks
may readily be converted to volumes without the intermediate step of recording
actual end areas.

Two strip sticks are available: one for scales of 1 inch = 10 feet,
vertical and horizontal; and one for scales of 1 inch = 5 feet, vertical and
horizontal. If :3cales other than these are used, conversion factors must be
applied to the strip stick readings to reflect the proportionate difference in
actual end areas.
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The "strip stick" computation formula is: METHOD OF SHOWING STRIP STICK EARTHWORK

' ' COMPUTATIONS ON CROSS SECTIONS
V=(AxD)+(BxD) , o

or V=D(A+B) : =

iAo -4

g
3

where V = Volume, in cubic yards

A = Stick reading at template section =

B = Stick reading at adjacent template section e

D = Distance between sections, in stations. . ’ T 2

The figure on the right illustrates typical strip stick computations and

procedures for recording earthwork data on the cross sections. The strip i

stick readings for embankment are recorded on the left shoulder of each

section--and the readings for excavation on the right shoulder. The distance
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between stations 181+72 and 182+00 is 28 feet (0.28 station) and the embank- '

‘ 1
ment volume is computed as follows: . Tie Eﬁ - 57

I

V = (940 x 0.28) + (670 x 0.28) or V = 0.28(940 + 670)

il

263 + 188

0.28(1610) » o

1]
1]

451 cubic yards 451 cubic yards

The figure "451" is recorded on the cross section to the left of and be- { #

. i

tween the two cross sections. ' , 7
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There is no strip reading for cut at station 181+72, but it is estimated r

/

that the cut begins at 181+85. The distance between the beginning of the cut

and station 182400 is 15 feet. The volume of cut is: » . i T

V =95x0.15 Z

= 14 cubic yards. S

The figure "14" is recorded to the right of and between the two sections.




Since the distance (D) between stations 182+00 and 183+00 is exactly one
station, it is evident that the actual volumes in cubic yards are the sums of the
strip readings.

For embankment: V = 670 + 320 = 990 cubic yards
For cuts: V= 95+ 50 = 145 cubic yards

These figures are recorded on the cross sections.

Balance Factor

The volume of excavation required to construct an embankment may be
considerably more than the measured volume of the embankment,

Normally a shrinkage will occur. That is, a certain volume of earth
excavation will produce a lesser volume of embankment because of losses
while hauling and, principally, because of the increased density due to com-

paction,

On the other hand, excavation from rock cuts tends to swell, Undis-
turbed rock occupies less volume than when broken and placed in an embank-~
ment,

If these conditions of shrinkage and swell are not considered, the theo-
retical volumes of cut and fill when balanced on paper will not balance during
field construction,

For shrinkage, Which is the most usual case, there are two methods
of applying the balance factor,

] Increase the measured embankment quantity by the balance
factor--to determine the amount of excavationactually need-
ed to construct the embankments, or
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® Decrease the excavation quantity by the balance factor to
identify the quantity of embankment that will be produced.

The first method is used when a project is to be balanced with excava-
tion from within ~he roadway prism. The second method is generally used
when the roadway prism cannot be balanced and other borrow excavation is

to be obtained.

The balanc: factor will vary with location and soil characteristics. A
recommended balance factor usually will be shown on the design data sheet.
In the absence of this recommendation, the designer should consult with the
section head.

Earthwork Distribution

There is need to identify the earthwork distribution--where the excava-
tion comes from and where it is to be deposited.

Two possible conditions arise: (1) the earthwork can be balanced from
within the right-of-way, or (2) the earthwork cannot be balanced within the
right-of-way. In the second case it becomes necessary to obtain borrow
material or to waste excess material. o

For projects which can be balanced from within the right-of-way, the
distribution and the haul distances must be calculated and shown. Haul éhould
be kept as shor: as possible with waste and cross-haul avoided unless it is
an absolute necessity.

One method of showing the distribution isto prepare a chartas illustrated
on the next page. After the earthwork is balanced, this data should be shown

‘on the plan-prolile sheets,
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The center of mass (CM) is calculated for each area of excavation and
embankment as the mid-point of the quantity of each. The haul distance is
computed from the excavation center of mass to the embankment center of
mass. A line indicating the distribution is drawn from the excavation center
of mass to the embankment center of mass. The quantity of material is shown
above the line and the distance below it. In the event the two centers of mass
are on different plan-profile sheets, the haul distance is shown on the sheet
with the embankment center of mass.

The haul is calculated by multiplying the volume (cubic yards) by the
distance hauled (stations) to obtain the station yards of haul.

Projects which require borrow material are normally handled by one of
the following methods.

Generally when 1 percent or more of the required embankment material
is available from excavation within the right-of-way, the excavation is distri-
buted and the remaining embankment is obtained from contractor-furnished
material. In this case, the excavation is ''yielded' (volume of excavation de-
creased by the balance factor). To simplify field measurements, the contractor-
furnished portion should be recorded separately from the right-of-way excava-
tion. An example of this type of earthwork distribution is shown below.

Qs
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When the excavation within the right-of-way furnishes less than 15 per-
cent of the required embankment, the excavation generally is identified as
Estimated State Furnished Excavation (E.S.F.E.), and becomes the property
of the contractor. It shall be excavated, used in the embankment if suitable,
and paid for as borrov: excavation (F.M.E.). The embankment is normally
totaled each 1,000 feet and no balance factor is applied. An example of this
type of earthwork distribution is shown below.

376 E.SFE o 236 ESFE._

14,728 FME.




Chapter 6
DRAINAGE

For the purposes of this chapter, drainage design will include both hy-
draulic design and determination of physical standards. Designers will deter-
mine the runoff discharge, select the size and type of drainage structure, and
satisfy the culvert strength requirements for the given location.

Drainage design should achieve the most effective and economical meth-
ods by which runoff waters can be passed through and removed from the road-
way. The primary objectives shall be (1) to provide culvert openings for nat-
ural drainage channels, (2) to prevent undue accumulation and retention of
water upon and adjacent to the roadway, and (3) to protect the roadway against
storm and subsurface water damage.

Drainage installations must not create hazardous conditions for traffic
nor should they in any way adversely affect conditions of adjoining properties.

DESIGN RESPONSIBILITIES

Responsibilities for drainage design are divided between the Bridge
Division and the Roadway Design Division--based principally on the size of the
drainage area involved. The districts have basic responsibility for furnishing
the survey data and field information essential for drainage design.

Design of bank and channel protection shall be performed by the division
responsible for design of the drainage structure. The Bridge Division is
responsible for the structural adequacy of all box and bridge structures.

Bridge Division
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Most major structures (bridges and box bridges) are designed by the

Bridge Division.

Responsibilities include:

all locations requiring major bridges.

all locations with structure requirements of the "box bridge"
classification (exceeding 20 feet in width).

all I>cations with drainage areas in excess of 1,000 acres.

culvart locations for smaller drainage areas within the flood

plain of a major crossdrain.

all special design box culverts--such as nonstandard dimen-

sions, skew angles, and improved entrance structures.

Informaticn required by the Bridge Division for hydraulic design in-
cludes the follovring:

Survey and field information

+

drainage area (square miles or acres)

a profile of the channel flowline for distances of 500
feet upstream and downstream from the centerline
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+ typical section of the channel--both upstream and
downstream of existing highways

+ waterway areas and descriptive information of ex-
isting hydraulic structures under nearby highways
and railroads serving the same drainage area

+ highwater mark elevations (upstream and down-
stream of existing highways) and date of occurence,

® Roadway Design Divigion blue line work prints
+ layout sheet
+ roadway typical sections
+ plan-profile sheets of the location;-—to include the en-

tire width of the flood plain.

'Roadway Design Division

Most routine culvert installations will be designed by the individual road-
way designers following the guides and criteria in this manual. The Hydraulic
Section of the Division will provide technical assistance when required, andwill
conduct special investigations of all non-routine, unusual conditions (e.g.,
bridge replacements with culverts) and improved entrance structures.

Drainage design responsibilities of the Roadway Design Division include:

® design of most culverts accommodating drainage areas upto
1,000 acres.

e design of storm sewer systems.
° side ditch and channel erosion éontrol treatments.

Design of culverts for drainage areas less than 200 acres will require
the following minimum field information:

® drainage arsa (in acres)
e high-water mark elevations of the location
e  descriptive information on existing culverts serving the

same drainage area under nearby highways and railroads

® sufficient caannel flowline profile to establish the natural
channel slope, 200-300 feet up and down stream

® typical channel section.

Culvert design for drainage areas greater than 200 acres will require
the same field informa:ion necessary for Bridge Division hydraulic design.

The roadway designer should review the submitted drainage data on re-

ceipt of a new project, and should immediately request of the district any
omitted essential information.

State Aid Division

Policy and procedure require the County Engineer to have complete
design responsibility for all drainage structures. On complex drainage areas,
the County Engineer mayv request assistance from U.S. Geological Survey and
the State Aid Division. Review of the County Engineer's design is made
by the State Aid Division in all cases.



HYDROLOGY CRITERIA

The design of a drainage structure depends principally on the design
discharge that must be accommodated. And the design discharge depends
largely on the following:

e duration of rainfall
e intensity of rainfall
® drainage area size and characteristics.

Several basic hydrology criteria should be understood before discussing.
methods of determining design discharge.

Storm Design Fréquency

It is important to realize what ‘is meant by 2 10-, 25-, 50~ or 100-year
frequency storm., A 100-year storm has a 1 to 100 chance, or a 1 percent
chance, of occurring at any particular time. A 50-year storm has a 2 per
cent chance of occurring at any particular time. Hence, a 25- or 10-year
storm has a 4 percent or 10 percent chance, respectlvely, of occurring at
any particular time.

The intensity of a storm is measured in inches per hour. The intensity
of a 50-year storm will be much greater than the intensity of a 10-year storm
in the same location. The intensity of a storm will vary with its duration,
other factors being similar. The average rate of rainfall for a storm 10 min-
utes long will be much greater than the average rate of rainfall for a storm
one hour long of comparable frequency, but the total amount of rain that falls
will not vary in the same proportion.

A drainage structure designed for a 100-year storm will be much larger
and more expensive than one designed for a 10-year storm. There is need
to make economic comparisons between the increased costs of the larger
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structure and potential damages resulting from occasionally eXceeding the
capacity of a smeller structure,

The Department has established recommended storm design frequency
criteria, as shovn in Table 6—1,.—1-/ based on the system classification and the
type of installation,

Table 6-1

RECOMMENDED STORM DESIGN FREQUENCY CRITERIA

Road System
Type of Installation . Secondary/
Interstate Primary State Aid
Cross Drains 100-year* 50-year 25-year**
Median Draing . 50-year 50-year 25-year
Side Drains 50- yéar*** 25- year*** 25-year
Storm Sewers 10-year*** 10—yeaf*** 10-year***

* Not less than 50-year storm through drainage structures; 100-year
storm conveyance through structures, or both through structures and
over the highway,

** Check function on the 50-year storm; use 50-year when warranted --
e.g., restrictive sags, principal service arteries, etc.

***x Side draing unusual onInterstate; use 50-year for crossdrain channels,
and depresised area inlets and drains, :

NOTES:

1. Spacing of curband gutter inlets on full-shoulder width highways should
contain th2 10-year storm runoff (50-year in depressed areas) on the
shoulder; one-half of adjacent lane on other controlled-access high-
ways; the width ofadjacent lane on other multilane highways; one-third
of adjacen: lane on 2-lane, 2-way highways. (See page 6- 32)

2. Median drain spacing should be designed so that water will not rise
above the level of the subgrade for the 10-year storm. ,

3. Use 5-miaute duration time for median and storm sewer design.

1/ An index to all illustrations in Chapter 6 is at the end of the chapter.
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Storm or flood design for Interstate and Primary projects shall be the
passage of the "design flood" (generally the 50-year flood for these two sys-
tems) through the culverts, and the conveyance of the "basic flood" (the 100-
year flood) either through the culverts or both through the culverts and over
the highway without causing significant damage. The design flood for Secondary
and State Aid projects shall be the 25-year flood unless the culvert is in a
restrictive sag vertical curve, or unless the roadway is a principal service
artery -- in which case the 50-year flood shall be considered. Development
within the flood plain may necessitate deviations from the foregoing criteria.

Flood Hazard Evaluation

For each culvert equivalent to 24" pipe and larger, the project plans
shall show (1) estimated discharge, frequency, and estimated headwater ele-
vation for the design flood, and also for thebasic flood if it is different from
the design flood, and (2) when available, the authentic discharge, high water
elevation, and date of occurrence of the flood of record if it is greater than
the basic flood. For example:

QDesign QIOO:QDX 117 Q Record
(Date of occurrence
Hw 0 HW. 2/ authentically gaged)

2
HWDesign Record

Also, the following disclaimer is required in the plans: "Headwater ele-
vation values shown on these plans are theoretical and may vary from actual

conditions. "

The design water surface profiles of streams with a flat angle approach
which control the roadway grade shall be recorded on the plans.

Although each design discharge shall be computed on the basis of land
use appropriate for the given location, no less than the probable 20-year
projected land use shall be assumed for design.

2/ Inthis chapter, Hw is thedesignation for Headwater, and H.W. for High Water.

DESIGN DISCHARGE

Design discharge is the estimated amount of water, usually cubic feet
per second, expected at a culvert location from a particular drainage area
as a result of a design frequency storm.

Several methods are used for determining design discharge. The three
methods most commonily used in Mississippi are shown below, along with
criteria for their use. (With the design discharge determined--and considering
culvert design practices described in the next section, page 6-15--proceed to
Culvert Size Determinztion, page 6-17.)

1. Rational Method -- Used for drainage areas less than 10
acres, roadway slopes and storm sewer design in both ur-
ban and rural areas.

2, Method shcwn in U.S.G.S. 1967 Report on "Urbanization
Effects on Floods in Jackson, Mississippi" -- Used for
urban drairage areas greater than 10 acres, applicable to
most of the state with adjustment,

3. FHWA Chart 1021 Method -- Used for rural drainage areas
greater than 10 acres.

Three other methods are occasionally used:

4, Method shown in U.S.G.S. 1961 Report on "Floods in Mis-
sisippi--Megnitude and Frequency -- Primarily used with
drainage areas in excess of one square mile.

5. U.S.G.S. Individual Stream Study Reports -- Generally
used for areas larger than 1, 000 acres.
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Method shown in U.S,G.S. May 1970 Report on '""Regres-
sion Analysis of All Small Drainage Area Flood Data in
Mississippi."

Each of these methods is discussed in the following sections.

Rational Method

The formula for determining design discharge bythe rational method is:

QDesign = CxIxA
where: Qpesign = Discharge for desired frequency
(cubic feet per second)
C =  Runoff Coefficient (type of soil,
slope, and land use)
Ipesign =  Rainfall intensity (inches per hour)
for desired frequency (from Table 6-1)
A =  Drainage Area (acres)

Procedure:

1.

Refer to Table 6-2, Runoff Coefficient Values, and select
the value of ""C", appropriate for the combination of terrain
slope, land use, and soil classification.

Refer to Figure 6-1, Rainfall Duration--Intensity Regions
map, and select the region number appropriate for the proj-
ect location,

Select the Duration-Intensity chart appropriate for the re-
gion--Chart 6-1, 6-2, 6-3 or 6-4, Enter the chart at the
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duration time (bottom of chart) and go to the intersection
with the design frequency curve, then horizontally left to
the rainfall intensity value (I). The prdper duration time
will vary as follows: ‘

T = Duration time (in minutes)
10 1097 L = Length of travel (in feet)
z_ﬁ—%—js‘“ C = Runoff Coefficient (Rational)
S

fi

Slope (in percent)

The drainage area in acres (A) may be given with field
survey data or computed from mapped areas. The product
of C x1I x A will give the design discharge in cubic feet
per second.

Example:

Primary project -- Warren County L = 350 feet

A = 5,6 acres in interchange C = 0.70
quadrants s = 5.0%

Design frequency = 50-year T = 9 minutes

From Table 6-2, runoff coefficient (C) has a value of 0. 7--
medians and side slopes.

From Figure 6-1, Warren County is in Region IL

From Chart 6-2 (Region II), theintensity (I) is 7.8 inches
per hour. (Enter chart at duration of 9 minutes, intersect
50-year frequency and read horizontally to 7.8 inches per
hour.)

Qpesign = CxIxA = 0.7 x 7.8x 5.6
30. 6 cubic feet persecond X [./7 7/,



Table 6-2

RUNOFF COEFFICIENT VALUES (C)

for formula Q= CxIx A in
The Rational Method
(Drainage Areas 10 Acres or Less)

Soil Classification
Sand or Sandy Black or
Slope Land Use Rolling Plains Loam Soils Leossial Soils
(Pervious) | (Impervious)
Min, Max., | Min. Max., | Min, Max.,
Cultivated 0.25 0.35 0.30 0.40
Woodlands 0.15 0.20
Flat Pasture 0.20 0.25
0% - 1%) Paved 0.90 0.90 0.90
Residential | 0.50 0.60 | 0.50 0.60 | 0.50 0.60
Commercial| 0.60 0.90 | 0.60 0.90 | 0.60 0.90
Cultivated 0.40 0.45 | 0.45 0.65 0.50 0.70
Woodlands 0.15 0.20 | 0.18 0.25
Rolling Pasture 0.25 0.30 | 0.30 0.40 | 0.35 0.45
(1% - 3.5%) Paved 0.90 0.90 0.90
Residential | 0.55 0.60 | 0.50 0.60 | 0.50 0.60
Commercial|{ 0,60 0.90 | 0.60 0.90 | 0.60 0.90
Cultivated 0.60 0.75 0.70 0.85
Woodlands 0.20 0.25 0.25 0.30
Hilly Pasture 0.35 0.45 0.45 0.55
(3.5% - 5.5%) | Paved 0.90 0.90 0.90
Residential 0.60 0.50 0.60 | 0.50 0.60
Commercial| 0,60 0.90 | 0,60 0.90 | 0.60 0.90
Mountainous Woodlands 0.70 0.80
(over 5.5%) Bare 0.80 0.90
Grassed 0.70 0.70 0.70
ROW Slopes

‘Within roadway right-of-way, use the following ''C" values:

Pavement .......... C= 0.9
Paved shoulder..... C = 0.9
Non-paved shoulder. C = 0.7
Side slopes ........ C = 0.7
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Method from U.S.G.S. 1967 Report

The U.S.G.S. 1967 Report on "Urbanization Effects on Floods in Jack-
son, Mississippi' sets forth a method for design discharge determination
applicable to urban drainage areas over 10 acres.

Mean annual flood curves for streams in the Jackson area have been
developed on the basis of certain percentages of the drainage basin having
storm sewers and improved channels. The 50 percent to 60 percent curves
represent average developed urbanized areas. Small paved areas, shopping
centers, and other commercial and industrial areas can have as much as
100 percent of the basin improved. The designer must strive to accurately
select the appropriate curve with consideration of probable future use.

Design discharges are determined in the following manner:

1. Consider the drainage area--its present development and
potential future use. Select the most representative curve
on Chart 6-5. Enter the horizontal (abscissa) scale with
the the drainage area in square miles and vertically inter-
sect the appropriate percentage curve. From this point,
project horizontally to the vertical (ordinate) scale and
read the mean annual discharge in cubic feet per second.

2. Adjust the discharge value for the desired storm frequency,
using Chart 6~-6. Enter the horizontal scale at the desired
frequency interval (years), read vertically to the intersec-
tion with the curve, and project horizontally to read the
ratio value.

3. The product of the mean annual flood (from Chart 6-5) and
the ratio value (from Chart 6-6) gives the design discharge
in cubic feet per second.

6-9

Example:

Primary project
Drainage area
Development

urban Jackson, Mississippi
1.16 square miles

50% storm sewers and
improved channels

Design frequency = 50-year

1]

1

Q pesign= Mean Annual Flood x Ratio Value

1. Enter horizontal scale of Chart 6-5 at 1,16 square miles,
read upward to 50 percent curve; project horizontally left
to vertical scale and read discharge of 1,200 cubic feet per
second.

2. On Caart 6-6, enter the horizontal scale at 50-year fre-
quency, read vertically to the curve, project horizontally
to the vertical scale and read the ratio value of 1,92,

3. QDesi;n= 1,200 x 1,92 = 2,300 c.f.s.
Design discharges for urban areas computed by this method are directly
applicable for the central one-third of the state. For other areas of the state,

conversion factors are needed as follows:

Northern 1/3 of State:

Computed QDesian 0.9333 (reduction)

Southern 1/3 of State:

Comjuted Q x 1,0667 (increase)

Design
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DISCHARGE — CUBIC FEET PER SECOND
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DESIGN DISCHARGE CHARTS

Urban Drainage Areas Greater Than 10 Acres
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FHWA "Chart 1021 Method--

Peak Rates of Runoff--Watersheds under 1,000 Acres"

This method of discharge determination normally should be used for rural
drainage areas of over 10 acres and under 1,000 acres.

The basic formula is:

where:

Qpesign = R.F. x L.F. x F.F. x Q

Q pesign =  Discharge for desired frequency
(cubic feet per second)

R.F. =  Rainfall Factor

L.F. =  Land Factor

F.F. =  Frequency Factor

Q =  Unadjusted Discharge

The procedure is:

1.

Refer to Figure 6-2 and select the rainfall factor for the
specific location (these factors for Mississippi range from
1.35 in the north to 1, 6 in the south),

Refer to Chart 6-7 and select the Land Factor (L. F.) ap-
propriate forthe slope and land use. Land use should re-
flect predicted future (20-year) use--and normally should
be upgraded one level {e.g., pas’gure to mixed cover, etc.)

From the table at the bottom of Chart 6-7, select the Fre~
quency Factor for the design frequency period (based on
type of roadway system--Interstate, Primary, Secondary).

Enter the abscissa of Chart 6-7 at the given drainage area
in acres, verticallyto the intersection with the curve, then
horizontally left to the value for the unadjusted discharge Q).

The product of R.F. x L.F. x F.F, x Q, as determined
above, gives the design discharge (Q Design ) in cubic feet
per second.

Example:

Primary project = = Scott County
Drainage area = 200 acres
Land use =  pasture land
Land slope =  about 0.2%
Design frequency =  50-year

From Figure 6-2, the Rainfall Factor for Scott County
is 1.5,

From Chart 6-7, the Land Factor for pasture land on a
0.2% slope is 0.4. Upgrading this to the next higher type
(mixed cover) gives a Land Factor of 0.6,

From the table at the bottom of Chart 6-7, the Frequency
Factor for 50 years is 1.2.

Enter the abscissa of Chart 6-7 at 200 acres, ascend ver-
ticaly to the intersection with the curve, then horizontal-
1y to the ordinate wherethe value for Unadjusted Discharge
(Q) :.s approximately 290 cubic feet per second.

6-11

The Land Factor is the most arbitrary factor in this equation and must
be appropriately selected to obtainvalid results.
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5. Substitute values in the equation:

R.F. x L.F. x F.F. x Q
= 1.5 x 0.6 x1.2 x 290
313 cubic feet per second.

Qso

Table 6-3 shows a modification of the FHWA Chart 1021 Method that
serves as a convenient shortcut for preliminary sizing of many of the culverts
for smaller drainageareas. However, use of thistable omits some information
required for the project file record. The tables should be used only for pre-
liminary sizing--standard design procedures must be followed.

Table 6-3 is developed to determine discharge for a Rainfall Factor of
1.50 and a Frequency Factor of 1.2 (50-year storm). Conversion factors are
included in the tables to adapt to other conditions. The table also identifies al-
ternative recommended culvert sizes for various ranges of design discharges.

Example:

Primary project Calhoun County

Drainage area = 200 acres
Land use = pasture land
Land slope = over 2%
Design frequency = 50-year

1. From Table 6-3, the Land Factor is 0.6 for pasture land
at over 2% slope. Upgrade the land use to. mixed cover and
the Land Factor becomes 1.0,

2. From Table 6-3, the combination of Land Factor of 1.0.
with a drainage area of 200 acres gives an estimated dis-
charge of 535 cubic feet per second.

Figure 6-2 shows that Calhoun County is in a region of
1.4 Rainfall Factor. Adjust the discharge as follows (refer
to the Note on Table 6-3):

Q50 = QTable x 0.9333 )
535 x 0.9333
499 cubic feet per second.

Since this is a Primary project with a 50-year Storm Design
Frequency, no further adjustment of discharge is needed.

Enter the {able of Recommended Alternative Culverts at
499 c.f.s. and read across to the listing of acceptable cul-
verts--single 96", double 72" or triple 60" pipe culverts,
and 10' x 6' box culvert., Selection of a specific culvert
from among these alternatives usually will depend on fac-
tors such as allowable headwater, amount of cover, soil
conditions and cost. The alternative identified with the
asterisk (ir this case, the 10' x 6' box culvert) normally
will be the most economical installation.
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Figure 6-2
RAINFALL FACTORS

) for use with
FHWA Chart 1021 Method
for discharge determination

Chart 6-7
DESIGN DISCHARGE DETERMINATION
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RURAL DRAINAGE AREAS OF 10 ACRES TO 1000 ACRES

Cubic Feet Per Second

UNADJUSTED DISCHARGE (Q)

(Based on FHWA Chart 1021 Method)

1000
800 -
600 ] ¥
400 L
300
200 //
//
Pg
100 —
80 9
60 // Based on: 1
L~ Mixed Cover (Humid Region) | ||
40 A _ 1]
30 P Frequency Factor = 25 yrs.] ||
yd Rainfall Factor = 1.0
20 74
10—
8
6 .
Neeeess 2 8% 885 § 58 588
i
DRAINAGE AREA - ACRES
LAND FACTOR (L. F.)
Land Slope | Steep Flat Very Flat
Land Use Over 2% 0.2% No Ponds
10C% Cultivated (Row Crops) 1.2 0.8 0.25
Misted Cover 1.0 0.6 0.2
Pasture 0.6 0.4 - 0.1
Woods, Deep Forest Filter 0.3 ' 0.2 0.05
FREQUENCY FACTOR (F.F.)
Frequency Years 5 10 25 50
Fastor 0.6 0.8 1.0 1.2

QDesign =R. F.* X Lo Fo X F. F- X Q
*See Figure 6-2 for Rainfall Factor



6-14 | | Table 6-3

PRELIMINARY SIZING OF CULVERTS

Rural Drainage Areas 10 Acres to 1000 Acres

BASED ON FHWA CHART 1021 METHOD
Peak Rates of Runoff--Watersheds Under 1,000 Acres

. D
LAND FACTOR ‘ DIS chF%E RECOMMENDED ALTERNATIVE CULVERTS
Slope of Drainage Area Q—-C.F.8. PIPE MULTIPLE PIPE BOX CULVERTS
Land Use* Over ‘Under P ”
-'19 '
2.0% | 1.5% | 1.0% | 0.5% | 0.2% 20 - 34 30
Cultivated (row crops) | 1.20 | 1.10 | 1.00 | 0.90 | 0.80 -3 0
Mixed Cover 1.00 | 0.90 | 0.80 | 0.70 | 0.60 79 - 109 487
Pasture 0.60 | 0.55 | 0.50 | 0.45 | 0.40
110 - 118 #5410 x4 RAINFALL
Woods (deep forest filter) | 0,30 | 0.28 | 0.25 | 0.23 | 0,20 119 - 147 *541 2- 42" 5'x 4
(decp 148 - 156 80" w5 g o x b FACTORS
*In selecting land use, upgrade the existing use to next higher 167 - 177 *60'" 2 - 48" 6'x 4
type for 20-year future use (e.g., pasture to mixed cover). 178 -~ 190 *GO' 2 - 48" S'xE , Tx4
191 - 207 66" *3 - 48" 5'xE ., x4
208 - 220 66" *2-48" , 3. 42" 6 xE , 8 x4
DISCHARGE IN CUBIC FEET PER SECOND gz% - 236 *Gg" g - g;: , 3- 32" g: xE , x4
37 - 246 66" - 54" | 3. 48" xE 9 x4
(AArea ) Land Factor (L.F.) 247 - 266 72" *2 - 54" ) 3 . 48" TxE . 9 x4 INSTRUCTIONS:
cres -
. 0,05 01 }o0.2}|0.3 04 |o06]os8]1.0]12 267 - 281 72 *2 - 54" | 3 - 48" TxE L, 10 x4
; 288 - 295 2" *2- 54", 3-48" 10" x 4 1. Determine Land Factor from table--based on identified
12 4 9| 17] 26| 34 ] 51| e8| 85} 102 296 - 300 72 2-60" , 3-48" 6 x€ , 8x5
13 4| 9l 18| 21 36| 54| 72| 90} 108 301 - 318 84" 2- 60" | *3 - 48" 6 x€E | 8x5 land use and slope of drainage ares.
14 5 91 19| 28| 3 | 57 75| 94| 113 319 - 328 84" 2- 60" , *3 - 48" 8 xE 12 x4
15 5 10 20 30 39 59 9 99 | 118 399 - 354 a4 9 - 60" %3 - 48" o' x 5 12 % 4 2. Determine Discharge from table--based on Area and
16 51 10| 21 31 41 | 62 | 82| 103 | 123 355 - 369 84" *2-60" , 3- 54" 9 x5 , 10'x 5 Land Factor.,
18 51 11| 221 33 | 44 | 67| 89| 111 | 133 370 - 380 84" *2- 60" , 3- 54" 8 x6 , 10'x5
20 6] 12| 24| 36| 48 | 71| 95] 119 | 143 381 - 410 84" 2- 66" , %3 - 54" 8 x6 , 10'x 5 .
25 7] 14 28| 41| 55 | 88 | 110 ] 138 | 165 411 - 424 84" 2- 66" , *3- 54" 8 x6 , 12 x5 3. Identify Recommended Alternative Culverts from table--
30 8| 15| 31| 46| 62 | 93 | 124 155 | 186 424 - 440 84n 2- 66" , *3 - 54" 12 x 5 based on discharge.
35 9] 17| 34| st | 69 |102°] 137 171 | 206 441 - 484 96" 2- 66" , *3 - 54" 10" x 6' , 12'x 5
40 91 19| 37| 56| 75 | 112 | 150 | 187 | 224 485 - 492 26" 2-72" , 3-60" 10" x 6' ¥ x 5
45 10 20 40 61| 81 f121 | 162 | 202 | 242 493 - 530 96" 272" | 3-60" *10' x 6
531 - 600 96" 212" |, *3 - 60" 8x 8,12'x 6, 16'x 5 Note:
50 11 22| 43
55 121 23| 46 601 - 620 *96" 2-84" , 3-66" §x 8, 12x 6, 16' x5
60 121 241 49 621 - 636 108" 2-84" , 3-66" 8 x 8,12 x 6 ,*16' x 5 Discharge values in table are based on Rainfall
- T - 1" - 1 t 1 t 1 k18! J
70 13 ] 27| 54 gg; ot 108, 2- 33 : *g - gg 15' x 8 : wee : e x 2 Factor of 1.5 and Design Storm Frequency of
80 15 29 | 59 743 - 820 108" *2- 84" | 372" 10'x 8, 168'x 6', 20" x 5 50 years.
90 161 32| 63
100 171 34| 68 821 - 850 108" *2.84" , 3-72" 12'x 8, 18'x 6, 24' x &
150 29 44 89 851 - 880 *3 - 84" . 3 .79 12'x 8, 18'x 6, 24' i 5t For conditions other than above, the discharge
- Toar | dn - e ) o ) + 7 o4r v b
200 o1 1 53 | 101 ggé _ ggz g _ gg,, ’ g N Zf,, 12 x*1g' 4 é.g i‘ 22, 3 é? x5 values in the table must be adjusted as shown
250 31} 62 | 124 985 - 1060 . 2-96" , 3-84" 10' x 10', 14' x 8" ,*20' x 6' below:
goo ) G 1061 - 1150 2 - 96 3 - 84 *10' x 10", 14" x 8'
50 39 | 77 | 154 - _ gg g4 410 x 10 X
1131 - 1212 "2 - 96 , 3- 84 16 x 8, 24" x 6 ForR.F, of 1.4 -- Qg = Qpux 0.9333
400 42| 84| 168 - 1320 - 108", *3 - 84" 12'x 1), 16" x 8 - -
50 i o1 | 182 1321 - 1341 2. 108" : 3 o ¥ %1y : 18 x g For R.F. of 1.6 Qso Qranle X 1.0667
500 491 97 ] 195 1342 - 1380 2- 108", 3- 96" *12'x 1, 20' x 8'
5
%0 | %2104 207 1381 - 1490 2-108", 3- 96" *14' x 1), 20' x 8' For 25-Year =0 Qs = Qruyex 0.8333
600 55 | 110 | 219 ié?i - i%g ‘g - igg' s g - gg" *14' x 1, 24' x 8' For 10-Year ~= Qo = Qramex 0.6687
650 58 | 115 | 231 - - 108" - 96" 12 x 12!, 13" x 10', 24' x 8 R . -
800 | 66| 132 | 265 1789 - 1860 3% g6 12 X 12 ,416' k 10° For 5-Year Q = Qraex 0.5000
1000 77| 153 | 306 1861 - 2070 3 - 108" *14' x 12" ,.18" x 10"

See Figure 6-2 for appropriate Area Rainfall Factors.
*Nominal maximum discharge for double line of large pipe is about
500 c.f.s. (see Discharge Limits, page 6-16) * Usually the most economical alternative




U.8.G.S. 1961 Report

A method for discharge determination is shown in a U.S.G.S. 1961 Re-
port, "Floods in Mississippi--Magnitude and Frequency. " This method is used
primarily with drainage areas in excess of one square mile and most likely
several square miles, which is beyond the scope of this desigri mahual. How-
ever, for those areas within the design limits, the Report outlines the design
procedure on page 32 under the topic, Areal Frequency Curves. This method
can be usedas a comparison check for drainage areas appi'oaching 1,000 acres
--the approximate design limit of this manual.

U.S.G.S. Individual Stream Study Reports

U.S.G. 8. Individual Stream Study Reports (generally of areas larger than
1,000 acres) may be used directly to identify discharge. Even if not used
directly, they often indicate runoff discharge conditions for similar areas in
the general vicinity of the study report. The Quiver River Report, for ex-
ample, indicates runoff characteristics typical of the Mississippi Delta, and
is used extensively for delta lands.

U.S.G.S. May 1970 Report

A May 1970 U.S.G.S. Report, "Regression Analysis of All Small Drain-
age Area Flood Data in Mississippi, ' describes another method for discharge
determination, :

The following equation was derived from this analysis:

Q pean Anmual Flood = (2210A% ) (S2-2°) (s9-41) (7329

where: A = drainage area in square miles
So = soil index :
S2 = slope coefficient

F = forest cover coefficient

6-15

Values fo:rthese properties are available intable form. Frequently, the
soil index and the forest cover coefficient are not known and must be furnished
by the field personnel.

