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INTRODUCTION

This manual has been developed to provide guidance and assistance to highway design
personnel in the practices and procedures for the detailed design of highways and the
preparation of contract plans.

The principol objectives of the manual are :

e To document Highway Administration policies with regard to standards of
design and procedures for development of contract plans.

® To define criteria to guide judgments and decisions made by highway design
personnel.

o To describe the most effective design techniques and procedures and to present charts,
tables and other information found to be useful by designers.

The material in the manuol has been reviewed and edited by a committee of HA personnel
who are knowledgeable of current design requirements and procedures. 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 and verbal instructions. New
and improved procedures have been incorporated in the manual when it was evident that
they would be more effective.

This initial publication should not be considered a completed comprehensive design manual
— rather it is a first step toward orderly documentation of policies, procedures, instructions
and guides.

Those persons who use the manual can contribute to its continving improvement by submitting
suggestions to the Director of Engineering, for ways in which the manual can be made
more useful and practical. The Director will periodically assemble a committee of persons
capable of acting on the suggestions for improving this manual. The commitiees will be chaired
by the Director and will designate the improvements to be incorporated.
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CHAPTER ONE
DESIGN STANDARDS

PURPOSE

Standards have been developed to guide the design of highways and to ensure that motorist
convenience, environmental, safety and esthetic considerations are implemented in the most
economical manner consistent with the highway service considerations.

SOURCE OF STANDARDS

The basic design criteria in this section are token from the AASHO Manual entitlad A Policy
on Geomelric Design of Rural Highway, 19G5. Reference should be made to this AASHO
Manuol for design criteria not covered in thi. section, and for more comprehensive background
information regarding ths development of criteria. Additional information on urban design and
design related to safety can be found in the AASHO publicatior, eniitlad. A Policy on Design
of Urban Highways and Arterial Streets, 19/3. The designer should refer to the

Highway Administration’s Standard Specifications for Highways and Bridges during design.

DEPARTURE FROM STANDARDS

Design policies and stondards generally represent minimum values. Higher staundards should
be used within reasonable economic limits.

To ensure uniform practice vn a nationwide basis, lawer design standards may not be used
without aepproval from the Director of Engineering (DOE),

DESIGN CONTROLS
Three basic factors conirol the selection of design standards :
I. The anticipatad TRAFFIC VOLUME
2. The TERRAIN
3. An oppropriate DESIGN SPEED

The various geometric design stendards are selecled on the basis of one or more of the
control factors. These relahiosships ore presented for each type of highway.

GEOMETRIC DESIGN STANDARDS
Geometric design standards for the various classes of highwoys are summarized on Standard
Sheet No. 101,

-1-



Only desirable minimum standards ars shown in the tables, Absolute minimum standards
are contained in the notes. The geometric dosign standards are identified by the factors of design
control. Their relationships are defined below.

Design Speed

The design speed is the maximum safe speed that can be maintained over a specified
section of highway when conditions are so favorable that the design fectures of the highway
govern, Design speed governs the limits for curvature, sight distance and other geometric fealures.

Sudden changes in design specd along any highway should be avoided, particvlaily on roa.’,
with high design speeds. When geometrics have been selected for a project, the designer should
check controlling design speeds at consecutive sections within the project. It is desirable that any
change in design spaed befween sections be minimized and no greater than 25 kilometers per
hour. Such changes should be effected over sufficient distance to permit drivers to change speed
naturally and gradually before reaching the se:tion of highway with the different design speed.

The designer should realize that in the design of multilane highways, intersections, and
interchanges the capacily of the highway system may be o more heavily weighted design
consideration than the design speed. In such cases, reference shou'd be made to the Highway
Capacity Manual. A copy of this manual is located 1n the Director of Engineering’s files.

Degree of Curvature

The combination of design speed and maximum superelevation controls the maximum degree
of curvature. Flatter curves must be provided ‘where possible. Guidelines for desirable
horizontal alignment are presented in Chapler Thres. Transitiors are also discussed in
Chopter Three.

Superelevation

The rote of superelevation of a curve is controlled by the design speed and the degree
of curvature. For a given degree of curve, specific superelevotion rate is correct for only one
driving speed.

The moximum superelevation rate has been esiablishad ot 0.08 meter of vertical rise per
1.0 meter of horizontal distance. Guidelines for the appiication of superelevation is
represented in Chapter Three.

Stopping Sight Distance

Stopping sight distance is controlled by design speed. The table below shows minimum
ond desirable stopping sight distance for vanous design speeds.

Design Speed, KPH 3 o | e | 80 100
Stopping Minimum 47 63 ’ 83 106 152
Sight

Distance, m. | Desirable 47 63 l 90 137 212




All highway design should provide desirable stopging sight distance. Economic considerations,
however, wili necessitate the use of minimum standords under certain conditions.

Stopping sight distance is most important when designing vertical alignment. Guidelines for
ensuring adequate stopping sight distance on vertical curves are presented in Chapter 4.
Horizontal alignment should ai1so be checked for stopping sight restrictions according to
criteria in Chapter 3.

Passing Sight Distance

On 2-lane highways, consideration should always be given to providing passing sight
distance. Guidelines on providing passing sight distance on vertical curves are presented in
Chapter 4. Techniques for determining passing sight restrictions due to horizontal curvature
ore given in Chapter 3.

Gndient_s_

Standard sheet No. 10i shows maximum gradients for each highway design iype. Where
sconomically feasible, grades should be iess than the maximum. Under certain conditions,
steeper grades are permitted. Minimum grades are sometimes stipulated to provide adequate
longitudinal drainage. Guidelines for the design of vertical alignment are presented in Chapter 4.

Typical Sections

fypical sections tor the highway types are shown on Standard Sheets No. 102 through 107.
When selecting the typical section to be used in o design, the following guidelines shoula
oe followed :

Class A — Routes with ADT/VU count greater than 1000. If the DHV is greater than 750,
however, a fourdane route should be studied.

Class B — Routes with ADT/VU count between 500 and 1000.
Class C — Routes with ADT/VU count between 200 and 500.
Class D — Routes with ADT/VU count less than 200.

Cross Slopes

Rates and directions of cross slopes for driving lanes, shoulders and medians are shown on
Standard Sheets No. 102 through 107,

ADT/VU — Average Dally Trotfic/Vehicle Unlts
DHV = Design Hourly Volume (30th Highest hourly voiume)

-3-
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CHAPTER TWO
SOURCES OF INFORMATION

Many different kinds of information must be available to a highway designer. Some information
is related to a specific project — other informahon is related to all projects.

This manual is a principal source of information providing general guidance on design policies
ond procedures.

Other sources of information to be used by designers ore set forth below. They include field
survey mAformation, books, manuals, memorandums and related special engineering services.

FIELD SURVEY INFORMATION

Field survey information provides the basic data needed for the design of specific projects. The
following field survey information normally 1s received for use throughout the design process :

e Plotted topographic maps

Soils profiles showing the locations of drill logs and soils claossifications
Shrinkage factor recommendations

Local water data and geologists’ recommendations

Existing drainoge and drainage recommendations

Irngation and access recommendations

Telephone and electric service information

Recommended gradelines

Narrow-band ownership maps

Survey notes, including transit notes, level data, topcgraphy notes, property fties,
cross-section Jata and drainage data. )

‘ BOOKS, MANUALS AND MEMORANDUMS

Severol bocks, manuals and memorandums contain information needed by designers. These

sources of information are cited below.
i
a

\Administration Publications

h’ne following itams are published by the Highway Administration :
&« Standord Specifications

The book of “Standard Specifications for Highways and Bridges” describes work to
be performed under various contract bid items.

e Supplemental Specifications

A pamphiat of Supplemanial Specifications sets forth the current amendments —
additions, deletions and revisions — 1o the Standard Specifications
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® Standard Drawings

The book of Standard Drawings is a compilation of standardized details frequently used
tn highway design. As needed, the designer will select specific Standard Drawings
to be included with each set of contract plans.

e Policy Memorandums

New design policies often will be set forth in Adminisiration policy memorandums,
Designers will receive copies of these memorondums. Periodically those policies
will be incorporated in revisions to the Design Manual.

AASHO Publications

The American Association of State Highway Officials hos published several reference sources
containing background information and derivations for design criteria. The AASHO publications
used most often are .1 Policyy on the Geometric Design of Rural Highways, commonly referred
to as the “AASHO Blue Book”, and A Policy or the Geometric Design of Urban Hiahways,
commonly referiad 4o as the “AASHO Red Book”. More detailed guidance on specific areas
of design are contained in the following AASHO publications.

e Guide Specifications for Highway Construction, 1972

e Standard Specification for Highway Bridges, Eleventh Edition, 1973.

e Construction Mcnual for Highway Bridges and Incidental Structures, 1973,
°

Standard Specification for Highway Materials and Methods of Sampling and
Testing, Part |, 1970,

e Standard Specification for Highway Materials and Methods of Sc~pling and Testing,
Part 11, 1970.

These publications are available n Director of Engineering files.

Sugplier Publications

Literature on special design problems usually i1s available from suppliers of construction ma'zrials.
Such literature moy be useful in the design of special culverts, retaining walls and other items.

ENGINEERING SERVICES

The highwoy designer frequently will encounter design problems which require guidonce
and assistance of persons with specialized training and competence. The following organizations
within the Administration are available to designers for special engineering services.

Hydraulics Section

® Troffic Section

® Surfacing Sechion

e Bridge Design Division
¢ Right-of-Way Duvision
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CHAPTER THREE
HORIZONTAL ALIGNMENT

GENERAL CONSIDERATIONS

Criteria for the horizontal alignment of highways are directed to providing vehicle operation
ot conmsient speeds with safety and consideration for oesthetic and economic factors. This
is accomplished primarnly through use of design spsed as an overall control.

Factors such as traffic volumes, terrain condiions and construchion costs will influence decisions
on appropriate design speed. After design speed is established, it s essential that the
characteristics of the horizontal alignment assure continuous safe operation ot that speed.

Alignment cnte.ia involve two basic considerations :
I. The degree of curvature and superelevation
2. Sight distance

In the design of highway curves it is necessary to establish the proper relationship be'ween
design speed, degree of curvature and superelevation and sight distance.

Usually, horizontal alignment will be established in the field by location engineers in
cccordance with controlling design siandards. It s the responsibility of the designer to check
the olignment and verify compliance with standards.

STANDARDS FOR CURVATURE

Maximum Degree of Curvature

Degree of curvature is defined as the angular change a curve makes in a given distonce along
its length. In this manual the given distance is 20 meters. This means thal a one-
degree curve changes direchon one degree in 20 meters ; o twoedegree curve chonges iwo
degrees in 20 meters and s on. The maximum degree of curvature is lim#ed by the design

speed of the highwoy and the maximum superelevation permitted. Highway

Admnistrotions designate 8 percent os the maximum amount of superelevation. Using this
maximum superelevation, the sharpest permissible curve for each design spsed 1s as follows .

DESIGN SPEED MAXIMUM DEGREE OF CURVE RADUIS, M
35 KPH 37°00' 3
50 KPH 1500 76
65 KPH 8°00’ 143
80 KPH 500’ 229
100 KPH 300’ 382

Never use curves shorper than those shown cbove.
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Desirable Curvature

Avoid the use of maximum degree curves, unless they are economically necessory due
to topographical conditions. For small deflection angles, curves should be long enough to
avoid the appearances of kinks.

GENERAL ALIGNMENT CRITERIA
in addition to the alignent standards related to design speed, the designer should give
consideration to the following general criterio:

® Avoid sharp curves at the ends of long tangents.

® Avoid sudden changes from easy curvature to sharp curvature.

® Avoid compound curvature — adjacent horizontal curvatures with no tangent length
separating them.

e Avoid sharp reverse curvature. Provide adequate distance for superelevation runoff

® Avoid broken back curvature — two curves in the same direction separated by a shory
tangent length. Use o single longer curve for this sitvation.

SUPERELEVATION

Provide superelevations on horizontal curves to permit sufe traverse of vehicles without exces.
sive horizontal forces. The correct amount of superelevation depends on the sharpness of the
curve and the speed of the vehicle.

Superelevations must be designed to fu particular conditions in urban areos.
Design superelevations according 1o Standard Sheet No. 301 for rural oreas.

Amount of Superelevation

The maximum amount of superelevation for HA is 8 percent (A slope of 0.08m vertical to
1.0m horizontal).

Standard Sheet No. 30! shows the correct amount of superelevation for each combination of
degree of curvature and design spased.