CULVERT DESIGN PRACTICES

Previous sections have been concerned principally with estimating the
design discharge at culvert locations. The next step is to design culverts
to fit the specific conditions-~but several general criteria should be under-
stood first.

Minimum Size Culverts

Departmeant policy has established minimum sizes of culverts for partic-
ular installations--even though these sizes may have capacity exceeding the
design discharge requirements. Minimum permissible sizes are shown in

Table 6-4,

Table 6-4
MINIMUM SIZE CULVERTS

Roadway Box Pipe Culverts

System Culverts Cross Median Side Slope ‘
Drains | Drains | Drains | Drains | Stubouts

" Interstate 4' x 4’ 24" 18" 18" 15" 15"
Primary ' x 4' 18" 18" 15" 15" 15"
Secondary *4' x 4' 18" 18" 15" 15" 15"

*In approved instances, extension of smaller existing
box culverts is permissible.
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Discharge Limits

In designing culvert installations, the following general limits of dis-
charge should guide the selection of the type of culvert:

e Under 200 c.f.s. -- pipe culverts

® 200 -~ 500c.f1.s. -~ pipe is recommended--however,
either multiple pipes or box cul-
verts may be used.

° Above 500 c.f.s. -- either multiple pipes or box cul-
verts are permitted.

Design documentation for 18'" pipe culverts and arch pipe equivalents
usually will require only verification of the allowable headwater (HW) and
a record for the project file, to fulfill the design requirements. Analysis
of outlet discharge velocity may be required for erosion control.

Pipe culverts andarch equivalents of 24" diameter and larger must have
inlet and outlet control analysis, and other record information (see the section
on Culvert Size Determination).

Generally, the nominal maximum discharge for a double line of large
pipe culverts is about 500 c.f.s. (cubic feet per second). Additional lines of
pipe should be investigated when conditions warrant.

Economic Comparisons

In some instances, single and multiple lines of pipe culverts can be sub-
stituted for box culvents, with considerable savings in cost of material and
time of construction., There will be instances where a box culvert is the
more practical structure--e.g., large size, excessive cover, inadequate cov-
er, soil conditions, caitle and equipment passes, and others.

When there is ar. alternative between box culverts or pipe culverts, an
economic comparison should be conducted and recorded., This comparison
should consider the initial structure installation costs, the life expectancy,
and the replacement costs of different types of culverts.

Pipe Culvert Alternates

For most pipe culvert installations, Department policy calls for Rein-
forced Concrete Pipe (R.C.P.). Under certain conditions, alternate types
of pipe may be permitied. Table 6-5 shows the criteria for type of pipe.

Where alternates for cross drains exist, consider R.C.P, up to 36"
diameter. When pipe is 36" diameter or larger, alternates of either R,C.P.
or Bituminous Coated Paved Invert 3:1 Corrugated Metal Pipe are more com-
parable.

Type and Placement of Pipe

Lower headwater values can be achieved with arch pipe., Normally,
arch pipe is used where “he cover, outfall elevation or gradient is restrictive,

Generally, small drainage culverts are preferred in the vicinity of resi-
dentialand farm lands-~glacedon a flow line similar to the culvert height below
the adjacent lands. This will permit effective culvert performance and avoid
detrimental ponding on the drainage area.



Table 6-~5

CRITERIA FOR TYPES OF PIPE CULVERTS

Special Systems
Type of Cross Median Storm Sewers, Side

Roadway Surface Drains Drains Siphons, Etc. Drains

High Type 1 1 1 3

Pre (1) (1) (1) (3)

Other than

High Type (2) (2) (1) (3)

Pavement

*High Type Pavement: Portland concrete cement
or 1" minimum thickness bituminous concrete.

(1) Reinforced Concrete Pipe

(2) Three alternates are required:

Reinforced Concrete Pipe
Bituminous Coated Paved Invert Corrugated Metal Pipe

Vitrified Clay Pipe--only 30" diameter or less

Bituminous Coated Paved Invert Corrugated Aluminum
Pipe--only 30" diameter or larger.

(3) Same as (2) above, with exception: for permissible conditions,
Bituminous Coating and/or Paved Inverts may be omitted from
the two metal corrugated pipes.

NOTE: For special installation site conditions-~such as unstable
support, steep gradients, high embankment, acidity or
alkalinity of soil, other corrosive elements, or high po-
tential for erosion--the elimination of one or more of the

alternate pipes may be warranted.
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CULVERT SIZE DETERMINATION

Procedures for determining culvert sizes and for documenting the design
are discussed in this section. The basic steps are shown below.

1. For an approximate area of culvert opening with which to
begin trial sizing, divide the calculated design discharge
(c.7.s.) by 10 feet per second (maximum desired flow ve-
loc:ty).

2. Using the Headwater Depth Charts, as explained in this
section, selectacceptabletrialculverts withan HW/D value
of 1.2 to 1.5 for inlet-control conditions. Check HW for

Qpssign and Qyqp-

3. Use the Head for Culvert Charts and the Critical Depth
Charts to determine outlet-control acceptance of trial cul-
verts.

4, Refer to Hydraulic Engineering Circular No. 13 to verify
the most satisfactory culvert size and/or entrance config-

uration.

Inlet and Outlet Control Culvert Flow

The characteristics of inlet and outlet controls must be considered in
culvert size design. These controls influence the upstream water buildup or
headwater (HW) necessary for a particular culvert to pass a specific discharge.

e P Sy

R LINY V3 BRSNSy BT B
Inlet “'éont rolisthe flow condition whenthe discharge capacity of a culvert
is controlled a: the culvert entrance by the depth of headwater (HW) and the
entrance geometry, includingthe shape and cross-sectional area of the barrel,
and the type of inlet edge. / ;L
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Outlet control is the flow condition when the culvert entrance will allow

the water to enter the culvert faster than the outlet conditions (tailwater
and/or barrel friction) willallow flow through the culvert.

The design of culverts for all drainage areas of 3 acres or larger should
consider these control characteristics, and computations should be recorded
on a Culvert Design Form (see Figure 6-3) for documentation.

Figure 6-3
CULVERT DESIGN FORM
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Improved Culvert Entrances

In inlet control, improved entrance structures for pipe and box culverts
can increase efficiency and/or reduce the required culvert size. Examples of
improved inlets are shown in Figure 6-4. Improved entrance structures on
existing culverts may increasethe culvert capacity sufficiently to accommodate
increased discharges resulting from land-use developments.

Improvements at pipe and box culvert entrances include beveled entrance
edges (without major change from the existing practice) and special-design
entrance structures. Hydraulic Engineering Circular No. 13, "Hydraulic
Design of Improved Inlets for Culverts,' August 1972, presents details for
design procedures. Ordinarily, this design will be handled by the Hydraulic
Section. :

When the outlet control HW is acceptable and the inlet control HW is
less, the culvert ope:ates in outlet control at design discharge, and culvert
entrance improvements would be of no advantage. However, when the outlet
control HW is acceptable and the inlet control HW is greater, entrance im-
provements should be investigated in Hydraulic Engineering Circular No. 13,
as indicated above. Computer analysis forimproved entrance structures is
available and should be used as a routine practice.



Figure 6-4
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Size Design of Concrete Pipe Culverts

The design discharge and the initial trial size pipe culvert (determined by
the method for preliminary culvert sizing) provide the starting point for culvert
design. The procedures for inlet control and for outlet control are as follows:

Inlet Control--Refer to Chart 6-8, '"Headwater Depth for Concrete
Pipe Culverts with Inlet Control: /4/iuwsrese Fiusn o/

Select appropriate HW /D scale, based on culvert entrance
type. Usually this will be scale (2). Scale (1) is the turn-
ing point for HW/D scales--and all readings on scales (2)
and (3) must be projected horizontally to scale (1) for the
correct turning point.

Opposite the value of 1.2 on the appropriate HW /D scale,
project horizontally to scale (1) for the turning point, align
this 1.2 projected point with the design discharge on the
"Discharge' scale, extend this straight line to intersect
the "Diameter of Culvert' scale, and read diameter of pipe
required,

When the intersecting point does not fall directly on a spe-
cific size pipe, the pipe closest tothe intersection general-
1y will suffice, Check this selection by aligning the chosen
pipe diameter on the (D) scale with the design discharge on
the (Q) scale, intersect the turning line of the HW /D scale,
and project horizontally to the appropriate HW /D scale. If
this HW /D value is 1.5 or less and is allowable, the selec-
tion is acceptable.

Enterthe HW /D valﬁe on the design form, Figure 6-3. Get
HW by multiplying HW /D by diameter ofpipe. Enter HW on
the form,

Example:

Select proper size concrete pipe culvert for design dis-

charge of 63.c.f.s. and 10 feet of fill over pipe.

1.

Referto Chart 6-8. Entrance type is either groove end with
headwall, or flared end section (not shown on chart). Use
HW /D scale (2).

Project from 1.2 on the HW/D scale (2) horizontally to
scale (1), zlign this point with discharge Q = 63 c.f.s.,
extend this straight line to the D scale, and read between
a 36" and a 42" pipe.

Try a 36" pipe. Enter trial size on culvert design form.
Align 36" pipe on D scale with 63 c.f.s. on Q scale, inter-
sect HW /D scale (1), project horizontally to scale (2), and
read 1.5, If the HW/D value had exceeded 1.5, the 42"
pipe would have been the proper selection,

Enter HW /D value on the design form. Multiply the HW/D
value (1.5) by the pipe diameter (D = 3.0 feet), giving an
HW (Headwater) requirement of 4,50 feet for this pipe to
pass thedesign discharge. Enter this on the design form.
Adding headwater value (4.50 feet) to the flow line eleva-
tion of the »ipe givesheadwater elevation at pipe entrance.
With 10 feet of fill over pipe, this headwater elevation is
probably allowable and the pipe acceptable, However, out-
let control conditions must be investigated, as explained in
the following topic, to further verify the acceptance of this
particular pipe.
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INLET CONTROL
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Oitlet Control--Concrete Pipe Culverts

Refer to Table 6-6, Entrance Loss Coefficients. Find ap-
plicable kevalue (for Concrete Pipe--Headwall and Groove
Groove End, ke=0.2), and enter value on the design form.,

Refer to Chart 6-9, Critical Depth--Circular Pipe, to de-
termime critical depth (dc_). Enter the horizontal discharge
(Q) scale with the design discharge and vertically inter-
sect the pipe diameter curve. At this point project hori~
zontally to the left to read the d¢ value (dc never greater
than diameter of pipe). Enter value on the design form.
Calculate dc; D (D is diameter of pipe.) Enter value on
the design form.

Tailwater (TW) is the water height at the downstream end
of the culvert. Backwaters downstream from the culvert
may cause detrimental TW, Refer to FHWA Hydraulic
Design Series No. 3, Design Charts for Open-Channel
Flow, Chapter 3, "Rectangular, Trapezoidal, and Trian-
gular Channels (Trapezoidal Charts 15-28), With the ex-
isting channel bottom width, select the appropriate chart.

Then, with the design discharge and Manning roughness
coefficient (n) from Table 6-7 (Q x n value, if different
from the chart) and the existing channel slope, determine
the natural depth of flow, which can be the TW on the cul-
vert. However, highwater from other downstream sources
may cause a higher TW value. For the (ho) value, use
either the highest TW height or the de¢+ D value, which-
ever is greater. Enter the value on 2the design form.
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Refer to Chart 6-10, Head for Concrete Pipe Culverts
Flowing Full; n =0,012, Align diameter of pipe and length
of pipe on appropriate kg scale to establish a turning point
on the turning line, Through this turning point, align the
discharge onthe (Q) scale, andintersect the head (H) scale,
This (H) value is the necessary differential head to pass
the design discharge.

Refer to FHWA Hydraulic Design Series No. 3, Design
Charts for Open-Channel Flow, Chapter 5, ""Circular-Pipe

Channels, " to establish the pipe slope at the allowable ve-
locity. Enter the discharge scale of the appropriate (n)
value, (n = 0.012 for concrete pipe). Vertically intersect
the horizontal projection for 8 feet per second of the ap-
propriate velocity scale, read the permissible pipe slope
(So), andrecord bothvelocity and slope on the design form.

Enter the product of the pipe length and pipe slope (LSp)
on the design form.

Evaluate the equation, HW = H + ho - LSo. The greater
HW value will determine either inlet control or outlet con-
trol as governing. If the HW is higher than allowable,
select a larger size pipe for another trial.

Example: (continued from Inlet Control example)

(See Figure 6-3)

Table 6-6 gives Entrance Loss Coefficient (ke) of 0.2.
Enter this value on the form.

Chart 6-9 gives Critical Depth, dc, of 2.55. Enter this
value on the form.

dc+D 2.55 +3.0

3. ) = 3 = 2,78, Enter this value on the
form,

4, Since this is a very shallow natural channel, the tailwater
(TW) wil.. be less than d.; therefore, the hgvalue will be
-d—c—%l—) = 2,78, Enter this value on the form,

5. Refer to Chart 6-10, Assume a pipe length of 88 feet,
and align the pipe diameter (36') and length (88') on the
ke = 0.2scale to establish the turning point. At that point,
align design discharge and intersect the (H) scale. Read
2.12, and enter the value on the form,

6. Refer to FHWA Hydraulic Design Series No. 3, Design
Charts for Open-Channel Flow, Chapter 5, "Circular Pipe
Channels."” For 36" pipe, enter the discharge scale of
n =0,012 with 63 c.f.s., vertically intersect the horizon-
tal projection of 8 feet per second on the n = 0,012 velocity
scale, ard read slope of pipe, approximately 0.007 feet
per foot. Enter both velocity and slope on the form.,

7. Enter the product of the pipe length and pipe slope (L x So
= 88' x 0.007'/' = 0,616') on the design form.

8. Evaluate the equation, HW =H + hg- LSo.
HW = 2,12' + 2,78' - 0.62' = 4,28",
Enter this value on the design form.

In this example, inlet control governs with the greater HW value
and the pipe appears to be acceptable.



Table 6-6

ENTRANCE LOSS COEFFICIENTS

2
Coefficient ke to apply to velocity head 32—’— for determination of
head loss at entranceto a structure, suchas a culvert or conduit,
operating full or partly full with control at the outlet.

v
Entrance head loss He = ke 28

Type of Structure and Design of Entrance Coefficient ke

Pipe, Concrete
Projecting from fill, socket end (grooveend) ........0c..... .0
Projecting from fill, square-cutend.......cvvevevruveenven.. O
Headwall or headwall and wingwalls
Socket end of pipe {groove end) .....eovvevrerinnennan.. O
Square-edge ...... Ceeeseesesrsaesescsscsseccsecssenss O
Rounded (radius = 1/12D) .....ievvirinernnnerrreneenns. O
Mitered to conform to fill slope ....covvvvnnirnnernnoennnas O
*End-Section conforming to fill slope ......cohvvvvnennn.. eeees 0

Pipe, or Pipe-Arch, Corrugated Metal

Projecting from fill (no headwall) .......oovveevennnnneenna. 0.9
Headwall or headwall and wingwalls

SqUAre~edge ......iiiorreeinrnaenarncsnssesssseasnae. 0.5
Mitered to conform to fill S1Ope .....cvverivnernennnnsenenss 0.7
*End-Section conforming to fill slope......cevvvvvverneennes. 0.5

Box, Reinforced Concrete

Headwall parallel to embankment (no wingwalls)

Square-edged on 3 edges,.......ovvrnnn.n tesiecsaenses. 0.5

Rounded on 3 edges to radius of 1/12 barrel dimension,... 0.2
Wingwalls at 30° to 75° to barrel

Square-edged at crown ....... P ¢ I

Crown edge rounded to radius of 1/12 barrel dimension... 0.2
Wingwalls at 10° to 25° to barrel

Square-edged at Crown ......couvvvvevnvennceneenennns 0.5
Wingwalls parallel (extension of sides)

Square-edged at CrOWN .....oovvvieneneneninennrnnnaass 0.7

*"End Section conforming to fill slope,” made of either metal or concrete,
is the section commonly available from manufacturers. Based on limited
hydraulic tests, it is equivalent in operation to a headwall in both inlet and
outlet control, Some end sections, incorporating a closed taper in their de-
sign, have a superior hydraulic performance. These latter sections can be

 designed using the information given for the beveled inlet.
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CRITICAL DEPTH-dc-FEET

CHART 6-9
3 p—
///
2 e
o
e é«/' n,_,.,.ﬁ_t_.
=3 s
. .2 | dc GANNOT EXCEED TOP OF PIPE
20 !
2145
oDk,
|
% 10 20 30 40 50 60 70 80 90 100
DISCHARGE-Q-CFS
6 8
7 g
—
5 ,// // 7
4 g —
| =
% o | > o
a A// ] /s': e U
22574 o "
. A / ‘?u
3 ,«/Ae dc CANNOT EXCEED TOP OF PIPE 5 z
& o
e &
4l S
2 4 0IA S
[+ 100 200 300 400 500 600 700 800 900 1000 2
) DISCHARGE-Q-CFS =
(&)
14
/
//
12
=t |
10 |
,/%/
8 44/
7.4
6 /;4 dc GANNOT EXCEED TOP OF PISE
/-43'
4 |
4 9' DIA.
) . 1000 2000 3000 4000
DISCHARGE-Q-CFS
BUFEAU OF PUBLIC ROADS
JAN. 1964 CRITICAL DEPTH
CIRCULAR PIPE




6-24

Table 6-7

MANNING ROUGHNESS COEFFICIENTS, 72

1.

1.

Manning’s
Closed conduits: 7 range
A, Conerete pipe. ..ot 0.011-0.013

B. Con-ugated-metal pipe or pipe-arch
y ¥4-in. corrugation (rlveeed pipe):
a Plain orfully coated. . ... .. .. ... ... 0.024
b. Paved invert (range values are for 25 and 50 percent
of eircumference paved)

{1) Flow (ull depth.... ... ... 0.021-0.018 ~
{2) Flow 0.8 dept! h -~ 0.021-0.016
(3) Flow 0.6 depth -- 0. 019—0 013
2. 6 by 2in. corrugation (ﬁeld bolted). . 0.03
C. Vitrified clay pipe. . e o 012‘(0) 01;

). Cast-iron pipe, -
E. Steel pipe -
F. Brick. ..
G. Monolithic concre

1. Wood forms, rough_..

- 0.009-0.011
0.014~0.017

0.015-0.017

2. Wood forms, smooth. .- 0.012-0.014

3. Steel forms. - oot 0.012-0.013
H. Cemented rubble masonry walls

1. Concrete floor and top. . ... 0.017-0.032

2. Natural floor....... - -. 0.019-0.025
1. Laminated treated wood - 0.015-0.017
J. Vitrified clay liner plates.. 0.015

Open channels, lined (straight alinement):
A. Concrete, with surfaces as indicated:

-. 0.013-0.017

4, Float finish, s gra
5 Gunite, good section.
Gunite, wavy section
B. Concrew bouom float
1. Dressed stone in mortar
2. Random stone in mortar

5. Dry rubble (riprap)..
C. Uravel bottom, sides as

D. Btf k... ~. 0.014-0.017
E. Asphalt:
1. Smooth . 0.013

0.016
.. 0.011-0.013

.. 0.017-0.020
17 0.022-0.027

g!
F Wood planed, clean....
G. Conerete-lined excavated r
1. Good section
2. Trregular section..

Open ch: s d (straight ali natural
lining):
A. Eerth, uniform section:

- 0.016-0.018

3. With short grass, few wee
4. In gravelly sofl, uniform sect|
B. Earth falrly uniform section:

2. Grass, some weeds. .
3. Dense weeds or aquatic plants in’ deep channels.
4. Sides clean, gravel bottom__
5. Sides clean, cobble bottom
C. Dr line excavated or dredged:
o vegetation.. ___
2 Light brush on banks.
. Rock:

1. Based on design section. ... ...

2. Based on sctual mean section:
a. Smooth anduniform.
b. Jagged and irregular..
E. Channels not maintained, wee
1. Dense weeds, high as flow depth
2. Clean bottom, brush on sides. _.
3. Clean bottom, brush on sides, highest stage of flow.
4. Dense brush, high L -

IV. Highway channels and swales with maintained vegetation

(values shown are for velocitics of 2 and 6 £.p.s.): .
A 1)e£th of flow up to 0.7 foot: Manning's
ermudagrass, Kentucky bluegrass, buffalogri 7 range

8. Mowed to 2 inches 0.07-0.045
b. Length 4-6 inche: 0.09-0.05
2. Good stand, any grt
a. Length about 12 inches 0. 18- (i)
b. Length about 24 inches 0.30-0. 15
3. Fair stand, any grass:
a. Length ‘about 12 inches 0. 140,08
b. Length about 24 inche: 0.25-0.13
B. l)egth of flow 0.7-1.5 feet:
ermudagrass, Kentucky bluegrass, buffalogr
a. Mowed to 2 inches. . 0,05-0.035
b. Length 4 to 6 inche: 0.06-0, 04
2. Good stand, any gras:
a. Length about 12 inches. 0, 12-0.07
b. Length about 24 inches. 0.20-0. 10
3. Fair stand, any grass:
a. Length about 12 inches. 0.10-0.06
b, Length about 24 inches. 0.17-0.09
V. Streetand expressway gutters:
A. Concrete gutter, troweled finish._____._._....._..._._... 0,012
B. Asphalt pavement:
1. Smooth texture. . 0.013
2. Rough texture. .. 0.018
C. Concrete gutter with asp
1. Smooth. . 0.013
2. Rough... 0.015
D. Concrete pave :
1. Float finish. ... 0.014
2. Broom finish 0.016
E. For gutters with small slope, where sediment may accu-
mulate, increase above valuesofn by.._.............. 0.0ng
VI. Natural stream channels:
A M inor stieams (surface width at flood stage less than 100
1. Fmrly regular section:
a. Some grass and weeds, little or no brush........... 0.030-0. 035
b. Dense growth of weeds. depth of flow materially
greater than weed height. . ... .. ... ... ... 0.035-0.05
¢. Some weeds, light brush on banks. 0.035-0.05
d. Some weeds, heavy brush on banks. .. 0.05-0,07
e. Some weeds, dense willows on banks........ ... 0.06-0.08
f. For trees within channel, with branches submerged
at high stage, increase ‘all above values b: by 0.01-0.02
2. Irregular sections, with pools, slight channel meander;
increase values given in la-eabout. ... ... ..... 0.01-0.02
3. Mountsin streams, no vegetation in channel, hanks
usually steep, trees and brush along banks sub-
merged at h:git stage:
a. Bottom of gravel, cobbles, and few boulders....... 0.04-0.05
b. Bottom of cobbles, with large boulders. ........... 0.05-0.07
B. Flood plains (adjacent to natural streams):
1. Pasture, no brush:
0. 030-0. 035
2 0.035~0. 05
0. 03-0.04
b. Mature row crops. 0. 035—0 045
¢. Mature field crops....... .- 0.04-0.05
3. Heavy weeds, scattered brush s 0.05-0.07
4. Light brush and trees:
a 0.05-0. 06
b. Summer 0.06-0.08
5. Medium to dense brush
a. Wi 0.07-0.11
b. Summer.._ .. - .- 0.10-0.16
6. Dense willows, summer, not bent over by “ourrent.... 0,15-0.20
7. Cleared land with tree stumps, 100-150 per acre:
. NOSPIOUtS_ . ooover it ecmme e 0. 04-0. 05
b. With heavy growth of sprouts... 0. 06-0.08
8. Heavy s]?md of timber, a few down trees, little under-
growt|
a Flood depth below branches. ... ... ........... 0.10-0. 12
Flood depth reaches branches. ... ... 0.12-0.16

C. Major streams (surface width at flood stage more than
1 Roughness coefficient is usually less than for
minor streams of sirilar description on account of less
effective resistance offered by irregular banks or vege-
tation on hanks. Values of # may be sormewhat re-
duced. Follow recommendation in publication cited
if possible, The value of n for larger streams of most
regular section, with no boulders or brush, may bein the
EE 31T 0.028-0.033
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LINE

Slope So—e
SUBMERGED OUTLET CULVERT FLOWING FULL
HW s He ho~1So

For outiet crows mot submerged, computs HW by
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Equation: -—
2.5204 (1 +ke) , 466.18n2L71/Q\2 E
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H = Head in feet
ke = Entrance loss coefficient
D = Diameter of pipe in feet
n = Manning's roughness coefficient
L = Length of culvert in feet
Q = Design discharge rate in c.f. s,
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Size Design of Box Culverts

As with pipe culverts, conditions of inlet and outlet control are signifi-
cant in the design of box culverts, Procedures are described below.

Inlet Control--Box Culverts

References are Charts 6-~11, 6-12 and 6-13. Chart 6-11 is used
for regular box culverts. Charts 6-12 and 6-13 are used for
box culverts with beveled inlet edges and provide a lower HW.,

1.  On Chart 6-11, select the proper HW/D scale based on the
type of wingwall flare, Scale (1) is the turning line.

2. For the first trial size box culvert, divide the design dis-
charge (c.f.s.) by 8 feet per second (the desirable velocity).
This quotient is the approximate area of opening in square
feet required for the box. The profile sheet will indicate
the permissible height of box for the site. Divide the area
of opening by the permissible standard height to get the
box width. Assign only standard box heights and widths or
spans.

3. Divide the design discharge (Q) by the standard box width
(b) for the Q/b value for the scale of '"Ratio of Discharge
to Width (Q/b) in C.F.S. Per Foot" on Chart 6-11.

4,  Align the height of the box on the (D) scale and the (Q/B)
scale value; intersect the (HW/D) turning line and project
horizontally to the appropriate scale. An HW/D of 1.2 for
box culverts approaches the maximum allowable value. A
larger box opening is required when the HW/D value ex-
ceeds 1.3.

Example: Selection of the proper size box culvert for é design

discharge of 432 c.f.s. and 7 feet of fill at the culvert. Record
data on the Culvert Design Form (Figure 6-5).

1‘

The wingwall flare will be either 90° or15° ; therefore, you
will sielect the (HW/D) scale (2) on Chart 6-11 (check Bev-
eled ‘idge Charts 6-12 and 6-13).

Divide the design discparge (432 c.f.s.) by 8 f.p.s. to get
54,0 square feet, the approximate required area of box
opening. The profile sheet shows only 7 feet of fill at the
culvert, indicating that only a low-profile (height) box is
permissible., Assume a box height of 4 feet. Divide the
54 square feet by 4-foot height, getting a 13.5-foot box

width. A double cell 8' x 4' box is the first standard size ’

whict. will meet the area requirement, Enter this trial size
box culvert on the design form.

Divide the design discharge (Q) by the box width (b) to ob-
tain the (Q/b) scale value. 432/16 =27.0.

Align the height of box, 4 feet, on the (D) scale with 27.0
on tte (Q/b) scale, and intersect the (HW/D) scale (1),
the turning line, projecting horizontally to the (HW/D)
scale (2) for the appropriate HW/D value of 1.22. This
appears acceptable. Enter it on the design form.

Multiply the HW/D value (1.22) by the height of box (4 feet)
to oblain HW, or headwater on the culvert, of 4,88 feet.
Enter the value on the design form. This headwater value
addec to the upstream flowline elevation of the box, gives
the headwater elevation at the box entrance. In this exam-
ple, theHW of 4, 88 feet on the 7 feet of fill is near critical
but prrobably allowable, The HW may be reduced with the
bevelad inlet edge charts.
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HEIGHT OF BOX (D) IN FEET
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CULVERT DESIGN FORM
(Box Culvert Example)
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QOutlet Control--Box Culverts

1. Refer to Table 6-6, Entrance Loss Coefficients (on page
3-23),to find applicable ke value for Concrete Box Culvert.
For wingwalls 10° to 20° to barrel, ke = 0.5. Enter the
value on the design form,

2. Refer to Chart 6-14, Critical Depth,

Use the Q/B value

t0 enter the horizontal scale; vertically intersect fche heavy
curve line, and at that. point project horizontally to the d¢

scale value.

Record d¢ on the design form.
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Calculate
on the design form.

dc; D (D is height of box), and enter the value

Tailwater (TW) is the water height at the downstream end
of the culvert. Backwaters downstream from the culvert
may cause detrimental TW., Refer to FHWA Hydraulic
Design Series No. 3, Design Charts for Open-Channel
Flow, Chapter 3, '"Rectangular, Trapezoidal, and Trian-
gular Channels (Trapezoidal Charts 15 - 28)."" With the ex~
isting channel bottom width, select the appropriate chart.
Then, with the design discharge and Manning roughness
coefficient (n) from Table 6-7 (Q x n value, if different
from the chart) and the existing channel slope, determine
the natural depth of flow, which can be the TW on the cul-
vert. However, highwater from other downstream sources
may cause a higher TW value. TFor the (ho) value, use

either the highest TW height or the g%*—-Qvalue ~- which-

ever is greater. Enter the value on the design form.

Refer to Chart 6-15, Head for Concrete Box Culverts
Flowing Full, n =0.012. Align area of box and length of
box on the appropriate ke scale to establish a turning point
on the turning line. Through this turning point, align the
design discharge on the (Q) scale and intersect the head (H)
scale. This (H) value is the necessary differential Head
to pass the designdischarge. When this Head value exceeds
1.5 on box culverts less than 250 feet in length and on a flat
slope, a larger box should be considered. Very long box
culverts reasonably canhave several feetof acceptable dif-

" ferential head.

Refer to FHWA Hydraulic Design Series No. 3, Design
Charts for Open-Channel Flow, Chapter 3, '""Rectangular

Channels, " to establish the box slope at the allowable ve-
locity. Enter the discharge scale at the appropriate Q x n
value, andvertically intersect the horizontal projection for
8 feet per second of the appropriate V x n value. Read
the perraissible minimum bhox slope (So). Record both
velocity and slope on the design form.

Enter the product of the box length and box slope (LSo)
on the design form.

Evaluate the equation, HW = Ho + h - LS. The greater
HW value will determine whether inlet control or outlet
control governs. If the HW is higher than allowable,
select a larger size box culvert for another trial.

Example: (cortinued from Inlet Control example)

(See Figure 6-5)

. Table 6--6 shows the Entrance Loss Coefficient, ke, 0f 0.5

Enter the value on the design form.

Enter Chart 6-14, Critical Depth, with Q/B = 432/16 =
27.0; vertically intersect the heavy curve line and hori-
zontally project to the d¢ scale value of 2.80'. Record it
on the design form.

Calculate dc; D . 2‘80'2+ 4" - 3.40' and record it.

Let the (TW) value be insignificant and, therefore, use
the dc ; Dyalue of 3.40' for the hovalue. Record it.




5. In Chart 6-15, assume a box length of 90 feet. Align area
of box with length of box on the 0.5 ke scale to establish
the turning point on the turning line. Through this turning
point align the design discharge (432 c.f.s.) on the Q)
scale and intersect the head (H) scale at 1,22, Record
the differential head (H) necessary to pass the design dis-
charge, |

6. Refer to FHWA Hydraulic Design Series No. 3, Design
Charts for Open-Channel Flow, Chapter 3, 'Rectangular
Channels, ' to establish box slope at allowable velocity.
Enter the Qp scale with Q xn = 432 x 0.012 = 5,18;
vertically intersect the horizontal projection of the Vj
value at 8 feet per second. Vxn = 8 x 0,012 = 0.096.
The intersection at 0.0012 feet per foot is the design slope
(So). Record both the velocity and the slope.

7. Record the product of the box length and box slope (LSo),
L xSo = 90'x0.0012 = 0.11, on the design form.

8. Evaluate the equation HW = H + ho - LSo.
1.22' + 3,40' - 0.11 =4.51', Record on design form.

Inlet control governs with the greater HW value. Although the HW
is slightly above the allowable HW, this box will probably be ac-
ceptable.

Improved entrance structures should be considered -- especially when
substantial reduction in cost may be realized -- by reducing the size of long
culverts and by lowering a potentially detrimental headwater.
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| CHART 6-15
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Equation for Square Box: P

E = [1. 5551)(}' + ke . 287.64 n? L] (_Q_)z

D16/3 10

= Head in feet

=  Entrance loss coefficient

=  Height of box in feet

Manning's roughness coefficient
=  Length of culvert in feet

=  Design discharge rate in ¢. f. s.

orsorm
"

HEAD FOR
CONCRETE BOX CULVERTS
FLOWING FULL
n=0.012

MEDIAN DRAINAGE

For medians belween widely separated roadways, adequate drainage is
provided by normal crossdrains under the roadway. With narrow medians,
it is usually necessary to provide intermittent drop inlets, ideally located co-
incident with the crosidrains; however, separate median drain outlet culverts
are installed as needed.

Design Criteria

Drainage design for depressed medians and interchange areas usually is
based on the Rational Method because of the relatively small areas, Those
portions of the roadway surface sloped toward the median should be included
in the computed drainz.ge area.

Median inlets mst be placed at the low point of sag vertical curves --

the reach in either direction is critical for sag inlets and special care must
be exercised. (See Tadle 6-8.)

Median Drain Inlet Spicing

For divided roalway sections separated 88 feet or less, centerline to
centerline, median drains should be spaced to maintain no greater than 1 foot
depth of flow for the 10-year rainfall. Although the median ditch may have
a greater capacity on steeper grades, drain spacing distances should tend to-
ward a more conservative distance of 500 to 600 feet nominal, and 1,000 to
1,200 feet maximum,

When zero percent grades are necessary, median ditch grades must be
"warped'" from back and ahead to the drain. The maximum recommended
spacing is 300 feet in either direction. (See Table 6-8.)



Most facilities with widths in excess of 88 feet, centerline to centerline,
will maintain individual inside ditch sections.

Table 6-8 shows inlet spacing criteria in sag vertical curves.

Table 6-8

MEDIAN DRAIN INLET SPACING
(Sag Vertical Curve -~ 88 Feet,§ toG)

Side Slopes

Both 6:1 6:1and 4:1 Both 4:1 Both 3:1
Total Reach '
Back and Ahead 600' 500 400’ 300'
Pipe Size 18" 18" 18" 18"
Q c.f.s. 8.4 7.0 5.6 4.2

Note: The sag vertical median drains are more critically limited
in reach. The 600 feet for the 6:1 side slopes are the total
in two directions--300 feet back and 300 feet ahead--the
reach capacity for the drain.

Standard Inlets

Several types of median inlets are available in the Roadway Design Draw-
ings.

® Median Inlet for Pipe and Box Culverts
(Design Drawing D-DI-1) -- Drop Inlet

This design can be used when the crossdrain is at
right angles to the highway centerline and the depth
from the median flow line to the invert of crossdrain
is lessthan4 ft. 2in. Within reason, smaller cross-
drains can be skewed through this inlet,
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® Median Inlet with Stack Pipe
(Design Drawing D-DI-2) -- Drop Inlet

This design should be used when the crossdrain is
skewed and/or when the depth from the median flow
line to the crossdrain invert is more than 4 ft. 2 in.

® Low Profile Median Inlet
(Design Drawing D-LP-1) -~ Drop Inlet with Grate on Foreslope

This design should be used when outfall elevations are
critical and abbreviated inlet heights are necessary.

To minimize errant vehicles striking the inlet grate
"head-on'" (longer dimension of the grate) the grate
should be placed on the foreslope adjacent to the
paved roadway and not on the slope of median ditch
plugs or crossovers,

® Mociified Median Inlet -- Connecting Large Pipe Crossdrains
(Dessign Drawing D-DI-3) -- Modified To Eliminate Unnecessarily
Large Inlets and Junction Boxes

This design is essentially the same as D-DI-1;
however, an opening is cut into the large round or
arch pipe crossdrain and the inlet sides are formed
to connect the inlet to the pipe.

Design Drawing D-PA-1 details a paved apron for median inlets,
and should be designated at all median inlet locations.

The most current safety measures must be incorporated in all median
inlet design. Avoid protruding and/or sharp exposed edges. Strive for safe
vehicle passage. :
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STORM SEWER DESIGN

Within the influence ofurban areas, storm runoff waters collected in the
roadway normally will be controlled with curb and gutter sections and will
run off through storm sewer structures.

Municipal section drainage systems should limit the water ponding along
the gutters and behind the curbs, to amounts that will not interfere with traffic
or damage property. This is accomplished by placing either curb- or gutter-
opening inlets or a combination of them, or drop inlets, at specific intervals
and points. ‘

Storm sewer discharges usually are determined by the Rational Method
using a 10-year storm and 5-minute duration--except in sag verticals, where
the 50-year storm is used. Curb opening inlets are more self-cleansing than
grate inlets and should be preferred.

Determining Runoff Quantities

The following outline will serve as a guide for the development of a
storm sewer system.,

1. A set of working prints, 1'" to 100" scale, is convenient to
use in determining the initial overall drainage patterns of
the storm sewer system,

2, With the aid of field information, quadrangle maps, and
aerial photographs, outline onthe working prints the drain-
age area limits that will be collected along the roadway,
and determine the cumulative amounts of runoff discharge.

Recommended runoff coefficients (C) for the Rational
Method are:

e 0.9 for paved roadway surfaces, paved shopping
centers, etc.

® 0.7 for roadway slopes and grassed commercial
areas

® 0.6 for grassed residential areas.

For long, uniform sections, it is helpful to compute a con-
sistent specific discharge per unit of length. This may be
done by measuring the drainage area for a typical section
(say, 1,000 feet long), computing the total discharge for
that section, and dividing by 10 to determine the average
discharge per station.

For example, to calculate discharge for one-half a roadway
for a 1,000--foot distance, first add together the widths of
half the mecdlian (1/2 x 20' = 10'), two lanes (2 x 12'= 24"),
an auxiliary lane (12'), the curb and gutter section (2.75')
and any typical behind-the-curb distance of over-the-curb
flow (5'). 'Thus, 10"+ 24"+ 12'+ 2.75'+ 5'= 53.75 feet.
Then multiply by the distance (53.75' x 1,000' = 53,750
square feet) and divide by square feet per acre (53,750 +
43,560 = 1. 23 acres).

Qpeign =C xIxA=0.9x76x123

8.41 c.f.s. per 1,000 feet, or . 841 c.f. s,
per station (8.41 c.f,s, + 10) of uniform
roadway section.

Some secticns of roadway will have significant runoff dis-
charge flowing over the curb. On other sections the dis-
charge will Je intercepted behind the curb at specific loca-
tions near natural drains or low points. These discharges
must be included in the tabulations for design purposes.



5. It is desirable to locate the more obvious inlet locations
on the small-scale prints. Generally, regardless of the
amount of discharge to be handled, curb inlets should be
located upstream of street intersections, in sag vertical
curves, and at the point on the outside curb of a curve
prior to the beginning of superelevated sections, Inter-
mediate curb inlets will be spaced according to the need.

Ponding Limits on Roadway

Water flow in the gutters should be confined to a width and depth that will
neither obstruct nor cause hazardto traffic. The ponding width will have a
corresponding depth, and the quantity of water carried will depend onthe gutter
gradient, gutter roughness coefficient, roadway cross slope, andinlet spacing.

The recommended limits of ponding are:

® Interstate and multilane highways with full shoulder width
~=- width of shoulder.

® Interstate and controlled access highways with less than
full shoulder width -- one-half of adjacent lane,

® Other multilane highways -~ width of adjacent lane.
® Two-lane, two-way highways -- one-third of adjacent lane.

Chart 6-16 is usedfor gutter capacity design. The chart is self-explan-
atory, with instructions and examples. The ponding width (Zy) is set from the
criteria above--andthe depth (y) is derived. With given restraints on ponding,
determination can be made of the allowable accumulated runoff discharge that
the gutter can accommodate; andthis, inturn, will indicate the required spac-
ing of inlets.
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As an example, use the following values and procedures to determine
curb and gutter capacity, '"Discharge (Q) in CFS," from Chart 6-16.
1. Calculate Ratio Z/n:

Z = reciprocal of roadway cross slope

Given a roadway cross slope of 1.5625%
or 0. 015625 ft. /ft. ,

- _ 1 _
Z = gooisezs - o4
n = coefficient of gutter roughness in Manning's
formula = 0,013
64 ‘
u/n = 0. 013 = 4923

2. Note the Grade of Channel (S) in ft. /ft.
€ = 0.01ft /ft.

3. Derive Depth at Curb (y) in feet

ponding width = 14.75 ft.

64 (from above)
14.75' + 64 = 0.23 ft.

&
i

il

V]
Z
y

I

4,  On Chart 6-16, align Ratio Z/n (4923) and Grade of Channel
(S= 0.01 ft. /ft. ) to locate turning point on the Turning Line.

5. With that point, align Depth at Curb (y = 0. 23 feet) to inter-
sect Discharge (Q) in CFS. Read Q= 5.1c.f.s., whichis
the capacity of this particular curb and gutter section.
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Inlets ® Inlets in Sags
Generally, curb opening inlets are more reliable than gutter grate in- Refer to Chart 6-18 for the capacity -of inlets at sag or low
lets; however, when gutter grate inlets are required, the grate bars should points. Cenerally, the water depth (D) is greater than that
be parallel to the water flow to increase the capacity and minimize clogging. ’ of inlets on grades. Intersect the heavy curve line with the
Safety measures must be considered with this grate bar arrangement to pro- ‘ D value ard project horizontally left to get the capacity per
tect bicycles and other narrow wheel vehicles. foot of inlet in c.f.s. Suppose that D is 4.76 inches; then
the capacily per foot of inlet is about 0.75 c.f.s. Inlets of
Procedures for determining inlet capacity and spacing of inlets are de- 5 feet, 10 feet and 15 feet could intercept, respectively,
scribed below. 3.75c.f.s, 7.50 c.f.s and 11. 25 c.f.s. Sag inlets are de-
signed for the 50-year storm--and not the 10-year storm,
® Inlets on Grades as in the general storm sewer system.
The capacity per foot of inlet opening for curb inlets on @ Inlet Spaciag
grades can be determined in Chart 6-17, where the depth
of flow (y) in the approach gutter is related to the gutter Although tae computed inlet spacing requirement may be
depression (a). If the y depth in the approach gutter is of considerable distance--possibly 500 to 600 feet--actual
0. 23 feet and the gutter depression is 2 inches, the capacity spacing of inlets should be held to a maximum of 300 feet,
per foot of inlet opening is 0.27 c.f.s. Thus, a 5-foot and most o’ten less. Inlets may be less than 100 feet apart
length of opening can intercept 1.35 c.f.s. (0.27 x 5), while -~-which is often the case at sag inlets and at locations with
a 10-foot opening can intercept 2.70 c.f.s. (0.27 x 10), and considerakle over-the-curb flow. Inlets at sags may re-
a 15-foot opening, 4.05 c.f.s. (0.27 x 15). It is not always quire supp.emental inlets placed at short distances on ei-
more economical to intercept all the gutter flow at each curb ther side. Liberal openings should be provided.

inlet. Some portion (carryover) may be allowed to pass to

succeeding inlets. But, care must be taken not to overload .

an eventual sag inlet, and to assure that the allowable pond-

ing width is not exceeded. Storm Sewer Design Policies

In the design of storm sewers, certain policies should be maintained:

® Use a minimum size of 18-inch diameter concrete pipe for
main lines and long laterals, and 15-inch diameter con-
crete pipe for short laterals.



® See Table 6-9 for minimum pipe slope required to main-
tain self-cleansing velocities. A progressive velocity
should be achieved.

e See Chart 6-19 for pipe capacity on various gradients to
determine the required size.

® At pipe or box size changes, strive to align the top inside
surfaces (soffits) of the line, rather than the flow lines.

This will ensure more effective performance,.

e Use the 10-year storm design frequency for roadway sec-
tions on grade, and the 50-year for sags and zero grades.

® Use a S-minute minimum duration time.

Runoff Discharge Tabulation

There is need for orderly tabulation of the runoff discharge computation
to facilitate the storm sewer design. Worksheets with headings similar tothose
shown in Figure 6-6 provide convenient documentation,

Beginning inthe uppefmost;‘ixfeaches of the storm sewer system, tabulate
by station the amount of discharge accumulating along the sewer run, Work
‘from the upper reaches downthe system gradient tothe point of outfall release.
Note that an outfall release may receive discharge from both back and ahead,
and from both sides of the roadway.

Progressivetime of concentration for the system will reduce the amount
of discharge from that determined for each incremental contributing drainage
area, and must be considered for proper storm sewer design.
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Sizing Storm Sewer Lines

With the tabulated discharges, refer to Chart 6-19 to determine the pipe
size necessary forthe allowable gradients. Storm sewer line gradients should
be generally similar to the roadway grade. The same size of pipe will run
until the cumulative discharge attains the pipe capacity. When an abrupt re-
duction in gradient is encountered, an increase of morethan one pipe size larger
may be required. Never reduce the pipe size with an abrupt increase in gra-
dient. Strive to clign the inside top (soffit) of pipes when increasing the size.
The resultingdrop in the flow line will improve performance. Proceed in this
manner down the system to, and including, the outfall pipe.

When, for various reasons, gradients must be minimized, the flow lines
of concrete arch pipe consecutively increased in size may be aligned more
effectively than round pipe. If possible, a slight drop is even preferred.

A hydraulic gradient is the line of elevations to which the water would
rise in successive piezometer tubes along a storm sewer run. Differences in
elevations forthe water surfaces in the successive tubes represent the friction
loss for that length of storm sewer. The friction slope is the slope of the
line between the water surfaces.

The storm sewer run will not be under pressure if it is placed on a
calculated friction slope corresponding to a certain quantity of water, cross-
section, and roughness factor--and the surface of flow (hydraulic gradient)
will be parallel {0 the top of the pipe. This is the desirable condition.

There may be reason to place the storm sewer run on a slope less
than the frictior. slope. In that case, the hydraulic gradient would be steeper
than the slope ¢f the storm sewer run. Depending on the elevation of the
hydraulic gradiant at the downstream end of the run, it is possible to have
the hydraulic gradient rise above the top of the pipe, creating pressure on
the storm sewer system until the hydraulic gradient at some point upstream
is once again at or below the top of the pipe.
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Computation of the hydraulic grade line of a storm sewer run will not
be necessary where (1) the slope and the pipe sizes are chosen so that the
slope is equal to or greater than the friction slope, (2) the top surfaces of
successive pipes are aligned at changes in size (rather than flow lines being
aligned), and (3) the surface of the water at the point of discharge does not
rise above the top of the outlet. The pipe will not operate under pressure
in these cases, and the slope of the water surface under capacity discharge
will approximately parallel the slope of the pipe invert. Small head losses
at inlets, manholes, etc. may be disregarded if these structures are properly
designed.

However, in cases where different sized pipe inverts are placed on the
same grade, causing the smaller pipe to discharge against head, or when it
is desired to check the storm sewer system against larger-than-design floods,
it will be necessary to compute the hydraulic grade line of the entire storm
system. Begin with the tailwater elevation at the storm sewer outfall and
progress upward the length of the storm sewer. For every run, compute
the friction loss and plot the elevation of the total head at each manhole
and inlet. ‘

If the hydraulic grade line does not rise above the top of any manhole or

above an inlet entrance, the storm sewer system is satisfactory. If it rises
above these points, blow-outs will occur through manholes and inlets. Pipe
sizes or gradients canbe increased as necessary to eliminate such blow-outs.

A hydraulic gradient must have an original base elevation above the out-
let tailwater elevation. Any backwater effects of a significant tailwater ele-
vation must be considered carefully.

Most pipe culvert design manuals describe hydraulic grade line com-
putations.

[CHART 6-16
g2y ————+ ~ 20
EQUATION: Q= 056 (Z) 8% y¥*
:'&90%0 2xRECIPROCAL OF TRANSVERSE SLOPE .10 (10% 6RADE)
L 8000 n=GOEFFIGIENT OF ROUGHNESS IN MANNING'S FORMULA |-
- 7000 $*GRADE OF GHANNEL IN FT./FT. - .08 L. 10
L 6000 y*DEPTH AT GURB OR DEEPEST POINT IN FT. L o7 -
- 5000 [ o6 - 80
- 4000 I .70
EXAMPLE (SEE DASHED LINES) = | .05 L
L 3000 GIVEN: $:0.03 i Wi .60
3 ‘ 2224 | 5 /ne1200 WEQ Sthos -
ne.02 we = .50
2000 Qe2.0 CFS (S8 a4 W =1
FIND:  y=0.22 [ 20 z| o3 | 40
2 ] L= = >
———————— ===IITT ztl @ =f
- 1000 e —— . >Fk30
L 900 w ~—=I, -1 .02 2
-800 z R TR EE
f—?oo CE! ST ZFf
N | 600 g ZE7 <L OF
L 500 z [ <} a 20
5 -3 I} L
o [400 " wkbz  ©f S
= INSTRUGTIONS oL, wl o ok
< [ 300 0 Elor o o[
e b 1. CONNEGT Z/n RATIO WITH SLOPE (S) <T = os - -
E AND CONNECT DISCHARGE (@) WITH = [ 8 _ 008 W
- 200 DEPTH (y). THESE TWO LINESMUST (5 | ° ofl
INTERSECT AT TURNING LINE FOR (7 [ %2 é :.007 - 10
- COMPLETE SOLUTION. BLo S |.o08 g L
I -.08
s 2,FOR SHALLOW — - .005 o
- 100 V-SHAPED GCHANNEL SR | @ o7
- 90 AS SHOWN USE NOMOGRAPH YO St
80 DETERMINE DISCHARGE IN SECTIONS o AND b -.004 O |06
70 SEPARATELY. THEN Q»Qu+Qy s
] |
- 60 < 05
- 50 3. 70 DETERMINE e - [-003 -
DISGHARGE Q, IN b
- 40 PORTION OF CHANNEL ] " Y = F04
HAVING WIDTH X+ —— ok
- 30 DETERMINE DEPTH y FOR TOTAL DISCHARGE IN L 002 wif
3 ENTIRE SECTION a. THEN USE NOMOGRAPH TO . O F.03
3 DETERMINE @, IN SEGTION b FOR DEPTH b r
- 20 yeoytd) 3 -
3 4.7T0 DETERMINE DISCHARGE [l [ 02
b IN COMPOSITE SEGTION- |1 o b -
FOLLOW (NSTRUCTION 3. I - !
-10 TO OBTAIN DISGHARGE IN . -~ 001 01% GRADE) [
SECTION o AT ASSUMED '.';(’;j;,‘“““b’ -
DEPTH y; OBTAIN Q, FOR ° F
SLOPE RATIO Zy Mo oePTH - THEN Q20 +Q,
BPR. - .0l

NOMOGRAPH FOR FLOW
IN TRIANGULAR CHANNELS




6-37

q_ = CAPACITY PER FOOT OF INLET (cfs)
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Table 6-9

MINIMUM SLOPES REQUIRED FOR SEWERS TO MAINTAIN
SELF-CLEANSING VELOCITY OF 2.0 FT. PER SEC.
(SLOPE IN FT. PER FT.)
(n values for Manning's formula)

INSIDE 1/4 FULL 1/2 FULL 3/4 FULL FULL
PIPE || DISCH.] _ SLOPE DISCH.| __ SLOPE DISCH.| _ SLOPE DISCH.| __ SLOPE
DIA. | €.F.5.]n=0.0131=0.024l C.F.S.[n=0.013 n=0.024) C.F.S.|n=0.013[n=0.024] C.F.S, [n=0.013] n=0.024
& .077| .010 | .034 .20 | .0049 [ 017 ~32| 0039 | .013 40| 0049 | 017
g .17] .00s8 | .020 .44 | .0029 | .009% 71| 0023 | L0076 .88 .0029 | .0096
10" .21 | 0051 | .018 .54 | .0025 | .0085 .88] .0020 | .0066 § 1.08| .0025 | .0085
12" .31 | .o0040 | .014 79| .0020 | 0067 || 1.26] .0016 | .0052 | 1.58| .0020 | .0067
15" .48 | .0030 | .010 1.22] .0015 | 0050 | 1.98| .0012 | .0039 | 2.44| .0015 | .0050
18 .69 | .0024 | L0089 || 1.77] .0012 | .0039 || 2.85] .0009 | .0030 | 3.54| .0012 | .0g39
2 .94 | 0019 | 0064 || 2.40 .c010| .0032 | 3.88| .0008 [ .0025 | 4.80 .0010 | .0032
24 1.23 | L0016 | .0054 || 3.15| .0008 | .0027 | 5.04] .0006 | .0021 | 6.30 .0008 | .0027

30" 1.92 | .0012 | .0040 4.91 1 .0006 | .0020 7.90{ .0005 | .0016 9.82 | .0006 | .0020

3" 2.76 | .0010 | .0032 7.08 | .0005 | .0016 11.4 | 0004 | .0012 | 14.2 | .0005 | .0016

42" 3.76 | .0008 | .0026 9.60 | .0004 | .0013 15.5 | .0003 | .0010 19.2 | .0004 | .0013

48" 4.91 | .0007 | .0022 12.6 | .0004 | .001) 20.3 | .0003 | .0008 25.2 | .0004 | .0011

54" 6,20 | .0006 | .0018 15.9 1 .0003 | .0009 25.6 | .0002 | .0007 31.8 | .0003 | .0009

60" 7.68 | .0005 | .0016 19.6 | .0003 | .0008 31.6 | .0002 } .0006 39.2 | .0003 | .0008

§ 72 11.2. | .0004 | L0013 [ 28.3 .0003 | .0007 45.5 | .0002 | .0005 56.6 | .0003 | .0007
g 84" 15.2 .0003 | 0010 || 38.5 | .0002 | .0008 62,0 | .0002 .9004 77.0 | .0002 | .0006
= 9" 19.8 .0003 | .0009 | 50.2 | .0002 [ .0005 ! 81.0 | .0001 | .0004 { 100 .0002 | .0005
5 108" 25.1 .0003 | .0008 | 63.5 | .0002 .0004 | 102 L0001 | .0003 j 127 .0002 | .0004
g 120" 30.7 .0002 | .C007 || 78.6 | .0001 | .0004 [ 126 .0001 | .0003 || 157 .0001 | .0004
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Figure 6-6 Subsurface Drainage--Storm Sewer

EXAMPLE STORM SEWER COMPUTATION
FORMS Generally "he top one-third of the storm sewer pipe joints are not sealed

in order to perrait subsurface drainage to enter joints within the limits of the
storm sewer system. A detail similar to Figure 6-8 should be included with
the typical section sheets, indicating the trench and pipe arrangement, the
porous material surrounding the pipe, and the portion of the pipe joints to

STORM SEWER INLET COMPUTATIONS remain unsealec.
war|oa 0, o g:al R I I L7 I R %’f vl e e |oar | o
No. [station]| No. | ofs | b | en md o P07 e [ | 0 | PR I Perforated pipe may extend to those reaches which are beyond the storm
B S e e e D e e e e = * sewer lines, and the connection of the subdrain pipe to the junction should
] - / be well above the flowline of the junction box. Otherwise, when a head ac-
=1 = e E—— — cumulates in the junction box, the subdrain pipe will empty underneath the
T junction box. Perforated pipe should not be subject to a pressure head.

Junction Boxes and Manholes

Junction koxes often will be necessary to connect behind-the-curb inter-

STORM SEWER DISCHARGE COMPUTATIONS ception points with the main line at locations not coincident with curb inlets.

D::w? Total Yotol Lenath Time of Concentration — Minules - . a - Design . . .
;o A3~- g;:» C-:' ,;’ Alog Sy i ;18';; g;;lg;" Ny e O P R These connecticns may require flow-line adjustments in the main line.
10 11 12 13 14 15
=
Ne————— e Manholes generally are not required--because of the common practice
of using a curb inlet with a manhole cover for servicing purposes. However,

if the need arises, as at an abrupt change of direction or when encountering
utility lines, a manhole may be specified.
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SUBSURFACE DRAINAGE

The purpose of subsurface drainage is to remove detrimental ground
water in order to assure a stable roadbed and side slopes. Most often, those
points or areas which require specific subsurface drainage will be determined
during the process of field investigations. However, there are times when
water-bearing formations are not revealed until construction has begun.
"Bleeding" backslopes and apparent spring disruptions are two of the more
obvious indications of this excessive groundwater.

Known spring and well points should be identified onthe plans and a detail
of a spring filter similar to Figure 6-7 should be included when necessary.

Perforated pipe underdrains, with perforations downward, will be in-
stalled to intercept most subsurface drainage waters. These pipes, avail-
able in sizes of 6-inch, 8-inch and larger diameters, may form a network of
interceptors and be routed to a central point of collection and outfall. Ordi-
narily, a selected permeable backfill material will surround the underdrain

pipe.

Subsurface drainage is of primary importance in curb and gutter sec-
tions of the roadway. Normally the top one-third of the storm sewer pipe
joints will remain unsealed (but screened) to receive subsurface drainage.
Along the limits of curb and gutter section where storm sewer pipe is not
required, perforated underdrain pipe will be installed so as to empty into the
junction box connecting the storm sewer pipe--at an elevation well above the
flow line and as high as practicable above the storm sewer pipe. This will
eliminate the possibility of perforated pipe emptying against a head developed
in the junction box and forcing the water out the perforations and under the
junction box.

Figure 6-8 shows two typical underdrain installations--one for a normal
underdrain, and the other for a situation where a stormdrain is used as under-
drain.

Surface drainage shouldnot be permitted to discharge into an underdrain.
Underdrains should be permitted to empty into a roadway drainage system only
when the outfall is not against a head.

Underdrains of 6-inch diameter should be allowed to run no more than
500 feet. For distances over 500 feet, the minimum diameter should be
8 inches. A minimum ¢f 0. 20 percent pipe gradient is recommended.

Cleanouts should be installed onlong runs of underdrain pipe. This may
consist of a vertical simnall-diameter steel water pipe through which a pres-
sure hose can be connected to flush out the system. The vertical pipe should
be capped. Outlets for underdrains normally should be spaced no greater than
1,000 feet.

The soil test should be analyzed to determine the most appropriate al-
ternative of using either metal or non-metal underdrain pipe for a specific
location.
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Figure 6-17
TYPICAL SPRING FILTER

Washed Gravel (6.5 cu. yds. estimated for
contractors' information only). Cost is to
be absorbed in bid price for 18" perforated
concrete pipe underdrain.

a

6'" Concrete
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TYPICAL UNDERDRAIN INSTALLATIONS
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STORM DRAIN USED AS UNDERDRAIN
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OPEN CHANNELS

The main reasons for design and construction of open channels are:

® to permit better highway alignment;

® to economize by eliminating culverts or bridges
where a stream recrosses the highway;

® to improve flow conditions in channels at bridges
and culverts; and

° to protect the highway against flood damage.

Channel changes in the vicinity of bridges will be designed by the Bridge
Division. Most other open channels will be designed by the Roadway Design

Division.

Size and Shape

Trapezoidal channels are usually the most economical. For large flows,
consideration should be given to channel bottom width of 12 feet and more.
However, wide channels less than 1 foot deep are inefficient and are not rec-
ommended. When only moderate capacity is required, a V-shaped channel
may be adequate.

Under average conditions, side slopes rangingfrom 2:1 to 3:1 are satis-
factory. To facilitate maintenance, side slopes for ditches in interchange
areas should be no steeper than 4:1.

Capacity Computations

For a particular location, the design discharge (Q) normally will be de-
rived. The channel must be designed to safely accommodate this discharge--
with due consideration of slopes and velocities.

The basic formula is:
= AV

where: Discharge in cubic feet per second

Cross-sectional area of water in square feet
Mean velocity in feet per second.

I

i

<> O )
i

Assuming uniform flow, velocities can be computed by the Manning
Equation, which is:

2 1
R3S2

<
|

1. 486
n

where: Mean velocity in feet per second

Manning coefficient of channel roughness
Hydraulic radius in feet

A/WP, where A = cross-sectional area of
water in square feet, and WP = wetted perim-
eter of channel in feet

Channel slope in feet per foot.

I

1}

v I RS
I

wn
1

By trial, various channel bottom widths and depths of flow are assigned
and the respective A and WP are determined to derive the A x V value equal
to the design discharge Q. Channel roughness coefficients (n) are shown on
Table 6-7. Chart 6-2( is a nomograph for the solution of the Manning Equa-
tion.
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Channel Alignnient and Gradient

Changes :in channel alignment should be as gradual as practicable. The
radius of horizontal curvature of the centerline of a channel should be at least
three times the bottom width of a trapezoidal channel or three times the width
of a rectangular channel.

The grad.ent of a channel is often naturally established. Generally,
channels width gradients less than 0.12 percent should be paved to prevent
standing water. A minimum gradient of 0. 25 percent is preferable for unlined
channels.

Channel Lining

The need for channel lining will be determined by the velocity of flow.
Table 6-10indicates the maximum permissible velocities for unlined channels.
Depending on the type of channel bed, linings may be necessary when permis-
sible velocities are exceeded.

The types of lining to be considered are:

excelsior blanket

asphaltic concrete
poriland concrete,

[ ]

° asphalt coated fiber glass roving
® solid sod

® riprap

°

e

The first two linings help protect the channel until vegetation can be
established. The other linings are permanent protection.

Channel lining application is covered in Chapter 7.
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Table 6-10
RECOMMENDED PERMISSIBLE VELOCITIES

FOR UNLINED CHANNELS

Type of Material
in Excavation Section

Permissible Velocity
(feet per second)

Intermittent Flow

Sustained Flow

Fine Sand (Noncolloidal)

Sandy Loam (Noncolloidal)

Silt Loam (Noncolloidal)

Fine Loam

Volcanic Ash

Fine Gravel

Stiff Clay (Colloidal)

Graded Material (Noncolloidal)
Loam to Gravel
Silt to Gravel
Gravel
Coarse Gravel
Gravel to Cobbles (under 6 in,)
Gravel and Cobbles (over 8 in.)

10.

D U B W w NN

O O ~I g »
O O O U o W

O O O U1 O U1 v

2.5
2.5
3.0
3.5
3.5
4.0
4.5

5.0
5.5
6.0
6.5
7.0
8.0

PHYSICAL STANDARDS

This section describes the physical standards for pipe culverts and the
criteria for their installation. The Bridge Division is responsible for the
physical requirements: of concrete box culverts.

Alternative Types of Pipe Culverts

Pipe culverts are manufacturedin various sizes and shapes from several
types of material. 7ypes of pipe available for use in Mississippi include:

e Reinforced Concrete Pipe e Corrugated Metal Arch Pipe
e Reinforced Concrete Arch Pipe e Corrugated Aluminum Pipe
e Corrugated Metal Pipe e Vitrified Clay Pipe,.

Most installations will be reinforced concrete pipe. Under certain con-
ditions (see Table 6-11), the other types will be permitted as alternatives,

Where alternate: for crossdrains exist, consider R.C. P. up to 36" dia-
meter. Whenpipeis 36" diameter or larger, alternates of either R. C. P. or Bi-
tuminous Coated Pavec Invert 3:1 Corrugated Metal Pipe are more comparable,

Lower headwater values canbe achieved witharch pipe. Normally, arch
pipe is used where the cover, outfall elevation or gradient is restrictive.

The corrugated metaland corrugated aluminum pipes should be specified
in accordance with Table 6-11.

State Aid Division Policy on Type of Pipe Culvert

On state aid projects, the type of pipe culvert is selected based upon
engineering judgment and is specified without alternates. The Division' S
and the Department's ‘jolicies are identical whenever Federal funds are in-
volved except that on some projects culverts are made a non-partlclpatmg itém
and the choice of culvert type is made onthe same basis as state: ald projects,



Department Policy on Type of Pipe Culvert

The Department has adopted a policy defining conditions when pipe cul-
verts must be of a specific material and when contractors may choose from
alternative types of pipe. The criteria are set forth in Table 6-11.

Table 6-11
CRITERIA FOR TYPES OF PIPE CULVERTS

Special Systems
Type of Cross Median Storm Sewers, Side
Roadway Surface Drains Drains Siphons, Etc. Drains
High Type
P e mants (1) (1) (1) (3)
Other than
High Type (2) (2) (1) (3)
Pavement

*High Type Pavement: Portland concrete cement
or 1" minimum thickness bituminous concrete.

(1) Reinforced Concrete Pipe

f2)  Three alternates are required:

Reinforced Concrete Pipe

Bituminous Coated Paved Invert Corrugated Metal Pipe
Vitrified Clay Pipe~-only 30" diameter or less
Bituminous Coated Paved Invert Corrugated Aluminum
Pipe--only 30" diameter or larger.

(3) Same as (2) above, with exception: for permissible conditions,
Bituminous Coating and/or Paved Inverts may be omitted from
the two metal corrugated pipes.

NOTE: For special installation site conditions--such as unstable
support, steep gradients, high embankment, acidity or
alkalinity of soil, other corrosive elements, or high po-
tential for erosion--the elimination of one or more of the
alternate pipes may be warranted.
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Strength Identification

The strength of reinforced concrete pipe is measured by class designa-
tions. Althoughcther classes of concrete pipe are manufactured, the following
three classes ar: most frequently designated:

Class Il -~ Standard Strength Reinforced Concrete Culvert Pipe
Class IV -~ Extra Strength Reinforced Concrete Culvert Pipe
Class V ~-- Super Strength Reinforced Concrete Culvert Pipe.

Concrete arch pipe is identified as Class AIl, Class AI (Standard
Strength) and Class AIV (Extra Strength). However, Class AIIl is generally
used and is understood, unless otherwise designated.

The strengthof corrugated metal and corrugated aluminum pipe is meas-
ured in terms cf the gage (thickness of metal). Corrugated metal pipe also
comes with two different sizes of corrugation -- 2 2/3"x 1/2" and 3"x 1"
--where the first number is the distance between crests and the second is the
depth of corrugations. The larger corrugation produces greater strength than
the smaller--with the same gage metal. At present, the 3" x 1" corrugation
is used for 36-inch diameter pipe and larger.

Vitrified clay pipe comes in two classes--Standard and Extra Strength--
but only Extra Strength is to be used for culvert installations.

Pipe Culvert Strength Requirements

Table 6-12 contains the information needed by designers to designate
the strength requirementsfor individual culverts. The requirements are based
principally on the size and shape of the culverts, the amount of cover over the
pipe and, in some instances, the class of bedding and type of backfill.
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Table 6-12

PIPE CULVERT HEIGHT-OF-COVER TABLES

CORRUGATED METAL PIPE -~ 2 2/3" x 1/2" CORRUGATIONS
Pipe Maximum Cover -- Feet
Diameterx
(inches) [*16 gage | 14 gage | 12 gage | 10 gage | 8 gage
15 56 60
18 46 50
24 30 33 40
30 25 29
36 22 (25, 23 (32 26 533
42 21 (42 22 (44 24 (48
48 20 (40 21 (42 22 (43
54 18 (36 19 (38 20 {40
60 18 §36§ 19 (38
66 18 (35 18 (36
72 18 (34
78 17 §27
84 17 (21

Minimum cover (top of pipeto subgrade) = 1 foot.

Values in parentheses represent maximum cover
when pipe has been elongated 5 percent out-of-
round vertically.

CORRUGATED METAL PIPE ARCE
2 2/3" x 1/2" CORRUGATIONS
Equivalent Maximum
Round Pipe | Span - Rise Gage Cover
(inches) (inches) (feet)
15 18 x 11 *14 13
18 22x 13 14 12
24 29x 18 ‘14 10
30 36 x 22 14 10
36 43x 27 14 8
42 50 x 31 12 8
48 58 x 36 12 8
54 65 x 40 12 8
60 72 x 44 10 8
66 79 x 49 8 8
72 85 x 54 8 8

‘Minimum cover (top of pipeto subgrade) = 1 foot,

*No, 16 gage may be used for side drains where
minimum cover is at least 2 feet.

*Use 16 gage for side drains only where minimum
cover above top of pipe is at least 2 feet.

CORRUGATED METAL PIPE -~ 3" x 1" CORRUGATIONS
Pipe Maximum Cover -- Feet

Diameter

(inches) 16 gage | 14 page | 12gage | 10 gage | 8gage
36 35 ?10; 39 550 48 (73 58 §88 68 (98
42 28 (34 31 (42 37 (63 42 (16 49 (84
48 25 (30 26 (317 30 (55 34 (67 38 (13
54 -22 227; 23 (33 26 (49 29 (59 32 (63
60 21 (24 22 (30 23 (44 26 (52 27 (55
66 20 (22; 20 (27 22 (40 23 (47 25 (50
72 19 (20 20 (25 21 (37 22 (43 23 (47
78 18 19 (23 20 (34 21 (41 22 (43
84 17 19 (22 19 §32 20 (37 21 (42
90 16 18 (20 18 (29 19 (35 20 (39
96 15 18 18 (27 19 (33 19 (37)
102 14 17 18 (26 18 (31 19 (35)
108 17 17 (24 18 (29 18 532
114 16 17 (23 18 (27 18 (31
120 17 (20 17 (26 18 (29

Minimum cover: 36" - 96' pipe = 1 foot.

102" - 120" pipe = 2 feet,
Values in parentheses represent maximum cover
when pipe has been elongated 5 percent out-of-
round vertically.

CORRUGATED METAL PIPE ARCH
3" x 1" CORRUGATINNS
Equivalent Maximum
Round Pipe | Span - Rise Gage Cover
(inches) (inches) (feet)
36 43 x 27 16 12
42 50 x 31 16 12
48 58 x 36 16 12
54 65 x 40 16 12
60 72 x 44 16 12
66 73 x 55 16 17
72 81 x 59 16 15
8 87 x 63 16 14
84 95 x 67 16 12
90 103x 71 16 12
96 112 x 75 14 11
102 117x 79 14 10
108 128 x 83 12 9
-Minimum cover:
43" x 27" -~ 12" x 44" = 1 foot.
13" x 55" -- 95" x 67" = 1.5 feet.
103" x 71" -~ 128" x 83" = 2 feet.
GAGE — THICKNESS
I Thickness
Gage (inches)
16 0.064
14 0.079
12 0.109
10 0.138
8 0.168

See Design Drawing D-Pl-I for additional information.