Tra-sitions
For simple curves, the traonsition from normal crown to full superelevation occurs entirely on
the tangents preceding the P.C. and following the P.T. * This transition distance is labeled

“runoff distance’”’, and the required length depends on design speed, number of lones und
degree of curvalure os 'adicated on Standard Sheet No. 301.

On 4-ane divided highways where both roadways have the same profile grade elevation,
superelevation will be rotated about the profile grode. This profile grade is located on the
inside edge of the pavement. On 2-lane highways ond on 4-lone highwoys where the
roadways have different profile grade elevations,superelevation on eash roadway will be rototed
about the inside edge of the traffic lane ot an elevation of profile grade less normal crown.

* For explanation of abbreviations, see poge 18.
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SIMPLE CURVES

Computations of simple curves invoive the relationships expressed in the formulas below.
Arc definition is aiways used foi curve computahion. Usually the P.l. station, the deflection
angle { A) and the dcgree of curvature (D ) are established. The remaining curve data
must be computed. *

Re. AN

* For explanation of abbreviations, see poge 18.
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P.\. == Point of Intersection

; — 205 ERA
p.C. == Point of Curvature L = =% = T50%
| A
P.T. = Point of Tangency R == “392 = 220(’::68)
A = Ceniral Angle T = R fan 3
D = Daegree of Curvature
L = Length of Curve (m)
R = Radws of Curve {m) E = R (-—'—-—A" - l)
cos-i
T = Tangent Length (m)
A
F = External (m) E = R (Soc-i-- l)
T = J3.1416

Computation is simplified considerably by using a table of functions for a |-degree curve.
Where T and E are the ftangent length and the external for a l=degree curve with given
A, then:

— B
T 0 E==D

Pnc. S'O- = Pol. S'O. — T
P.T. Sta.=P.C. Sta. + |

Specify the degree of curvaturs (D) to the naarest minute ; colculate all other curve data
and show to the nearest one-hundredth of a mater, or to the nearest second, whichever
is applicable.
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Slght Distances on Horizontal Curves

Alignment on horizontal curves takes into consideration that stopping sight distances may be
offecled by lateral obstacles such as houses, wolls or high-cut slopes. The diogram below
shows the gecmetric variables, together with the equations requirad for their solution.

PIGHT DISTANCE (S) MEASURED

ALONG THIS LINE
\“

R
RUCTION OF CUT BANK
NEIGHT OF EYE L,I3 M JBSTRUCTIO HEIGHT OF OBJLCT O,ISM

EYE

LINE OF SIGHT !S O 6M ABOVE INSIDE LANE AT POINT OF OBSTRUCTION

if S = Sigln distance, in meters
R == Radius of centerline inside lane, in meters
D = Degree of curvature

m == Midcle ordinate: (distance from centerline of inside lane to sight obstruction
in meters)

Then

and
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The groph below shows a linear plot of these equations for o variety of design spesds, from

which the value of m con be found, given R (or D), and vice versa.
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EQUATIONS

An equation is used to equate two station numbers, one that is correct when measuring on the
line back of the equated station, and one that is correct when measuiing on the line ahead of
the equated station. Most equations result from office relocation, and are uvsed where stationing
is no! continuous throughout @ project — as discussed below.

Locations of Equations

Equations are computed where the centerline to be used (project centerlinejbecomes coincident
vith the surveyed cenieriine (staked centerline} This situation is shown below.

< >
e w
X 3
h @
1 a
[ __)
A r

SURVEY &

d

STAKED P.T,

PROJECT P.C,
STAKED A.C,

PROVECT &

P.T, =STA T+000L£ACK=
STAKED P.O.T.=STA 7+030
AHEAD

PROJECT EQUA

EQUATED STATION WHERE PROJECTED LINE BECOMES
COINCIDENT WITH SURVEYED LINE
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Equations are olso computed in ceriain cases where projected lines become porallel with
surveyed lines, If the project line remains parallsl with the survey line for o considercble
distance representing numerous cross sections, it is more convenien! fo compule an equation
than to restation the cross sections. An example of such on equation is shown below.

[ =
QO
Wi
! g
Y
8 Q
i A
-
w
i
g l—sunv:vi
: o
o <
a QY
PROVECT P.C. wl » 3%
o 2
ol g %8
STAKED P.C. - g
R an
e "«
x
c albh

EQUATED STATION WHERE PROJECTED LINE BECOMES
PARALLEL WITH SURVEYED LINE

In general, show siationing to the nearest hundredih of a meler.
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CHAPTER FOUR
VERTICAL ALIGNMENT

INITIAL CONSIiDERATIONS

The vertical alignment of a highway is referenced to a gradeline which is shown as part of the
highway profile. The elevations of the surfacing and other features of the highway are
established from the gradeline.

Initially, working profiles are prepared in the predesign phase of highway development. These
profiles are the basis for specifying the final gradeline and profile to be included in the
contract plans by the designer.

VERTICAL ALIGNMENT STANDARDS
Grades

The slope or grade of each tangent is expressed in percent rise () or fall (—) to the
second decimal place.

Maximum Grades

Maximum grades for each highway class are shown on Standord Sheet No. 10l. Grades
steeper than those shown con be used only with prior approval of the Director of
Engineering.

Minimum Grades

In genercl, a flat ar 0.00 percent grade is acceptaile. For curbed or diked roadway sections
and bridges, a grade of 0.50 percent is desirable. Flatter grades would cause the ponding of
storm waler across the traffic lanes.

ical hs of Grade

The figure on the next page gives the critical lengths of grade tangent related to the
percent of upgrode ond the speed reduction in kilometers per hour for a typical hcavy
truck of 180 kilos per horsepower. (For normal design purposes a speed reduction of 25KPH is
acceptable ; however, depending con the preceding terrain, the permissible specd reduction
on the upgrade may be increased following o downgrade or momentum grade.)
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For further details on the use of this figure, refer to the AASHO publications,d Policy on
Geometiie Design of Rural Highways, and the Highway Capacity Manual.

Vertical Curves

The stationing of each vertical P 1. is identified to the nearest hundredth of a meter (0.01m),
Each verticat curve is 13entfied by a curve length, L, usually defined to the neorest one-
hundredth meter. The relationship between L and A, ihe algebraic difference in percent of

L
grades, which is most useful in design is Al This factor, termed the K value, is the horizontol

distance in meters required to effect a | percent change in grade;itl is therefore o measure
of curvature. Minimum K values with minimum and desirable stopping sight distances for
both crest and saog vertical curves are shown in the table on the next page for
a range of design speeds.
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Design Speed KPH 35 50 65 80 100
Minimum K-value with minimum
Stopping sight distance for - 5 9 16 7 55
Crest vertical curves
Sag vertical curves 8 12 17 23 35
Minimum K-value with desirable -
Stopping sight distance for: 5 9 ! 19 45 107
Crest vertical curver |
Sag verticol curves 8 12 } 19 31 | 52

Vertical curves on rural and non-<curbed highways should be no less than 100 meters long, even
when the desirable stopping sight distance is considerably less.

The following sections deal with the control of curve variables for crest and sag vertical curves
to ensure that desirable stopping sight distances are achieved.

Crest Vertical Curves

HEIGHT OF EYE (1 Om)

HEIGHT OF ODJECT ( 2m)

S = STOPPING SIGHT DISTANCE , m
L = LENGTH OF VERTICAL CURVE, m
A = ALGEBRAIC DIFFERENCE IN GRADES,PERCENT
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Minimum lengths of crest vertical curves as determined by sight distance requirements generally
are satisfactory from the standpoint of safety, comfort and appearance. The equations and
figure below may be used to determine the minimum iength for different values of A to produce
desirable stopping sight distance at each design speed.

When S>> L When S <UL
=z 25 — 419 _ AS? _
L == 2§ Y L = i and L KA

A 3 ALGEBRAIC DIFFERENCE INGRADES-PERCENT

100 200 300 400 800 600

L= MINIMUM LENGTH OF CREST VERTICAL CURVE METERS



Sag Vertical Curves

S = Heudlight beam distance
= Stopping sight distance, meters
L = Length of vertical curve, meters

A = Algebraic difference in grades, percent

Minmum lengths of sag vertical curves depend mainly on headlight distance at night. For
overall safety on highways, i. is desirable that the light beam distance be nearly the same as the
stopping sight distance; hence, the equations and tigure which follow give minimum lengths
for different values of A to produce desirable stopping sight distances at each design speed.

When S > L When S <L
- 120.6 + 3.55 L ___AS _
t=25 - ——— L= Torg sy Andl=KA



A = ALGEBRAIC DIFFERENCE IN GRADES-PERCENT

16

pd
%

0 100 200 300 400 $00 600

L = MINIMUM LENGTH OF SAG VERTICAL CURVE -METERS



Passing Sight Distance

| -l

HEIGHTOF EYE | Om HEIGHT OF OBJECT 12m

P = PASSING SIGHT DISTANCE
L = LENGTH OF VERTICAL CURVE METERS
A= ALGEBRAIC DIFFERENCE IN GRADES PERLENT

The geometrics concerning passing sight distances for crest vertical curves on a -lane highway
are similar to those for stopping sight distance. The differences ares(a) the height of object 1s
considered as 1.2 meters,and (b) the minimum passing distances are six to ten times greater
than the stopping sight distances for the same design speeds. The equations for minimum length
of vertical curves are as follows :

When P> L When P <L
878 AP _

The table below shows minimum passing sight distances and related K values for a range of
design speeds.

Design Speed, KPH 35 50 65 80 100
Minmum passing sight distance 240 142 455 550 470
for design, fee!

Rounded K value for passing 345 5
Sight distance, 2-lane highway “J 133 236 I
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Do not be misled by these passing sight distance criteria. There are conditions that make it
imprachical to provide adequate passing sight distance ot every vertical curve. In some instances
it will be necessary o concede that certain areas be striped for “no passing . When this
happens, the no-passing zone should he as short as prachcal te assure that passing can be
permitied on o greater portion of the total project length.

Do not design verlical curves which nearly, but not quite, provide passing sight distance.

The designer should recognize the desirability of increasing the passing sight distance where
appreciable grades are en.ountered.

BALANCING EARTHWORK

Projects will be designed to produce balanced earthwork unless parlicular features dictote
otherwise. Material excavated from within the himits of the section should be the amount needed
to construct embankmenis to the designed grad-

To affoin balanced earthwork, grade adjusiments genaerally are preferable 1o diten widening.
In some instances w are grade controls are crihical, it will not be possible to adjust grodes
to ottain baianced earthwork. Provisions must be made to borrow or wasie material as
necessary.

Adiustmenis to side slopes and oreas within loops ond ramps to either slightly reduce fill
requirements or gain excavation should be weighed against possible aesthetic damage and
maintenance problems in these areas.

Urban Areas

Due to the many vertical controls in urban areas, baloncing earthwork is not usually a
controlling factor in the design of urban highways. An excess of excavation is preferable to
the need for borrow because of the high cost of borrow in urban areas.

Hidden Digs

Hidden dips in the profile are hazardous during passing maneuvers. Sight distance should not
be sacrificed for earthwork balance. When practicable, use flatter grades and higher elevations
through the low spots.
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Balance Areas

The desirable length of balance should be between one kilometer and one~— and-a-
half kilometers.

Short balances of 50 to 100 meters should generally not be shown on the plans; they should
be shown as part of a combined larger balance.

Wherever possible, balance earthwork ot bridge ends, raiiroad crossings and highway
intersections.

Earthwork distribution plans should not require borrow to be hauled through one balance to
another balance.

The change in elevation of o vertical P.l. required to produce a given volume of material can
be computed using the formula beiow; for other information on earthwork distribution analysis,
refer to Chapter 6 of this manval.

AVERAGE WIDTH OF LIMITS OF CONSTRUCTION3W (METER)

e :
CHANGE iN RI-$- >
ELEVATION (METERS)..« . ™
’ KNEW Pc I'

If the volume of additional excavation required is V (cubic meters),

then X = —S}O_WL
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SPECIAL CONSIDERATIONS

Field-Recommendastions

At the time of the preliminary survey, the District Engineer and possibly the Roadway Design
Engineer should review the ground=line profils data and develop recommendations for certain
grade<line controls. The working profile is then developed with notations indicating the
recommended grode line to be estoblished across low flats, lake beds, siream bottoms,
important intersecting roads, in front of improved property, and at other places requiring
special attention.

The designer should review and consider these recommendations and establish a tentative
grade line on the working profile consistent with the design standards and the guidelines in
this manual.