*

REINFORCED CONCRETE ROUND AND *ARCH PIPE

Maximum Cover -~ Feet
Bedding Backfill
Class III Pipe | Class IV Pipe | Class V Pipe
Class C Normal 17 24 - ! 30
Class B Normal 29 ? 36
Class B |*¥mperfect 90 l 115
Trench

Minimum cover (top of pipe to subgrade) = 1 foot.

Class of pipe and bedding areto be consistent throughout the pipe length.

Imperfect trench installation requires Class B bedding,

Class IV pipe is to be used in all imperfect trench installations where

maximum cover permits.

Imperfect trench should be terminated when cover values permit normal

hackfill (see Figure 6-8).
*Concrete Arch Pipe, Class AII, is used principally,

Class AIV is available, and has the same cover limits as round pipe.

*Round pipe only,

*VITRIFIED CLAY PIPE

Maximum Cover -- Feet
Bedding
15" Pipe 18" Pipe 24" Pipe 30" Pipe
Class C 11 11 13 13
Class B 13 13 14 14

*Qnly Extra Strength clay pipe is permissible.
Class of bedding is to be consistent throuchout

pipe length,

CORRUGATED ALUMINUM PIPE ~-- 2 2/3" x 1/2"" CORRUGATIONS

Pipe Maximum Cover ~- Feet

Diameter -

(inches) | *16 gage 14 gage 12 gage 10 gage 8 gage
12 37 (22) 37 27 65 67 70
18 25 ?5; 25 (18 43 45 4
24 18 (12 18 (13 32 34 35
30 15 (11 26 27 28
36 12 (9) 22 22 23
42 22 36 36 37
48 33 34 38
54 29 31 32
60 27 28
66 25 26
72 24

Minimum cover (top of pipeto subgrade) = 1 foot,
Maximum cover values are for riveted or helical
fabricated pipe.

*Use 16 gage only for side drains where minimum
cover 15 at least 2 feet.

**Values in parentheses are for spot-weldeda mpe.




Maximum cover value is based on the distance from the top of the cul-
vert to the elevation of the finished road surface. Minimum cover is meas-
ured from the top of the culvert to the top of the subgrade, since this will
be the effective cover during construction operations.

In addition to culvert size and length, the following data should be shown
on the plans to identify strength requirements:

Reinforced Concrete Pipe Culverts

® Class HI is understood, unless otherwise indicated.
Show class of pipe IV or V.

Concrete Arch Pipe Culverts

® Class AIlI is understood--no special identification
is required except for special conditions.

Corrugated Metal Pipe and Arch Pipe Culverts

® Show gage of metal (2 2/3" x 1/2" corrugations are
assumed unless otherwise specified).

® Show gage of metal and size of corrugations if 3" x 1"
corrugations are to be specified.

Corrugated Aluminum Pipe Culvert

® Show gage of metal.

Vitrified Clay Pipe

® Always show "Extra Strength. "
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Special Provisicn Against Deterioration

Under certain conditions there will be need for special treatment of cor-
rugated metal and aluminum culverts to retard deterioration. The basic cri-
teria for treatment are shown in the previous section on Department policy
with regard totypes of culverts. Other special considerations may be recom-
mended with the field survey or as a result of soils testing. Designers will
be advised of these conditions.

When special treatment is required, the description of the culvert shall
be preceded by the phrase:

® Bituminous Coated, or
® Bituminous Coated Paved Invert.

Bedding and Backfill

The Standard Specifications provide for three types of culvert bedding--
Class A, Class B and Class C.

Class C is the standard bedding and satisfies most installation
conditions.

Class B is a special bedding which permits greater heights of
cover. It'is used only with high fills which exceed the limits
for standard bedding.

Class A consists of a concrete cradle under the culvert and is
used only for unique conditions.

Class C bedding is always assumed if there is no special note on the
plans. If eitherr Class A or Class B bedding is required, the type of bed-
ding must be shown on the plans,
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The standard backfilling procedure defined in the Specifications normally
will be used--and no special notation is needed on the plans.

In the case of very high fills (as identified inthe tables of maximum cover)
it may be necessary to specify the Imperfect Trench Method of backfilling.
This requirement must be shown onthe plans. An imperfect trench installation
detail is shown on Figure 6-9, including the different pay limits. The term
"Imperfect Trench" will eventually be replaced by the term "Induced Trench. "

Pay Limit 1 is normalinstallation as prescribed. Pay Limit 2 is imper-
fect trench installation.

Figure 6-9
TYPICAL IMPERFECT TRENCH INSTALLATION

"],,I"

Pipe Culvert End Structures

Four alternatives should be considered for the treatment of culvert ends
at eachinstallation. These aredescribed below and criteria are shown to guide
the selection of the app:ropriate end treatment.

1. Concrete Eeadwalls. Design details for standard cast-
in-place concrete headwalls are shown in the Design draw-
ings. Alternatives are included for various combinations
of size of culvert, embankment slope, degree of skew, and
number of ripes (single or multiple line installation).

Concrete headwalls generally should be specified:

° for mnultiple lines of pipe in deep channelized ditch
sections.
° for structures sufficiently removed from the travel-

way that headwalls are more economical than other
types of end sections.

® when right-of-way restrictions require special design
abbreviated headwalls or straight headwalls parallel
to the roadway. (Guardrails are generally required
also.)
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Pay Limit 1 Pay Limit 2 Pay Limit 1

Improved Entrance Pipe Sections. Design details for stand-

ard prefabricated concrete improved entrance pipe sections
are shown in the Design Drawings. These upstream (en-
trance) end pipe sections increase pipe efficiency and may
permit decrzase of the required pipe size. This pipe end
section should be installed whenever practical, with due
consideration to exceptions for headwall use. Recommen-
dations are: align the culvert with the existing channel,



if practical, regardless of skew; and use the improved en-
trance section upstream and a flared end section down-
stream. Although special cases will arise, a maximum 45°
skew angle should be maintained.

Flared End Sections. Design details for standard prefabri-
cated concrete and metal flared end sections are shown in
the Design Drawings. Flared end sections should be speci-
fied for most pipe installations, except in those instances
listed under Headwall and Improved Entrance Section use.
The 45@ maximum skew angle should be maintained.

For installations where the improved entrance section does
not significantly enhance performance, a cost comparison
between flared end sections and improved entrance sec~
tions will determine which should be used. In general, only
small pipe for small flat drainage areas will be in this
category.

No End Structure. In most cases, culverts under ramps
and non-major turnout connections, no end structure is
needed for culvert ends--except that the regular terminal
section of culvert pipe should extend to the normal fill
slope and natural ground intersection.

This detail is shown on Design Drawing M-R-1.

There can be instances where slope protection in the form
of riprap or paving is necessary at the ends of culverts
with no end structures. This condition must be considered
in design.
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Multiple Pipes

Where multiple pipes are to be installed and concrete headwalls are
specified, the proper spacing between adjacent pipes is defined in the Design
Drawing for heailwalls.

When flared end sections are specified, the spacing between multiple
pipes should be such that end sections will be in contact. Appropriate dimen-
sions are shown in the Design Drawings for flared end sections.

Multiple flared end sections on skewed pipes must be on a straight line

alignment normal to the pipes, just as a non-skewed installation. (See the
diagram on the next page.)

Skewed Installations

Wherever practical, pipe culvertinstallations should be designed to con-
form as closely as possible to natural drainage channels. A "'standard skew"
headwallusually canbe installed satisfactorily, even though the degree of skew
may be slightly different from the skew of the culvert. The amount of skew
must be shown on the plans.

The degre= of skew is measured as the angle between the pipe installa-
tion and a line perpendicular to the highway centerline--as shown in the dia-
gram on the nex: page.

A culvert skew angle is described in terms of which end is forward--
left forward, or right forward. If the skew angle in the illustration is 15°,
the proper description of the skew (to be shown on the plans) is '15°skew
left forward. "'
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Box Culverts

The Bridge Division Standard Drawings include design details and guides
for estimating quantities for box culvert installations. Designers normally
can make direct reference on the plans to the drawing number, size of box,
skew, headwalls and other pertinent information. Estimated quantities should
be computed from the guides and recorded on the plans.

If there are any nonstandard conditions (in size, skew, headwalls, im-
proved entrance structures, etc.) the Bridge Division should provide any need-

ed supplementary drawings.

Culvert Lengths

The required length of pipe culverts normally should be determined by
plotting the installation to scale on a cross section at the location, and meas-
uring the plotted lengths. For skew installations, a plan view also should be
drawn to scale.

When improved entrance and flared end sections are specified, they
should be identified separately and considered in the reduction of overall
culvert length. ‘

The lengths of pipe culverts should be estimated and recorded to the
nearest multiple cf 4-foot increments. The length of box culverts should be
calculated to the nearest 0.01 foot. Detailed information on dimensions and
quantities for box culverts must be documented on standard computation sheets
provided by the Department,

Structure Excavati_q_rl

Detailed instructions andtables are found in the Department publication,
"Structure Excavition Tables for Pipe Culverts, Headwalls, Box Culverts,
and Minor Structures."

Tables may be used for state aid work provided pipe culvert constants
are increased to include wall thickness. The Department's structure exca-
vation width is 2 feet plus inside diameter and State Aid's width is 2 feet plus

outside diameter.
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Chapter 7
" ROADSIDE DEVELOPMENT

This chapter provides design criteria and proceduresfor controlling soil
erosion, landscaping and rest area development. '

EROSION CONTROL
Vegetation

Most highway construction projects will require certain erosion control
itemsto provide a vegetative cover on disturbed, barren soil areas to prevent
soil erosion and improve the appearance of the roadside.

The "Vegetation Schedule' sheet prepared by the Roadside Development
Section will specify the work items to be performed, pay item numbers, rates
ofapplication, seasonalrequirements and any special notes related to the par-
ticular project.

The Vegetation Schedule may include items such as:

topsoiling

ground preparation
fertilizing
sprigging

seeding

mulching

watering.

A typical Vegetation Schedule is shown on page 7-2,

Responsibilitics

Responsibilities for erosion control design are shared by the Roadside
Development {ection and the squad leader assigned to each project.

The squad leader will furnish Roadside Development withthe project num-~
ber, location, stationlimits, original soil profile, type of project, typical sec-
tion or slope schedule, and any field recommendations pertinent to the design.

Roadside Development will prepare a '"Vegetation Schedule' sheet, which
will become a part of the contract plans.

The squad leader will determinethe square yards of the disturbedareato

be vegetated; and will estimate quantities for each work item listedon the Vege-
tation Schedule,

Estimating Quantitites

Normally, the total disturbedarea to be vegetatedis determined from the
construction limits. The transverse width is stripped on each station cross
section for an accumulative total. This total is multiplied by 100 and divided
by 9 to calculste the square yards of disturbed area. Experience shows that
for estimating purposes a factor of 1.5 should beapplied to the calculated value.

When the constructionlimits extend to or near the right-of-way line, the
disturbed area may be determined by subtracting the area of the roadway from
the area of the right-of-way. In this method the 1.5 factor is not applied.



SEASONAL APPLPLICATIONS — DATES RATES PRPEQUIREMENTS
EROS/ION CONTROL ITEMS SPRING & SUMMER FALL & WINTER THE APPLICATION OF THE SPECIFIEL ITEMS SHALL CONFORM WITH THE REQUIREMENTS IN THE SPECIFICATIONS OR SPECAL PROVISIONS
Y ITEM NO. ITEMS RATES DATES RATES DATES THE FLANTING DATES AND RATES ‘N THIS SCHEDULE SUPERSEDES FLANTING DATES AND RATES IN THE SPECIFICATIONS
G52~E | TOPSOIL(LVM-CONTR. FURN.) 4" THICK MARCH 1 70 SEPTEMBER 1 | 4" THICK | SEPTEMBER 1 70 MARCH 1 | PLACE ON CUT SLOPES AT AIPROX. STATION LIMITS LISTED BELOW OR AS DIRECTED BY THE ENGINEER
855-H |STANDARD GROUND AREFPARATION (TyPEXL) | PER5Q. Y. | MARCH 1 To SEPTEMBER ! | PER 5Q. Y. |SEATEMBERITO MARCH 1 |GROUND PREFPARATION (TYPEIT) REQUIRED ON AREAS 7o RECENVE S0LID SODDING DR SEEDINGs AS APPLICABLE
65G-A |AGRICULTURAL LIMESTONE 3 JONS/ACRE | MARCH I 70 SELTEMBER 1 | 3 TONS/ACRE | SEPTEMBER 1 70 MARCH 1 |LIMESTONE SHALL BE MECHANICALLY SPREAD LNIFORMLY AND INCORPORATED INTO THE SO/L PRIOR JO PLANTING.
G5G-B | COMBINATION FERTHIZER (/3-/3-/3) SO0 LBS JARE | MARCH L 70 SEPTEMBER 1 /000185 /ACRE | SEPTEMBER 1 TO-MARCH -/ |FERTHIZER »  # ” “ 7 ” ” v n v 7
D_656-C | SuPERPHOSPHATE | TONJACREIEST) | MARCH 2 70 DEGEMBER [ SUPERPHOSPHATE (FOR BID /;"EM FURPOSES)
@3 658-4 SEEDING [BAHIA GRASS) 30 L85, JACRE |MARCH 1 TO SEPTEMBER [ |30 LBS/ACRE | SELTEMBER 170 MARCH 1 | SEEDING REQUIRELD ON DISTLIRBED AREAS
@GN 658-4 W) SEEONG (COMMON BERMUDA GRASS) - 15 LBS.JACRE |MARCH 1 TO SELPTEMBER I | /5.LBS/ACRE | SEPTEMBER 170 MARCY I | SEEONG REQUIRED ON L/STURBED AREAS. UNHULLED SEED MAY BE REQD. DURING DORMANT SEASON A5 DIRECTED
B 658-A_ W\SeEeomwe FESCUE-KY. 31) 25 LBSJACRE | SEPTEMBER 1 TO MARCH 15 " “ ” “ “
BN 658-A. W\SeeoNG CRIMSON CLOVER) 20 185/AcRE | SELTEMBER 1 70 MARCH 15 “ ” ” “ “
207- 659 -A | VEGETATIVE MATERIAL FOR MULCH 2 TONSHCRE(EST) |WARCH £ To SEPTEMBER 1 |2 TONS/ACRE(ESTSELTEMBER 170 MARCH 1 | THE ENGIWEER WL DESIGNATE THE RATES OF ARBLICATION (SEE SUBSECTION ©59.04)
G59-8 |BITUMINOUS MATERIAL FOR MULCH 25 GALS/TEMESTIMARCH 1 70 SEPTEMBER . Yo564s/IoMEST)| SELTEMBERL 70 MARCH £ | * ” 4 v ” ” - o ” “ v
ce4 W SoLwo Sopone PER 30, YD. |MARCH I 70 SEPTEMBER I | PER 5Q. YO |SEPTEMBER1TO MARCH 1 | S0LID SOD REQINRED ON ARELS SPECIFIED IN THE CONTRACLT OR BY THE ENGINEER.
@) 907-67/ | WATERING 20 6ALS /SR EST) VOGAULS/SPBESTNSELTEMBERITO MARCH [ |70 BE USED AS DIRECTED IN 7HE PLANTING AND ESTABLISHING OF SEEDING AND SOLID 50D -A5 ABPLICABLE
@ Al AREAS THAT HAVE BEEN VEGETATED, LINCER THIS CONTRACT y FORAT LEAST (60) SIXTY OaYsS,
SHALL RECEIVE ARDITIONAL APPLICATION(S) OF FERTILIZER(S) OF THE 7YFPE(S) AND RATE(S) oF /. 2
APPLICATIONS AS DETERMINED BY SO/ TEST OR AS DIRECTED DURING THE CRONWING SEASONS
THE CONTRACT 18 IN FORCE. GROINGD PREPARATION WILL: NOT BE REQUIRED FOR THE ADDITIONAL STATION. 0 STATION
APPLICATIONS. PAYMENT FOR ALl FERTIIZERS ACCELTABLY APPLIELD AS ADD I TIONAL APPLICATION(S) 50+ 00 S74cCO
Witr BE MAOE In ACCORDANCE WITH ThE SUPERPHOSFHATE BI1D ITEM G56-C. 80 + 00 assco
Hz2+ 00 1204+¢Q
ST+ 0O 183+ 00

®

WiLL BE SEEDED DURING THE PERIOOD MaRCH | 7O SEPTEMBER 1.

PROPOEAL. QUANTITIES ESTIMATED ON THE BASIS THAT 65% OF THE AcREAGE 7O BF Seco&0

@ PROPOSAL QUANTITIES ESTIMATED ON THE BASIS THAT BE% OF THE ACREAGE 70 8F SEEDED
WiLt BE SEEDED DURING THE PERIQD SEPTEMSBER | 70 MARCH |

@ WATER Wit t BE MEASURED FOR PAYMENT WHEN ORDERED AND APPLIED ON AN AREA (IPON

WHICH 1TEMS OR COMBINATION OF [TEMS WHICH BY REFERENCE SyMBOL

ARE HERE LISTED,




The procedures for estimating work item quantities are as follows:

Topsoil:

Ground

Preparation:

Fertilizers:

Sprigging:

Normally, the station limits requiring topsoil will be speci-
fied on the Vegetation Schedule. The cubic yards of top-
soilare determined by multiplying the areas (square feet)
requiring topsoil by the thickness (feet), and dividing by
27 to convert to cubic yards; and then multiplying the cal-
culated amount by 1.25 (25% shrinkage factor). -

Topsoil furnished from within the right-of-way is paid for
on a square-yard basis for placement. '

The total square yards of disturbed area to be vegetated
as shown on the typical section may include sprigging and
topseeding, seeding, and solid sodding as specified on the
Vegetation Schedule.

The quantity of fertilizers (tons) is calculated from the
square yards of ground preparation converted to acres
multiplied by the rate per acre of eachfertilizer (agricul-
tural limestone, combination fertilizer and superphos-
phate).

The total area of sprigging is the ground-preparation area
minus -(-) the solid-sodding area. When sprigging is
specified on the Vegetation Schedule to be planted during
certain months only, the area is multiplied by the esti-
mated percent to be sprigged. This percentage is shown
on the Schedule.
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Seeding: The quantities of seed are calculated from the ground-
preparation area minus (-) the solid-sodding area con-
verted to acres multiplied by the rate per acre of each
typeseed. The estimated percents of theareatobe seeded
in the spring and summer and the area to be seeded inthe
fall and winter are shown on the Schedule.

Mulching: The tons of vegetative material are calculated for ground
preparation area minus (-) solid sod area converted to
acres, multiplied by the rate per acre of mulch. The
bituminous material is calculated by multiplying the tons
of vegetative material by the rate of gallons per ton.

Watering: The quantity of water is calculated by multiplying the
ground preparation area by the rate of gallons per square
yard, dividing by 1000, and rounding to the nearest M/gals.

The erosion control items will be included sequentially in the Summary
of Quantities for the project.

SPECIAL DITCH TREATMENT

Under certain conditions of ditch gradient and quantities of water, vege-
tation is difficult to establish before erosion occurs, and special treatment
is necessary.

Sometimes, the characteristics of the ditch and the waterflow are such
that vegetation alone will be inadequate--and it becomes necessary to install
paved ditches.



Responsibilities

For most routine situations, the squad leader responsible for an indi-
vidual project will conduct the analysis, and design appropriate ditch treatment
in accordance with the criteria and procedures set forth in this manual. For
unusual situations the Hydraulics Section will furnish guidance and assistance
in design of ditches, channels, and other erosion control measures.

General Criteria

Some factors affecting ditch design are:

type of soil

ditch gradient

volume of water (drainage area)
steepness of ditch slopes.

More extensive ditch treatment is needed with steep ditch grades, large
quantities of water and steep side slopes. The alternative treatments listed
in order of increasing effectiveness for erosion control are:

normal seeding and mulching

excelsior blanket

solid sod or asphalt coated fiberglass roving
paved ditches,

Ditch Gradient

For analysis purposes, itis convenient to plot ditch grades on a working
profile copy. Gradients should be plotted for all cut ditches and also for situa-
tions where the natural ground slopes toward the toe of fill slopes. A close
approximation from the cross sections will be sufficiently accurate.

Notations should be made on the drainage profile working copy to indi-
cate wherethe sideditch flow is released and carried away by a natural drain-
age channel--or is inte:*cepted by a drop inlet or cross drain culvert.

Drainage Areas

The drainage area should be outlined on the working plan copy to show
all of the area which ccntributes runoff to the ditch. This should include that
portion of the pavement surface which is sloped toward theditch, all construc-
tion slopes, and any a:rea beyond the construction limits which drains toward
the ditch. The area can readily be measured using the "strip stick. "

The table of Criteria for Side Ditch Treatment, on page 7-5, is based
on the following conditions: '

drainage area plotted at a scale of 1' = 100"
use of a strip stick calibrated for cross sections plotted at
a scale of 1" = 5' horizontally and vertically

® strip at 25!intervals (use of 0.25" x 0.25" grid overlay is
very helpfuly.&;\

Under these conditions, the numerical reading of the strip stick can be
used directly with the table to determine proper ditch treatment.

Ditch Treatment Design

Design of ditch treatment normally will involve the following steps:
1. Select the proper columns in the table for the ditch slopes.
2.  Select the aopropriate ditch grade (%).

3. Identify the maximum strip stick reading ‘perm‘issrible for
each type of treatment.



CRITERIA FOR SIDE DITCH TREATMENT
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STRIP STICK VALUESl/

-l/ For drainage areas plotted at a scale of 1' = 100", using a strip stick calibrated
for cross sections plotted at a scale of 1"

strip stick value of 824 equals 1 acre,
of strip stick readings for the particular type of side ditch treatment,

= 5' horizontally and-vertically,

ditch is required for readings above the limits for asphalt and fiber glass.

2/ Asphalt coated fiber glass rovings,
values shown,

A

The tabular values are the upper limits
A paved

For solid sod, use only 75% of strip stick

This table was developed for average erosion resistant soﬂs
sive soils, use only 60%

of "strip values' shown.

Ditch 6:1 Foreslope 6:1 Foreslope 4:1 Foreslope 4:1 Foreslope Ditch
Grade 6:1 Backslope 4:1 Backslope 4:1 Backslope 3 :1 Backslope Grade
% No Excelsior | Asphalt & 2/ No Excelsior | Asphalt & 2/] No Excelsior | Asphalt &Y No Excelsior | Asphalt & 2/ %
Treatment Blanket | FiberGlass |[Treatment | Blanket | Fiber Glass|Treatment | Blanket | FiberGlass|Treatment | Blanket | Fiber Glass
0.2 1250 /.52 2740 2331 4900 1040 2270 4050 820 1810 3220 720 1570 2800 0.2
0.3 1250 /52 3360424 6000 1040 2780 4960 830 2210 3950 720 1920 3440 0.3
0.4 1300 /.58 3880 6920 1080 3210 5740 880 2560 4560 750 2220 3960 0.4

0.5 1260 /53 3960 7070 1050 3280 5850 830 2610 4660 720 2270 4050 0.5 .
0.6 1090 /.22 3520 6270 900 2910 5200 720 2320 4140 630 2010 3600 0.6
0.7 950 /.5 3150 5620 790 2610 4660 630 2080 3710 550 1810 3220 0.7
0.8 890 /.08 2890 5160 740 2390 4220 590 1910 3400 510 1660 2960 0.8
0.9 820 .99 2670 4720 680 2210 3950 540 1760 3140 470 1530 2720 0.9
1.0 . 740 90 2490 4450 610 2060 3670 490 1640 2940 420 1430 2550 1.0
1.5 540 .t 1920 3440 450 1590 2840 360 1270 2260 310 1100 1960 1.5
2.0 440 .53 1620 2900 370 1340 2400 290. . 1070 1910 250 930 1660 2.0
2.5 370 .45 1420 2540 300 1180 2100 240 940 1670 210 810 1450 2.5
3.0 250 - 20 950 1725 200 800 1400 175 625 1125 150 550 975 3.0
3.5 200 .24 825 1375 175 625 1125 125 500 900 100 425 775 3.5
4.0 150 ./ 625 1125 125 525 950 100 .27 425 750 100 350 650 4.0
4.5 125 5 525 950 100 450 775 75 7 350 625 75 300 525 4.5
5.0 100 .« 475 850 75 19 375 675 50 .06 300 525 50 275 475 5.0
5.5 400 725 325 600 250 475 225 400 5.5
6.0 325 600 275 500 225 375 175 350 6.0
7.0 275 475 225 400 175 325 150 275 7.0
8.0 200 . 375 175 325 125 250 100 225 8.0
9.0 150 .4 275 125 225 100 175 75 150 5.0

10.0 100 .z 225 100 150 75 125 50 125 10.0

NOTES:

For highly ero-

Ditch grades exceeding 3. 0% become more critical, requiringdrastic U'strip value"

redictions when definite drainage areas are unkn

OWIL.

sho1ld begin where abrupt increases in ditch grades occur, i.e., 2. 0%+ to 6.0
evethough other type "strip values'' have not been exhausted.

Ditch paving generally
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4, Start the cumulative stripping process at the upstream end
of the drainage area and continue until the reading shows the
upper limit for normal seeding and mulching (no special
treatment). The excelsior blanket will start at this location.

5. Continue cumulative stripping to the upper limit i'eading for
excelsior blanket--and start the solid sod or asphalt coated
fiber glass rovings at this point.

6. Continue cumulative stripping to the upper limit reading for
solid sod or asphalt coated fiber glass rovings--and start the
paved ditch at this point.

7. Whenever the ditch reaches an outlet, end the treatment and '
start stripping from zero reading at the upstream end of the
next drainage area.

Typical sections of ditch treatment are shown in the figure at the right.

Normally the simple "V'" shaped ditch will be used. For situations in-
volving relatively large quantities of water, a flat bottom ditch with appropriate
treatment will be designed by the Hydraulics Section.

The units of measure for various types of ditch treatment are shown
below:

Excelsior blanket -- square yards
Solid sod -- square yards

Asphalt coated fiber
glass roving:

Fiber glass -- pounds per square yard
Asphalt -- gallons per square yard
Paved ditch (P.C. concrete) -- cubic yards
Paved ditch (bituminous) -~ tons

T7YPICAL DITCH TREATMENTS

Equal Depth on Both Slopes

LA

Overlap multiple strips 4"
to 6". Excelsior is avail-

able in 4' and 5" widths. Side Slopes Vary

DITCH LINER

Equal Depth on Both Slopes\

Rates per square yard:
0.25 - 0.35 Ib. Roving
0.25 - 0.35 gal. Asphalt

Side Slopes Vary

ASPHALT COATED FIBER GLASS ROVING

Shaped Ditch
Rounding Required
4" P.C.Concrete

Side Slopes Vary
/ 6" x.6" No. 10 Wire Mesh

: " Width is dependent on side

D (maximum) 12 slopes of ditch and depth
Design flat bottom ditch to accommodate estimated

~ when estimated depth of flow., Equal depth on both
flow will exceed 12", slopes. ‘

o ]

l w -l

CONCRETE PAVED DITCH
D (minimum) = 6" W (minimum) = 4'
D (nominal) = 9"



Normally concrete shall be specified when paved ditches are required.

Bituminous paving will be specified only where unusual soil conditions may,

adversely affect concrete. Designers will be advised of these conditions.

The location and type of special ditch treatment should be shown on the
plan sheets with these suggested symbols (press-on tapes are availablle):
Orrer LincEs
Excelsior blanket --
Solid sod ‘ --
Asphalt coated fiber glass roving  ~--
Paved ditch (P.C. Concrete) - ‘
Paved ditch (Bituminous) - Designer's choice
(seldom used)

When the‘topography on the plan sheet is so congested that additionof
the ditch treatment symbols would be confusing, the symbols should be omitted
and an itemized list of quantities prepared which will identify the type of treat-
ment by stationing.

OTHER EROSION CONTROL

Slope Paving

Concrete slope paving should be provided underneath bridges at grade
separation structures to prevent erosion. The details normally are shown on
the bridge sheets and the quantities are included in the Bridge Summary of
Quantities. '

For typical rural projecté, the slope pavingislimited tothe area beneath
the bridge, as shown in the following examples.
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For most urban projects, additional slope paving should be provided to
wrap around the 2nds of the embankment, as shown below,

MEREY Bridge Item

-] Roadway Item

Details and quantities for the additional wrap-around slope paving must
be shown on the roadway plans, '
Riprap

To preveni excessive erosion, riprap may be required at various loca-
tions within the roadway right-of-way. Designers should direct particular
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attention to the following locations:

outfall and intake ends of culverts

bends in stream channels

abrupt flowline changes

excessive flowline grades

confluence of two or more streams or channels

existing erosion problems.
The designer should consult the Hydraulics Section when there is a ques~
tion about the need for riprap. ' -

LANDSCAPING AND REST AREA DEVELOPMENT

Special roadside development work may be specified during the planning
process. This work may include landscaping of the roadside or development
of roadside rest areas.

Responsibilities

The Roadside Development Section will design these projects and prepare
contract plans.

For landscaping work, the contract plans normally will include:

a title sheet and general layout
summary of quantities

vegetation schedule

plan sheets showing individual plantings
applicable standard drawings.

® ® ¢ © o

For roadside res! areas, the plans will include additional details on:

site prepar:ition

buildings

water and sewer installations
other facilities.

Site preparation jor rest areas may be included in contract plans for
construction of the highway facility.

Safety Considerations

Special care should be taken to assure that growth of trees and shrubs
willsnot obscure signs or sight distances for traffic movement-~-especially in
the areas of intersections, interchanges or roadside parks.

Ultimate large-trunk-size trees planted or retained too close to the
traveled way are potertial hazards, Criteria for a recovery area of 30 feet
from thetraveled way is presently used. However, every consideration should
be given to locating these trees at a further distance, especially in areas
such as grade points, low fills, shallow cuts, diverging roadways, or other
locations where it is likely that a vehicle may leave the roadway and strike
a tree, '



Chapter 8
HIGHWAY INTERSECTIONS

This chapter deals with highway intersections--ranging from simple in-
tersections of rural roads to complex interchanges of major highways.

GENERAL

Intersections are a very important part of highway design. They affect
capacity, speed and efficiency, and have a great effect on traffic safety.

Two general types of intersections will be discussed:

) Intersections at grade
® Interchanges.

Use of interchanges normally islimited to freeways or expressways with
high traffic volumes where at-grade intersections would disrupt the flow of
traffic and create hazardous conditions,

Because interchanges are quite expensive, careful analysis and planning
must be performed to define their locations and justify their installation.
Normally, these decisions are made during the planning process and no attempt
will be made in this manual to discuss general warrants and criteria. Rather,
emphasis will be placed on design criteria and procedures to be followed by
designers.

Some considerations relating to turning movements are applicable to all
types of intersections.

DESIGN VEHICLES

The shape and sharpness of curves, and the widths of turning roadways
must be designed to accommodate the characteristics of vehicle operation.

Four basic classes of ""design vehicles'' have been established. The op-
erating characteristics of these vehicles affectintersection design geometrics.
The vehicle classes and their designations are:

o -~ Passenger cars, and light panel
and pickup trucks

SU -- Single unit trucks and busses

WB-40 -~ Semi-trailer combinations with
an overall wheelbase of 40 feet

WB-50 -~ Semi-trailer combinations with
an overall wheelbase of 50 feet.

General criteria for minimum intersection design are shown below by
vehicle class:

P design -~ Use at private driveways and local road
intersections with highways; and at inter-
sections of two minor highways carrying
low volumes of traffic.



SU design -- In general, for conditions otherthan those
described above, use the recommended
minimum for rural highways.

WB-40 or -- Use where truck combinations which ap-
WB-50 proximate the size of the design vehicles
design will be turning repeatedly.

AT -GRADE INTERSECTIONS

Most highways intersect at grade. At-grade intersections should provide
adequately for anticipated turning and crossing movements. Typical geometric
designs and design controls for at-grade intersections are discussed in this
section,

General Types

Intersections at grade usually are the 3-leg (T or Y shape) or the 4-leg
geometric form--and may be non-channelized, flared or channelized.

The principal factors which govern the choice of type of intersection
and the design characteristics are the design hour-volume, the turning move-
ments, the characteristics or composition of traffic, and the design speed.

Alignment

Regardless of the type of intersection, it is desirable for safety and
economy that intersecting roads meet at or nearly at right angles. Roads
intersecting at acute angles cause difficult turning movements and require ex-
tensive turning roadway areas--and they tend to limit visibility. Flat-angle
intersections also increase the exposure time of vehicles crossing the main
traffic flow and may increase the accident potential.

While a right-angle crossing normally is desired, some deviation is per-
missible, Angles above 60 degrees produce only a small reduction in visi-
bility, and do not often warrant realignment.

Skewed intersections on major highways should be avoided where possible
by means of relocations similar to those shown below:

LTS M ORIGINAL
Sl \\[‘ INTERSECTING ROAD

AN

RELOCATED
INTERSECTINIG ROAD

~
-~
.~

P

4 - STATE MIGHWAY -

IHREE-LEG

RELOCATED
INTERSECTING ROAD

ORIGINAL
INTERSECTING ROAD

NOT
ACCEPTABLE

B2 FOUR-LEG

Bl

RELOCATION OF SKEWED INTERSECTIONS

Intersection of highways on sharp curves should be avoided wherever
possible since the superelevation complicates the intersection design and the
curvature may contribute to sight distance problems,



Pavement Widths for Turning Roadways

Most of the simple intersections will require only the design of curved
inner edges of pavement to accommodate right turns. Sometimes, however,
there is need to design corner islands, or channelization--or even separate
turning readways. And when this happens, the designed width of the turning
roadway becomes. critical.

Criteria for widths of pavement are classified for the following types
of operations:

Casel -- 1-lane, one-way operation--no provision for passing

Case II -- 1-lane, one-way operation--with provision for pass-
ing a stalled vehicle

CaseIll' ~-- 2-lane operation--either one-way or two-way.

Widths for Case I usually are used for minor turning movements, and
for moderate turning volumes where the connecting roadway is relatively short.

Case IT widths are applicable to all turning movements of moderate to
heavy traffic volumes that do not exceed the capacity of a single-lane connec-
tion.

Widths under Case III are applicable where operation is two-way, or
where operation is one-way but two lanes are needed to handle the traffic
volume,

The table of Design Widths of Pavement, at the right, shows appropriate
widths for various combinations of traffic conditions,
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DESIGN WIDTHS OF PAVEMENTS
" FOR TURNING ROADWAYS

Pavement Width in Feet for:

Case I Case IT Case III
R 1-lane, one-way 1-lane, one-way |2-lane operation--
. operation-- operation--with either one-way
_Radius on no provision for provision for or two-way
inner edge passing passing a stalled
of pe(tfvexgent vehicle
ee
Design Traffic Condition
A B C A B C A B C
50 18 18 23 23 25 29 31 35 42
75 16 17 19 21 23 27 29 33 317
100 15 16 18 200 22 25 28 31 35
150 14 16 17 19 21 24 27 30 33
200 13 16 16 19 21 23 27 29 31
300 13 15 16 18 20 22 26 28 30
400 13 15 16 18 20 22 26 28 29
500 12 15 15 18 20 22 26 28 29
Tangent 12 15 15 1m 19 21 25 27 27

Width modification regarding edge of pavement treatment:

No Stabilized

Shoulder None None None
Mountable Curb. None None None
Barrier Curb:

One Side Add 1 foot None Add 1 foot

Two Sides Add 2 feet Add 1 foot Add 2 feet
Stabilized Deduct shoulder

Shoulder, None width; minimum wggggcsgxguﬁ%tr

One or Both pavement width is 4 feet or wider

Sides as under Case I. .

Traffic Condition A -- Predominantly P vehicles, but some consideration
for SU trucks.

Traffic Condition B -- Sufficient SU vehicles to govern design, but some
consideration for semitrailer vehicles. -

Traffic Condition C -~ Sufficient semitrailer, WB-40 or WB-50 vehicles to
govern design.
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Speed-Change Lanes

Drivers who leave a highway at an intersection usually are required to
reduce speed before turning. Drivers who enter a highway from a turning
roadway accelerate until the desired open-road speed is reached. When
deceleration or acceleration takes place directly on the highway, it disrupts
the flow of through traffic--and is often hazardous. To minimize these condi-
tions, the use of speed-change lanes is standard practice on highways which
have expressway characteristics, and is frequent on other main highways.

Warrants for use of speed-change lanes cannot be stated definitely. Fac-
tors to be considered include speeds, traffic volumes, capacities, types of
highways and services provided, arrangement and frequency of intersections,
and accident experience.

The following conclusions generally are accepted:

® Speed-change lanes are warranted on high-speed and high-
volume highways for vehicles entering or leaving the through
traffic lanes.

® All drivers do not use speed-change lanes in the same man-
ner--but they use them enough, on the whole, to improve
the overall safety and operation of the highway.

® Utilization of speed-change lanes varies with volume--a ma-
jority of drivers use them at high volumes.

® The directional type of speed-change lane consisting of a
long taper fits the behavior of most drivers and does not
require maneuvering on a reverse-curve path,

° Deceleration lanes on approaches to‘intersections at-grade
which also serve as storage lanes for turning traffic are
particularly advantageous, and experience with them gener-
ally has been favorable,

Two types of speed-change lanes commonly are used. One provides
an additional full lane width with a relatively short taper--the other uses a
directional straight-line taper for the full distance between the edge of pave-
ment and the PC or PT of the turning ramp roadway.

The straight-line taper is preferred for interchanges. For deceleration
lanes, the straight taper is at an angle of about 2 or 4 degrees with the edge
of through pavement. A uniform straight taper of 50:1 is used for accelera-
tion lanes. Typical interchange exit and entrance ramps are included in the
Standard Drawings.

The full width speed-change lanes are used at most other locations--
and are essential at intersections where it is necessary to provide storage
for vehicles making turaing movements.

The next table, Design Lengths of Speed-Change Lanes, shows the ap-
propriate lengths for various combinations of design speeds for the main high-
way and the turning roailway.



DESIGN LENGTHS
OF SPEED-CHANGE LANES

=
Design Speed of
Turning Roadway Stop 15 20 25 30 35 40 45 50
Curve (mph) Con-
Minimum Curve |dition | 55 | g9 |150 |230 [310 |430 |[s50 |690

Radius (feet)

Design Length

Speed of of

Highway | Taper
(mph) (feet)

Total Length of DECELERATION Lane, Including Taper (feet)

40 190 | 325 | 300 | 275 | 250 | 200 - - - -

50 230 | 425 | 400 | 375 | 350 | 325 | 275 - - -

60 270 | 500 | 500 | 475 | 450 | 425 | 400 | 325 | 300 -

65 290 | 550 | 550 | 525 | 500 | 475 | 450 | 375 325 -

70 300 | 600 | 575 550 | 550 | 525 | 500 | 425 | 400 | 350
Do [

Highway | Taper
(mph) (feet)

Total Length of ACCELERATION Lane, Including

Taper (feet)

40 190
50 230
60 270
70 300

325
700
1125
1550

250
625
1075
1500

225
600
1000
1400

500
900
1325

400
800
1225

600
1000

400
825

575

NOTE: Uniform50:1 tapers are recommended where lengths of acceleration
lanes exceed 1300 feet; or where design speeds exceed 70 mph; or

elsewhere, if appropriate and space permits,
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Sight Distances

For an intersectionrr to function properly, adequate sight distance must
be provided. The operator ofa vehicle approaching an intersection should have
an unobstructed view of the whole intersection in order to:

® male a safe directional decision,
e stop safely upon approaching the intersecting roadway, and
e avo.d collisions.

The minimum sight distance considered safe is related to vehicle speeds
and distances traversed during perception, reaction and braking times.

Wherever possible, Minimum Sight Triangles (Sight Flares) are provid-
ed at intersecti(.ns so that the area within those sight triangles can be freed
of any obstructions. Three-leg and four-leg intersections are to have the ap-
propriate sight triangles, if possible,

Several conditions which affect sight distances are discussed under the
following headings: '

directional decisions

no-stop (or signalized) intersections
stor control (immovable obstruction)
stop control (minor crossroad)
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Directional Decisions

The driver should have full view of any point of separation, either di-
verging or merging, far enough in advance of reaching that point to make the
appropriate decision concerning desired direction.

This criterion is discussed in detail in Chapter 3, "Horizontal Align-

ment'--and a table is presented which shows minimum ''decision sight dis-
tances' for various predicted speeds.

No-Stop (or Signalized) Intersections

Right-of-way requirements at intersections at which the major road or
street has a DHV of 200 or more and the minor road or street has a current
ADT of 100 or more shall be determined on the basis of no-stop or signal
control at the intersection, using the safe stopping distances which enable
vehicles to stop at assumed design speed.

The drawings and table at the right illustrate no-stop (or signalized)
right-of-way requirements for both 2-lane and 4-lane intersections and the
safe stopping distance at assumed design speeds.

RIGHT-OF-WAY REQUIREMENTS

AT NO-STOP (OR SIGNALIZED) INTERSECTIONS

MINOR ROAD OR STREET
ADT = /00 OR MORE

uy
N
adelia o 8 . R.O.W.
P 0 o
— q Ny
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SAF.E STOPPING DISTANCE MAJOR ROAD OR STREET -
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Stop Control (Immovable Obstruction)

Where an obstruction which cannot be removed except at prohibitive cost,
fixes the vertices of the sight triangle at points that are less than safe stop-
ping distances from the intersection, vehicles may be brought to a stop (after
sighting other vehicles on the intersecting road) only if they are traveling at
a speed appropriate to the available sight distance. If vehicles on one of the
roads are permitted to travel at the design speed, the critical corresponding
speed on the other road can be evaluated in terms of this design speed and
the distances to the known obstruction. ‘ 1

In order to sign road B for the proper approach speed which will enable
the vehicle to stop, calculate Vy by the formula,

a X da

d = m -3

and determine the design speed from the table, "Safe Stopping Distance.' See
the drawing below.
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* By interpolation, the-design speed
for minor road can be assigned.

Stop Control (Minor Crossroad)

Right-of-vayrequirements at intersections shall be determined with stop
control on the minor road or street for each of the following conditions:

® Major road or street with DHV of less than 200--regardless
of the traffic on minor road or street

° Minor road or street with current ADT of less than 100--
regardless of traffic on major road or street

® All intersections of roads and streets with frontage roads.

In all cases, sufficient sight distance must be provided to enable stopped
vehicles to safely cross the major road or street.

Generally, the right-of-way requirement at intersections for State Aid
Roads shall be determined with stop control on the minor road or street.

Stop contrnl on minor road is illustrated on the next page-~-for 2 lanes,
4 lanes, and 4 l.nes with frontage roads.



STOP CONTROL ON MINOR ROADS

| MINOR ROAD OR STRELY
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STOP CONTROL ON MINOR ROAD
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For safety, it i3 necessary that the driver of a stopped vehicle see
enough of the major highway to be able to cross before a vehicle on the major
highway reaches the intersection--even though this vehicle comes into view
just as the stopped vehicle starts to cross.

The chart below shows the requiredsight distances alongthe major high-
way to allow a stopped vehicle to cross without requiring the approaching ve-
hicle to slow down., Distances are shown for various combinations of number
of lanes to be crossed, speed on the major highway, and the type of design
vehicle.
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Distance Between Intersections

Hazardous conditions may be created when the distance between ad-
jacent intersections is too small., The table below shows basic criteria for
minimum spacing.

Current ADT s .
(Crossroad) Minimum Spacing
Based on sight triangle for 656 MPH 0 - 100 250 feet
Based on distance for turn bays 100 - 750 400 feet
750+ 500 feet, or
as required to
separate traffic
operations

These criteria apply to frontage road intersections with crossroads.
And in cases whereboth frontage roads and ramp terminals intersect a cross-
road, the spacing should be atleast 300 feet--usually more.

Storage Lanes for Turns

Turn lanes, both left and right, provide storage space for turning vehi-
cles, as well as space for deceleration and bypassing stopped vehicles. By
moving these turning vehicles out of the through-traffic lanes, two objectives
are accomplished: a safety factor is introduced by removing stopped or slow-
moving vehicles from traffic lanes, and the design capacity of the highway
can be maintained.

Storage lanes should be providedat all divided highway median openings,
and at other locations when warranted by traffic volumes,
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The lengtk of a storage lane is determined by the number of vehicles to
be stored, the types of vehicles and the type of traffic control governing the
turning movement, the deceleration requirement where applicable, and the re-
quirement for bpassing stopped vehicles.

If the intersection is controlled bytraffic signals, the number of vehicles
waiting to turn will be determined by the length of the signal cycle and signal
phasing., The nomograph on the next page should be used for determining
the length of storage lanes at signalized intersections.

For non-slgnalized intersections, the following relationships can be used
as a guide for approximation of required storage length during peak hours.

Turning vehicles per hour 30 60 100 200 300
Required storage length, feet 25 50 100 175 250

Where feasible, a minimum storage length of 100 feet should be used.

Storage lanes should be 12 feet wide (no less than 10 feet). A width
of 12 feet should always be used when a restrictive curb is adjacent to the
lane.

Taper lengths for storage lanes depend on the design speed of the ap-
proach roadway. Suggested lengths of taper are shown in the design tables
on the next page. The tables also suggest dimensions for pavement widening
beyond an intersection. In general, tapers should be as long and as smooth as
practicable so that drivers will be encouraged to use the full length of the
taper. This in ‘turn will help to separate the turning vehicle from through
traffic as quickly and effectively as possible and therefore reduce conflicts.
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LENGTH OF WIDENING REYOND INTERSECTION

LENGTH OF WIDENING IN ADVANCE OF INTERSECTION

LENGTH REQUIRED FOR:* LENGTH REQUIRED FOR: **
ACCELERATION MERGING TAPER DECELERATION STORAGE TAPER
D DESIGN SPEED e Divide approach volume feet
DESIGN SPEED 1y ot B feet maph Do-feet by number of lanes in W
mph Dy=12xG e Use volume per lane in
40 200 200 40 . 150 zbove g{art; aﬁmoé Dgon 175
i i 50 200 esirable scale (minimum
50 525 (G, Green interval in 250 5 seale for restricted condi- 225
60 900 | - seconds) 300 0 250 tions) 215

* Use the larger of two values but not less than 300 feet.

** Use the larger of two vaiues but not less than 200 feet.

WNon-Channelized Intersections

Most at-gradeintersections with local roads will be simple non-channel -
ized intersections.

The figure on the next page shows two examples of non-channelized in-

tersections--one at right angle to the main roadway and the other at a skew
angle, Standard criteria for dimensions and radii are also shown in the figure.

Special Treatment for At-Grade Intersections

At intersections with crossroads which havelarger traffic volumes, var-
ious types of special treatment usually are required., General criteria for
special treatment are set forth below.

Current ADT Special Treatment for At-Grade Intersections

(Crossroad) Side Road Main Highway
Under 100 o channelization Turn bay on 4-lane only
100 - 1000 Jimple channelization | Left-turn bays

*1000 - 2000 (Channelize with left-

Left-turn bays and right-
iurn bay -

turn lanes

Over 2000 Nesign for signal intersection and conduct capacity

analysis.

* Turning movement count is required at all intersections where
crossroad ADT is 1000 or more,.



NON-CHANNELIZED INTERSECTIONS

__—¢ MAIN LINE

»—C MAIN LINE

7 N

a = Shoulder Width
b = 34' Minimum
c = 10" Minimum
d =  Variable (20' Minimum)
e = 24' Minimum
o< = Variable Angle (60° Minimum)
Note: When angle is less than 60°, try to relocate.
R, = 50" (40" when acute angle is less than 60°)
R, = Variable (radius point opposite smaller radius point)
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Channelization

Potential conflicts between vehicles and between vehicles and pedestrians
may be reduced through channelization of traffic movements. Thetraffic chan-
nels may be fixed to separate and direct traffic movements into specific and
clearly defined vehicle paths.

The edges of traffic channels are formed and delineated by traffic is-
lands. Islands may be formed by curbs or other raised devices or may be
marked out simply in paintonthe pavement surface. One of the most desirable
treatments i$ a raised island with moun\table curbs., However, installation
of curbs should generally be avoided in areas where high speeds may be
expected. In some cases barrier curbs are required to protect pedestrians.
Within an intersectionarea, medians and outer separations are also considered
as islands. .

Islands can be grouped into three functional classes and most islands
serve two or all of these functions: ’

® Directional islands control and direct traffic movement and

guidz the motorist into the proper channel,

® Divisional islands separate opposing traffic flows, alert the

drivar to the crossroad ahead, and regulate traffic through
the intersection. These islands are often introduced on un-
divided highways atintersections andare particularly advan-
tageous in controlling left turns at skewed intersections and
in preventing wrong-way turns into right-turning traffic lanes.

° Refuge islands at or near crosswalks aid or protect pedes-
trians crossingthe roadway. Suchan island may be required

for pedestrians at intersections where complex signal phas-
ings are used. Refuge islands may also serve as areas for
instellation of traffic control devices.
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Functions of Channelization

Channelization may be used for one or more of the following purposes:

To prevent vehicle conflicts caused by the overlapping of
maneuver areas. This separation makes it possible to
present the driver with only one important decision at a
time.

To control the angle of conflict and reduce relative speeds
in merging, diverging, weaving and crossing maneuvers.
The potential severity of conflict may be decreased sub-
stantially by reducing the angle between the vehicle paths.

To reduce excessive pavement areas caused by skewed and

flared intersection arrangements. Large areas of open
pavement may confuse drivers and cause erratic and im-
proper maneuvers,

To control speed by bending or funneling movements to sup-
port stop sign controls or reduce speed differentials prior
to merging, weaving or crossing maneuvers.

To protect pedestrians by providing a safe refuge between
traffic streams.

To protect and store turning and crossing vehicles by en-
abling them to slow or stop out of the path of other traffic
flows. This is sometimes referred to as ""shadowing, "

To block prohibited movements by making it impossible or
inconvenient to performillegal, improper or unsafe maneu-
vers.

® To segregate traffic movements with different requirements
in terms of speed, direction, and stop or right-of-way con-
trol.

° To locate ard protect traffic control devices such as signs

and signals wherethe most desirable location for these de-
vices is within the intersection area.

Principles of Channelization Design

Channelization design does not lend itself to standardization., Traffic
volumes, pedestrian patierns and physical conditions vary, requiring individual
treatment of each intersection. AASHTO's ""Geometric Design Policy, ' 1965,
presents guides for various elements of the design, but the combination of
elements within a specific design is an engineering aft.

Good design should adhere to the following principles:

° The proper traffic channels should seem natural and con-
venient to drivers and pedestrians.

® There should be no choice of vehicle paths leading to the
same destination,

e The number of islands should be held to a practical mini-
mum to avoid confusion.

° Islands should belarge enough to be effective. Islands that
are too small are ineffective as a method of guidance and
often present problems in maintenance. The minimum dis-
tance across the midsection of an island should be 25 feet
in order to have enough roomto place any necessary signing,



Channelization should be visible. It should not be intro-
duced where sight distance islimited. When an island must

~ be located near a high point in the roadway profile or near

the beginning ofa horizontal curve, the approach end of the
island should be extended so that it will be clearly visible
to approaching drivers.

The major traffic flows should be favored. In "bending"
the roadways, those which have the heaviest traffic vol-
umes or the fastest speeds should be "bent' the least.

Conflicts should be separated so that drivers and pedes-
trians may deal with only one conflict and make only one
decision at a time,

Islands should be designed for the assumed design speed
of the road. The approach end treatment and delineation
should be carefully designed to be consistent with the speed
characteristics of the roadway design.

Delineation of Islands

Delineation is critical in good channelization design. Island delineation

can be divided into three types:

Raised islands outlined by curbs

This type can be applied universally and is the most
.positive. Mountable curbs should be used in all but
special cases. '
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® Islands delineated by pavement markihgs, bﬁttons or raised
(jigsgle) bars placed on all paved areas

This delineation is used in urban areas where speeds
are low and space is limited, or in rural areas to
overcome maintenance problems.

e Noa-paved areas formed by pavement edges, possibly sup-
plemented by delineators on postsor other guide posts, or a
mounded earth treatment or appropriate landscaping,

This?type necessarily appliesto larger islands and is
logical mostly at rural intersections where there is
sufficient space. '

Island Offset

Islands should be offset from the edges of the traveled way. Failure
to offset can make an island appear more restrictive than it actually is and
can have a psychological effect on drivers, causing them to make erratic
movements as they approach the intersection.

The island offset should be increased in direct relation to the design
speed and the width of the open area preceding the end of the island, A
maximum offset of 12 feet is generally accepted for high speed roads.
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Channelized Intersections--Low Traffic Volumes

The figure at the right illustrates a typical T-intersection and shows
appropriate channelization for low traffic volume conditions,

The principal design variables arethe lengths of the radii and the widths
of the ramps. The radii vary with the angle of intersection. Proper design
radii can be determined by entering the chart at the intersecting angle on the
ordinate and finding the intersection with each of the curves labeled R, and R,.
The design radii lengths will be found along the bottom of the chart.

Ramp widths, "W", can be found in the table of Design Widths of Pave-
ments for Turning Roadways, shown earlier in this chapter,

A typical layout for alow-volume4-leg channelizedintersection is shown
on page 15. '

DESIGN CRITERIA
LOW-VOLUME CHANNELIZED INTERSECTION
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RELATION BETWEEN INTERSECTING ANGLE AND RADI

(Based on 100-foot taper on local road, 150-foot tapei on
main line, and maintaining a25-foot minimum width island.)
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TYPICAL LAYOUT

LOW-VOLUME CHANNELIZED INTER SECTION
( 4 legs, left turn lane on main line )
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Channelized Intersections--High Traffic Volumes

With higher traffic volumes, channelization of intersections usually be-
comes more complex. Each situation must be studied individually with regard
to volumes of turning movements, traffic lane configurations, potential con-
flicts and practical signing arrangements.

Typical layouts for T or Y intersections with high traffic volumes are
shown as follows.

WITH DIVISIONAL ISLAND AND TURNING ROADWAYS

——

WITH MEDIAN LANES

BULB TYPE



MEDIAN OPENINGS

, Median openings shall be provided on all divided highways--except those
-divided highways with Type 1 Access Control.

Median openings shall be spaced as follows:

e In urban areas, median openings shall be spaced no closer
than 880 feet.

e In rural areas, median,Openings shall be spaced no closer
than 1760 feet. '

Generally, median openings' are provided for all existing roads, streets
and highways——pfovided suéh median openings are not spaced closer than 880
feet in urban areas or 1,760 feet in rural areas. Waiver of these minimum
.distances can be made only where existing roads, streets or highivays with
existing traffic patterns of prominent degree must cross the medial divider.
Median openings provided for roads, streets and highways then become con-
trol points for determining spacing and location of intermediate median open-
‘ings. The maximum number of equally spaced intermediate openings should
be provided between control points.

Any deviation from the equal or minimum spacing-distance requirement
must be approved by the Roadway Design Engineer.
Control Radii

Control radii reflect the path of design vehicles making a left turn at
low speeds.
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The foliow‘i'ng' control radii can be used for minimum practical design:

R = 40 - Accommodates P vehicles and occasional
SU vehicles with some swinging wide

R = 50" -- Accommodates SU vehicles and occasional
WB-40 vehicles with some swinging wide

R = 75" -- Accommodates WB-40 and WB-50 vehicles
‘ with only a few swinging wide,

Shape of Median Ends

The shape of the ends of medians at openings normally depends on the

effective median width. 1In this case the effective median width is not the

normal width between edges of traffic 1anes;?jrathér, it is the remaining width
of the divider adjacent to the median left-turn lane,

The table below shows criteria for shapes of median ends for various
conditions of effective median width.

Effective Median Width " Median End Shape

Less than 10 feet Semicircular

10 feet - 64 feet . Bullet

Over 64 feet - Treated as separate
: intersections

Examples of median opening design for each of the conditions above are
shown-in the figures on the next three pages.
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MEDIAN OPENING DESIGN CRITERIA

(For effective median width of 64 feet or less)
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BULLET-NOSE ENDS

for the purpose of determining the
length of opening, is the remaining

width of divider adjacent to the me-

dian left-turn lane,

*M = 10 feet — 64 feet
M* N
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TYPICAL MEDIAN OPENINGS

Wide Medians - Crossovers At Intersections
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TYPICAL MEDIAN OPENINGS

Wide Medians - Crossovers Without Road Intersections
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Median Openings for U-Turns

Median openings designed to accommodate vehicles making U-turns only,

are needed on some divided highways.

various design vehicles,

Preferably, a vehicle should be able
to begin and end the U-turn on the inner lanes next to the median--but the
required median widths are larger than practicable on some highways.
following chart shows the median widths reqmred for U-turn maneuvers by

M=Min. width of medion— feet
for design vehicle
TYPE OF MANEUVER P [ws-40[ su [wB-50}
"Length of design vehicle -
_L 19’ 50 30 55
tnwer | __ oo e ) . R
%) .-
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INTERCHANGE DESIGN

"The definition of ‘an interchange is a grade-separated intersection with
interconnecting roadways (ramps) for turning traffic between hlghway ap-
proaches.

Interchanges—-Types and Adaptability

Interchanges are classified in a general way according to the number of
approach roadwa‘ys or intersection légs, as 3-leg, 4-leg, and multileg inter-
changes. These are further separated into more specific types, as the Tand Y
interchanges for the 3-leg; diamond,’ cloverleaf and directional mterchanges
for the 4-leg; and: rotary,. combmatmn, and ohrectmnal interchanges for the
niultileg. General. types are illustrated in the figure on the next page.-

The specific form varies ‘with physical controls (topography and cul-

'ture), pattern and volume of trafﬁc, and types of intersecting highways.

® T and Y Interchanges.” The most common forms are the
"trumpet' and the "(‘i‘i'rectional Y." These involve a single
structure., Where one freeway is intercepted by another,
multistructure arrangements are apt to be used, providing
directional forms of interchanges.

® Diamond Interchange. The simplest and perhaps most com-
mon type of interchange in urban areas is the "diamond."
It consists of 4 one-way diagonal or parallel ramps, and
can be designed within a relatively narrow right-of-way, en-
tailing little, if any, extra width beyond that provided for
the basic highway. The diamond interchange is adaptable
exclusively to major-minor crossings, particularly in urban
~areas. Efficiency and capacity can be increased substan-
tially by the use of a "spl'it diamond, "'
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INTERCHANGES

GENERAL TYPES AND TERMINOLOGY
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° Partial Cloverleaf. This form usually involves two loop
ramps and two or four outer ramps. Parclo (partial clover-
leaf) interchanges are suitable along freeways at intersec-
tions with some primary highways in rural areas and with
some major streets in urban areas.

° Cloverleaf (or Full Cloverleaf). The full cloverleaf has out-
er connections and loops in all quadrants. Cloverleaves are
adaptable to intersections of freeways with major highways
where speeds are high on both facilities.,

® Directional Interchange. This form uses direct or semi-
direct connections for one or more left-turning movements.
Interchanges which involve two freeways nearly always call
for directional layouts.

Specific forms of interchanges normallyfit along a freeway in accordance
with the type of intersecting facility, as follows:

In rural areas,

at minor road -- diamond (channelized) or parclo-B
(2-quadrant).
at primary
highway -- parclo-A (4-quadrant), cloverleaf (with
C-D roads), or directional interchange.
at intersection
of freeway -- directional or all-directional interchange.
In urban areas,

at minor street -~

at major street -~

diamond.

diamond, split diamond, parclo-A
(4-quadrant) or parclo-B (4-quadrant).
at intersection

of freeway -- directional or all-directional interchange.



Trends in Interchange Design

Interchanges have changed in form, shape andadaptability over the years.
The trend today is toward: ’

® simplicity

e uniformity

e regularity (fewer forms, uniform numbers and shapes of ramps)
® single exits, and avoiding left-hand ramps,

Operational Uniformity

A consistent arrangement by which drivers exit in a uniform manner
along a freewayis an essential feature of present-day design. Thus, regardless
of the interchange at which the driver departs the freeway, he would always
be confronted with the-sametype of exiting procedure--a single exit in advance
of the structure. Considering the need for high capacity, appropriate level
of service, and maximum safety in conjunction with freeway operations, it
is necessary and justifiable to provide this uniformity.

Interchange Spacing

Spacing of interchanges has a pronounced effect on the operation of free~
ways. Proper spacing usually is difficult to attain in areas of concentrated
urban development because of traffic demand for frequent access.

In urban areas the spacing of interchanges on freeways should rarely be
less than 2/3 mile or 3600 feet (900-foot ramp plus 1800-foot weaving section
plus 900-foot ramp). Preferably, the minimum should be upwards--4000 to
5000 feet. As an average, a minimum spacing of one mile is considered ap-
propriate in urban districts, For conditions of heavy weaving or in conjunc-
tion with major interchanges, longer distances may be required. In outlying
and rural areas, interchange spacing is more appropriately set at 1 1/2 and
2 miles.
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Collector-Distributor Roads

A collector-distributor (C-D) road is an auxiliary roadway, separated
laterally from and generally parallel to the freeway traveled way. It collects
and distributes traffic from several access connections between a selected
point of ingress to, and a selected point of egress from, the freeway traveled
way. It provides greater capacity and permits higher speeds to be maintained
on the through traveled way. C-D roads may be appropriate within an inter-
change, through two adjacent interchanges, or continuously for some distance
along freeways through several interchanges.

Speed-Change Lanes

A speed-change lane is an auxiliary lane, including tapered areas, pro-
vided primarily for the acceleration or deceleration of vehicles entering or
leaving the through traffic lanes. Speed-change lanes are required on express-
ways, and usually are warranted on high-speed and on high-volume highways
at important intersections, and to some degree at minor intersections. The
length of a speed-change lane depends on the relative design speed of highway
and ramp, and on gradient. On freeways, deceleration-lane requirements
are generally in the range of 400 to 600 feet, and acceleration-lane require-
ments in the range of 600 to 1200 feet.

The gradual taper arrangement--straight or slightly curved--normally
is the most favorable design for both deceleration and acceleration. A par-
allel-lane or full-auxiliary-lane arrangement may be called for in case of
adverse grade or to comply with capacity requirements. Width of auxiliary
lanes should be equal to the width of through traffic lanes--12 feet on freeways.

Exit and Entrance Terminals

Ramp terminals may be similarto at-grade intersections, as at. diamond
or partial cloverleaf interchanges. They involve the same elements of design
as any at-grade intersection.
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Or, ramp terminals may be gradual or directional, where ramp traffic
merges with or diverges from through traffic at flat angles. Design features
for theseterminals are illustrated in the figure at the the right. Of particular
concern are speed-change lanes, nose offsets, nosetapers and recovery areas,
and nose and merging-end radii.

Merging and Diverging Maneuver Areas

The merging maneuver area isthe portion ofacceleration lane contiguous
with the through traveled way. Likewise, the diverging maneuver area is the
portion of deceleration lane contiguous with the through traveled way. Mini-
mum maneuver length requirements are in the range of 400 to 600 feet for
merging, and 300 to 500 for diverging., Actually, the direct influence of
merging and diverging maneuvers is considered to be doublethe above values;
and these longer maneuver influence lengths, 600 to 1200 feet, are used as
controls in design of successive exits and entrances, as discussed below.

Lane Balance

The number of lanes on a freeway beyond the point of mergence should be
equal to.or greater than the number of lanes on the freeway in advance of the
point of mergence, plus the number of lanes on the entrance ramp, minus 1.
The number of lanes on a freeway in advance of the point of divergence should
be equal to or greater than the number of lanes on the freeway beyond the
point of divergence, plus the number of lanes on the exit ramp, minus 1.

At‘ramp exits, the highway traveled way normally should not be reduced
by more than one traffic lane at a time.

At ramp exits, the number of lanes going away (freeway plus ramp) nor-
mally should be equal to one morethan the number on the freeway approaching
the exit. This always provides an "optional lane' on which a driver has the
choice of proceeding either on the freeway or on the ramp,

ENTRANCE AND EXIT TERMINALS
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LANE ARRANGEMENTS FOR MERGING TRAFFIC

LANE ARRANGEMENT FOR DIVERGING TRAFFIC:
NORMAL SINGLE-LANE EXIT

LANE ARRANGEMENT FOR DIVERGING TRAFFIC:
NORMAL TWO-LANE EXIT




Distance Between Successive Ramp Terminals

Proper distance should be maintained between ramp terminals in suc~
cession, Minimum distances are predicated on the principle of not allowing
the maneuver influence length of one ramp to overlap the maneuver influence
length of the succeeding ramp. These distances are in the range of 600 to
1200 feet, as noted above. Minimum distances for signing also correspond
to this range.

Between two successive exits or entrances on a freeway, spacing should be
not less than 1200 feet. Minimum distances of 800 to 1200 feet are appro-
priate in conjunction with collector-distributor or major-interchange road-
ways. Within other interchange areas, distances of 600 to 800 feet may be
appropriate.

Weaving Sections

Weaving sections permit the crossing of traffic streams moving in the
same general direction by merging and diverging maneuvers, and they occur
frequently along expressways and freeways in urban areas. Weaving sections
are inherent in some interchanges, such as the cloverleaf and those with
semidirect connections, and are also found between the ramps of successive
interchanges.

Weaving sections are designed, checked and adjusted so that the service
volume or capacity is greater than the design hourly volume. The operational
features and capacity of a weaving section are dependent upon its length,
number of lanes, speedof operation, and relative volumes of individual move-
ments. The established relations of these factors are shown in Figure 7.4 and
Table 7.3 in the Highway Capacity Manual, and are recommended as a basis
for design.,

Lengths of weaving sections should alsobe checked for required minimum
distance between successive ramps. In the case of a weaving section--an
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entrance ramp followed by an exit ramp--the minimum distance should be pred-
icated on two non-overlapping maneuver influence lengths; this calls for twice
the indicated lengths of 600 to 1200 feet, or weaving section lengths inthe range
of 1200 to 2400 feet. Thus, minimum weaving lengths would be 1800 to 2400
feet on freeways, and 1200 te 1500 feet on high-type C-D roads.

Weaving may be removed from the freeway by the use of C-D roads, or it may
be completely eliminated by introducing a grade-separation structure.

Ramp Types

A right-turning ramp is normally a direct-connection type-~that is, a
ramp on which traffic turns right to go right. Such ramps are either curvi-
linear, straight-line or diagonal, or reverse-curve; and in all cases, they
produce a right exit/right entrance situation (see examples A in the figure on
the next page). Other operational patterns such as right exit/left entrance, or
left exit/right entrance (examples Dand Ein the figure) are special adaptations
rarely used in modern design for right-turning ramps.

Left-turning ramps, onthe other hand, are separatedinto distinctive con-
figurarions geometrically and operationally, Tﬁe three basic geometric forms
are the loop (example B), the semidirect (examples C, D and E), and the di-
rect connection (example F),

The loop--the most indirect of the three--always assumes a right exit/
right entrance situation. The direct connection--the most direct of the three
--always assumes a left exit/left entrance pattern. The semidirect connection
(sometimes referred to as the jughandle ramp) can be arranged to produce
three different operational configurations--right exit/right entrance, right
exit/left entrance, and left exit/right entrance.

The various types of ramps can be thought of as individual elements or
building blocks which, along with other units such as approach roadways and
grade separation structures, can be assembled to produce many forms of
interchanges,
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TYPES OF RAMPS
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Ramp Design Speed

Except for directional-type interchanges of major highways, it is rarely
feasibleto provide ramps on which turningtraffic can travel in the same range
of speeds as on the through roads. But it is desirable that drivers be able
to use ramps at as high a speed as précticable 'so that they will require little
conscious effort to decrease from or increase to the speed of through traffic.
The design speed of the ramps, therefore, should be related to the design
speeds of the intersecting roadways.

Guide values for ramp speeds in terms of highway design speeds are
shown in the following table. Desirable design speeds should be used where
feasible,

Highway design speed, mph 30 40 | 50 60 65 70

Ramp design speed, mph

Desirable | 25 | 35 | 45 | 50 | 55 | 60

. Minimum . 15 20 25 | 30 30 | 30
Minimum radius, feet

Desirable 150 | 300 |550 | 690 |[840 [1040

Minimum 50 90 |[150 (230 {230 | 230

Ramp Profiles

Ramp grades should be as flat as feasible to minimize the driving effort
required in maneuvering from one road to the other.

The profile of a typical ramp usually consists of a central portion with
an appreciable grade, coupled with terminal vertical curves and connections
to the profiles of the intersection legs. The steeper central portion of the



ramp usually is relatively shortand has only moderate operational effect. Even
so, ramp gradients should generally be limited to a range of values as shown
below., ' ‘ "

Ramp design speed, mph 15-20 125-30 |35-40 | 45-50
Ramp gradient, percent - 6-8 | 5-7 | 4-6- 3-5

The values above apply to both up-ramps and down-ramps-~--but in spe-
cial cases, one-way down-ramps may be steeper by up to 2 percent.

The customary practice of designing bnly centerline profiles and tying
them into the through road centerline at both ends will ‘ncit always result in
a smooth connection. Profile grades should be established for thei ramp edge
of pavement and coordinated with the extension of the cross slope of the main
roadway. Desirable terminal profiles are more readily produced through use
of spline curves and edge of pavement base lines.