Ties with Adjoining Projects

A smooth transition is needed with adjoining projects. The designer should consider the grade
line for a distance of ot least 600 meters before and after the project. Connechions wi‘h
previously built projects should be compatible with the design speed of the new project.

A connechng grade should be established which safisfactorily adjoins the existing alignment
and which can be utilized when the adjoining project is reconstructed.

Refer to as-built plans for alignment of adjoining highways and specify project numbers of
adjoining projects at the beginning and the end of the project.

Smooth Grade Line

Changes in grade should be gradual and consistent with the type of highway and the
character of terrain. Numerous breaks: and short lengths of grade tangents should be avoided.

Eoken-ﬂack Grade Lines

A broken-back grade line — two verlical curves in the same direction separated by a short
(150 meters or less) section of grade tangent-should be avcided. This is particvlarly important
in sags where the full view of both vertical curves is not pleasing.

This type of grade line may be avoided by ioining the vertical curves or replacing them with
a single curve of greater length.

Relationship with Horizontal Curvature

Lengths of vertical curves and grades should be influenced by the lengths of the horizontal
elements on which they are superimposed. The following guidelines should be considered :

® Honzontal curvature should lead vertical curvature and remain somewhat longer than
the latter. Visually, they should be similar in length.

® The locations of vertical curve P.1.’s ai.d horizontal curve P.1.'s should roughly coincide.

® Sharp horizontal curvature should not be introduced af the crest or ai the iow point
of a vertical curve.

® Horizontal curvature and profile should be made as flat as feasible ot highway
intersections where sight distance along both highways is important.
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Reilroad Grade Crossings

The finished surface grade line must maotch the elevation of the top of the rails ot railroad
grade crossings. In most instances, minor warping of the surface cross slopes at the crossing
will be required.

In coses where a railroad has a maintenance road parallel to the tracks, it moy be necessary
to provide travel across the highway. Such cases, and those :nvolving horizontal clearances,
maoy require special consideration. The designer should contact and coordinate with the
Railway System.

Drainage Structures

Chapter 7 discusses the cover thickness based on the strength of the culvert. For minimum
thickness of cover for box culverts, refer to the stondard plans.

Grade design 1n the vicinity of bridges should be coordinated with bridge design to ensure
adequate high-water clearance at the bridge.

Soils Conditions

Areas of poor or wet soil condifions will be indicated in field recommendations, along with
recommendations for minimum fill heights. Occasionally, areas of high water taobie are
encountered. The water toble elevation will be indicated in the Soil Survey Report. Final
determination of fill height will be made by Road Design Engineer based on recommendations
from the Soils Engineer. Upon receipt of the Soils Survey Report, the need for the selective
plocement of soils should be checked against the earthwork distribution to assure that cross-
hauling is not necessary. If selective placement of soils is anticipated, earthwork distribution
should not be finalized until selective placement 1s determined.

Structure Clearances

For design purposes the minimum vertical clearances at grade separations for through facilities
is 4.5 meters. This value is intended for general guidance only ; final grade decisions should
be coordinated with division responsible for the facility or structure design.

When setting a preliminary grade line, a rough estimaie of superstructure depth is 1.5 meters
for railroad structures and 1.2 meters for highway bridges.

It will frequently simplify bridge design if the low point in the grade line under a structure
is set a sufficient distance from the intersection of the centerlines of the structure ond the
highway. This will allow drainage structures to cleor bridge footings.

The grade line on bridge decks should preferably be a tangent. For long bridges where
drainage 1s confined to the bridge deck, a 0.5 percent-grade is a desirable minimum.

URBAN GRADE DESIGN

The design of vertical alignment on urbon project: frequently involves special considerations.
Existing strect elevations normally control vertico! alignment. There may also be local laws
which should be followed that establish minimum and maximum grades allowed on
city streets.
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Grades
The profile grade fine is generally determined from the highest elevation point of the normal

cross sechion. It is sometimes necessary to supplement the main profile with other profiles —
gutter grade lines or other controlling grade lines. On curbed sections when the centerline is not

the profile line, the profile should represent the elevation of the projection of pavement cross-
slope onto back of curb, as in the figure below.

PROFILE GRADE POINT

Spline curves or adjustable curves are helpful in establishing grades in urban areas where 1t
s necessary to mee! numerous elevations :n relatively short distances. The gutter ines can be
shown as spline curves, with the beginning and end of each spline curve tied into the grode
lines. Elevations along spline curves should be shown at |0-meter intervals on vertical curves,
and at 20-meter intervals on tongent profiles,

Vertical Curves

Vertical curves are not required on urban streets where the algebraic difference in grades 1s
less than 02", Curves must be long enough to ensure dssirable stopping sight distance, but
should not be flattened beyond this distance to such an extent as to make drainage
a problem.

Where possible, P.1.’s of crest vertical curves should be located at or neor the centerlines
of cross streets.

Surface Drainage

Grade lines should be established to moke the top of curb either coincident with or shghtiy
below the natural ground. This permits adjacen® surface drainage 1o flow into the gutter for
controlled outlet at specified locations.

Try to avoid grades that impound water back of the curb.

Gutters should be placed on a grade of ot least 05% to allow for adequate drainage. Avoid
level sections of gulter or low spots in the gutter that do no! have outlets.

At major intersections, a vclley gutter is unacceptable. Valley gutters should generally be
avoided os they moy present a driving hazard, although they are allowable at minor

intersections. As a general rule, take drainage runoff into the storm sewer system on the
upstream side.
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Existing Roadside Deyglopment

Occasionally, a situation will arise wﬁere extensive development exists on both sides of the
street, and the ground or development on one side is higher than on the other. In this situation,
a grade line may fit the development on one side but result in extensive property damage to
the development on the other side. An unsymmeirical section moy be used ; the total drop
from crown point to gutter will be greater than normal on one side and less than normal on
the other side.

The grade line should be placed so that the curb and gutter on the project will meet the
curb and gutter exishng on intersecting cross-sireets.

SURFACE ELEVATION COMPUTATIONS

Normally, surface elov\ahons will be computed and recorded to the nearest one=hundredth of a
meter (0.0!m). Grades should be computed ond recorded os o percent to two decimal
places (0.00%).

Profile grade points should be shown on typical sections as follows :
e For an undivided symmetrical section, at the centerline.

o For a divided section with median, at the intersection of the inside back of median
curb and the pavement cross slope.

Grade elevations should be shown on profile views as follows :

e For a standard section and grade, at 20-meter intervals, using a scale of lem to
5 meters.

e For an irregular section or warped grade, ot 10=meter intervals, using a scale of
| cenlimeter to 2 meters.

A tolerance of +0.0im in elevation is permitted when o computed grade is projected to a
previousiy established P.l. elevation.

If necessary, additional decimal places will be used in grade computations to assure adherence
to the P.l. elevation tolerance requirements.

Vertical Curve Elevations

The vertical curve is o parabolic arc. The offset distance from a parabola to its tangent varies os
the square of the distance from its point of tangency. To determine profile grades on vertical
curves, offsets from the tangent grades are compuied and added to or subtracted from tangent
grade clevations.
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Computation

Dimensions and equations for use in vertical curve compulations are shown below.

VPI
ol

in any vertical curve :

L
Elev. of P.I. = Elev, of P.C.+G, 2

Elev. of P.T. = Elev. of P.C.+ (G,+G,) %
G,_G ) L

7 4m X’ — x (Ggqu)

s [ X. (G, —Gz)]

%= g6,

G
Elev. of P, = Elev. of P.C. = -,TG-?J—a-)
2— 0,



Where :

L = Honzontal length of curve, in stations

G, G, = Rates of grade, expressed algebraically in percent
= middle ardinate, 1n meters

any point on the curve

l

= Tangent offsat of point P, in meters

m
P
Z
X = hor.zontal distance from the P.C. or P.T. to P, i1a stations
S = Slope of a line tangent to the curve at P, in parcent

p

1s the high or low point of the curve

v

X, = horizontal distance from the P.C. to P, in stations.

When computing vertical curve elevations on o shde rule, using the middle ordinate methad

and the formula Z = m(-—rxz—-);follow these steps t

| Set the runner to m on the A scale;
L
2. Bring 3 on the C scale to the runner;

3 Set the runnzrto any desired value of X on the C scale;

4. Read Z for that X value on the A scale.

Computation Procedures

Manual computathion is faclitated by special celumns for this purpose cn standard sheets for
earthwork computation,

Elevations are recorded for each cross-section station, P I.’s are identfied by asier sks, verfieo
curve langths are 1deat fied, and the profile grade elevaftons along vertical curves are shown.
The figura on the next page shows a portion of on earthwork computotion sheet with grade
computahons properly recorded.
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GRADES '
& V.C. CORR.
SIATION | V,C, | CORR, | ELEV, | ELEV. |
650 _+000 .
+ 850
+ 900
+ 950 15,56
651 + 000
+050
+100 _0.00
+125, R 0,01 14,95
+150] < 0.04 14,89
+163 ! 0,06 14,87
+175 0,08 14,84
+200 0.15 14,83
+2167 0.20 14,82
+ 225 > 0,24 | 14,83 |
+250 £ 0.34 14.84
+275| 8 0.24 14,88
+300 0.15 14,93 |
+314 0.11 14,97
+325 0.08 14.99
+335 0.04 | 15,05] 15.09
+375| B 0.01 15.20
_+400| 3 | 0.00 15.33
+ 450 +
+ 500
+520




Migh or Low Points on Curves

High points on crest vertical curves and low points on sag vertical curves can be calculated
as foilows:

= 6 G. where P is the horizontal distance (in stations from the P.C. to the
(A

high or low point on the curve),

CLIMBING LANES

During the design of vertical alignment, consideration should be given to the possible need
for climbing lanes.

A chmbing lane 1s an additional lane provided for slowe moving vehicles on long, steep
ascending grades. The design of climbing lanes 1s governed by several criteria such as design
speed and length of grade. Refer to the Highway Capacily Manual for detailed design
crtena. General cnitena are presented below @

Lane Width

The widths of climbing lanes will be the standard lone-widih for that class of roadway.

Shoulder Width

Shoulders odjacent to climbing lanes will be standard shoulder-width for that class of roadway.

Transition

The transition into o climbing lane will be on a 25: | topey, and the transilion out will be
ona 50: | taper.

Minimum I.ength

The minimum length for ciimbing lanes is 350 meters. If the design procedure indicates lengths
below this imit, do not install a climbing lane.

Connecting ClimbingL Lanes

Two or more climbing lanes may occur on the same highway on the same long grade. If the
distance from one climbing 'ane to the next is small, it 1s preferable to extend one climbing
lane into the other to form one long climbing lane rather than leave a short stretch of 2-lare
highway between them.

Climbing Lane Ends

The full climbing lane width is carried to a point beyond the crest of the hill where the
truck has resumed o speed which is, at the most, only 25 KPH less than the average speed
ond can return to the through lane without hazard.
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CHAPTER FIVE
CROSS SECTIONS

GENERAL CONSIDERATIONS

Cross sechions provide graphical pictures of the relationships between proposed roadways and
the existing ground surface. This chapter presents guideline. for the preparafion of cross-
sectior sheets including ;

prelimirary cross sections

roadway templales

®

°

e earthwork
e drainage
°

miscellaneous,

CROSS SECTIONS

Survey Notes

The survey notes provide the dala needed to prepare cross seclions. A sample of these notes
i> shown below .,

S7A | &S M I ~S | BELE
* - (24
23.008 L &Fr T llg 114
| )
vt - - 4 m-’ *' “
_IIO / I, y |2
e 2107 (24 May w|rosT 294 mY | d 3
114968 A y
11+0N| 2954 |20.800 | | e 1 ) !
1 3 ] ]
1l L
T
724000 - P -4" y - - n--‘ b33 s
A N J 4
7e 0088 |11 840 STawe 28N LT i
ST 134040 233
12¢480] 3203 | 26003 [ y l nnm _1&_
3 4
n.m -uqr -L- =5 - -‘. --.%L
/ n y. ]
- -
G
1 TR
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Generally, cross sections are required ol a maximum interval of 25 melers tn rurol areas ond
20 mele.s in urbon areas. The following section gives guidelines for placing this information on
cross—~=seclion sheels.

Sheet out

Ploce cross sechions horizontally. When narrow sections would leave extre wide margins, ¢
‘ouble column moy be used os shown:

NORMAL OR WIDE SECTIONS NARROW SECTIONS

The arrows in the diogrom above show the order in which cross sections aore read.

When cross=section tlope lines would extend beyond shee! limits, the slope lines will be
broken ond indented — — not folded back onto the shee!. The breck points will be identfied
by elevation and oHse! distance from centeriine — os shown below :
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Ploffing

The initial plotting of present ground lines 1s made in pencil. Allow enough spoce vertically
between ground lines to avoid overlapping of the completed cross sections after roadway
templates are ploited. Space requirements can be determined by checking the profile and

antictpating large cuts and fills. The plotied ground lines are identified by station numbers
and elevations at centerline, as illustrated below :

il

)
—
12 +100

[

ﬁgo /

12 +05%0
[}
0

‘b.‘ /

1246000

¢
PLOTTED GROUND LINES

Showing Station Numbers and Ground Elevations at Centerline

The centerline symbol § is placed on centerlne at the botltom of each cross—section shzet,
os shown in the illustration above.

Scales

The following scales should be used for cross sections:

Rural Design Honzontal icm=1Im
Vertical lem =0.5m

Urban Design Horizontal lem =0.5m
Vertical tem = 0.2m

Special situations {for clarity) Horizontal lem =0.5m
Vertical g or LESS




Scales are shown in the upper nght~hand corner of all cross—section sheets.

Topoqgraphy

Buildings, utiities and other major topography along the proposed route are shown on crosse
section sheets. This helps to determine the effect of proposed construction on the existing
facihties.

Topographic features ore located using scaled distances for Interal lacation and plus station
for longitudinal locations, These features are drawn on the nearest main=line cross section,

Sheet Numbers

As cross sschon sheets are drawn, sequential sheet numbers, beginning with |, are written 1n
pencil in the title hlocks at the lower nght corner cf the sheets.

Inking

o tr—

After the ground lines and topography have been pencil drawn ond checked, the following
items are inked :

¢ Ground lines

e Stationing

o Elevations of ground at centerline
® Mojor topography.

Mo other items on cross—-section sheets will be inked.

ROADWAY TEMPLATES

After a typical roadway section has been determined and atentative profile grade established,
roadway temrzlates are plotted on the cross sections.

Roadway templates are plotted in pencil. The plotted templates may require odjustment
several times, so the pencil lead should be soft enough to permit complete erasures.

Typical Sections

Standard typical sections are described with illustrations accomponying the geometric design
standards in Chapter One.

Only the grading templates {subgrades and side slopes) need plotling to complete the cross
sections. Surfacing 1s not shown. Unusual special excavation below the normal subgrade
should be plotied.

Shear Sections

Where applicable, shear sections will be inserted after the typical section. Examples for
use of shear sections are roodside porking oreas, climbing and acceleration lanes.
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A verlical closing line is shown on each relevant cross section to indicate earthwork
discontinvities, as between ramp and main=line sections. Shear seciions are used when the
roadway width changes from the typical section. The figure below illustrates where shear

seclions are drawn.

LAST REGULAR

CROSS SECTION ‘
]

l I

! ! ! 1
114925 114950 IBTOO 124050 124100
4 ]

r—
/f

BEGIN HERE WITH
SHEAR SECTIONS —SHEAR SECTIONS

The figure below, token from the above alignme.t, ilustrates o typical shear section.

6,10M RY,

e~

124050

680 M RT,

-4 26.85

lZl 050



Grade  Elevations

Profile grade elevations, representing finished grode, are read directly from the earthwork
computation sheets and entered on ti 2 cross-section sheets.

Profile grode elevctions are placed vertically above the profile grade points as shown in the
previous example.

Slopes

The basic policies and cniteria for slopes are presented in Chapter Two. Back slopes, inslopes
and median slopes are designed in accordance with these critena for existing terrain
conditions, cut depths and fill heights.

Intersections
Plot cross sections in the vicinity of intersectic~< or entrance roads according to the following
guidelines :
@ Show intersecting roads on all main-~line cross sections within the limits of the main-line
cross section,
® Where high fills are encountered at an intersection, draw cross sections along the
lines of the pipe culverts,
® Auxiliary cross sections of intersecting roods, where required, are drawn along
the normal ditch line or through the ends of radii, whichever provides the widest
section,
The following figure illustrates these guidelinas.

I
-

g

STA[10 4045 € A=
STA| 5 +007 € &

SHOULDER LINE

1
o
£ SHOULDERLINE
H X

L
mrcn_-]j
B
S
DITC

o
‘NAMNUNE
- s
Al Y
§ § |
{: LilL L3l L
| 7
CROSS SECTION
REGULAR lUXIIf.I ARY- REGULAR
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Ditch Widening

Widening of ditches to balance quantities or secure additional excavation should be in
accordance with the typical sechon being used. The figure below shows a commonly used
ditch-widening section :

¢ ey 1

Y NOMAL BACKSLOPE
\_
6.1 } -7 J/
' %501
OITCH
DITCH LINE WIDEN.NG N

gaylighting

The term daylighting refers to the practice of removing small berms, hills and other surface
irragularities which lie beyond the ditch line. Daylighting may be used to’ provide needed
fill material and to increase sight distance on curves. Do not use daylighting if guardrail must
be provided as a result — except for specifically designed turnout areas.

When dayhghting 1s used to gain excavation or to improve sight distance, the following
considerations should be taken into account :

o The need for a physical separation of runoff within the highway right-of-way and
adjacent private property.

e The consequences of removal of the earth barrier regarding noise pollution, off-
roadway glare, driver distraction, view from the road and from off the road, and
other cesthetic considerations.
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The figures below illustrate cross sections which may be used for daylighting.

NORMAL BACKSLOPE

-

. 3 e

PITCH LINE

Slopes in Urban Areas

Gradelines in urban areas should be designed so that the top of the curb is either level with
or preferobly slightly below the existing ground. It is desirable to leave a natural appearance
adjacent 1o the roadway.

When the natural ground is cbove or below the top of the curb, and a cut or o fill s
required, follow these criteria :

® Provide a minimum .5 meter bench or berm behind the curb, level with the top of
the curb and sloped 29, toword the roadway.

® When o sidewalk is installed, widen the bench or berm behind the curb to 2.5 meters
before beginning the cul slope or the fill slope.

® Use a 8:1 cut slope or fill slope to natural ground, except where a steeper slope
is necessary to stay within the right-of-way limits.



The bigures below illustrate these criterio:

&

MIN.

t \AN
Lo &S M _ (. 2:5M _;
MIN WlTH SIDEWALK

< :

WITHOUT SIDEWAL

Bridge End _Slopes

At grade separations, the backslopes of the road must be the same as the bridge end slopes.

Backslope transitions, if necessary, must be made to avord cutting into bridge end slopes. The
standard bridge end slope 1s 2: 1.

RD' Y
!
e
\_-—--’ o o= II
‘\—— ROAD DITCH
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Before plotting rocdway templates at grade separations, check the roadway typical sections
vath the bridge plans to see that they are the sume.

EARTHWORK

Procedures for computing earthwork are presented in Chapter Six. Guidelines for recording
earthwork data on cross-sechon shaets are presented below.

Earthwork data recorded on cross section sheets are (I) the areas of cut and fill, in square
meters, at each cross section and (2) the volumes of cut and unadjusted fill, in cubic meters,
between adjacent cross sections. This data is recorded in pencil, with cut quantihes on the
left and fill quantities on the ngh!. as shown on the next page. The column headings are
identified at the top of each sheet, using an imprint of u standard rubber stomp provided for
this purpose. The following illustration demonstrates the use of the rubber stamp and the
plocement of the areas and volumes.
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DRAINAGE
The basic policies and critena for drainage are presented in Chapter Seven. Guidelines for
showing drainage items on cross sections are presented below.

Drainage items are shown in pencil. Drainage details may be modified several himes, so the
pencil lead should be soft enough to permit erasures.

Culverts

Culverts must be fully described on cross~section sheets. Ea.h description includes o drawing
and a note. The details of the drawings and the contents of the notes are discussed and
tllustrated below.

Mainline Culverts Without Skews

Main-line culverts without skews are ¢ awn on the closest adjacent cross section ot the main line.
Each culvert drawing shows lines representing the top of the pipe, the flowline of the p'pe
and, where applicable, flared end-terminal sections

Mainline Culverts With Skews

Skewed main-line culverts are drawn on the closest adjacent cross sections of the main line.
Each culvert drawing shows lines representing the top of the pipe, the flowline of the pipe
und, where applicable, flared end-terminal sections.

Approach Pipes and Median Drains

Approach pipes and median drains are shown as circles on the closest adjacent main=line
cross sections.

Notes

Culvert drawings are supplemented with notes containing the following data, as appropriate :
¢ Location of culvert ot main-line centerline section.
o Description of pipe, including inside diameter.

e Amount of skew in degrees, measured right or lefi as shown below :

£ 9""

g %

t PROuECT7 SKEW LEFTAHEAD

SKEW RIGHT AHEAD


http:PROjF.CT

564200 .

NEWOSMYX 20M RCP
CLASS |

2FETS

12M COVER

25 C N ULV EXC

MAINLINE CULVERT WITHOUT SKEW

i - . —— — - o o—

L
!
|

314000
31+ 000

NEWOAMXICM RCP DRAIN
CLASS 2

2-FETS

O &M COVER

8 0CM CuLv EXC

APPROACH PIPE

ouTtLET

+033

FLie

38+030

13° SKEW ANGLE

38+ 030

NEW IOMX24M RC P
CLASS 1

SKEW iS° LT AHEAD
2 FETS

13 M COVER

18 OCM CUuLV EXC

MAINLINE CULVERT WITH SKEW

]
%

—_— N

—

= 4

MED
25 +150

NORTH BOUND

2% #1350

234150 (NOATH BOUND )

NEW OSM X 20M RC P DRAIN
CLARS |

LFETS RY

'~-NEW MEDIAN INLET COVER
TYPE |

1OM COVER

20 O CM CULV EXC

MEDIAN DRAIN
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o Description of end treatment

e Height of cover, measured from the top of the pipe to the top of the finished surface
e Cubic meters of culvert excavation

e Quantity of bedding materiai.

Drop lnlets and Storm Sewers

Drop inlets and storm sewers are shown on the nearest main-line cross sections. Draw drop
inlets fo the top-of-wall elevations and show the flowlines and the tops of pipes. Where storm
sewers run parallel to the main line, their locations and flowlines are shown on each main-line
cross section.

Drop inlets and storm sewers alsc are descnbed by o note, Each note indicates the station
location, full descriptions of the items required and the cubic meters of culvert excavation. A

typical note 1s shown below :
17 + 051
NEW 0.3m X 10m R.C.P. (CL.2)
I NEW DROP INLET LT.
15 C.M. CULV, EXC.
CONN. TO NEW M. H.

Drain Ditches
Inlet and outlet drain diliches are drawn on cross sections, and described by notes wherever
they are used. Each note indicates the siafion location, the cubic meters of additional
excavation, whether it is an inlet ditch or an outlet ditch and whether it is left or right of the
main line. A typical note is shown below:

25 + 025

25 C.M. ADD. EXC.

OVUTLET DT. LT.

Large Pipe Installations
A typical note for large culveris should be in the format shown below :
1250 + 000 .
NEW 5m X 50m (description of pipe here)
COVER = 3.0m
SKEW = 30° LT. AHEAD
ENDS SKEWED 20° WARP SLOPES TO FIT
145 C.M, BEDDING MATERIAL
175 C.M. CULVERT EXC.
6.0 C.M. CLASS D CONC. (cutoff walls)
61.4 C.M. TYPE B RANDOM RIPRAP (inlet and outlet)
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Curb and Gutter Sections

Curbs and gutters are drawn on cross sections only where they adjoint drop inlets.

MISCELLANEOUS

Several fypes of miscellaneous items are also shown on cross-section sheets. Guidelines for
showing some of the most common items are presenied betow.

Road Approaches

Road approaches are drawn on the closest adjacent cross sections of the main line and noted
in the manner shown below :

¢

———

50 + 010
100 C.M.ADDFILL
RD APP. LT,

1504000

Individual cross seclions of road approaches are not shown except in cases of unusual
special design.

Ditch Blocks

Ditch blocks are drawn on the nearest cross section of the main line and noted in the manner
shown below:

1524055 152 +050
25,0 C M, ADDFILL

DT. SLK LTO

¢
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Right-of-Way Limits

Right-of-way limits are shown on the first cross seclion of each shee! where these limits are
constant. In transhion areas the limitr are shown on each cross section.

R/WISM
-
R/WISM




CHAPTER SIX
EARTHWORK COMPUTATIONS

GENERAL CONSIDERATIONS

Earthwork computations are 1o be done using the methods and guidelines presented in
this chapter.