Ramp Cross Section

The pavement for i‘amps should be generally consistent with the criteria
previously set forth in this chapter for turning roadways. -

For single-lane one-Qway ramps at intex;changes, the 'Department has
established the following consistent criteria for cross-section geometrics:

® Pavement width - 16 feet - »
® Shoulder width -- 6 feet left and 10 feet right
® Paved shoulder -- 3 feet left and 6 feet right.

For loops, the standard cross section shduld be as follows:
e Pavement width -- 20 feet with a curb on right

® Shoulder width -- " 6 feet left and 10 feet right
® Paved shoulder - 3 feet left, ‘
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Intersections at Diamond Ramp Terminals

The intersection of ramp terminals with minor crossroads at diamond
interchanges requires special design considerations. Although it would ap-
pear that this situation would be treated as any other normal intersection,
there are two unique features not usually found in other intersections in rural
areas.

First, the ramps at diamond interchanges are always one-way so that
no crossing of the crossroad is involved; and second, there is invariably a
structure in the vicinity which may restrict sight distance. This restriction
may control the location of the ramp terminal where signals are not used.

The length of highway open to view from the ramp terminal must be
greater than the product of the design speed (or predicted speed) of a vehicle
on the crossroad and the time necessary for the vehicle entering the cross-
road from a stopped position on the ramp to start and complete a left turn
into the crossroad. - The required sight distance along the crossroad is shown
below for various design speeds on the crossroad and various design vehicles
at the ramp terminal, ) \

‘ . Sight Distance Required To Permit Design Vehicle
Design Speed To Turn Left from Ramp to Crossroad--feet
on Crossroad Design Vehicle at Ramp Terminal
- ' P SU WB-50
0 740 1060 ' 1430
60 630 910 1230
50 530 760 1030
40 420 610 820
30 320 460 620
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The horizontal sight triangle should be checked with regard to piers,
abutments, railings or other obstructions. And the vertical sight distance
.should be checked in terms of length of vertical curve and algebraic differ-
ence of grades. The check is best done graphically. Typical conditions at
a diamond interchange ramp terminal are shown in the following illustration--
where "'da'" is the measured available sight distance.

MEASUREMENT OF SIGHT DISTANCE
AT DIAMOND RAMP TERMINALS

017 —_— [ {u

— _ sToP 26
END OF BRIDGE -
RAILING SIGHT LINE
b

|

do

HORIZONTAL SIGHT TRIANGLE

/

HEIGHT OF EYE
3.75' PASSENGER VEHICLE
6.00' TRUCK

|

I ——do i

VERTICAL SIGHT DISTANCE

If the available sight distance is less than the requirements shown in the
table, one or more of the following adjustments should be made,

e  Lengthen the vertical curve,
® Relocate the ramp terminal farther from the structure.
® Install traffic signals at the ramp terminal intersection.

One additional factor should be considered. An inherent problem of
diamond interchanges is the possibility that--in spite of signing--a driver
will enter one of the exit terminals from the crossroad and proceed along
the freeway in the wrong direction., Attention to several details of design
at the intersection can discourage this hazardous maneuver,

In the figure below, a ''sharp' or angular intersection is provided at

-the junction of the left edge of the ramp pavement and the right edge of the

through pavement. The control radius is tangent to the centerline, not the
edge. This tends to discourage improper right turns into the one-way ramp.

Islands can be used to channelize traffic into p.oper paths, And where
economical, a median provides an effective deterrent to left-turn movements
into the exit ramp.

DETERENTS TO WRONG-WAY TURNS
AT DIAMOND INTERCHANGE RAMP TERMINALS

[T

l \ l I 1 Sharp Corner

DESIGN CONSIDERATIONS
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Chapter 9
PAVEMENT STRUCTURE

This chapter deals with criteria and procedures for designing a pave-
ment structure and for estimating quantities of contract pay items. Pavement
design policies specifically applicable to State Aid projects are set forth in a
separate State Aid Base Design Manual.

GENERAL RESPONSIBILITIES

Responsibilities for analyses of materials and design of pavement struc-
tures are shared jointly by the District, the Roadway Design Division and the
Central Laboratory. '

The District conducts the initial soil investigation and prepares an orig-
inal soil profile which identifies the characteristics of the roadbed material,
Based on this data, initial design recommendations are developed and submit-
ted to the Roadway Design Division along with other survey information.

Material samples are submitted to the Central Laboratory for analyses,
and recommendations are prepared for the design of any special treatments.

The Roadway Design Division reviews all data and recommendations,
makes any appropriate revision, prepares a pavement type determination, and
finalizes the design to be shown on the contract plans.

After the embankments have been constructed, the District makes a soil
investigationand preparesa final soil profile to verify the accuracy of the orig-
inal soil profile, and makes recommendations, if needed, for any adjuétment
in the structure design.

The squad leader is advised of the pavement structure details, and he is

responsible for design of the roadway typical sections and elevations to accom-
modate the pavement structure.  Also, he is responsible for estimating the
pay item quantities.

STRUCTURE COMPONENTS

The Department recognizes four basic components of a pavement struc-
ture:

Pavement

Base Course

Subbase Course
Design Soil Treatment,

The various alternatives for each of the basic components are described
below,

Pavement

The pavement is the top component of a pavement structure on which
vehicles travel. There are three standard types of pavement:

e Bituminous Surface Treatment
® Hot Bituminous Pavement
@ Portland Cement Concrete Pavement.
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The use of bituminous surface treatment is limited to the lower traf-
fic volume roads with a projected ADT of 3,000 or less. The hot bitumi-
nous pavement and portland cement concrete pavement are both high type pave-
ments, and either may be specified for major highways. The choice usually
is based on economics, soil conditions and other governing factors.

Base Course

The component immediately below the pavement is the base course, The
three most common and frequently used bases are:

® Granular Base Course
® Cement Treated Granular Base Course
e Plant Mix Bituminous Base Course,

The granular base course ordinarily islimited to the lower traffic volume
roads with bituminous surface treatment., Plant mix bituminous base usually
is used under hot bituminous pavement and portland cement concrete pavement.
The cement treated granular base course may be specified under all three of
the pavement types.

Subbase Course

The subbase course is beneath the base. It is usually constructed of a
more economical material of lesser quality than the base course. The two
standard types are:

® Granular Subbase Course
® Cement Treated Granular Subbase Course.

Design Soil Treatment

"Design soil" is defined as that portion of the roadbed consisting of the
three feet of soil immediately below the subbase. This may be undisturbed
natural earth strata in areas of excavation or embankment constructed with
unclassified excavation,

Under certain conditions, it may be necessary to specify special treat-
ment of the design soil. Three types of treatment are:

° Lime Treated Design Soil Course
® Cement Treated Design Soil Course
® Lime-Cement Treated Design Soil Course,

Design soil treatment must be consideredinthe design of pavement struc-
tures, Although the treatment is not considered a part of the total pavement
structure, its allowable credit may eliminate or reduce the thickness of the
subbase course.

STRUCTURE THICKNESS

The total pavement structure may be made of various components de-
scribed in the preceding section. The principal criteria for the thickness of
the pavement structure courses are related to the traffic volume, proportion-
ate number of trucks, California Bearing Ratio (CBR), and soil characteristics
of the roadbed.

The analysisoftraffic and the roadbed soil conditions results in a Struc-
tural Number (SN) which may be converted. to thickness of pavement layers
through the use of suitable layer coefficients.



Pavement and Base Course Combinations

To facilitate the structure design process, several standard combina-
tions of pavement and base courses have been established for alternative con-
These combinations are shown in the fable below.
related principally to traffic volume and structural number.

sideration.

PAVEMENT AND BASE DESIGN CRITERIAY

They are

Projected

Base Course Thickness

TEEC | mypownd Thismess | Cqgndar [ Comant T Bl
Dbl. Bitum. Surface Tr. 8 - -
Under 1000 |"npp) “Bitum. Surface Tr. - 6" -
Dbl. Bitum. Surface Tr. 11" - -
1000 - 2000 I Bitum. Surface Tr. - g _
Dbl. Bitum. Surface Tr. - 8" -
2000 - 3000 | 3" Hot Bitum. Pavement 2/ - g" -
" Hot Bitum. Pavement? - - 53"
3000 - 4000 4" Hot Bitum. Pavement - 8" -
3" Hot Bitum. Pavement - - 6"
5'"" Hot Bitum. Pavement - 8" -
Over 4000 4" Hot Bitum. Pavement - - 6"
8" P.C. Concrete Pavement,
conventional or continuously - 6" OR 4"
reinforced
4" Hot Bitum. Pavement - - 83"
merstate | S g pentoreed || @ om &
8" Continuously Reinforced _ 6" OR 4"

Concrete Pavement

1/ This chart IS NOT a complete design process.

The subbase and/or design

soil treatnient must be determined to complete the navement structure.
2/ Minimum design for the legal load limit of 73, 280 pounds.

Subbase and Design Soil Treatment

After a particular combination of pavement and base course has been
selected, the subbase course and design soil treatment are designed to pro-
vide the remainder of the structural number required for the specific soil con-
ditions.

Various combinations of these two components may be specified. With
sufficient thickness of subbase course, the design soil treatment may not be
necessary, Additional thickness of design soil treatment will eliminate or
reduce the required thickness of subbase course. Criteria for required struc-
tural numbers and coefficients of relative strength are shown in the Depart-
ment publication, "ThicknessDesign of Pavement Structures for Highways and

and Streets, "

PAVEMENT DETAILS

Examples of three types of pavement are shown on page 9-4, the sheet
of Typical Pavement Details.

The design details of the pavement structure courses must be clearly
identified in the contract plans. Typical sections should be prepared showing
the thickness, geometric shapes and dimensions.to be constructed. Example
typical sections are shown in model contract plans in Chapter 12, 4,
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TYPICAL
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@ Hot mix bituminous pavement
@ Portland cement concrete pavement

@ Double bituminous surface treatment

DOUBLE BITUMINOUS SURFACE TREATMENT

@ Plant mix bituminous base course

@ Granular material

@ Cement treated granular base course

@ Cement treated or lime treated design soil course




Layers of Hot Bituminous Pavement

Hot bituminous pavementnormally is designed and constructed in several
layers. Each layer is identified separately on the typical section because the
specifications are different and each type of layer is measured and paid for
separately.

‘The three types of layers are:

® Leveling Course
e  Binder Course

e Surface Course.

The leveling course is 'usedvonly to correct irregularities in an exiéting
pavement that is to be overlaid with hot bituminous pavement.

Depending on the total thickness of pavement, various combinations of .

binder and surface courses may be used. Typical designs are shown below,

'| Total Thickness Layers
of Pavement [ Binder Course | Surface Course
Loy Lo
E - 3
Loy 14y
Z 15 1"
3" ’ 1%" 1_;_"
4" 2@ 1-%" 1
4.%1' 2@ 1,%1' v 1%”
5" 1@ 2" and 14n
1@ 13" ,
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Stage Construction

Under certain conditions, some form of stage construction may be spec-
ified for paving of a project. This might include:

® a grading and drainage project--with all paving planned
as a future project.

e a project which includes only a portion of the total pave-
ment--with additional courses planned at a future date.

In these cases, the typical section should clearly show details of the
work to be included in the current contract. Any future pavement should
be shown with a dotted line to identify the thickness of the ultimate pavement
structure--but detailed descriptions of the future course need not be shown.

Special Designs

In addition to showing typical sections of the main highway, separate
typical sections may be needed for paving of supplemental roadways such as:

interchange ramps
frontage roads
intersecting roads

driveways.

Because soil conditions may vary, the details of the pavement structure
may not be consistent throughout the project length. Thickness may vary--
and special treatment of unstable material may be specified for some sections.
Each different situation must be represented by a typical section--clearly in-

dicating the design details and applicable limits by stationing.
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INTERSECTION AND DRIVEWAY PAVEMENTS

The paving of intersections must be identified on the plans and quan-
tities included in the estimate., Details of pavement should be shown on typi-
cal sections and identified with particular locations as needed.

The following general criteria are applicable,

Public Road Intersections

Intersections with public roads normally will be paved to the right-of-
way line. If the existing road is paved, the new pavement may extend beyond
the right-of-way line as needed. :

Driveways and Ramps

Driveway and ramp are terms used to designate a private connection
between the roadway and the adjoining property. Driveways are curbed and
ramps are without curbs.

Existing paved driveways and ramps are reconstructed and paved as re-
quired to provide a smooth connection. Driveways not currently paved should
be paved to the curb returns, and ramps to the highway shoulder line. The
remainder of the driveway or ramp will be surfaced with granular material,

BRIDGE END PAVEMENT AND LUG ANCHORS

The use of high type pavement requires the consideration of special de-
sign criteria at bridge ends. Other locations also require special treatment
when concrete pavement is specified.

Bridge End Pavement

Because of potential differential settlement between a bridge deck and
adjacent roadway pavement, a specially designed reinforced concrete slab
shall be provided to assure a continuing smooth transition. Whenever high
type pavement is used, bridge end pavement is to be the same width as the
bridge--other design details are included in the Standard Drawings.

Lug Anchors

Concrete pavement can be expected to expand and contract with changes
of temperature. This can become critical at the ends of pavement where
there is more freedom of movement. To ‘minimize this longitudinal move-
ment, concrete lug anchors must be specified. They are cast monolithically
on the underside of the pavement in a transverse pattern, and act as a type
of anchor with the roadbed.

Design details for concrete pavement lug anchors and their installation
are shown in the Standard Drawings.

Lug anchors should be specified at locations such as bridge ends, rail-
road crossings, and terminal connections with existing or future hot bitumi-
nous pavements.



ESTIMATING QUANTITIES

The designer must compute estimated quantities of required materials in
terms established for contract pay items. Computation worksheets should be
* documented carefully and placed in the project file folder. Estimated quanti-
ties, along with pay item numbers, are recorded in the Summary of Quantities
in the contract plans. A ‘

Generally, quantity estimates should be made in accordance with the fol-
lowing criteria. ‘ '

Rigid Pavement

Rigid pavement is measured in terms of square yards of surface area.
Estimates must be made separately for each type of pavement (rein-
forced cement concrete, plain cement concrete, or continuously reinforced

concrete) and each thickness.

The following items are estimated in terms of linear feet:

® expansion joints (with dowels)
® expansion joints (without dowels)
] concrete lug anchors,

Bridge end pavement is estimated on a square yard basis.

Hot Bituminous Pavement

Hot bituminous pavement is estimated in terms of tons of material.
A unit weight of 110 pounds per square yard per inch of thickness should be
used for estimating purposes.
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Separate estimates are made for each of the identified layers of hot bi-
tuminous pavement--surface course, binder course and leveling course.

Bituminous Surface Treatmént

A bituminous surfacetreatment may consist of one or more layers of ag-
gregate cover material.

A double bituminous surface treatment (D.B.S.T.) normally consists of
the following sequence of operations:

Application of asphalt cement
Application of coarse aggregate
Second application of asphalt cement
Application of seal aggregate.

W Dk

The type and kind of aggregate cover material are specified a's a portion
of the pay item nomenclature,

Seal aggregate cover material may be crushed slag, gravel or stone,
all of which are type VI. As an alternate bid item, state projects with a low
volume of traffic may include expanded clay aggregate, type VIII.

Coarse aggregate cover material may be types I, II, Il modified, and III,
all of which are crushed slag or stone; or types IV, V, and V modified, all of
which are crushed or uncrushed gravel,

Normally, alternate coarse aggregate cover materials will be specified.
Type I, crushed slag or stone, and type IV, uncrushed gravel, will be speci-
fied for a granular base course. Type II, crushed slag or stone, and type v,
uncrushed gravel, will be specified for a cement treated granular base course.

The asphalt cement is estimated in gallons at a combined rate of appli-
cation of 0.75 gallons per square yard.



Both applications of aggregate are measured in cubic yards--but have
separate pay items,

For estimating purposes, the rates of application are:

® Coarse Aggregate -- 0,52 cubic foot per square yard

e Seal Aggregate -~ 0.28 cubic foot per square yard.
Prime Coat

A bituminous prime coat should be specified for treatment of the com-
pacted granular base course which is to precede construction of a bituminous

base, hot bituminous pavement or bituminous surface treatment.

The prime coat is expressed in gallons at a rate of application of 0. 35
gallons per square yard,

Plant Mix Bituminous Base Course

The unit of measurement for plant mix bituminous base course is tons
of material complete-in-place. A unit weight of 110 pounds per square yard
per inch of thickness should be used for estimating purposes.

Cement Treated Subbase or Base Course

Three contract pay items must be estimated for cement treated courses:

e cubic yards of granular material
@ barrels of portland cement
e square yards of soil-cement-water mixing--

for each depth course.

The rate of application for the cement is shown as a percent (by volume)
of the granular material to be stabilized. = The appropriate percentage for
individual projects will be determined by analysis of the materials--and will
be specified for the designer.

The barrels of portland cement are estimated by the following formula:

P.C. = AxDxRx0.01x6.75

where P.C. = Portland cement in barrels
A = Area in square yards
D = Depth in yards (inches converted to yards)
R = Percent cement by volume '
0.01 = factor to convert % to decimal

6.75 = 27+4 (27 cu.ft./cu.yd.; 4 cu.ft./bbl.)
then P.C. = 0.06f6xAxDxXR

Granular Subbase or Base Course

Granular material for subbase or base is measured and estimated by
the cubic yard or ton. Each different class or group designation must be
identified and estimated separately.

When measured by the ton, the weight shall be determined by dry-
weight at 100% proctor density with an estimated unit dry-weight for each
class as follows:

Class Lbs. /Cu. Ft.
1 and 2 131
3 and 4 129
5 and 6 127

~ Other classes 114



Lime Treated Design Soil Course

Two contract pay items must be estimated for lime treated design soil:

° tons of hydrated lime
® square yards of soil-lime-water mixing--
for each depth and class.

The rate of application forthelime will vary depending on the soils analy-
sis of individual projects--or even sections of highway within a project. The
designer will be advised of station limits for treatment and the appropriate
class and rate of lime application in terms of pounds per square yard.

Soil-lime-water-mixing is measured by the square yard, complete in
place, for each required course. Therefore, only one mixing operation is
estimated regardless of the number of applications of materials and the num-
ber of mixing operations.

The estimated tons of hydrated lime are:

H. L. = AxDxR+2000
where H.L. = Hydrated lime in tons
A = Area in square yards
D =  Depth in inches
R = Rate -- lbs. /sq.yd. /inch depth
2000 =  pounds/ton

Cement Treated Design Soil Course

Two contract pay items must be estimated for cement treated design
soil:
e barrels of cement
® square yards of soil-cement-water mixing--
for each depth course.
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For the method of estimating barrels of portland cement, see the sec-
tion titled "Cement Treated Subbase or Base Course, "

Lime-Cement Treated Design Soil Course

Three contract pay items must be estimated for lime-cement treated
design soil:

tons of hydrated lime -

barrels of cement

square yards of soil-lime-cement-water mixing--
for each depth course,

For methods of estimatingbarrels of portland cement and tons of hydrat-
ed lime, see sections titled "Cement Treated Subbase or Base Course' and
"Lime Treated Design Soil Course, "

Soil-lime-cement-water mixing is measured by the square yard, com-
plete in place, for each required course. Therefore, only one mixing opera-
tion is estimated regardless of the number of applications of materials and
the number of mixing operations.

Pavement Skid Reduction

Reduction of skidding accidents to a minimum requires the provision
of as high a level of skid resistance throughout the life of the pavement as
is economically feasible. Two designs currently under consideration by the
Department are plastic grooving of concrete pavement, and open-graded plant
mix pavement. Both designs offer good potentials for skid reduction.



Chapter 10

MISCELLANEOUS DESIGN

PROTECTIVE BARRIERS

The purpose of protective barriers is to reduce accident fatalities and
injuries by decreasing severity of crashes. Three types of barriers are dis-
cussed in this section:

® Longitudinal guardrail
® Median barriers
® Impact attenuators.

Designers should recognize that a protective barrier is in itself a road-
side obstacle and thus its installation may not contribute to safety, Generally,
abarrier is warranted only at locations where the severity of a collision with
the roadside feature would be greater than that with the traffic barrier. Where
traffic barrier requirements are indicated by warrants, the roadway should
be examined to determine the feasibility of adjusting site features so that the
barrier will not be required. v

The criteria and procedures herein for protective barriers are based
principally on the findings and recommendations of two reports--(1) the
AASHTO Report on "Highway Design and Operational Practices Related to
Highway Safety" (yellow book) and (2) NCHRP Report 118, "Location, Selec-
tion, and Maintenance of Highway Traffic Barriers." Designers should refer
to these publications for additional background on the subject.

wood or steel posts.

Guardrail
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All new guardrail installations shall be blocked-out steel W-beam with

Details of the beam, posts, spacing, terminal ends and
typical installations are shown in the standard drawings.

The following general criteria shall govern decisions concerning new

guardrail installations:

Bridge Ends. Flared guardrail installations shall be provided at
all bridge ends. For State Aid System construction, this require-
ment applies only to Federal-aid projects.

Abrupt Embankment. Dropoffs having a slope greater than 2:1,
depth greater than 2 feet, and located within 30 feet of traveled

© way, warrant a longitudinal barrier installation. Because an

abrupt embankment may extend a considerable length along the
roadway, the probability of an errant vehicle contacting the drop-
off is greater thanthatofa vehicle hitting a roadside fixed object.
For this reason, barrier installations may be needed at dropoffs
located more than 30 feet from the traveled way to provide road-
sides with a consistent degree of safety.

Ditches near roadways can be a severe hazardif their cross sec-
tions are such that they cannot be traversed successfully by er-
rant vehicles. Although a barrier may be warranted on a relative
severity basis, it is presumed that the cross section of a ditch
can be altered tobe less hazardous at less cost than installing a
barrier. For this reason, ditches near a roadway will not alone
justify the use of a traffic barrier.
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Sloped Embankments. Height and slope of roadway embankments
are basic factors in-determining guardrail needs. The figure be-
below (from NCHRP Report 118) shows an "equal severity curve"
for various combinations of embankment heightand slope. A lon-
gitudinal guardrail installation is warranted when the point of in-
tersection falls above the curve.

1-1/2:1

N

2-1/20

BARRIER WARRANTED /
3

4:1 %

5:1
6:1

EMBANKMENT SLOPE, S

DO NOT USE BARRIER FOR
EMBANKMENT GEOMETRY.
CHECK BARRIER NEED FOR
ROADSIDE HAZARDS AND
OBSTACLES.

L 1

H
(o} 10 20 30 40 50

EMBANKMENT HEIGHT h (FT)

However, designers should consider the alternative of modifying
the embankment slopes as shown below and avoiding the use of
guardrail.

| 30" Min. |
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Edge of Pavement N

P . —/ \ N .
Original Design z- Ny

Roadside Obstacles. Examples ofroadside obstacles include non-
traversable hazards such as permanent bodies of water with
depths greater than 2 feet or fixed objects such as trees, bridgé
piers and abutments, culvert headwalls, unyielding sign sup-
ports, light poles and posts. Guardrail protection normally is
warranted if obstacles or fixed objects are within 30 feet of the
edge of the traveled way on a road with a current ADT volume of
400 or more andwith a design speedof 50 mph or greater. Where
the design speed is less than 50 mph or the current ADT is less
than 400, aclear roadside recovery area should be provided 15 to
20 feet or more from the edge of the traffic lane, in accordance
with Chapter 2.

The length of guardrail installations normally should be designed as mul-
tiples of 12. 5-foot increments, measured by the linear foot along the face of
the rail from center to center of end posts for each section. The pay item
(linear feet of guardrail) includes both rail and posts required to complete
the installation. Terminal sections, bridge end sections and reflectors are
paid for per unit. (On State-aid projects, terminal and bridge-end sections
are included in payment for linear feet of guardrail).

Median Barriers

The basic function of median barriers is to prevent vehicles out of con-
trol from crossing the median and entering opposing lanes to collide with
vehicles moving in the opposite direction. Effective median barriers should
be installed on all high-volume, high-speed divided highways with narrow me~
dians where engineering studies establish the need.

Warrants for medianbarriers are determined principally by median width
and traffic volume. NCHRP Report 118 provides the chart shown on the next
page as a basis for warrants.
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From a practical standpoint, a median must be at least 9 feet wide to
provide adequate horizontal clearance between a median barrier and the edges
of the pavement. Median barriers are not warranted if median width exceeds
30 feet, except on the basis of adverse accident experience.

The most common types of median barrier are the blocked-out W-beam
guardrail and the concrete barrier with a sloping face. The concrete barrier
is preferred in narrow medians where regular maintenance is difficult or im-
practical. Details for both types of median barriers are included in the De-
partment's standard drawings.
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Impact Attenuators

There are some instances where afixed obstruction in a particularly haz-
ardous location must remain in place and driver protection cannot be afforded
by conventional barriers. Impact attenuators (crash cushions) have been de-
veloped to absorb the kinetic energy of out-of-control vehicles in a very short
distance and at a rate which will limit or avoid serious injury to restrained
passengers.

There are presently four types of impact-attenuating devices in general
use today which have been found to have a satisfactory performance record.
These are steel barrels, plastic sand-fiMed drums, water-filled cells and
light-weight aggregate cartridges. Reference for further information on these
devices should be made to NCHRP Report 118.

The principal use of impact attenuators is to alleviate existing danger-
ous conditions. New highway design normally should avoid the need for these
devices. Butunder some conditions, such as an exit gore or an elevated road-
way, an impact attentuator is the only logical answer.

Currently, the Department has no standard drawings or specifications
for impact attenuators. A special design is required to fit the particular con-
ditions, utilizing the best techniques and practices from other sources.
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FENCING

Design responsibilities for fencing are limited to providing fences as
required for fully controlled access highways. Arrangements for any needed
fencing on other highways will be made with landowners during right-of-way
negotiations.

Fencing should be designed as outlined in the AASHTO publication, "An
Informational Guide on Fencing Controlled Access Highways. "

Types of Fence

The Department uses two basic types of fence on freeways--woven wire
and chain link--with options as to type of posts and height of chain link fence.
General design criteria are shown below:

Woven Wire (rural areas)

® Normally, use with timber posts.

® Use concrete posts within limits of interchange areas (be-
tween extremities of exit or entrance ramps).

® Always usetimber posts adjacent to rest areas to preserve
natural appearance.

® On multilane highways with wide medians, where structures
are installed for passage of animals, use comparable fence
across the median on each side of the path to allow pas-
sage of animals without permitting access to the roadway.

Chain Link (urban or built-up areas)

Details of the different types of fences, posts and gates are shown in the

Normally, use 5-foot high chain link.

Use 6-foot high chain link where pedestrian traffic is likely
to be heavy.

At junkyard locations, use chain link with lattice of a
height to sufficiently screen the junkyard from the highway.

standard drawings--along with examples of typical installations.

Estimating Quantities

Estimates of fencing quantities shall be made in accordance with the

standard specifications to include the following pay items:

Estimated quantities should be shown on each plan sheet and the total of

Linear feet of fence of the type and size to be installed,
exclusive of openings

The number of posts by type of material, by type of post--
line posts, brace posts and gate posts--and by length

The number of gates of specified type and size

Linear feet of single-strand barbed wire.

all fencing summarized on the Summary of Quantities sheet.



Fencing Plans

Fencing work may be included with the roadway construction project,
or may be performed under a separate fencing contract. Normally, a fenc-
ing contract will be let to include the limits of several roadway construction
projects.

When fencing is included with other construction work, the fencing re-
quirements are shown onthe plan portion of the plan-profile sheets. For sep-
arate fencing, contract plan sheets are drawn to a scale of 1" = 200", and
interchange layoutsto a scale of 1''=100', showing only a plan view with items
pertinent to the fencing, such as right-of-way width, 'no access' limits,
drainage structures, bridges, drainage easements, ditch crossings, etc.
Since a profile view is not needed, two conventional plan views may be shown
on each sheet, thereby conserving space.

PAVEMENT MARKINGS

Contract plans for roadway paving shall include provision for all re-
dquired pavement markings--including items such as painted stripes, thermo-
plastic pavement markings, two-way reflective markers, and pavement mes~
sages.

The purpose of pavement marking is to provide traffic control commu-
nication to the driver. The communication may include designation of the
roadway centerline, areas of no passing, edge of pavement, lane delineation
and warning or instructional messages. Pavement marking is directly related
to the design of the highway and is a feature of traffic control and operation
which the designer must consider in the geometric layout of the highway. The
Department has adopted the standard pavement markings set forth in the

-
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Manual on Uniform Traffic Control Devices for Streets and Highways. De-
signers should be familiar with the manual and adhere to the criteria for
pavement markings.

Estimating Quantities

Quantities of pavement marking shall be estimated in terms of the pay
item unit of measure called for by the specifications. General guidelines are
are as follows:

Centerlines, Lane Lines and Pavement Edge Lines

® Measured by miles (three decimal places)
® Separate estimates by type of line (skip or continuous) and
by color,

No-Passing Lines and Detail Traffic Stripes

® Measured by linear feet.

Messages and Arrows

e Measured by the square foot.

Raised Pavement Markers

® Measured by number of markers.

The measurement of traffic stripes shall be from end to end of each
individual stripe. In the case of skip lines, the measurement shall include
nominal skip intervals as well as painted sections.
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Detailed traffic stripes are measured from end to end of individual
~ stripes, excluding nominal skip intervals, without regard to color of individ-
ual paint stripes; however, thermoplastic detailed stripe is separated by color.

Pay items are based on a striping width of 4 inches. When a strip-

‘ing width of other than 4 inches is specified, the measured length shall be
“adjusted in the ratio of the specified width to 4 inches.

Warrants for Pavement Edge Lines

Pavement edge lines shall be provided on all Interstate highways and
on other classes of roads with a present ADT of 1,500 or more. In order to
make the edge striping continuous between two major points, if the majority
of the length has counts that exceed 1,500 ADT, the entire distance between
the two points shall be marked with edgelines. Edge lines shall be solid white,
except on the left edge of each rbadway of divided streets and highways, which
shall be solid yellow. All edge lines shall be paint.

Use of Thermoplastic Markings

On all sections of Interstate highways and on other highways with a pres-
ent ADT of 1,500 or more, the centerline, lane lines and no passing barrier
lines shall be 125-mil-thickness hot extruded thermoplastic instead of paint.
Where thermoplastic markings are used, raised reflection markers shall be
placed in the skips on 40-foot centers.

" Where thermoplastic is used as described above, it should also be used
for any special or detail markings--such as cross walks, stop lines, arrows,
ramp gore markings and left-turn slots.

Railroad advance markings shall always be of thermoplastic--except on
State-aid projects, where paint may be used.

Plan Sheets

Sufficient details of pavement markings should be shown in the plans,
either by Department standard drawings or by special detailed sheets. Typi-
cal striping details required for channelized intersections, climbing lanes and
transitions for turn lanes are indicated in the drawings on pages 10-7, 10-8
and 10-9.
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TYPICAL PAVEMENT MARKINGS
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SIGNING

Three types of signing must be considered for highway projects:

® Construction signing
® Temporary signing
e Permanent signing.

The Manual on Uniform Traffic Control Devices provides the basic cri- ‘
teria for signing practices. Department standard drawings show specific
applications for Mississippi.

Construction Signing

Construction signing is requiredon all projects where construction work
will interfere with the normal movement of traffic on or across the roadway.
The purpose is to give advance warning of the construction and to guide and
control traffic in or around the construction area.

The standard drawings for construction projects show the most needed
signs, the sizes to be used, typical sign and barricade installations, and de-
tails of drums and various types of barricades.

Designers should prepare a line drawing of the project (not necessarily
to scale) and show the desired construction signing on the drawing. It may be
necessary to specify special phase signing for various phases of construction
work--these should be clearly identified and described. Completed line draw-
ings should be reviewed and approved by the Signing Specialist.

Line drawings should be included with the contract plans on sheets en-
titled '"Details of Construction Signing,'" or "Details of Construction Phase
Signing'" where several phases are appropriate.

It is not necessary to prepare a detailed estimate of construction sign-
ing requirements. Such signing will be included in the lump sum pay items
for Maintenance of Traffic.

Temporary Signing

Témpora.ry signing is applicable to Interstate projects only. It is re-
quired whenever permanent signing is not included in the final construction .
project--or when permanent signing under a separate signing project cannot
be completed before the roadway is to be opened to traffic..

Temporary signing may be installed by the roadway contractor or by the
Traffic Control and Safety Division to expedite the opening of a newly con-
structed section of roadway to traffic. )

If temporary signing is to be installed by the contractor as a part of
the construction project, the required signing will be designed by the Signing
Specialist prior to the final field inspection. The tempdrary signing will be
included in the contract plans as a lump sum pay item.

When temporary signing is to be performed by the Traffic Control and
Safety Division, there is no need for formal signing plans.

Permanent Signing-~Interstate Projects

Permanent signing is required on all newly constructed roadway sec-
tions before, or as soon as possible after, the roadway is opened to traffic.

Permanent signing is normally accomplished under a separate signing

‘contract. However, signing of short sections of roadway may be included

with the roadway contracts.



The Signing Specialist is responsible for design of signing and prepara-
tion of signing plan sheets. Regular plan sheets usually will be at a scale of
1" = 200'. For interchangesand restareas, a scale of 1'' = 100" is preferred.

The design procedures will include:

® placingdesired standgrd signs and guide‘ signs at appropri-
ate locations on the plan sheets

® de{ermining actual sizes of all guide signs

® ’ conducting field inspections _and making necessary changes
'y det’ermining thev length and size of all sign supports

® . making detaiied drawings of individual directional signs

e  identifying requirements for deliheators, hazard markérs

and guardrail

e éomputing quantities ofall applicable pay items and prepar-
ing a summary of quantities.

State Aid Division

Cons‘trdction and temporary signs are absorbed items, but permanent
signs are contract items and are paid for by appropriate pay item.
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TRAFFIC SIGNALS

Traffic signals are considered for installation atintersections when war-
ranted as outlined in the Manual on Uniform Traffic Control Devices for
Streets and Highways. The 20-year projection used for geometric design of
the roadway canbe used for anticipating signal installation; however, normally
only a 5-year projection is used to determine if signals should be installed
at non-signalized intersections.

Design Considerations

If investigation reveals the possibility of need for a signal installation,
the Traffic Control and Safety Division should be requested to make a detailed
analysis of the location to determine if a signal should be installed.

If there are existing signals, the designer should notify the Traffic Con-
trol and Safety Division in order that a determination can be made whether
the existing signals should be reworked under the proposed construction con-
tract, leftin place and adjusted by state forces to match the new construction,
or removed. ‘

The geometric design of intersections should be based on the existence
of a traffic signal, unless the traffic volume warrants clearly indicate other-

wise.

Design Procedures

Assistance can be obtained from Traffic Control and Safety Division in
developing the geometric requirements for a signalized intersection.