Earthwork computations invclve these basic steps :
o Computing cross-section areas of cut and fill
o Computing volumes of excavution and embankment

o Plotting mass diagrams and computing haul.

COMPUTATION  SHEETS

Record earthwork computations on computation sheets provided by the Director of Engineering.
A saomple computation sheet, properly completed, is shown on the next page.

The first five columns of the sheet (grades, vertical-curve data, grade elavations, stations and
distance between stations) are completed during the process of computing grades. The remaining
columns will be used for documenting cross-section oreas, with volumes between cross sections
and mass curve data used for plotting mass diagrams.

Prepare computation sheets for each 1000 meter~section of roadway. This will speed the
preparation of mass diagrams as explained later.
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EARTHWORK COMPUTATION SHEET
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COMPUTING CROSS-SECTION AREAS

Definition of Areas

The end areas to be computed are defined by the ground lines and the template lines, except
in fill areas where select borrow is used. Where special borrow is used, fill areas will be
computed to the bottom of the select borrow. See the example below .

GROUND LINE TEMPLATE LINE &

SUBGRADE

\\\\\\\\\\\\\\\\\\\\\\\ .

FILL AREA TO BE MEASURED

SECTION WITHOUT SELECT BORROW

GROUND LINE

TEMPLATE LINE &

SUBGRADE SPECIAL BORROW

G,

/////I/I/l o

CUT AREA TO BE MEASURED FILL AREA TO BE MEASURED

SECTION WITH SELECT BORROW
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Computation Method

Measure the end oreas in square meters, using either a planimeter or a mathematical method.
If o plamimeter s used, instruchons accompanying the instrument should be followed in
determining the proper scales to use.

The end areas for cuts and fills will be recorded below each cross sechon, as described in
Chopter Five.

COMPUTING VOLUMES

Computation Formula

Compute volumes of excavation and embankment using the average end-area formula as
shown below :

Where :
v = Volume, in cubic meters.
A, + A, = Sum of cut-or fill-end areas of adjacent sections, in square
meters.
D == Distance belween seclions, in meters,

Transfer the cuk and fill-area figures for each cross section from the cross-section sheet to the
computation sheet and record them 1n the irca column. The .lverage Area column shows
the average of the adjacent cross-section areas. Record the volumes in the Tolal column for
excavahion and in the .lclual column for embankment. If instructions have been given to
classify certain areas as rock excavation, record the cut volume in the Rock column.

Transfer the volumes of excavation and embankment from the Totol and Actual columns and
record belween cross sections, as discussed in Chapter Five.

Shrinluge and Swell Factors

Adjust the volumes of embankment recorded in the Actual column for shrinkage and swells
Record the adjusted volumes in the Emb. + column.
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Adjust volumes for shrinkage and swell as recommended by the District Engineer. In the absence
of recommendahons from the District Engineer, use the standard tables os presented below.

STANDARD SHRINKAGE TABLE

AVERAGE END SHRINKAGE
AREA M2 FACTOR
0-5 1.45
5-15 1.35
15-35 1.25
35.50 1.15

Over 50 1.10

The Standard Swell Table is used when rock quantities are involved. To obtain the Embh, +
volume, multiply the dclual embankment by the swell factor appropriate for estimated
percentage of rock.

STANDARD SWELL TABLE

ESTIMATED SWELL
PERCENT

ROCK FACTOR
010 1.00
11-25 0.95
26-50 0.90
51-75 ‘ 0.80
76.90 0.75
91.100 0.70

Mass Curve Data

Maoss Curve data are computed and recorded in the last three columns of the
computation sheet,

Where the excavation quantity exceeds the embankment quantity belween two cross sections,
the difference is recorded in the Cul -+ column. When the embankment exceeds the
excavation, the difference i1s recorded in the Fiull — column,

In the last column, record the accumulated difference batween cut and fill at each cross
sechon. An accumulated surplus of excavation s identified with the plus symbol: -+ . Where
there 1s insufficient accumulated excavation for the required fill, the mass curve valve s
identified with the minus symbol: — .

Computation sheets are prepared for each 1000~-meter section of roadway. At the beginning of
each section, record the mass in the last column os O (zero) and compute the mass accordingly.
This makes it easier to prepare mass diagrams as discussed in the next section.
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COMPUTING HAUL

Haul will be compuied for all projects. The steps involved in computing haul are:

e Plutling the mass
e Computing the balance points

e Compuhing haul under curve,

Plotting the Working Mass Diagram

Using cross-section paper, plot the accumulative mass at each station as shown in the last
column of the computation sheet. The hornizontal scale should be 100 meters per centimeter. A
vertical scale should be selected which adequately illustrates the changes in accumulative mass —
normally a scale belween about 5000 to 50,000 cubic meiers per centimeter. It space permits,
1000-meler segments of mass may be plotted on ome sheet. If a review of the mass diagram
indicates that more balanced earthwork is necessary, grade adjustments may be rade ut this
time. Any grade adjustments will affect the mass diagram already plotied. To avoid replotting
the entire mass diagram, the original mass diagram should be plotied in 1000-meter segments
per line, beginning each line with mass at 0 (zero) and the balance hne in its relalive position
with the mass. An example mass diagram 1s shown on the next page. The first |000-meter
sagment 1s ploHed using the mass data from the earthwork computation sheet shown at the
beginning of this chapter.

By ploiting mass diagrams in this manner, grade changes will require replotting of the mass
curve only on the sheet where the grade changes are made. Subsequent sheets can be revised
by simply adjusting the balance lines.

Mass diagrams used 4o compute haul usually require several sheets. These will not be included
in the contrac! plans. Instead, the contract plans will include an abbreviated one-sheet mass
diagram condensed from the oniginal. Guidelines for preparing mass diagrams for the contract
plans are presented in Chapler Fifteen.
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Computing Balance Points

Once ihe grades have been finalized and the earthwork has been bolanced, compute balance
points and earthwork quantihes for summarnization. It i1s not necessary to compute earthwork
quantities for each balance point. Several small balance points may be combined within
distances of approximately 300 meters. Where a balance point falls between the stations listed
on the computation sheet, compute the siationing using o straigh’ e relationship. For example,
the stahoning of the bolance point between stations 65! + _.J and 65! + 550 (see the
exomple computation sheet) i1s computed as follows »

~-1521
I
STA €51+500 STAE651+55%0
<20 m

Stationing of Balance Point = 651 + 500 Plus X meters

1521
X = 2250 x 50

X=33Im
Stationing of Balance Point = 651 + 500 + 33m = 651 4 533

Compute the stationing of each balance point to the nearest tenth of a meter on the computation
sheet and record to the nearest meter on the mass diagram,

When the balance points have been documented, calculate the excavation quontities and the
adjusted embankment quantifies keiween balance points. Check these calculations to see that:

e Excavahon equa's adjusted embankment between each pair of adjacent balance points.

e The sum of the total excavation and embankment quantities between balance points
equals the sum of the sheet totals for the entire pioject.

Record the excavation ond adjusted embankment quantities between balonce poinis on the
computation sheet and the mass diagram.



Computing Haul

Haul — to be computed in htlometer cubic melers =~ is represented by the areas between the
mass curve and the balance line. To compute haul, measure the areas between balance points
with a planimeter and convert the areas to kilometer cubic meters by using a formula based on

the plotting scales.

The following formula may be used:
Kilometer cubic meters per square centimeter= Stations per cm X Cubic meters per cm,

Record the haul between .alance points on the computation shee! and the mass diagram.

Borrow
When borrow is to be used from sources other than the roadway prism, the excavahon
and the haul are both charged to the section where the matenial 1s deposited.

Deadhaul must be computed separately from the borrow source to the highway ce.uterline and
combined with the haul for distributing the material.

When borrow 1s used, the balonce hine on the mass diagram should be adjusted downward at
the stationing where the haul road intersects the centerline. The amount of downward adjustment
should reflect the total amownt of borrow.

TYPICAL HAUL COMPUTATIONS FOR BORROW

UNCL ExC Cug ¢ b UNCLEXC ENBS+ UNCL EXC 37,800 Cm, €MD + NCLEXC ENp+
15440 Cm, 15,460 G, §260Cn ‘3500'1 SORROW 8,000 Cw, 48,500CwN, g..DOCN 4960
S0RAOW

2,000CM
HAUL €000 MM Cw MAUL 2,4B80KN-CH HaUL 38,000 uN-CM AL €800 kMeLM

m
saL ©

CEGIN PROJECT

sonnow r20cml

END ®"mOyECT

| 120cm? 10,000CN -9 E
- [ 4
| SORROW 2,000 CM
2.5 KHOMETERS
DEAD MAL TO
SORROW PIT
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CHAPTER SEVEN
DRAINAGE

GENERAL CONSIDERATIONS

The ultimate objechve of good highway drainage design i1s to prevent the accumulation and
retention of water on and adjacent to the highway. This can be accomplished by means of the
following :

I. Anticipation of the amount and frequency of storm and other surface water runoff.
2. ldentfication of natural areas of concentration of surface, ground and stream waters.
3. Evaluation of hydrological controls such as design discharge rates.

4. Provision for the most efficient disposal structures and facilities considering the initial
cost, type and importance of the highway, and maintenance costs.

‘Economic Considerations

iDuring the design of adequate highway drainege and systems of erosion control, the following
‘economic factors should be considered :

® The cost of construction and right-of-way.
Useful Iife and cost of replacement or extension.
Delays, interruptions and inconvenience to traffic due to flooding or roadway failures.
Injuries and hazards to persons and vehicles caused by flooding or roadway failures.
Damage to highway drainage facilities with resultant repair and maintenance costs.
Damage fc private and public property and utilities.
Pavement or subgrade faillure with resultant costs of repair.

The cost of repairing or replacing other public facilities or utlities due to contfumination
or flooding of public water supplies or sewerage systems and the resultant dangers to
public health.

RUNOFF ESTIMATES

lasic Policy and Considerations

he runoff estimate or design discharge depends upon many variobles. Some of the more
nportant are (I} duration and intensity of rainfall, (2) frequency of storms, (3) shepe, size,
lope and impervicusness of the drainage area, and (4) changes in runoff characteristics of the
rainage area due to changes in land use.

xperience and judgment are essential in making runoff estimates. Estimates may vary
onsiderably because present methods of eshmating are not exact and drainage areas often
ack reliable hydrological data.
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The Rational Method is used lo calculate the design discharge. The nomograph on page 7-7
which is based on the Rational Method is used for this purpose. The nomograph simplifies the
calculation by combining the factors of rainfall intensity, K factor, time of concentration and
droinage area.

An explanation of this method is given on this and the following pages.

Rational Method

The Rational Method for computation of design discharge is based on the formula, Q = KiA,

where
Q = runoff or design discharge, in cubic meters or cubic feet per second
= coefficient of runoff
i1 == ntensity of rainfall, 1n centimeters or inches per hour
A = drainage areg, in square kilometers or acres,

Coefficient of Runoff (K)

The coefficient of runoff, K, 1s expressed a a percentage to which the peak runoff is reduced
due to l1ansilory stoiage.

This volue depends primarily on the watershed wvegetation and soil porosily. The K factor
will drop 1n value as the density of the vegetation cover or the soil porosity or both increase.
This 1s because more waler 1s held back on the surface by the vegetation cover or soaks into
the ground due to the porosity of the soil.

Determination of K is arbitrary and should be selected with care. In these values will
generally range from 20 to 70 percent.

The following table will serve as a guide in determining K factors. K values for the same type
surface may vary at different times of the year under different conditions. For example, during
the rainy season K factors will approach 1007, since the ground will eveniuolly become
saturaled and rain, that in drier seasons would be absorbed, would now become runoff water.

Pavements (concrete or asphalt) 070 to 0.95
Gravel or Macadam pavements 0.35 to 0.70
Impervious soils 0.40 to 0.65
impervious soils, with turf? 0.30 to 0.55
Shghtly pervious soils ! 0.15 to 0.40
Pervious soils? 0.0! to 0.10
Wooded areas depending on surface slope and water 0.0l to 0.20
'Coefficients are for slopes from | to 2 percent. For greater slopes increase the
coefficient by 0.2 for every 2 percent of slope. The coefficient, however, cannot
exceed 1.0.

TABLE 7-|
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In urban oreas when several surface types are included within the drainage area, a weighted
average for K based on suiface area will be used ; for example,

Given : Total drainage area = 0.12 square kilometers

Made up of Pavement and rood surface 01 square kilometers

Dense residential area .05 square kilometers

Cultivated land clay .06 square kilometers

Find : Coefficient of Runoff for drainage area.
Solution : .0l X 080 — 0.07

12

05 | _

T2 X 060 = 0.25

_L"g % 035 = 018
Coefficient of Runoff (K) = 0.50

In rural areas where generally the drainage areas are much larger and the surface types
are more varied the above method may not prove satisfactory. The designer’s own decision on
K factor based on a through field investigation of the drainage area and his own judgement
will give better volues than the weighted average method,

DESIGN STORM FREQUENCIES

Design storm frequencies by drainage facility type and design location are given in the
. following table :

Culverts

Desian and Storm Roadway Bridges
Location Approach Sewers G (A Structure
<@ pp;:p:c Systems uiters over 6 meters)

National 50 yr. 50 yr. 50 yr. 50 yr.

Intraprovincial 50 yr. 50 yr. 50 yr. 50 yr.

Secondary 50 yr. 10 yr. 10 yr. 50 yr.

Local 25 yr. 10 yr. 10 yr. 50 yr.

TABLE 7-2




Occasionally a design storm frequency higher or lower than those in the table may be used
in unusual circumstances. If a lower frequency than those ftabulated is used, caution should
be exercised to see thal increased back water will not couse domage upstreom. Also

the increased chances of losing the structure or roadway or both should be carefully
consfdered.



RATIONAL MeTHOD NOMOGRAPH
CHART |
DEFINITION OF SYMBOLS AND
INSTRUCTION FOR USE

The symbols on the nomograph are defined as follows:

H =

The difference in elevation between the upper most point of the drainage area
and the culvert invert or stream bottom measured in meters or feet.

Length of stream or water course between the uppermost point of the drainage
area ond the culvert or bridge site measured in kilometers or miles.

Time of concentration which 1s the time necessary for precipitaton to reach the
structure site from the furthermost point in the drainage area.

Rainfall measured n centimeters or inches per hour that can be expectec at least
once In every |0 years for various areasq

Intensity of rainfall in centimeters or inches per hour for the hme of conceniration.

= Drainage area measured in square kilometers or acres.

K =
Q|o=

Discharge in cubic meters or cubic feet per second if all rainfall in the drainage
area reached the structure site disregarding the K factor.

Coefficient of runoff, expressed as a percentage.
10 year design discharge in cubic meters or cubi: feet per second.

To determine the design discharge, Q, values for H, L, G, A and K must first be found. Values
for H*, L and A are found using the surveyed topograophic data obtained in the field and

topographic

maps of the areaq,

Velues for G are obtained from the map of |Q-year storm design rainfall shown earlier
in this chapter. Values for K are obtained as discussed earlier in this chapter.

When these values are found, proceed as outhined below :

I. Connect with a straightedge, the elevation differenticl, H, and the length of water
course, L, and extend this line to intersect scale T.

2. Connect with a straightedge this time of concentration, T, and the 10-year storm
design rainfall, G, and extend this line to intersect scale |.

3. Connect with a straightedge this rainfall intensity, |, and the area, A, and extend this
line to intersect scale P.

4, Finally, connect with a straightedge this unmodified discharge, P, and the coefficient
of runoff, K, and extend the line to intersect scale Q.

5. The value obtained on the scale Q is the design discharge for a 10-year storm,

To modify this value to obtain other storm frequencies follow the procedure outlined earher in
the section entitted Rainfall Intensity.

* NOTE If the uppermost 157 length of the stream shows o marked increose in slope, such as 3 or more fimes
greater than the overall slope, the H should be reduced by approximately 1/2 of the elevation difference
belween the uppermost polint, and the point 1 5% of the stream length from the uppermost point.
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The following example illustrates the above procedures.

Problem :

A bridge site is 5 kilometers (3.1 miles) downstream and 120 meters (390 faet)
lower than the remotest point in the drainage area. Determine the 50-year design
discharge at the bridge site.

Solution :

I. The following information is first determined :

H = 120 meters (390 feet)

L = 50 kilometers (3.1 miles)

G = |0cm per hr,(4 inches per hour)
A = 6.0 square kilometers (1480 acres)
K = 40%

2. On the nomograph, begin by drawing o line from H= 120 meters through
L = 5.0 kilometers, intersecting T at 58 minutes.

3. Begin a second lne at T == 58 minutes, extending it through G = |0cm per hour,
intersecting | at 12.0cm per 60 minutes.

4. Begin a third line at | = 12 0cm per 60 minutes, extending it through A = 6.0 square
kilometers, intersecting P at 210 cubic meters per second.

5. Finally, begin a fourth line ot P = 21Q cubic meters per second, extending it through
K = 40 percent, intersecting Qg at 90 cubic meters per second.

6. Using the faclor of 1.50 obtained from table 7-3, Q;, equals 90 X 1.50 or 135 cubic
meters per second (4760 cubic feet per second).

The nomograph can be expanded to deal with watersheds larger than the limits shown.
For example, in the above problem if the area had been 15 square kilometers instead of
6 square kilometers, the value for P would have fallen off of the scale. This situation
is corrected by multiplying the A, P and Q scales by |0.

With the scales modified,a mew hne i1s drawn from the original turmng point on the
I scale through 1.5 square kilometers (now 15 square kilometers), intersecting the P scale
at 48 cubic meters per second (now 480).

A second line is drawn from P = 48 cubic meters per second (now 480) through K = 409@
intersecling Qo ot 20 cubic meters per second (ncw~ 200).
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CULVERT DESIGN

Nearly all drainage involves the use of some kind of pipe or box culvert. Culvert design
involves consideration of the following factors :

Culvert material ond s'ructural requirements
Culvert location

Culvert size

Multipla installation

End sections

Inlet structures

Outlet valocity

Culvert length and extension

Slope and alignment

Bedding and fill requirements,

7 0 9 6 ® 0 O 0

Culvert Material and Structural Requirements

The material used for culverts falls into several categories, listed in the table below. Reference
should be made to the Standard Specifications for information on the structural requirements
for type of pipe.

Material Code Material Type
g_T ACP Asbestos Cement Pipe
y Ei—— PVC Polyvinyl Chloride
al cp Vitrified Clay Pipe
g T RCP Reinforced Concrete Pipe
: NRCP Nonreinforced Concrete Pipe
:‘; y CMP/ACCMP Corrugated Metal Pipe and
< A-phal-Coated CMP
__l____ é ___ cip Cast-Iron Pipe
SPP/PA Structural Plate Pipe and Pipe Arches
l RCAP Reinforced Concrete Arch Pipe

-76 =



| Culvert Location

Culvert locations will be noted onthe premilinary survey; a design discharge may also be
ipecified. All fccation ond culvert data will be reviewed at the plan in-hand inspection.
Culvert Sizes

culverts will be selected according to both hydraulic and economic considerat.ons, using the
tharts and methods outhined on the following pages.

The following table shows the minimum sizes of culverts to be used.

Type of Structure Minimum Size
Cross Drain Pipe .60 m
Approach Road Drain Pipe 40 m
Box Culvert (Width X Height) 1.5mX1.25m

tlection of culvert size can easily be made by use of the culvert charts and the following
'ocedure.

Step 1: List design data,
o. Design discharge, Q, in cubic meters per second (cubic feet per second).

b. Allowable t'-g'v'-rm:lio, where HW is the vertical distonce from the culvert invert (flowe

hne) at the entrance to the watersurfaces elevation permissible in the headwater
pool or opproach channel, ond D is the diameter of round pipes, the rise of pipe
arches, or height of opening of box culverts.

-'%“—,should not exceed 0.9 for large structures (a structure having a span of 6 meters

(20 feet) or greater). Small culverts, in certain instances, may have an allowable

%V-Y of greater than one, even up to 2, 3 or possibly 4. It should be realized that

culverts having a H__DW__ greater than one will cause increased backwaoter and temporary

flooding conditions upsiream. The allowable headwater depth shouvild be 0.5 meter
(1.6 feet) or more lower than the subgrade at the shoulder.

c. Type of culvert and entrance type.

Step 2 : Using the appropriate chart and starting at the right side of the chart, infercept
the discharge, Q, ond determine the size of culvert needed.

JIE: The above material and the nomogrophs consider only those culverts which operate under inlet control,
(See note cccomparing the nomographs) As most culver! Installations will generally operote under Inlet
contrcl, outiet control will not be discussed hers, but there are many books on hydroulics of culveris
thot go info detoil in the complicated outlet control area if the designer wishes 1o pursue it, A monuol
on outlet control is avalloble In the DOE files.
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Telbot _Method

An alternate method of determining the cross—sectional area of o waterway opening is the
vse of the widsly known Talbot formula. The formula 1s: A = CWD3, where A = area
of waterway opening in square feet, D = drainage area in acres, ond C = a coefficient that
depends upon the slopes, shape and civaracter of the area to be drained. This is presented
in the form of a nomograph for ease of use.

It will serve os a check of other methods of determining water openings.

This formula is recommended primarily for structures requinng o waterway opening of up to
400 square feet. In addition,the formula is intended for a rainfall intensity of 10cm/hr (4 inches
per hour) for one hour or less. For locations having greater intensities than this, the required
opening moy be computed by multiplying the area of the drainage structure obtained from
the formula by the ratio:

rainfall intensity at the location
10cm (4")

The key fo the use of the formula is the judgment exercised by the Engineer in the choice
of a value for the coefficient C.

Fxample use of monograph:

Determine the size culvert required for a drainage area of 500 hectares.

On nomograph, line from C. of .4 (Low Hills) to the D line (drainage area) of 500 hectares
passes through the A line (opening size) at 80 square feet. These volues can then be converted
into hectares and square meters and placed on the computation sheet.
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Calculation Sheet
Computation sheet entitled Culvert/Bridge Openings should be used when designing all culvert
sizes and bridge openings. The following illusiration shows a completed computation sheet.
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Multiple Installations

The use of multiple barrel installations should be avoided whenever possible. While multple
barrel installations in theory will double or triple the instullations’ capacity, they also present
a flow restrichon to debris, which results in a parhial or complete blockage of the installaton.
When such an installation 1s nacessary to provide an adequate waterway, it will be identfied
by the stahon representing the center of the instollation.

End Sections

The need for culvert headwalls and other end sections should be based on the physical,
hydraulic, safety and aesthetic conditions prevailing at the site. Flared end-termina! sections
(F.E.T.S) should be used on the upstream end of rural culverts whenever feasible. The material
of the flared end—terminal section should match the pipe material. When using F.ET.S,
considerations should be given to using them on both ends of the culvert, especially if the water
crossing 1s subject to reverse flow at times. Headwalls should only be specified as a last
resort as they are a very senous troffic hazzard.

When headwalls are needed, they should be designed with wingwalls which are flared away
from the flowline of the pipe at an angle of between 30° and 75' degrees.

The use of headwalls or other protection such os np rap should be considered for the
following situations:

e twin and triple installations;
® culverts with slopes too steep for F.E.T.S. attachment;

® broken-back culverts where the possibility of slippage exists, for example drop
structures in backslopes.

Inlet Improvements

The basic reason for considering inlet improvement structures for culverts is increased flow
capacity. An inlet that provides a smooth transition from open channel flow to culvert flow
increases the flow capacity in two ways! (1) there is less head loss dve to turbulence
ot the entrance; (2) the contraction of the siream at the leading edge of the culvert is
decreased or even eliminated.

This improvement in made in basically iwo ways. When using concreie pipe, a wellsrounded
inlet or its equivolent as shown below should be used. When metal pipe is used, a flared end
Section is preferred. This end section will have the same effect as the well-rounded inlet used
for concrete pipes. The diagrams on the next page show where the turbulence and contraction
hre located cnd how a rounded inlet eliminated them.
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ROUNDED STEPPED OR BELL SQUARE EDGED

There is another important reason for improving inlets. The height of water on the upsiream
side ot a culvert required to produce o given discharge in a culvert flowing full is much less
than the height required to produce the same discharge in the same culvert flowing parfly full
due to a poorly designed inlet. This difference in height may be the difference between
flooding the adjacent property and a good design.

Outlet Velocity

The outlet velocities of all culverts and stream velocities when designing bridge abutments
should be checked for possible erosion problems. Each site must receive individual consideration
by the designer since there is no one velocity above which slope protection will always be
needed. Tolerable outiet and siream velocities can vary considerably. A bridge or culvert site
in a rocky defile may be able to withstand almost unlimited velocities, while at another site
velociies of 3 meters per second could endanger an embankment consisting of fine sand.