When a signal is to be installed under the construction contract, plans
will be developed by the Traffic Control and Safety Division for the signal
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installation and these plans will be inserted in the construction plans. The
designer should coordinate his plan development with the Traffic Control and
Saféty Division's signal plan development to allow for proper sheet numbering,
pay item listing, plan completion dates, field inspection, geometric design,
ete.

LIGHTING

Increased attention is given to providing fixed highway lighting in the
interest of traffic safety.

General Warrants

The AASHTO publication ""An Informational Guide for Roadway Lighting"
presents generally accepted warranting conditions for installing fixed highway
lighting. These criteria are applicable in Mississippi. Additional informa-
tion is available in NCHRP Report No. 152, "Warrants for Highway Lighting. "

Department policy specifically calls for highway lighting of the follow-
ing locations:

e Interchanges between Interstate routes.

® All interchanges having a total estimated traffic interchange
volume of 7000 or more vehicles per day. The traffic in-
terchange volume is defined as the estimated total average
daily traffic for the year 1975 entering or leaving the Inter-
state highway within an interchange area.

® Sections of through roadway with median widths of less than
16 feet.

' All sections of through roadway with six or more through
travel lanes.

° Sections of roadways approaching illuminated interchange
areas for sufficient distances before interchange area to
safely transition drivers from unlighted to lighted areas.

° all rest stops and hospitality stations--including entrance
 and exit ramps as well as the site area.

Additionally, attention should be directed to those locations experienc-
ing a large number of night accidents. If the ratio of night to day accidents
is considerably higher than the statewide average for similar locations, it is
probable that lighting may be expected to reduce the night accident rate.

Design Responsibilities

The Lighting Specialist has basic responsibility fc. design of lighting,
preparing the contract plans and recommendii ¢ specifications. Normally,
the lighting contract will be separate from the roadway construction contract.
There is need, however, for a considerable amount of coordination with the

.road and bridge design units and with the Construction Division.

Where future lighting is to be installed and there is need for cable cross-
ings beneath the roadway or other paved areas, the conduit should be installed
as a part of the paving contract.

A lighting layout should be transmitted to the Bridge Division for bridges
on which future lighting will be installed, so that brackets for messenger ca-
ble, lighting assembly mounts and anchor bolts will be provided as parts of
the bridge structure.



The Testing Division should be provided with a lighting layout of all
High Mast Projects so that soil tests can be obtained and recommendations
prepared for foundation requirements. The Bridge Division will recommend
foundation design requirements based on the soil test information.

The Lighting Specialist and the Signing Specialist shall coordinate the
location of lighting assemblies and sign structures.

All projects in urban areas should be reviewed by the Lighting Specialist
to investigate the need for future lighting.

The Lighting Specialist shall recommend specifications to the Specifica-
tion Section of the Construction Division.
RIGHT-OF-WAY

Discussion in this section is limited to the responsibilities and proce-
dures of the Roadway Design Division in defining right-of-way requirements.

General Procedures

‘ When a survey is received in Roadway Design, the property map is for-
warded to the Right of Way Division. Pertinent information from this map is
also recorded on the plan-profile sheets..

Following the field inspection(s), and after the designer has made all
changes that will affect property owners, final right—pf—waﬂr plans are sub-
mitted to the Right of Way Division. The Right of Way Division then furnishes
the District with a set of plans to be used for field staking of right-of-way.
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Any subsequent changes by the Design Division should be noted, and re-
vised prints should be furnished to the Right of Way Division.

Right-of~-Way Widths

The principal guide for design of right-of-way is the identification of
actual construction limits established by the roadway designer. Construction
limits represent the toe of fill or top of cut backslope, and should be shown in
the plan view with short (0.2") broken lines with dots and skips.

. The right-of-way must be wide enough to accommodate the construction
limits plus aborder width. Desired minimum border widths for various classes

of highways are shown in the design standards in Chapter 2.

Right-of-Way Configurations

Right-of-way should be shown with as few breaks and changes in width
as possible, with consideration given to ease of writing right-of-way descrip-
tions. .

The following general criteria should apply:

o Where there is need for a width change close to the P.C.
or P.T. of a horizontal curve, the breaks should be made
coincident with the curve points.

® Where width changes are required both right and left, the
break points should coincide with the same stationing if
possible.

® Breaks in width should not occur in drainage channels,
roads and drives where installation of right-of-way mark-
érs would be impractical,
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Beginning or Ending of Project

When right-of-way is designed at the beginning or ending of a project and
those points are within the limits of an individual property ownership, consider-
ation should be given to acquiring right-of-way through the ownership for fu-
ture connecting projects so the owner will not have to be contacted again.

Easements

Under certain conditions it is preferable to obtain an easement to prop-
erty rather than to purchase the right-of-way.

There are two types of easements. The type of easement and its pur-
poses should be identified on the plans. The two types are described below:

Temporary Easements

A temporary easement should be obtained when it is not necessary
to obtain permanent possession of the land or permanent right of access
on which construction work is to be performed. The acquisition of a
temporary easement will usually be required:

e to obtain proper grade on private ramps.

® for inlet and outlet ditches at drainage structures.

® for channel changes where future maintenanceis not
anticipated. '

e for, insome cases, fillor cutslopes (normally in ur-

ban areas where commercial development of adja-
cent property is likely).

e onurban projects to provide construction areafor in-
installation of storm drains and driveways.

Permanent Easements

A permanent easement shall be obtained when it is not necessary
to obtain permanent possession of the land, but where a permanent right
of access is needed.

usually be required:

Access Control

When access control is specified, it is essential that the access control
This is indicated on the plans with thick
A written commission order

lines be shown clearly on the plans.
broken lines just inside the right-of-way line.
will be required on all projects (except Interstate highways) that are to have

control of access. A note for future reference pertaining to this commission

for channel changes where it is anticipated that fu-
ture maintenance of the channel will be required.

for railroad right-of-way agreements where (1) the
required highway right-of-way coincides with the
railroad right-of-way ata grade crossing or separa-
tion, or (2) where the railroad parallels the highway
and the highway improvement will encroach on the
railroad right-of-way.

order is to be shown on the title sheet of the plans.

Following are the various types of access control which are used:

Type 1.

Highways with full control of access and on which vehic-

ular access is permitted to or from the highway only at inter-

changes.

The acquisition of a permanent easement will



Type 2-A. Highways on which right-of-way has been provided for -
future frontage roads. Until the frontage roads are constructed,
vehicular access from abutting property may be permitted directly
to and from the highway.

Type 2-B. Highways on which vehicular access is permitted at
established entrances and enits. Access rights between such en-
trances and exits are purchased at the time of right-of-way acqui-
sition. A typical situation is shown below:

>!

'A-
-

880" Min. /\/

- - ¢— Highway

No Access

U
50! R. O. W. Line 50"

The model plans in Chapter 12 show typical examples of proper iden-
tification of right-of-way lines and access control lines on the plan sheets.
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AT-GRADE RAILROAD CROSSINGS

Projects with at-grade railroad crossings require special consideration
by designers. The railroad company will perform all work necessary for the
adjustment of their tracks to meet altered or established highway grades and
will construct the roadway grade crossing as indicatedon approved state high-
way plans. The railroad company will also install flashing light signals, gates,
guardrail, or other requiredprotective devices in accordance with State High-
way Department plans.

All work by the railroad company will be accomplished by agreement
between the railroad company and the State Highway Commission for work on
a force account basis to provide for reimbursement by the Department of all
construction costs to the railroad company. '

Plans for field inspection should be submitted to the Construction Divi-
sion as soon as they are available--three sets for Primary projects and two
sets for Secondary projects. It is desirable that a railroad representative
participate in the field inspection.

The Construction Division will be responsible for negotiations with the
railroads and will prepare the required railroad agreements. Following the
field inspection, the Roadway Design Division will prepare final plans and
submit copies to the Construction Division for further processing with the
railroad company (eight sets for Primary projects, seven sets for Secondary
projects).

In the case of highway improvement or highway relocation necessitating
a use permit or easement on or across railroad right-of-way for proposed

_construction, the Right of Way Division of the Department will prepare and

acquire the required easement from the railroad.
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WEIGH STATIONS

Whenever a proposed project involves a crossing of the state line or
relocation of a section of highway where there is an existing weigh station,
determination should be made as to the need for new weigh station facilities.
The State Maintenance Engineer will contact the Motor Vehicle Comptroller
for recommendations as to appropriate new or replacement facilities.

If a weigh station is to be provided, the State Maintenance Engineer will
initiate and coordinate planning actions with the Motor Vehicle Comptoller,
the District Office, the Roadway Design Division and others as necessary.

After a site has been selected and surveys completed, the Roadway
Design Division will design the weigh station facilities to be compatible with
the roadway improvements, and will prepare contract plans and a cost esti-
mate. The State Maintenance Engineer will obtain the approval of the Motor
Vehicle Comptroller and will prepare a letter of agreement defining the exe-
cution of the construction by the Department and the terms of cost reimburse-
ment by the Motor Vehicle Comptroller.

Preparation of the weigh station site normally will be included with the
roadway contract. Construction of the buildings and other facilities should be
a separate contract.

AIRWAY-HIGHWAY CLEARANCES

Highways in the vicinity of airports must be designed to provide mini-
mum clearance between the highways and the navigable airspace.

Navigable airspace is defined as the space above the approach surfaces
adjacent to the runway. The bottom of the approach surface is established by
a specified guide path ascending upward from the end of the runway. Highway
appurtenances such as overhead signs or light standards must not penetrate
the navigable airspace.

Criteria for clearances are set forth in the table and drawing at the
right.

Minimum vertical clearances between the roadway surface and the zone
of navigable airspace shall be 25 feet for Interstate highways and 15 feet for
other highways. A comparable minimum vertical clearance above railroads
shall be 25 feet.

If there is an airportwithin two miles of a proposed highway project, the
Mississippi Aeronautics Commission should be contacted to identify the class
of airport and verify the current status of airway-highway clearance regula-
tions.



Horizontal Elevation of
Width of Approach Ared Length of Approach C.E. Minimum Horizontal Minimum
Airpart Average | (2nd Approach Surface) Approach Area | Surface Above| Siopeof | Distance from End Vertical
Runway At Clear | At Approach | Beyond Clear Runway at Approach |of Roadway or Landing| Clearance
Length Zone End End Zone Distance "C" Surface |Strip to Nearest E.P.f atE.P.
@ ) © © (Gulde Path) ®) v
Minor | LegEthan | 5o 2250° 10,000" 500' 20:1 200" Absolute
Minimum
Local 5000" 400" 2400 10, 000' 250 40:1 300° 5
Trunk 6750" §60' 2500" 10, 000" 250" 40:1 300* .
Continental 8000* 500 2500' 10, 000’ 250' 40:1 300" Interstate
" 1
comontar | 16708y | 500" 2500° 10, 000" 250' 10:1 300°
*
Instrument
Landing - 1000' 16,000' 50, 000' 1000* 50:1 300" Rallroads
System 25"

Approach data conform to FAA Technical Standards TSO N18 and TSO Néb.

AIRWAY-HIGHWAY CLEARANCES
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CURB RAMPS FOR THE HANDICAPPED

In compliance with Section 228 of the Highway Safety Act of 1973, curb
ramps for the handicapped shall be provided across curbs constructed or re-
nlaced across pedestrian crosswalks. These shall provide adequate and rea-
sonable access for the safe and convenient movement of physically handicapped
persons, including those in wheelchairs.

Detailed drawings of special curb ramps shall be included in the contract
plans.
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Chapter 11
STATE AID DIVISION

The Division of State Aid Road Construction was established by the Mis-
sissippi Legislature in 1949 for the purpose of administering state aid road
programs. This legislation also provided for a State Aid System, composed
of the principal collector and distributor roads exclusive of interstate, U.S.
and state highways, to form a net work of secondary roads.

Although this manual is directed principally to the design of state high-
ways, most of the basic policies and criteria for road design are equally ap-
plicable to the State Aid System. There are some differences, however, and
the purpose of this chapter is to identify specific criteria and procedures fol-
lowed by the State Aid Division.

State Aid Division Responsibilities

The Division of State Aid Road Construction is directed by the State Aid
Engineer. It is the responsibility of the State Aid Engineer and his staff to:

e prepare and adopt uniform design standards and specifica-
tions for construction and maintenance of state aid projects.

® approve additions to the System.

® approve all construction programs.

® approve plans and specifications for construction projects.

® authorize advertisement for bids.

® concur in the awards of contracts.

e approve anddisburse all payments made from the project
fund.

® approve final acceptance of completed projects.

® make annual and other periodic inspections of completed

projects to ensure they are properly maintained by the re-
spective County Board of Supervisors.

County Responsibilities

Each County Board of Supervisors, as the governing agency, is required
by statute to appointa County Engineer, who shall be a registered professional
engineer, to act for and on behalf of the Board to administer the engineering
functions at the county level, subject to the rules and regulations promulgated
by the State Aid Engineer.
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It is the responsibility of the Board of Supervisors to:

e designate the county roads to be included in the State Aid

System.
° prepare and adopt annual construction programs.
® acquire rights-of-way for state aid projects.
® advertise for bids.
e award contracts.
e assure adequate maintenance of completed projects.

The County Engineers normally are responsible for making surveys,
preparing plans, specifications and contract proposal documents, attending
lettings, supervising and inspecting construction, and submitting Progress
and Final Estimates. Counties may obtainthe services of consulting engineers
for some or all of these responsibilities, but as County Engineers and not
Consulting Engineers.

Design Guides

State aid roads usually are constructed to geometric design standards
somewhat lower than for comparable highways on the State Secondary Sys-
tem. The AASHTO publications "Geometric Design Guide for Local Roads
and Streets' and "Bridge Specifications' (latest edition), supplemented with
policy and criteria set forth by the State Aid Division, serve as the basis

for design of state aid projects--except that the width of bridges to remain
in place must equal or exceed the approach pavement width, and design speed
must be 30 mph or more. These design guides are summarized in Chapter 2;
see the tables entitled:

® Geometric Design Guides for Rural State Aid County Roads
® Geometric Design Standards Based on Design Speed.

The standards generally permit steeper foreslopes and backslopes on
state aid roads than are permitted on state highways. And the requirements
are less for lateral clearance from the pavement edge. But in the interest
of safety and ease of maintenance, the slopes on state aid projects should be
designed no steeper than 3:1 (preferably flatter)--and the lateral clearance,
free of obstructions, should be as wide as economically feasible.

Striping and marking of completed projects will be in accordance with
the "Manual on Uniform Control Devices,"

Standard Specifications and Drawings

The State Aid Division has published a book of ''Standard Specifications
for State Aid Road and Bridge Construction.' This publication, along with
appropriate supplemental specifications and special provisions, is furnished
to County Engineers.

Standard drawings have been developed by the State Aid Division cover-
ing specific details of bridges, guardrail, superelevation and signing. These
drawings are available to the County Engineers and should be incorporated in
the contract plans when appropriate.



It should be noted that criteria and procedures for superelevation and
curve widening for the State Aid System are different from those for the
State Highway System.

Base Design

The criteria and procedures for design of base course thickness on state
aid roads are set forth in a manual entitled "CBR Method of Base Design
and Charts,' published by the State Aid Division. These procedures should
be adhered to, rather than the criteria in this manual for state highways.

Special charts are available from the State Aid Division to assist in esti-
mating quantities of base materials for various combinations of crown width,
surface width, side slopes and base course thickness.

Right-of-Way

State law requires that rights-of-way for state aid projects must be
provided by the Board of Supervisors without any cost to the project fund.

The established policy of the State Aid Division is that uniform right-of-
way width may be obtained as permanent right-of-way, and construction ease-
ments may be obtained for those areas outside the normal right-of-way. These
easements revert to the property owners when the project is accepted for
maintenance. The Board must obtain permission to re-enter these areas to
alleviate any special maintenance problems that may arise, such as slides or
impaired drainage, particularly at structures. The Board need not maintain
these areas on a regular basis.
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It is desirable that a right-of~way width sufficient to accommodate all
elements of the design cross section plus appropriate border areas be fur-
nished without easements. Utilities on state aid projects must be accom-
modated within the right-of-way in accordance with State Aid Policy adopted
January 17, 1972, '

Technical Assistance

Engineers of the State Aid Division will review all designs and plans
submitted by the counties to check for adequacy and compliance with appli-
cable geometric standards.

Additionally, the County Engineers may obtain technical guidance and
assistance from the various divisions of the State Highway Department as
may be needed in specialized cases.
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Chapter 12

CONTRACT PLANS ASSEMBLY

Previous chapters have set forth criteria and procedures for the design inspection, plans are printed for final right-of-way
of individual elements of highway construction. These designs must be incor- and utilities, ———nr 7 ,'_:; ,O(;/,‘Z'/;m
poratedin plans sothey can clearly be understood by contractors and materials / u;{;//rg{ :&
suppliers--as well as by the Department's personnel assigned to supervision + Final Field Inspection f é:’;;‘?/’&)'f};i/m,;?s

and inspection of the project.

! Envirenmerdal

The final field inspection is made after the Roadway

Several terms and phrases are frequently used throughout plan develop- Design Division has completed the plans. This in-
ment. To ensure a clear understanding, they are defined as follows:

e Survey '

The term "survey' refers to all field information neces-
sary for plan development, including all field notes, prop-
erty maps and plan-profile sheets.

) Field Inspections

Field inspections are divided into two categories:

+

Preliminary Field Inspection

The preliminary field inspection is required on all
projects after preliminary plans have been devel-
oped, including title sheet, typical sections, plan-
profile sheets with tentative grades, construction and
right-of-way limits, size of drainage structures, and
bridge lengths and widths. After complétion of all
revisions agreed upon during preliminary field

spection isthe final review of the plans priorto print-
ing suchplans to be included in the P. S. & E. assem-
bly.

e P.S. & E. Assembly

The abbreviation "P. S. & E. " means Plans, Specifications
and Estimates. The P.S. & E. Assembly includes a com-~

plete set of plans, specifications, all special provisions

and supplemental specifications not approved as standard,

the cost estimates, all approved agreements with railroads,
utilities and municipalities, the proposal assembly, and
the utility and right-of-way certificates.

The numbers of plans and documents required in State Aid
P.S. & E. Assembly are listed on page 12-12,

To ensure consistent interpretation of the plans, individual plan sheets
should have standard format and content, and the sequencye of assembling the
various types of plan sheets should always be the same. The purpose of this
chapter is to present guidelines for uniform preparation of plans.
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General Content and Sequence

Most sets of plans will contain the following types of sheets assembled
in the sequence shown:

Title Sheet

Detailed Index and General Notes

Typical Sections

Summary of Quantities (Roadway and Bridge)
Estimated Quantities (Roadway and Bridge)
. Plan- Profile Sheets

Special Design Sheets - Roadway

(Detail Sheets and Standard Drawings)
Bridge Drawings

Special Design Sheets - Bridges
10. Cross Section Sheets.

Jo gk wn =

Several other types of drawings may be required for use by the project
engineer--sheets of form grades, property maps and other details--but these
are not included with the contract plans.

Project Identification

Each plan sheet must be clearly identified with its project number. On
the title sheet, this number is shown in the center heading and in a preprinted
block in the upper right corner. On all other sheets, the project number is
recorded in the upper right corner in a preprinted--or stamped--block,

Designers will obtain the project number from the approved project
program. Each element of the number has a special meaning as described
in Standard Operating Procedure No. ADM-02-08-02-000.

Sheet Numbers

. Two numbering systems are used--working numbers and sheet numbers.

Working numbers are assigned to groups of particular sheets for iden-
tification during the design process as follows:

° Title Sheet

The title sheet is always No. 1.

® Typical Section Sheet

The first sheet is always No. 2 and any additional sheets
are 2-A, 2-B, 2-C, etc.

® Plan- Profile Sheet

The first mainline plan-profile sheet is always No. 3 and
subsequent mainline plan-profile sheets are numbered in
sequence. Additional plan-profile or special design sheets
which supplement a particular sheet will have the same
number as the mainline sheet plus an alphabetical desig-
nation in sequence.

Working numbers are temporary and have no value after the plans are
printed for P.S.& E. Assembly, except that working numbers shown on the
title sheet along the mainline are retained for reference purposes.

When plans have been completed and are ready for final assembly
(P.S. & E. Assembly), eachsheet is given a number in proper sequence. Blocks
of numbers have been reserved for the various categories of drawings, as
shown on the next page.



Sheet Numbers Type of Drawing

1- 100 : Title sheet through plan-profile sheets
and other special-design roadway sheets

101- 365 Standard roadway design drawings

366 - 465 Reserved numbers to be used when
first group exceeds 100 sheets

466 - 765 : Bridge drawing sheets

766 - 900 Special design sheets for bridges

901 and above Cross section sheets.

The title sheet will always be sheet No. 1. This number should appear
in the preprinted block in the upper right corner. On all other sheets, the
numbers should be recorded in a block in the lower right corner.

Revisions

It is important that design revisions be carefuliy recorded after each of
two milestone events.

- Any design changes which a'rey made after the final right-of-way and
utility plans have been submitted to the Right-of-Way Division and the Utility
Section, must be recorded on the plan-profile sheet in the revision block in
the upper right corner. The revision block should contain the date and the
designer's initials. The revision number should be shown in a triangular
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block & opposite the revision block and also at the point on the sheet where
the revision was made. Revised sheets should be submitted immediately to
the Right of Way Division and Utility Section. They must have up-to-date
information as this may affect right-of-way negotiations and utility adjust-
ments,

The second milestone event is completion of the plans for the P.S. &E.
Assembly. Prior to the printing of plans for the assembly (half-scale), all
revision dates and revision symbols should be erased and the Detailed Index
Sheet stamped with a revision block showing P.S.& E. PLANS - DATE

and REVISIONS in the upper right corner of the sheet. The date

the plans are printed should be recorded in the revision block and any sub-

sequent revisions should be recorded by date and sheet number in the revi-
sion block., The revision date should also be recorded in the revision block
of each individual sheet which is regvised.

Standard Symbols

Standard symbols and abbreviations are shown on Standard Drawing No.
101 and the last sheets in this manual. These standards should consistently
be adhered to on all plans.

Model Plans

The types of plan sheets are discussed on the following pages, with spe-
cial instructions and comments related to each. Refer to the model plan
sheets assembled at the end of the chapter, These sheets do not represent a
single complete set of plans--rather, they are selected individual sheets to
serve as examples for particular conditions.

The County Engineer designing State Aid projects should refer to model
plans furnished by the State Aid Division for correct state-aid plan assembly,
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TITLE SHEET

The title sheet is always sheet No. 1 and serves as the cover sheet
for the plans. It provides a considerable amount of information and serves
as a general index and reference sheet for the project. This sheet is always
prepared on linen and all information is required to be shown in ink. '

Title Information

The project number, route number, county, and a general description
of the location of the project should be shown in the center of the sheet im-~
mediately below the words ''State Highway'. Project numbers are obtained
from the approved project program. Project numbers should be shown in
two forms: first, a combination of alphabetical designations and numerals
to comply with FHWA regulations, and second, all numerals to comply with
Department regulations. This system of numbering is explained in S.O. P.
ADM-02-08-02-000.

General Location

The general location of the project in relation to the entire state should
be identified with a small circle on the small scale state map shown in the
upper right corner of the sheet.

Project Layout

A small scale layout of the entire project alignment is shown in the
center of the sheet. The scale is variable but generally is either 1' = 1000’
or 1" = 2000', depending on the length of the project. The minimum informa-
tion required onthe layout includes township, range, section lines and number,
urban and municipal limits, county roads, all highways, rivers, all streams

requiring bridges, railroads, airfields, cities or towns, approximate distance

from either endto the next city or town, the project alignment, the last station

of each plan-profile sheet, and sheet number, omitted sections, bridges, the
beginning and ending .stations, and the project number of adjoining projects.
The project alignment is always the predominate line on the layout.

The area caveredby each mainline plan-profile sheet should be sketched
over the alignment and each sheet identified by the working number and last
station. Station numbers should be multiples of 30 whenever the plan-profile
sheets are drawn to a scale of 1" = 100°.

General Index
The number of sheets of each category and the total number of sheets
in the plans.should be recorded in the General Index block in the upper left

corner.

Bridge Locations

All bridges and box bridges should be listed immediately to the left of
the project layout. Each structure is identified by an alphabetical designation,
total length, number of spans, and length. Even though several bridge lengths
may be shown, only thosebridges with lengths along the centerline of the proj-
ect are included in the length data.

Equations

All equations along the centerline of the project must be listed, includ-
ing the length of each equation with the appropriate sign. An algebraic sum-
mation is then made to obtain a total length of all equations.

Exceptions

Exceptions are omitted sections within the project limits. Bridges in
place (excluding box bridges) are always shown on the layout as omitted sec-
tions and included in the length of exceptions.



Length Data

The project length data are listed in five increments--length of road-
way, length of bridges, net length of project, length of exceptions, and gross
length of project.

The length of the roadway is the difference between the beginning and
ending stations plus (or minus) the total length of the equations minus the
length of bridges and exceptions. The length of bridges includes only those
bridges along the centerline which will be constructed on the project. A
box bridge is defined as a box culvert which has a clear distance between
the inside faces of the end supports exceeding 20 feet, measured along the
centerline of the project. It is included in the length of bridges on grading
projects only.

The net length of the project is the sum of the roadway length and bridge
length, and the gross length is the sum of the net length and the exceptions.

As a general rule, the length data on 4-lane facilities are computed
along the centerline of median whenever the median width is constant, or along
the centerline of the right lane whenever the median width is variable.

All computations pertaining to project length are made to the nearest
0.01 foot and the nearest 0.001 mile, always dropping the ten-thousandth
of a mile instead of rounding up to the next thousandth.

Design Controls

Design control data whichare obtained from the project designdata sheet
(RWD-600) should be recorded in the space provided.

Access Control

All controlled access facilities except interstate require a statement on
the title sheet declaring the project to be a controlled access facility and
stating the type of control (reference S.0.P. ADM-23-01~00-000).
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DETAILED INDEX AND GENERAL NOTES

The second sheet of the plans normally will be a combination sheet
titled '"Detailed Index and General Notes'. The detailed index will contain
a description of each sheet in the plans grouped under the same titles and
sequence as in the General Index.

The title of each group of sheets should be underlined and the total
number of sheets within the group should be shown in parentheses immediately
to the right.

Sheet Sequence Within Groups

Typical section sheets should be arranged in sequence with the most
important typical section first, and ending with the least important. This
sequence generally is: '

Main facility

Interchange ramps and loops
Interchange local road
Other highways

Streets

Frontage roads

County roads

Access roads

Detour roads.

W W T O U1 B W DN

Quantity sheets should be arranged in the following sequence:

Summary of quantities (roadway)
. Summary of quantities (bridges)
Estimated quantities (roadway)
Estimated quantities (bridges).

> W N
o o
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Plan-profile sheets should be arranged in the sequence as depicted on
the model sheet, '"Detailed Index and General Notes'. The first sheet should
be the first mainline sheet and the working number will be 3. The limits
of this model sheet contain an interchange; five supplemental sheets (3-A
through 3-E) are required to show all features of the interchange and are
placed immediately after the mainline sheet. Immediately following the sup-
plemental sheets are the remaining mainline sheets-~assigned working num-
bers 4 and 5.

The General Index on the title sheet has the heading ''Special Design -
Roadway Items.' This is separated into two categories on the Detailed Index
Sheet, the first being Detail Sheets and the second, Standard Drawings. The
Detail Sheets generally pertain to several locations or to the entire project
and are notarranged in any particular sequence. However, Standard Drawings
are arranged in numerical sequence.

Bridge drawings (standards)are arranged in numerical order, and Spec-
ial Design Sheets -~ Bridges are arranged in alphabetical and numerical order.

Revision Dates

The latest revision date for a Standard Drawing, Bridge or Roadway,
should be adjacent to the sheet number.

General Notes
General Notes will be limited to information specifically applicable to

a particular project. Information contained in the standard specification or
special provision should not be shown as a general note.

TYPICAL SECTIONS
Depending on the complexity of the project, one or more sheets of typ-
ical sections may be required in each set of plans.

The mainline typical section should be shown first, with other typical
sections following in the sequence described on page 12-5.

Each typical section should be clearly identified by name and station
limits.

Two model sheets of typical sections are shown, one for a grading proj-
ect and the other, a paving project.

Grading Typical Section

Details of the pavement structure are not required on typical sections
when pavement is not included in the project. However, the total pavement
structure thickness (above subgrade) and the proposed slope of the pavement
and shoulders should be shown as a hidden line. Typical section scales are
seldom specified; however, a scale of 1" = 5' usually is sufficient for grading
projects, including 4-lane facilities up to 64-foot constant median width.
Variable median widths and widths over 64 feet generally require a scale
of 1/8" = 1' to depict the full facility and independent details for one or both
lanes.

Criteriafor slopes as related to heights of cuts and fill should be shown.
This information canbe obtained fromthe project design data sheet (RWD-600)
which should conform to the information shown in the design standard tables in
Chapter 2.



Notes which apply specifically to the typical section should be listed.
The typical section should be drawn and labeled as 1/2 cut section and

1/2 fill section. Special details such as slope benching are also shown on
the typical section sheets. '

Paving Typical Sections

Large scale drawings are required to clearly depict the various courses
in the pavement structure for paving projects or combination grading and pav-
ing projects. Generally, a scale of 1" = 2' is adequate to show all details.

The various courses should be indexed by number and described on the
right side of the sheet as shown on the model. All terminology should be
identical to the terminology in the Standard Specifications. All courses must
be éccurately described as to width, thickness and type of material.

When the pavement structure of a 4-lane facility is symmetrical, only
one roadway (2-lanes) need be shown.

Pavement structure recommendations are submitted by the districts and,
when approved by the Roadway Design Engineer, become a part of the Design-
er's project file.’
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QUANTITIES

Model sheets are shown for four different types of quantity sheets:

Summary of Quantities -- Model Sheet No.
Summary of Quantities (Bridge) Model Sheet No.
Estimated Quantities (Roadway) Model Sheet No.
Estimated Quantities (Bridge) Model Sheet No.

1
1
0 J O U

If the project is for roadway only, the sheets for bridge quantities are
not included.

Summary of Quantities -- Model Sheet No. 5

Summary of Quantities (Bridge) -- Model Sheet No. 6

The purpose of these sheets is to summarize all estimated quantities
by pay item. Pay items are arranged by groups and are referenced to sections
of the Standard Specifications to clarify pay items in each category:

e Roadway Items

Roadway items include all pay items in Sections 200 and
300, and pay item Nos. 601 through 629 except 619 of Sec-
tion 600.

® Erosion Control Items

Erosion control items include all pay items in Section 650.

® Paving Items

Paving items include all pay items in Sections 400 and 500,
and pay item No. 619,
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® Bridge Items

Bridge items include all pay items in Section 800 except
box bridges.

® Box Bridge Ifems

Box bridge items include pay item 804-BB and pay items
805 and 206--quantities required for the box bridge only.

e  Traffic Control Items

Traffic control items include all items not included in the
roadway and paving items--pay items 630 through 634.

Two pay items may appear in more than one of the categories. Pay
item 815-F, concrete slope paving, is both a roadway and bridge item. The
portion of the slope paving 4 feet outside the vertical limits of the bridge is
a roadway item, and that portion beneath and within this 4-foot limit of the
bridge is abridge item. Pay items 815-A through 815-E may be either bridge
items or erosion control items., depending on the use.

Within each category, the items are arranged in numerical order by
pay item. All pay item mimbers, correct terminology and unit of measure
are contained in the Standard Specifications or Special Provisions.

The summary of quantities shall always indicate the unit of measure
and the preliminary quantities, and have a blank column for final quantities.
Quantities are further divided by counties, and by urban and rural areas.

Any notes required to explain how quantities were obtained or to define
rates of application not contained in the Standard Specifications should be
shown as indicated on the model sheet.

Bridge quantitites are summarized separately from other items, to allow
the Bridge and Roadway Design Divisions to complete their plan work inde-
pendently. Generally, the same rules apply to both roadway and bridge sum-
mary sheets.

Estimated Quantities (Roadway) -- Model Sheet No. 7
Estimated Quantities (Bridge) -~ Model Sheet No. 8

In addition to the Summary of Quantities sheet, roadway plans generally
contain a second sheet entitled, "Estimated Quantities (Roadway)". If the

‘project includes bridges, a similar sheet, "Estimated Quantities (Bridge),"

is included. The purposes of these sheets are (1) to separate quantities by
locationor structure, (2)to consolidate information shown throughout the plans,
and (3) to provide information not shown elsewhere.

Depending on the items required, the roadway sheet(s) genei'ally will
contain columns for pipe culverts, box culverts, boxlbridges , ditch treatment,
guardrail, curb and guttei', riprap or other items which appear at several
locations. . . ' |

The bridge sheet consolidates all information by individual structure
and by components for various pay items.

“The format of each sheet is standardized as much as possible--and
the model sheets are considered typical for most projects. Quantities are
further subdivided by counties, and by urban and rural areas.



PLAN-PROFILE SHEETS

Plan-profile sheets show the vertical and horizontal alignments, to-
pography, right-of-way, construction items, and other details necessary for
construction.

Several examples of model plan—proflle sheets are shown in this chapter
for different condltmns

Sheet No. 9 - Rural 2-Lane

Sheet No. 10 - Rural 4-Lane . - :
 Sheet No. 11 - Rural 2-Lane, Paving Only

Sheet No. 12 - Rural 4-Lane, Paving Only

Sheet No. 13 - Urban

Sheet No. 14 - Interchange Ramp

The model sheets cover most of the situations\that will be encountered
in preparing plan-profile sheets--and are generally self-explanatory.

The basic survey informafion is recorded first on the sheets--items
such as horizontal alignment, curve data, topography, bench marks, ground-
line profile, and groundline elevations. This information should be inked.
All other design infofmation may be recorded in pencil,

Scales

Scales normally will be 1'" = 100' horizontally and 1" = 10' vertically.
Larger scales should be used in urban areas and other situations where there
is need to show considerable detail. The example sheet No. 13 uses a hori-
zontal scale of 1" = 20" and a vertical scale of 1" = §'.
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Elevations

The two rows of figures along the bottom of the sheet represent profile

. elevations -~ the bottom row is the or1gmal groundhne and the upper row is

the plan grade.

In the case of paving plans, the groundline elevations are not shown--

~ only the plan grade elevations. And the groundline profile is shown as ahidden

line.

- Earthwork Distribution .

Earthwork distribution diagrams sheuld appear above the plan grade
elevations and below the original ground profile. Instructions for earthwork
distribution diagrams are given in Chapter 5.