In cases where erosion would result the following alternatives should be considered:
o Increase the culvert size
» Design a broken-back structure
o Provide rip rap at the inlet or outlet
°

Design an improved inlet ond/or‘ouﬂei for the structure,

Culvert Lengths

Culvert lengths are computed direclly from the drainage cross section, which is d-awn along
the flowline. (See Chapter 5).

For method of measurement the designer should refer to the Standard Specification, Section
601: Culverts and Storm Drains.



Culvert Extension

Culverts to be extended should be in good condition, and shall be extended with like material,
if possible.

Concrete pipe culverts shall be extended using a concrefe collar or elbow to join old and
new sections. Corrugated metal pipe culveris shall be extended using o connecting band.
Vitrified clay or cast iron pipe may be extended by use of a concrete collar. Structural plate pipe
extensions will be considered on an individual basis. The Bridge Division will be contacted for
a recommendation before extending a box culvert.

Slopes and Alignment

Abrupt changes in slope or direction are undesirable with regard to maintenance aond pipe
durability under abrasive flow.

It is preferoble thet droinage pipes follow the natural slope of the ground to minimize pipe
excavation and allow for gravity drainage. The velocty of flow in o pipe, a minimum of
0.6 m/sec., shall be sufficient to prevent sedimentation of sludge ond hght mineral

matter,

CONDUIT LOADING AND STRENGTH REQUIREMENTS

Loads

After the culvert size has been determined using methods discussed earlier 1n this Chapter, the
class or strength must be specified. To do this, the backfill load which acts upon the conduit
must first be determined.

This section presents equations for calculating the backfill leads as presented in the AASHO
publication, Standard Specifications for Highway Bridges, 1973.

For a more detailed discussion on determining backfill loads the designeg should consult the
above menhoned publication, a text on culver! design, or a concrete pipe handbook. When
specifying metal pipes, the manufacturer’s technical manuals should be consulted.
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Underground conduits are classified as follows :

UNDERGROUND CONDUITS

TRENCH CONDUITS UNTRENCHED CONDUITS
Yielding Unyielding Yielding Unyielding
Foundations Foundations Foundations Foundations

Earth pressures or loads on culveris may be computed ordinarily as the weight of earth directly
above the structure. For box culverts and culverts with cast-in-place inverts or foolings, the
wuight of the earth may be taken at 70 percent of its actual weight. For flexible and rigid
pipes, not caskin-place, the weight of the earth may be taken at 83 percent of s actual
weight.

The following are recommended formulas for the above conditions.

(1) Culverts in trench on yielding and unyielding subgrade, or culverts unirenched on yielding
subgrade:

P =WH

(2) Culverts untrenched on unyielding foundation (such as rock or piles):
P =W (9.37H-4.258) for H > 1.7B.
P = 12.64 BW (e*-l) for H < .78,

Where k = 9_3_855_H

P == the unit pressure in kilograms per square meter due to earth backfill.

B = width in meters of trench, or in case there is no trench, the overall width
of the culvert,

H == depth in meters of fill over culvert,

W = effeclive weight per cubic meter of fill material, which may be taken as 70
percent, or 83 percent, of actual weight in accordance with cbove stated
provisions.

e == 27182818 = base of natural logarithms, abstract number,
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For design purposes, a culvert will be considered to be in an untrenched condition if the width
of the trench is greater than 3 times the outside diameter of the conduit.

Live Loads

When the depth of fill is 06 meters (2 feet) or more, concentrated loads shali be considered
as uniformly distributed over a square, the sides of which are equal o | 3/4 times the depth
of fill.

The shear produced by such loads shall be colculated as provided for dead loads.

When such areas from several concentrations overlap, the total load shall be considered as
uniformly distributed over the area defined by the outside limits of the individual areas, but
the total width of distribution shall not exceed the total width of the supporting slab. For
single spans, the effect of live load moy be neglected when the depth of fill is more than 2.5
meters (8 feet) and exceeds the span length ; for multiple spons it may be negleclied when the
depth of fill exceeds the disiance between faces of end supports or abutments. When the
depth of fill is less than 0.6 meter (2 feet) the wheel load shall be distnibuted as in slabs
with concenirated loads.

Structural Requirements

The minimum structural requirements which must be met by all types of drainoge pipes ore
found in the Standard Specifications. Tables and other informahen regarding allowable fill
heights over each class of a particular type of conduil can be found in the pipe manufacturer’s
literature.

Structural and fill requirements for conduits crossing a railroad may differ frcm the normal
situation. Coordination with the railroad authorities in such cases will be hondled by the Railroad
Ligison Engineer who shall be supplied with prints and other data on the proposed design
for presentation to the railroad.

|Bedding Requiremeits

The load that a pipe will support depends in part on the width of the bedding contact area and
the quality of the contact between the pipe and bedding. To develop the full load-bearing
‘capacity of a pipe, a segment of the bottom of the pipe equal to or greater thon one-fourth of
the outside diameter (B) musi be firmly supported. Bell holes must be carefully excavaled ot
lproper intervals to ensure that no part of the load s supporied solely by the bells.

|
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To ensure positive contact between the bedding and the pipe surface, careful selection of
bedding materials must be made.

Bedding materials larger than 30 millimeters may cause siress concentrations. A blend of materials
consisting of sand or sandy soil, all of which passes the 9.5mm sieve and not more than 10 percent
possing a No, 0.075mm sieve,is preferred.

The depth of the bedd:ng should be one-fourth the ouiside diometer of the pipe but not less
than 15 centimeters. For rock or other inconipressible materials, the trench should be undercut
a minimum of |5 centimeters.

Pipe bedding should normally be continuous between manhcles or in the case of a roadway
cross section, continuous throughout the fill. In addition, the same class of conduit should be
maintained throughout the installation. The three classes of bedding for both circular and arch
culverts are shown on the next page for trench and embankment bedding. Normally, the
installahion will be Class B, shaped subgrade ; however, in cases where heavy loading is
anticipated, such as at railroad cro:sings or in high fills, two solutions aie open:

o Increase the supporting strength of the conduit by specifying o higher class for the
conduvit.

® Incrinase the support capacity by using Class A.

lu situations where the bearing capacity of the soil is very low and heavy loading is anticipated,
the use of tram piles should be considered. These tram piles would be used with Class A bedding.



TRENCH BEDDINGS

CLASS A

B, * 20cmmm

30cm mtm—-] ‘

DENSELY i
COMPACTED e
BACKFILL b PLAIN OR REINFORCED

CONCRETE 2009
PS1 MINIMUM

N .‘::,:YJLg '

CONCRE'E CRADLE

CLASS B

p—30cm min.

DENSELY N
COMPACTED
BACKFiILL
COMPACTED
GRANULAR
1Scmmin, %77 MATERIAL

GRANULAR FOUNDATION

CLASS C

(/78 M 15¢cm min,

COMPACTED
GRANULAR
MATERIAL OR
DENSELY
COMPACTED
SACKFILL

GRANULAR FOUNDATION
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UNTRENCHED BEDDINGS

CLASS A

B¢ ¢ 20¢cm min,

T

Olinside dlemeter )

CONCRETE CRADLE

CLASS B

1.28 B min,

COMPACTED
GRANULAR
MATERIAL

GRANULAR FOUNDATION

CLASS C
123 B, min,

OMPACTED

Dt : GRANUL AR
MATERIAL OR
GRANULAR DENSELY
FOUNDATION COMPACTED
BACKFILL
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STRUCTURE EXCAVATION MEASUREMENT

Quantities of required siructural excavation shall be computed for conduit and major and minor
structures in accordance with Section 205, Subsurface Structure E.rcrwation, ond Section 50|,
Structure Excavalion of ihe Standard Specifications.

OPEN-CHANNEL FLOW

At times it may be judged more economical to reroute o small siream or river channel rather
than build a structure to allow the water to pass under the road. This rerouting is called a
channel change. Channel changes should be considered as a last=-resort method of drainage
control. Channel changes will normally require maintenance for o number of years ofter
construction in order to keep its cross section constant. There is olso a constant probiem of
channel erosior, particularly where the channel and streambed join. To design an extensive
channel change requires a knowledge of the hydraulics of open-channel flow and sound
engineering judgment. The discussion of hydraulicsin this manual does not provide the knowledge
of open-chonnel flow needed for the more difficult design problems; nevertheless, o brief
review of some of the hydraulic principles governing open—channel flow shouid be helpful to
the designer.

Flow in open channels is classified as steady or unsteady. Unsteady flow results from
vanations in the supply and will not be covered in this manual. Although the flow in
most channels during the storm period is an excellent example of unsteady flow, we are
usually interested in designing a channel to carry a peak flow that recurs with a selected
frequency. Considering the peak flow as steady flow greatly simplifies the design of
drainage channels.

Steady flow occurs when the quantity of water passing any sechon of the siream is constant.
Steady flow is further classified as uniform if velocity and depth of flow ore constant,
and nonuniform or varied if velocity and depth of flow change from section to section.

To have uniform flow, the grade must be constant and all cross sections of flow must be
idantical in form, roughness and ares. necessitating a constant mean velocity. Under uniform
flow conditions, the depth and the mean velocity for a pariiculor discharge are said to be
normal. Under these conditions, the water surfar is parallel to the streambed. Normai
depth is also defined as the depth at which uniform flow will occur when a given quantity
of water flows through a long channei of umiform dimensions, roughness (n) and slope.

Uniform flow conditions ore rarely ottained in drainoge channels, but the error in assuming
uniform flow in a channel of fairly constant slope and cross section is small in zomparison fto
the error in determining the design discharge if the channel cross section, roughness and
slope are fairly constant over o sufficient distance to establish essentially uniform flow;
equations such as that of Manning give reliable results.
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The Menning Equation

Water flows in o sloping drainage channel because of the force of gravity. The flow s
resisted by the fric'ion beiween the water and the wetted surface of the channel. The guantity
of water flowing (Q), the depth of flow (d), and the velocity of flow {V) depend upon the
channel shape, roughness and siope (S).

V o 149 R23 §i2 (1)
n

Where
V = mean velocity in feet per second (f.p.s.).
n = Manning coefficient of channel roughness.
R == hydraulic radivs, in feet.
S == slope, in fee! per foot. When the Manning equation applies, § = 8,.
Some n values for various types of channels are given on page 99.

R, the hydraulic radius, is a shape factor that depends only upon the channel dimensions and
the depth of the flow. It is computed by the equation.

A

Whers

A = cross-seclional area of the flowing water in square fee! taken at right angles to
the direction of flow.

WP 2= wetled perimeter or the length, in feet, of the wetted contuct belween o strecm of
waler and its containing channel, measured in a plane at right angles to the
direction of flow.

Another basic equation in hydraulics is:
Q = AV (3)

or discharge (Q) is the product of the cross-sectional areo (A) and the mean velocily (V),

By combining equations (I} and (3), the Manning equation can be used fo compute discharge
directly or

Q= L2 arrsn
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When o channel cross section is irregular in shape, such as one with o relatively narrow, desp
main chonnel and o wide shallow overbank channel, the cross seciion must be subaivided ond
the flow computed separalely for the main channel and icr the overbank chonnel. The sams
procedure is used when different parts of the cross section hove different roughness
coefficients. In computing the hydraulic radius of the subsections, the woter depth common
to two adjacent subsections is not counted as wetted perimeter.