Notes

Notes on plan-profile sheets should bebrief, elear, and consistent. The
format and location of the various types of notes should follow the examples
shown in the model sheets.
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LAYOUT SHEETS

A layout sheet is required for all interchanges. The purpose of this
sheet is to provide a plan view with the following information:

horizontal alignment and curve data,
pavement width throughout the interchange,
right-of-way required,

access controls,

bridges, and

design year ADT and distribution.

- ® @& e 6 e o

Topography, drainage structures, and other information are not shown,
as indicated by Model Sheet No. 15.

The layout sheet should be inserted in the plans immediately after the

mainline plan-profile sheet whichincludes the intersection station of the main-
line and local road.

DETAIL SHEETS

The purpose of detail sheets is to show design details that cannot be
described adequately on the plan-profile sheets.

Detail sheets may be required for median barriers or special guard-

rail installations, slope paving, lighting or signal installations, pavement -
marking or intersections. Vegetation schedules are included with detail sheets.

Model Sheet No. 16 shows an example of Pavement Marking Details.

Model Sheet No. 17 shows an example of Intersection Details.

The Department's Standard Drawings which are applicable to the proj-
ect should be identified in the Detailed Index and inserted in the plans im-
mediately following the Detail Sheets.

CROSS SECTION SHEETS

Cross section sheets are always the last group of sheets listed in the
Detailed Index and the first sheet is always sheet No. 901,

Cross sections are a part of the plans but are always printed separately
and are furnished to the contractor and the project engineer.

The entire mainline cross sections should be sequéntially numbered from
beginning to end without interruption. Any supplemental cross sections (ramps,
frontage roads, local roads, channel changes, etc.) should be grouped after
the mainline cross sections -- with each sheet clearly labeled in the lower
right corner as to purpose and location.

Two model cross section sheets are shown in this chapter:

° sheet No, 901 -~ two-lane
° sheet No., 968 -- multilane with divided median

Detailed instructions for preparing crc;ss section sheets are presented
in Chapter 5.



FORM GRADES

The purpose of preparing form grades is to graphically determine the
profiles of ramps at intersections of roadways. This is usually done by co-
ordinating the plan with the profile. In most cases, the plan-profiles are
prepared on separate drawings due to the large scale of each drawing. The
scale normally used for the plan view is 1" = 20'or 1" = 30'. The scale
normally used for the profile view is 1" = 25' horizontally and 1" = 2' ver-
tically.

The objective is to establish a smooth profile for both edges of the
ramp pavement at 25-foot intervals, and to provide means for graphically
determining the grade at any location. Form grades are normally not in-
cluded in the plan assembly, but are furnished to the project engineer.

Plan View

The purpose of the plan view is to:

determine location of construction joints or crossover crown line,
determine pavement slopes and slope transitions,

accurately scale pavement width at any location,

check rate of cross slope and maximum algebraic difference, and
check for proper pavement drainage.

The plan view should be drawn similar to the example, andshould clearly
show:

® elevations at 25-foot intervals along the control line of the ramp,

® pavement slope line, perpendicular (radially) to the ramp con-
trol line,
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® pavement slope (percent), recorded above the pavement slope line
(with an arrow, if there is doubt as to direction of slope), and

® pavement width, recorded below the pavement slope line.

The purpose of the profile view is to:

® graphically define the profiles of the ramp edges and intersected
roadways to a scale large enough to read to the nearest hundredth
foot, and

° establish the best grades possible, by coordination with the plan
view,

The profile view should be prepared by:

e plotting the control elevations from the plan view (from tie points
to nose points),

) fitting splined curves to calculated profiles,
® smoothing out any abrupt changes with splined curves, and
® clearly labeling each pavement edge or joint line.

Reference Data

AASHTO, A Policy on Geometric Design of Rural Highways (Blue Book),
1965: Tables VII-12, VII-13, and VII-14 (pp. 360, 363); and Jack Leisch
& Associates, Notes on Techniques of Geometric Highway Design, Chap-
ter 5.
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P. S. & E. ASSEMBLY REQUIREMENTS
STATE AID DIVISION

FEDERAL AID SECONDARY PROJECTS STATE AID PROJECTS
PLANS ‘ ~ PLANS

3 Sets of half-scale plans with standards 3 Sets of half-scale plans with standards

2 Sets of half-scale plans without standards 2 Sets of half-scale plans without standards.

2 Sets of half-scale plans with layout, quantity, typical
section sheets, and bridge layout sheets (where bridges
are included).

DOCUMENTS ‘ DOCUMENTS
5 Sets of contract documents. 5 Sets of contract documents.
The P.S. & E. Assembly also includes the following: The P.S. & E. Assembly also includes the following:
1, Right-of-Way Certificate 1. Right-of-Way Certificate
2, Satisfactory agreement concerning all utilities involved 2 Satisfactory agreement concerning all utilities involved
within the limits of this project within the limits of this project
3. A copy of the option on County designated material pits 3. A copy of the option on County designated pits

4, Copy of the County Engineer's preliminary estimate. 4. Copy of the County Engineer's preliminary estimate.




ROW. 7213-11-0006-0-024-/10

RE. 725/-79-0006-0/-019-102

GENERAL INDEX

FOR DETAILED INDEX OF PLANS SEE SHEET NO. 2
NUMBER

DESCRIPTION .
TITLE SHEET 1
DETAILED INDEX 1
GENERAL NOTES
TYPICAL SECTIONS 2
QUANTITIES 7
PLAN AND PROFILES 5

SPECIAL DESIGN - ROADWAY ITEMS 40

BRIDGE DRAWINGS

SPECIAL DESIGN - BRIDGES 59

CROSS-SECTIONS 123
TOTAL SHEETS 248

STA. _429+50 BEGINNING OF PROJECT

STA. 429+50 OF FED. AlD PROJ. NO. F-006-1 (17)

MIS5, HWY. MO. 15
22 ML TO BLUE
MOUNTAIN

LIST_OF pRIDGES REQD

UNDERPASS STA. 174863 TO STA. 22/ 11°L

WIQ, 210", BIO SPANS [BOX GIRDER]
LENGTH 423.19"

UNDERPASS: STA. 1810458 70 STA. 22,2538
16104°, WII0°, 20102° SPANS
LENGTH 42070

4,

18,

<

16) OVERPASS: STA. 66810583 RY. LANE,
STA. 66941490 LT. LANE 3®70° SPANS 0.5, KW
REQD. LENGTH ON R LAKE 210.96'

D) UNDERPASS: STA 2343028 TO STA 261550
960", 2886, 18 66" SPANS
LENGTH 32434

1E) BOX BRIDGE: STA. 529450 (20°'X8°)
LENGTH ALONG & = 2203°

IF} BOX BRIOGE: STA 650050 (20°X6)
LENGTH ALONG & > 31.60° (5K 45°)

16) BOX BRIOGE: STA. 661150 (28'X8')
LENGTH ALONG & + 34.89° (SK. 30*)

1H) BOX BRIOGE: STA. 664,70 (24'X10')
LENGTH ALONG & = 2727

HWY. NO. 78
19 MI. YO MYRILE

MISS. HAY,

STATE OF MISSISSIPPI
STATE HIGHWAY DEPARTMENT

PLAN AND PROFILE OF PROPOSED
STATE HIGHWAY

STATE PROJECT NO BP-0006-/(44)

98-0006-0/-044-10

U.S. HIGHWAY NO. 78 BETWEEN
NEW ALBANY AND SHERMAN

UNION COUNTY

SCALES
1 IN=100 FT¥.
{KO!L 1 IN~100 FT.
PROFILE!
[VERY, 1IN~ 10 FT,

1IN~ 3,000 FY.

PLAN

LAYOUT

MISS. HHY. NO. 348

. N0, 30 :
{16 Ml TO KEOWNVILLE /45 ML TO CENTER

STA 755+00 END OF PRO

=STA 755+50 BEG. OF PROJ. NO. SP.-0006-/(45)

2

~

S K

RR. IN NEW ALBANY,

AMPLE UNLOADING FACILITIES ON S.L. &
RR. AND 6.M. 8 0.

CONVENTIONAL SYMBOLS
COUNTY LINE
ToWN
SECTION LINE
ROAD OR TRAVELED WAY.
BAILROAD
SURVEY LINE .
BRIDGES ...

N LINR

6810784

LENGTH OF ROADWAY
LENGTH CF BRIDGES

LENGTH OF PROJECT (NET)
LENGTH OF EXCEPTIONS
LENGTH OF PROJECT (GROSS)

BK. + 68245783 AH.

N\, MISS. WY NO. IS
5 M. TO PONTOTOC

EQUATIONS

-79.42 FI.

LENGTH DATA _COMPUTED ALONG RT LN.

32,143.53 F1. 6.087 WM.
327.05 FL.
6,748 Wi
NONE FT.
6./48 ML

EXCEPTIONS
NONE

us,
2 ML FO SHERMAN

NIGHWAY NO. 78

FED. ROAD STATE  [SHEET
REG.NO, | STATE| PROJECTNO. | ng.
3 MISS, | 8P-0006-1 (44) 1

® INDCATES AP-
PROXIMATE LO- |
CATION OF PROJECT.

DESIGN CONTROL.
—Z2_MPH = V (SPEED DESIGN)
247 FT. = MIN. SIGHT DISTANCE
AOT {1970 ) = £860: AOT {1990 ) =12.50.
DHV= £,/44.:D=_22 % T=_/fi.%

(1) NOTE: THIS PROJECT IS DECLARED BY THE STATE
HIGHWAY COMMISSION TG BE ACONTROLLEO ACCESS

FACILITY" WITHIN' THE MEANING OF CHAPTE!

MISSISSIPPI LAWS OF 1956, AND IS SUBJECT TO' ALL ~
RESTRICTIONS AS SHOWN BY ORDER OF SAID COMMISSION
DATE 27 JUNE (972, IN MINUTE BOOK 97, PAGE I5!

(2) NOTE: ACCESS TO AND EXIT FROM THIS HIGHWAY
WILL BE PERMITTED ONLY THROUGH INTERCHANGE,

OR, SWCH OTHER POINTS AS MAY BE ESTABLISHED

BY PUBLIC AUTHORITY AND AS SHOWN ON THE PLANS.

BY

REVIZIONS

APPROVED:

DIRECTOR DATE.

MISSISSIPPt STATE HIGKWAY DEPARTMENT
L

APPROVED:

DIVISION ENGINEER DATE

5

FEDERAL HIGHWAY ADMINISTRATION
DEPARTMENT OF TRANSPORTATION

BP-0006-1(44)

UNION COUNTY




STATE PROJECT NO.
. WorkiNG SHEET UbrKivG SHEET
DESCR/PTION OF SHEET NUMBER Nemaer DESCR/IPT/ON OF SHEET Numser AUMBER wmiss.  |F-0000- 0(0)
TITLE SHEET / ’ SPEC/AL DESIGN SHEETS - 5@/0@5 DRAWINGS. _(5)

p . ) . BRIDGE A, RT. LN, STA 328+30%58 L7, Li, S7A4. 32844797 (CEDAR L AKE ROGD) [PSBE PLANG ORTE /2 22C 7% |
DETAILED INDEX AND GENERAL MOTES SHEET 2 EL A TION Lo T PPy 4c6 P ] cR—
Typloatl SECTION SHEET (3) ENO BENT MO,/ DETANLS AZoF 5 467 B K] LR

MAIN FACILITY - B.OL TO STA. 328458 %5F (CELAR LAKE AJOAD) 2 3 END BENT NO.Z DETANS 2:0:2 ‘“‘9’
MAN FACHITY - STA. 331425 L85 (CEDAR Lake ROAD) To EO.R 24 4 Box GIRDER PIER BENT DETAILS o “
INTERCHANGE RAMPS 28 5 DECK FLan Asa 40
QUANTITY SHEETS (4) .
SUMMARY OF GQUANTITIES @
SUMMARY OF QUANTITIES (BRIDGE ITEMS) 7 CROSS SECTIONS (42)
gﬂA/AIAG‘; STRUCTURES, FENCING, GUARD RAIL, CLREING & PAVED DITCHES g AN FACTIL iy 207 929
RIDGE QUANTITIES CEDAR LAakE ROAD INTERCHANGE IZAMA, 228935
- g g ' “end P Eyal . — .
EST I T QUATIFIES FOR. TFAFEIC (oM Zore 'RELOCATION CELAR LAKE ROAD 2%5-242
A
TOTAL SHEETS 78

PLAN ANO PROFILE SHEETS (8)
AMAIN FACIITY - BOP TO STA. IL0+00
INTERCHANGE LAYOUT~ CEDAR L,we ROAD INTERCHANGE
S E. RAMP
SW. RamP
ME, RAMP AND MN.E. FRONTAGE ROAD
MN.W. RAMP
AMAm FACILITY = STA. 340400 70 STA4.310+00
MAIN FACSIITY - 874, 370400 70 EO0.R

SPECIAL DESIGN - Roqapway /TEMs _(/4)

DETAIL _SHEETS

PLAN OF MEDIAN BARRIER AND GUARD RAIL INSTALLATION
FROM BOP 70 CEDAR LAKE ROAD BRIDSE

BRIDGE ENOD PAVEMENT
SLOPE PAVING AT BRIOGE
VEGETATION SCHEDULE

Y TYRICAL SCHEOULE FOR LOCATION OF LIGKHTING ASSGM&L/ES,
UG ELECTRIC CAELE ANO U.G. LIGHTING C‘OA/D

DETANLS ofF &

Sranparo DRAWINGS .

CONTINUOUSLY REINFORCED CONCRETE PAVEMENT : 24' WIDE
CONTINUOUSLY REINFORCED COMCRETE PAVEAMENT : 16 WIOE
DOWEL AND JOINT DETANLS

EROSION CONTROL

FENMCE  TYPICAL INSTALLATIONS

GUARD RAIN : BEAM TYPE

GLgRO RA/L INSTALLATION

JUNCTION BOX FOR PIPE CULVERT

HEAOWALLS FOR CONCRETE FIPE, 3:/ SLOPES, O%I5°SKEW

3-4
3-8
3-¢
3-0
3-£

‘P-CRP-1
P-CRP-18
P-DJ-14
R-EC-1
AT
G-GR-1
G-GR-3C
o-J8-1
HW-3100 .

/0
/"
2
13
/¢

e
7

18

12
20
al
2z

23

toz
104
102 (1-25-72)
125
141 (8-20-7)
160 (11-22-7/)
168 (7-15-71)
23/
25/

CENERAL NOTES !
() PusLic UTiLITIES
: A UMITED BG4S CORPORATION, DYBERVILLE, A/SS,
B, Miss. FOWER COMPANY

(2) 35 70 SHRINKAGE FACTOR AND THE BALANCE rowrs USED /N THE ERARTHWORK OIAGRAM

ARE FOR DESIGN ESTIMATING LPLRPOSES OMLY.

(@) A SOIL PROFILE, PREPARED FOR THIS PROJECT, ON SAMPLES TAKEN FROM '
HOLES KTLGCAT/O/\/S INBICATED /N THE 7'557” REPLORTS ARE ON FILE IN
THE DISTRICT ANO CENTRAL CONSTRUCTION OFFICES ANO QARE AVAILABLE
FOR EXAAMINATION . THE DEPARTMENT DOES MOT GUARANTEE THAT THE
MATERIALS AS SHOWN IN THE REPORTS ARE NECESSARILY TO BE FOUNO

OUTSIDE THE LIMITS OF THE TEST HOLES.

REVISIONS

MISSISSIPPI STATE HIGHWAY DEPARTMENT
DETAILED INDEX ANEC
GENERAL NOTES

F-0000 -0(0)
RANKIN CO.

E DEIGNED, DETAILED, TRACED,
I — Y DATE,

WORKING NUMBER

SHEET NUMBER




EXISTING
GROUND
LINE

STATE PROJECT NO.

MISS,

15P-0000 - 0Ofock

& LT. LANE , ¢ RT. LANE
%4
32’ 32’
40" MEDIAN .
1 8 2’ 8 1 2" 12 i 8 12 12” | iz’ | 24” |

I FILL SECTION

FiLL SLOPE SCHEDULE

FILL HEIGHT SLOPE

o = 19’ G 1.
1107 ~ 207 il
{OVER 20" ESY]

* FROM SHOULDER EDGE TO GROUND LINE

€
VAR - 5\'5%\’;E°ULQ *

PLAN GRADE

18" STR. THICKNESS ([FUTURE)

156 % SUBGRADE

18" STR.

ICKNE $S (FUTUR!

MEDIAN

Y156 4 SUBGRADE

TYPICAL SECTION OF MAIN FACILITY
(STA. 425+1433 15 593+00)

RELOCATED CO. RD.
AT STA. 5021“25

44
o , 12* 12” | 10" 187, }
PLAN GRADE L—15" STR. THICKNESS (FUTURE)
1
A 1.56 Y 1.56% | 4.
_aazwl_ isex _L__,Jﬂl.__\\c:/sLopE
~C5 Y SUBGRADE .3 7. SUBGRADE A =
I

VAR. SLOPE
(SEE CUT SLOPE SCHEDULE)

1.56% SUBGRADE 7

NOTES :

I. NO CONSTRUCTION REQUIRED ABOVE SUBGRADE

THIS CONTRACT

2. (xx_«) INDICATES AREA TO BE TREATED AS PER

SCHEDULE)
Vg CUT SECTION
CUT BACKSLOPE SCHEDULE
HEIGHT SLOPE
o = 107 G : 1
I8~ 20’ 4 1
OVER___20 ER]

VAR. SLOPE
(SEE CUT SLOPE

VEGETATION SCHEDULE.

il MISSISS!PP} 'STATE HIGHWAY DEPARTMENT
TYPICAL 'SECTIONS
(GRADING)

2
9
’, 5P-0000 -00(00)

HINDS COUNTY __

WORKING NUMBER

¥]_ocemaan. DETAILED, TRACKD. SHEET NUMBER
3 L} —




44 70 ¢ MEDIAN

STATE PROJECT NO. l
miss.  {5p.0000- 0(00)

SUBGRADE

TYPICAL SECTION OF MAIN FACILITY (4-LANE)
(RT. OR LT. LANE .IN DIRECTION OF TRAFF!C)/
STA. 1249+32 TO (442 +50
STA. I1500+00 TO 560 +90

40”7
8’ 12° iy 12’
PLAN _GRADE
2
[ 16% " STRUCTURE THICKNESS
—— 417 % .56 % Y \ 1.56 % —y @&

~77 77 . -}- N

; ; ; /A Z X

N

TN )
N s00% SUBGRADE \@\@

¢

TYPICAL SECTION OF 2-LANE ROADWAY
STA. 10+00 TO 133+50

PO® ®6 0

@ Q

@0 6

P,
RESE,VT seo
Q_ &'}:} Pe
\Q\

ANGLE OF REPOSE PERMITTED

—tf?ESs
— \NT\SL&:E

8" CONTINUOUSLY REINFORCED CEMENT CONCRETE PAVEMENT
4" PLANT MIX BITUMINOUS BASE COURSE

G" LIME TREATED DESIGN SOIL (CLASS A, 28.4+ /5.8 (BS.
PER $Q.YD. EST.)

DOUBLE BITUMINOUS SURFACE TREATMENT
T& VAR. DEPTH PLANT MiX BITUMINOUS BASE COURSE

VAR. DEPTH GRANULAR MATERIAL (CLASS 3, GROUP C)

©" & VAR, DEPTH GRANULAR MATERIAL (CLASS 9 GROUP C)
(suBBASE E€OURSE)

(% 4¥) INDICATES EROSION CONTROL TREATMENT ( SEE
VEGETATION SCHEDULE

4%° HOT BITUMINOUS PAVEMENT (1 @ 1% " SURFACE COURSE
& 2@ %" BINDER COURSES)

G" PLANT MiX BITUMINOUS BASE COURSE

BITUMINOUS PRIME COAT

E! MISSISSIPPI STATE HIGHWAY DEPARTMENT

TYPICAL SECTIONS
(PAVING)

REVISIONS

5P - 0000-0(00)

HINDS CoO. T —
. WORKING NUMBER
#|_oesioneo, DETAILED. TRACEO. SHEET NUMBER
9] auaeo. ISSUED. DATE.




®

SUMMARY OF QUANTIT/ES

PAY ITEM NO. PAY [ TEM UNI TS PRELIMINARY,  FINAL  PREUMINARY | FINAL. PREL/M/M»QY{ FINAL
ROADWAY |TEMS HINDS Co, RANKIN CO. TOTAL
201-A CLEARING AND GRUBBING LUMP SuMm L.S, L.S. L.S.
203-A UNCLASSIFIED EXCAVATION (F.M.) c.Y. 37,962 48,321 86,283
RO4-A HAUL OF EXCAVATION i STA. YD. 327,992 302,006 G292, 998
206G STRUCTURE EXCAVATION C.Y. 45 24 1392
323 CLASS B IN-GRADE PREPARATION MILE 0.481( 2.Gl2 3.093
@O CLASS B STRUCTURAL CONCRETE c.Y. 2 " 13
GOZ REINFORCEMENT L8, EX] 131 152
G03-1 OR_GOB-8 | |8” REINF. CONCRETE (CLASS TML) OR VITRIFIED CLAY (EXTRA STRENGTH) PIPE LR, 120 480 600
GO3 -1 18" REINFORCED CONGRETE PIPE | CLASS I L.F. 88 320 408
%03~/ 30" REINFORCED CONCRETE PIPE, CLASS IT [ 1z <) T2
GOS8/ 54.“ REINFORCED CONCRETE PIPE, CLASS I¥ L.F. o) 08 /108
P’
©03-2 18" REINFORCED CONCRETE END SECTION EACH 2 [ 8
@03-2 30" REINFORCED CONCRETE END SECTION EACH 2 [} 2
G03-5 22" x 13" CONCRETE ARCH PIPE, CLASS A II L.F. [<] 120 120
603-G 22" x 13”7 CONCRETE ARCH END SECTIONS, CLASS A IL EACH o] 2 2
207- GI8 MAINTENANCE OF TRAFFIC LUMP SUM L.8. L.5. L.S.
GRO MOBILIZATION LUMP SUM L.8. L.S. L.S.
GRI-A FIELD LABORATORY EACH o 1 !
7
EROSION CONTROL ITEMS .

212 STANDARD GROUND PREPARATION (TYPE II) S.Y. 28 220 163,237 181,457

213-A AGRICULTURAL . LIMESTONE TON /2 G4 7%

213-8 COMBINATION FERTILIZER (10~20+10) TON 3 16 12

Ri3-¢C SUPERPHOSPHATE TON [ 32 38

Ri4- A SEEDING (BERMUDAGRASS) Le. 20 480 570

215-A4 VEGETATIVE MATERIALS FOR MULCH TON 1z G4 76

215-8 BITUMINOUS MATERIAL FOR MULCH GAL 1500 8000 9,500

212 WATERING @& TWO DOLLARS § FIFTY CENTS (4§ 2.50) M/GAL . 5G4 3065 3,629

R2G-A SOLID SODDING S.Y. 131 576 707

PAVING ITEMS

403-2 HOT BITUMINOUS PAVEMENT BINDER COURSE TON Lt G068 7,185

403-3 HOT BITUMINOUS PAVEMENT SURFACE COURSE TON 372 2022 2,394
BOX BRIDGE ITEMS

206 STRUCTURE EXCAVATION C.v. 235 o 235
E04-88 CLASS BB STRUCTURAL CONCRETE C.Y. 245 O 245
805 REINFORCEMENT LB, 26,218 O 26,218

STATE PROJECT NO. I
Mss.  fer-0000-0f00)|
@© see_wore ON VEGETATION

SCHEDULE.

INCLUDES 250 S.Y. ESTIMATED 70
) BE USED AS DIRECTED.

5 MISSISSIPPI STATE HIGHWAY DEPARTMENT
SUMMARY OF QUANTITIES
(ROADWAY)
4 rRF-0000-0(00)
YAZ OO CO‘ WORKING NUMBER
E DESIGNED. DETAILED. TRACED, SHEET NUMBER




PAY ITEM NO.

801
804 B

804-T
804-T

805
8[3-A
907-803-A

907-803-B
907-803-B

907-803-E Or
907-803-F

815-F

PAY ITEM
BRIDGE SUMMARY

Foundation Exc. For Bridges

Class "B" Bridge Concrete

50' Prest. Conc. Beams
68' Prest. Conc. Beams

Reinforcement
Concrete Roilihg
Test Piles (14"x 14" Conc)

Loading Tests
Ultimate Loading Tests

14" x14" Prec. Conc. Pilihg
14"x14" Prest. Conc. Piling

Concrete Slope Paving

C.Y.

CY. -

L.F
L.F.

Lb.

L.F.

Eadh

Each

. Each

L.FE

C.Y.

QUANTITIES

PRELIMINARY FINAL

188
366.53

49750
33875

73496
336
2

2,100

79

STATE PROJECT NO.

wss LerG -006206)

B MISSISSIPPl STATE HIGHWAY DEPARTMENT

SUMMARY OF QUANTITIES
(BRIDGE ITEMS)

PROJECT F-FG-0013-2(16)
13-0013-02-016-10

COPIAH  COUNTY [™™ =]

REVISIONS

¥] vesowen S & oeraneo, ncto L H/E. | SHEET NUMBER
8] cvecncen, ; e g-zz72] ©




STATE

PROJECT NO.

. ) - wiss.  Isp.oooo-ofcd)
) PIPE CULVERT DRAINAGE STRUCTURES o
WORK . CoNC B O oM. CONCRETE ~PIPE CONCRETE INLETS, JCT. BOXES, HDWLS, COLLARS, G- PAVED INLET APRONS
SH. | staTion |98 V.&. PiPE ¥ CTASS IT CiASS ¥ [CLIZ.CL'8" BEDJARCH pipe |CONC- FLARED END  SECTIONS TG ——— . : g FAVED EAG REMARKS
NO. i 15" 1871247 18°] 307 3¢ | 54~ a2 18" 22°% 187 |G5 X 40] 187 30°] 36" 42" | 64722713 G5 x40] NO. WIDTH [LENGTH|HEIGHT |OPENINGS] CONC. REINF., [CASTING | GRATING| APRON
5 | 83725 |40 = = g — | UNDER _RAMP _LT.
3 | 86470 o4 2 274
4 103+ 14 S ! cI¥| p-ss-2 | 2%6°| 5’ 366|1 - 18" 216 | zoz| 59 4.4 |From c1%1 1O DITCH
5 | 124+75| - 224 4 - 5.9 | OBL. LINE
= g — — J — L ~ A
3 [ Z1iis0 £ 7 e T Vi (677 oGe| 52 27 | 7.3 15.0 | GNOER LT LANE
UNITS | CF |LF |LE|LR|LFE|LF|LF CFE|LF L F. | L.F. |EACH|EACH |EAcH |EAcH| EACH|EACH |EACH cy. | i8. | L. | (B | ¢¥. | ¢V
TOTALS | 1GO| 84 | 40 | 548| /32| 88 | 120 48| 724 Bo4 | o2 |46 |4 %2 | & z 509 | i4iz | 708 | 1162 | 8.2 | 83
* PIPE ALTERNATES ~ CLASSJH’C::WCR&rE, BITUMINOUS COATED CORRUGATED METAL | OR EXTRA 5765'1677{ VITRIFIED, CLAY
#% SPECIAL DESIGN LPW PROFILE INLET (SEE DETAILS ON SH. No. __) '
% K CONCRETE ARCH PIPE - CLASS A LI AASHTO M206-73
Ry [
BOX BRIDGE QUANTITIES N4 BOX CULVERT QUANTITIES )
WORKING LENGTH cL.'BB” STR. |44 WORKING : s cL. *B” STR. i
LTRSC | sTATIoN [LENETH) size | sTATE STANDARDS | LENGTH| 5 BB rerne | TR ?’R!EMARKS S, No. | OTATION | 812& | STATE STANDARDS |LeneH | O6 2"| REINF. | 3TR, | ReEmarks
4 21425 | 22375 D05, |IBDCIO-ZW; IBIL-15| 5.8 | z44.74 | 26,218 | 234.7 G 180+00| 8x6 |1BS-G-2W i IBIL-13| a1 | /20,93 24441 | 134.0 |MoD.[FOR 12" HiGH mil
G 166405 | 25.596| zox 8 fﬁg ‘j_ 2N IS A 87.2 | 520.68 | 46,960 3817 |5k, |30° LT FwO. 8 219417 | i2x8 | TR 8ENS IR LS| 73,2 | 2872 | 17718 | 177.6 |SK. 15° RT. FwD,
- T - P
f
c. La. cv. | ¥l ey LB, cy. |2Y: . !
TOTALS TOTALS 249.65| 42,156 | 3/1.6 K
E)raoc;e Eu;p F’wemaur
1er. T MERT)
AT sraTion |W Wi}
» - ST+ =5q &7 |Az0a 15815
i y :
: : T -
DITCH TREATMENT QLJA ITIES GUARD _ RAIL QUANTITIES | oo 1 315919715
WORK.| ABPHALT COATED | RiP | PAVED |50LID WORK. GUARD wail [CABLE ANCHORAGE| BR. END SECTION " YWEL a
SH. NO. | FIBERGLASS ROVING | :RAP | DITeH | sop REMARKS sk no. | STATION e TYPE S TYPE AT TTYPE ET]  REMARKS M+ 44 1591915
3 7 i 98 3 I+ 1o 75 7 7 T oF ¢ 180+ 85 1 |msdais
4 751 4 | 8/ 487 | 1173 3 81 +15 | 175 T [ RT. OF €
E] 574 1 =) GO 490 3 83710 | 775 — T T oF &
E 83t | 75 T j "T. OF €
275 5 s 50 700 | €87, 70 BE USED AS = -
DIRECTED L.F. EACH EAacH EACH
S.Y. TONS | CY. | SY. | SY . TOTALS | 500 4 B z z
ToTALS| % 1600 40 (13| G4/ | 1861 ’
* ESTIMATED RATES OF APPLICATION : 0.35 GAL./ S.Y. ASPHALT
0.35 L85/ 5.Y. FIBERGLASS ROVING
SUMMAR Y .OF HYDRAU LIC DESIGN DATA . = .
- %) ﬂgggs:GN FLOOD |¥ BASIC FLOGD | FLOOR OF RECORD| CONTROLLING
ESTIMATED EARTHWORK QUANTITIES w. (5CYEAR FLOOD) | (100 YEAR F{OOD)|(DATE QF-OCCURENCE)|.- HEADWATER i|  MISSISSIPPI STATE HIGHWAY DEPARTMENT
WORK.| UNCL. EXCAV. | HAUL OF BORROW MUCK CHANNEL SH. . {DISCHARGE|HE DISCHARGE | HEADWATER| DISCHARGE| HIGHWATER| UPSTREAM| 1, DEPTH
SH.NO.|  (F.M.) EXCAV. EXCAV. (FME) | EXCAV. EXCAV. NoO. v b SlHioHWATER w
- ©rs)., | (eLevy” | £.FS) | (etey) ELev) |Frow Livel 1)
3 76,212 236,187 : 3,800 = 5175 {2 o e siee T T, een | "aa ESTIMATED QUANTITIES
0Qx 10 ek - 07 2 -
= 3,585 537, 770 1G1, 469 7,194 = T Tecios [ 2o T 7300 S T 2 - sor e 55 ROAD v
7,121 8,950 = ; 2.8 g WA
5 ; , G| /80#00 | axG | 376 5i0.8-] — ~ 303.7 | %L/ 7o 8
2‘5 2678';’5 5 :'Zzg s & | zisti7 | izgst Bea | aio7 | 1ol 3179 5013 | 99/0 & g
15,1 [
! ’ _ % 5P-0000-0(00)
C.Y. STA. YDS. c.y. c.v. C.v. * HEADWATER ELEVATIOY VALUES SHOWN ON THESE PLANS ARE THEORETICAL AND MAY VARY"" HINDS CO. WORKING NUMBER
FROM ACTUAL CONDITHIONS. -
TOTALS 58 582 1,461, 344 167,852 i1, 194 3,800 TTo] o — TREET ROWEeR
: 3‘ CHECKED, 196UED, OATE.
< P ¥




BEGIN
BRIDGE  STATION

A 73+10

B8 447 +8875

SPANS OVERALL ITEM CLASS *8* CLASS 75" REINFORCE-
-SIZE LENGTH Eerers  Conckere MENT
cy. v LBS
3@40' = ,050'  SPANS 1,092.12 240,472
1@ 20.8% END BENTS  28.10 3,728
1 855 35" INT BENTS 59699 = 9335 70,812
BRIDGE A TOTALS (71721 2335 3150/2
5@50 250"  SPANS 261.98 62300
END BENTS 5657 gos2
INT BENTS 64.78 5353
BRIDGE B TOTALS. 38333 75735

CONCRETE
RAILING

LF

2,100

500

500

4y PREST.
CONCRETE
BEAMS

LF

453150

453150

50’ PREST.
CONCRETE
BEAMS

[

20'PREST. 110’ P/?ES;T
CONCRETE CONCRETE
BEAMS BEAMS
L.F. LF
1,256.50 768.25
125650 76825

108P42
STEEL
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Some of the standard symbois will be shown here in order to assist in uniformity of size, line weight, and symbol.

STANDARD

SYMBOLS

symbols and abbreviations are shown on sheet number 101 of the Department State Standards.

ITEM

County line
Towhship & Range line
Section line & corner

Centerline of
~construction

ceﬁﬁe?hiné of (label)
,:(unstathned)

Centerline of survey

Construction slope
limit -

Right of way &
-markers (existing)

Right of way &:
markers (proposed)

No access limit

 SYMBOL

RAPIDO-
GRAPH
NO.
- 3
5
_$ ,615 2
. ’7165 '
5 B
e : )| X ' 1
¢ consT. -7 :
‘(féfi‘LANEm‘ 1
' 200 , )
i
: 0
- ©- 1
3

I TEM.

Easement line

Property line

- Grade line profile

.Original.ground line

(grading)

Originai ground line

(paving)

Angle

éenchmafk

-Bridge (existing)

Bridge (proposed)

\Building

Culvert (existing)

Culvert (proposed)

SYMBOL

CONST, EASEMENT

ia

" o——— S— Qoo | v—— oo m  ———

Y———

b —

) E—
ISF

= =

: -

Other

RAPIDO-
GRAPH
N O . ’



ITEM

Ditch plug
Fence

’Fire plug
Guardrail

Inlet

Manhole
Railroad

Road (existing)
Stream or creek

power line above
ground

Telegraph line
above ground

Telephone line
above ground

Gas service line

SYMBOL

1E

X - X
Y~ BARBED WIRE

S

s vt vv——— ——— omat——c  cmowoa—ry  oo———

vy aline  coem— Oomma—— — st S

© ©-
- A
O O

RAPIDO~-

I TEM

High pressure
gas line

Power line
underground

Sanitary sewer

Telephone line
underground

Water line

Well

Tank underground

North Arrow

Line weight:

RAPIDO-

—— HG

0o.o010"

0.014"
0.018"
0.022"
0.035"

0.047"
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