The slopes of the proposed channel change and streambed must maich to prevent degradation
of the sireambed. Where the new channel 1s much shorter than the old channel, matching both
the existing slope and sireambad elevations at both ends at the same time may prove to be
impossible. In cases such as this consideration should be given to incorporaling a drop structure
into the design. An alternate to the drop structure is {o steepen a middle segment of ihe
new channel and line it with rip rap.
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ROUGHNESS COEFFICIENTS FOR USE IN MANNING EQUATION

. Closed condults : M‘:m’;g n
A. Concrete pipe 0.011-0.013

Corrugated metal pipe or
pipe arch :
I. 22/, by {/,-in. corrugation
(nveted pipe)
a Plain or fully coated
b. Paved invert (range
values are for 25 and
50 percent of circum
ference paved):
(1) Flow full depth 0.021-0018
(2) Flow 0.8 depth 0021-0016
(3) Flow 0.6 depth 0.019-0013

0.024

2. 3 by I|-in. corrugation 0.027
3. 6 by 2-in. corrugation
(field bolted) 0.032
C. Vitrified clay pipe 0012-6.014
D. Cast-iron pipe, uncoated 0013
E. Steel pipe 0.009-0.01
F. Brick 0.0i4-00:7
G. Monolithic concrete:
I. Wood forms, rough 0.015-0017
2. Wood forms, smooth 00!2-0014
3. Steel forms 0.012-0013
H. Cemented rubble masonry walls:
I. Concrete floor and top  0.017-0022
2. Natural floor 0.019-0.025
l. Lominoted freated wood  G.015-0.017
J. Vitrified clay liner plates 0015
I. Lined open channels :
A. Concrete, with surfaces asindicated
I. Formed, no finish 0.013-0.017
2. Trowel finish 0012-0014
3. Float finish 0.013-0.015
4. Float finish, some gravel
on bottom 0.015-0.017
5 Gunite, good section 0,016-0.019
6. Gunite, wavy sechon  0.018-0.022
B. Concrete bottom float finished,
sides os indicated :
|I. Cressed sicne in mortar 0.015.0017
2. Random sicne in mortar 0017-0.020
3. Cement rublhle masonry 0.020-0.025
4. Cement rubble masonry,
lastered 0.016-0.02¢
5. Dry rubble (rip rap) 0.020.0.030
C. Gravel bottorr, sides asindicated :

|. Formed concrete 0017-0.020
2. Random stona in moriar 0020-0.023
3. Dry rubble (riprap)  0.023-0.033

MANNING n
RANGE
D. Brick 0.014-0.017
E. Aspholt :
1. Smooth 0013
2. Rough 0.016
F. Wood, planed, clean 0.011-0013

G. Coricrete-lined excavated rock .
! Good section 0.017-0.020
2. Irregular section 0.022-0.027

Il Unlined open channels:

A. Earth, uniform section :
|. Clean, recently completed 0.01&-0 018
2. Clean, after weathering 0.018-0.020

3 With short grass, few
weeds 0.022.0 027

4. in gravely, soil, uniform
seciion, clean 0.022-0 025

B. Eartt, fairly uniform section?
I No vagetation 0.922-0 025
2 Gross, some weeds 0.025.0 G30

3. Dense weeds or aqualic
plants in deep channels 0030-0.035
4. Sides, clean,gravelbortom 0,025 0 030
5. Sides, clean,cobblebottom 0.030 0 040
C. Dragline excavated or dredged :
| No vegectation 0.028-0 032

2. Light brush on boanks 04033-0.050
D. Rocky
I. Based on design sectinn 0 035

2, Based on actual meon yection
a Smooth and uniform  (G,035-0,040
b. Jagged and irregular 0.040-0,045
E. Chonnels not maintained,
weeds ond brush uncut
I. Dense weeds, high as

flow depth anNg-0,12
2. Clean bottom, brush on
sides 0.05-0.08

3. Clean bottom brush on
sides, highest stage of flow O07-0.1 |
4. Dense brush, high stoge Q,10-0.14

IV. Street and expressway gutters:

A Concrete gutter, troweled finish 0.012
B. Asphalt pavement:

I. Smooth texture 0.013

2. Kough texture 0.016
C. Concrete gutter with asphalts

povement :

I. Smooth 0.013

2. Rough 0.015
D. Concrete pavement :

I. Floaot finish 0.014

2. Broom finish 0.016
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E. For gutters with small slope,
where  sediment may
accumulate, increase all
above values of n by

V. Highway channels and swales

with maintained vegetation:

(volues shown are for velocities
of 2 and 6 f.p.s.):
A. Depth of flow up to 07 foot :
|. Bermuda grass, Kentucky
biuegrass, buffalo grass &
a. Mowed to 2 inches

0.0
b. Length 4 to 6 inches 0.0

2. Good stand, any grass:
a. Length about 12 inches

0.18
b. Length about 24inches 0.30-0.

3. Fair stand, any grass:
a. Length about 12inches

0.14
b. Length about 24 inches 0.25-0.

B. Depth of flow 0.7-1.5 feet
. Bermuda grass, Kentucky
bluegrass, buffalo gross :

0. Mowed to 2 inches J.05-0.035

0.002

0
b. Length 4 10 6 inches 0.06-0.

2. Good stand, any grass®

04

a. Lengthabout 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 0.1C-0.06
b. Length about 24 inches 0.17-0.09

VI. Natural stream channels:

A Minor stireams (surface width
at flood stage less than 100 ft) :
I, Fairly regulor section :
a. Some grass and weeds,

litile or no brush 0.030-0.035

b. Dense growth of
weeds, depth of flow
materially  greater

than weed height 0.035-0.05

c. Some weeds, hght

brush cn bunks 0.04-0,05

d. Some weeds, heav

brush on banks 4 0.05-0.07

e. Some weeds, dense

willows on banks 0.04-0.08

f. For trees within
channel, with branches
submerged ot high
siage, increase all

obove values by 0.01.0.10

2, Irregular sections, with
pools, slight channel
meander ; increase volues
in | a-e about 0.01-0.02
3. Mountain streams, no
vegelation in channel,
banks usually sieep, trees
and brush along banks
submerged at high stage:
a. Bottom of gravel, cob-
bles, and few boulders 0.04-0.05
b. Bottom of cobbles,
with large boulders 0.05-0,07
Flood plains (adjacent to
natural sireams) :
. Pasture, no brush:

.

o. Short grass 0030-0.035

b. High grass 0.035-0.05
2. Cultivated areas.

a. No crop 0.03-0.04

b. Mature row crops  0.035-0.045
c. Mature field crops 0.04-0.05
3. Heavy weeds, scaitered

brush 0.05-0.07
4. light brush and ftrees:

a. Winter 0.05-0.06

b Summer 0.06-0.08
5. Medium to dense brush

a. Winter 0.07-0.1 |

b. Summer 0.10-0.16

6. Dense willows, summer,

not bent over by current 0.15-0.20
7. Cleared land with tree

stumps, 100-150 peracre:

a. No sprouts 0.04-0.05
b. With heavy growth
of sprouts 0.06-0.08

8. Heavy stand of timber,
a few down f{rees, hittle
undergrowth :

a. Flood depth below

branches 0.10-0.12
b. Flood depth reaches
brarches 0.12-0.16

C. Maijor streams (surface width
ot flood slage more than
100 f1.): Roughness coeffi-
cient 1s usually less than for
minor streams of sirular
description on accountof less
effective resistance offersd
by irregular banks or
vegelation on banks. The
value of nfor larger sireams
o' most regular sections,
winh no boulders or brush,
may be in the runge of from 0.028-0.033
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Open Channel Flow Calculstion Shest

A computation sheet covering open—channel flow has been prepared for the convenience of the
designer. The following illustration shows a properly completed computation sheet

BKETCH
HYDROLGGIC TNFORMATION ‘,”.,,,,,;5:;,.;?’,,, yr7dareome
/¢ 5 ———eaetpnl
OPEN CHANNEL FLOW » 1EM TEST w3 -
[ tBM TECT I iy
PROJEL | 2. (V3) 2804 O A
CHANNEL LOCATION 2242 2
DESIGNCH M VY 7 —
DATE 9. 574
CHLCKED BY.__ Ve &. E’" e
GM JESTS L~y
7M™ TESTdS
A R ] Q v
fe " /1 n 11%/sec /8¢ REMARKS
183, 38 3,23 0,003 o,09 oL0 &0 POTTOM S5 M TOO SMALL
169.47 3,34 0,003 0,08 1933 Y BOTIOMGM 700 SmAaLL
185,61 3,43 0,003 o, 155 Ge2 BorTomM # M or
CALCULATIONS
TESr g/ TEST W2 TEST 43

WPe 5Me 2V 15148514, 49Mf1.53PT (WP (16,49 +1)32005091 FT  |W=(16.40+2) 3.28 = 54 F7

AaSel8n|S : 1¢.25M" ;153 BPT? A = (16,25¢/8) 1076 uaa,orr* Anl i€ .513) /77 195, @i 7Y

A /53,35 182, 47 185, &/ 4 44
R b <7, 3.25 ke ZEau Ot R: Tiom -t

KeAVs [58,3346 = 9wFr'/:Jm./.> @ 1GO,47n & 1210 33FT2/56CoNI| A= 185, @l ¢ &7 = II SOFTY a6coND

IMz320¢ 1M3=J331 013
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CHAPTER EIGHT
HIGHWAY INTERSECTIONS

General Consideration

All highway intersections fall into one of the following three classes:
e At-grade intersections
o Grade separations

e Interchanges

The design criteria for at-grade intersections are presented in this Chapter. For more information
on oll three classes, the AASHO Manuals entitled A Policy on Geometric Design of Rural
Highways, 1965, and A Policy on Design of Urban Highwuays and Arterial Streels, 1973 should
be consulted. These books are located in the Director of Engineering’s files.

Design_Factors
Although several infersections, especially those which are close together in urban projects,
may have factors in common, the design of each intersection in genercl is treated as an
individual problem. Some of the factors which determine the design of an intersection cre
shown below, grouped into four main categories :
® Human

+ driving habits

4+ decision and reaction times

+ effects of surprise

o Traffic

4 intersection capacities
furning movements
size and operating characteristics of vehicles
control of vehicle movements within the intersection
vehicle speeds
pedestrian movemenis

accident history and experience

+ + 4+ 4+ + + +

vnusual traffic volumes due tc seasonal, social or recreational facilities
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e Physical
+ topography
+ geometric design criteria
+ highway improvements and associated requirements
+ physical requirements of channelization, if any

e Economic
+ cost of improvement
+ right-of-way costs and availability
+ effect on adjacent businesses or properties.

General Typ:s of At-Grade Intersections

INustrated on the next page are the most commonly used three, four and muliileg intersections.
Most intersection designs will be based on one of these general types. For more illustrations of
at-grade intarsections the designer should refer 1o one of the AASHO manuals in the

Director of Engineering’s files.




LN A

UNCHANNCLIZED T FLARED T T WITH TURNING ROADWAY'3
AL,
UNCH‘NNEUZEDY Y WITH TURNING ROADWAYS

3- LEG INTERSECYIONS

L JU
; — VAN
UNCHANNELIZED FLARED CHANNELIZED

4-LEG INTERSECTIONS

MULTILEG INTERSECTION ROTARY INTERSECTION

GENERAL TYPES OF AT -GRADE INTERSECTIONS
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Stopping Sight Distance

Minimum stopping sight distances as stated in Chapter One ore provided on each leg of an
intersection consistent with its design speed. An extension to the table of stopping sight
distances, for low speeds, is shown in table 8-1. Desirable stopping sight distances should be
provided wherever possible.

STOPPING SIGHT DISTANCE FOR TURNING ROADWAYS

Design Spued, KPH 20 30 40 50

Stopping Minimum 15 30 45 &0

Sight

Cistance, m, | Desirable 15 30 45 60
Table 8-1

In addition to observing the requirements for minimum stopping sight distance, the designer
should be sure that sigring and other siructures at or near the intersection will not obstruct the
drivels view of approaching vehicles.

The location of each intersection and approach should be reviewed 4o be sure that sight
resirictions do not create a hazardous situation. Where possible, the locatien should be adjusted
to avoid sharp blind curves and deep=cut or fill sections.

Approaches should not be hidden behind crest verti:al curves, nor located off high fills,
especially where the existing ground falls away from the through highway. If an approach
to a high fill 1s unaveidable, a 5-meter minimum platform on the same slope as the shoulder
will be provided. Intersections occurring on horizontal or crest vertical curves are undesirable
with respect to operation as well as sight distance. When selecting an intersection location,
avoid horizontal and vertical curiatures wherever possible; for major intersections, a grade
change or even o grade separafion may be warranted.

Curve Geometrics

The determination of turning radii should be based on the figures on the following pages, which
show the {urning circle templates of four standard design vehicles * passenger car (P), single-
unit truck (SU), bus and semitrailer combination (WB-50).
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Compound Curves

For most right-angled intersections, a single circular arc joining the tangent edges of pavement
is odequate design. However, the use of such an arc os the inside pavement edge in
oblique-angled turns moy lead to an unduly large paved area and can create dirficulties
regardi-i; sign placement. In such cases, a three-centered compound curve may be usad. The
table at the right gives simple and compound edge-of-pavement curve data for various angles
of turn and design vehicles. The designer should refer to the figure and formulae on the
next page, showing computation procedures for three-centered curves.

It should be noted that a replacement of the lorge-radius arcs of a thres-centered curve by
straight-line topers 15 to 30 meters long will produce almost the same effect as the compound
curve. This alternative is recommended except when right-of-way and space limitafions are
so severe as fo necessitate a three-centered curve.



MINIMUM EDGE OF PAVEMENT DESIGNS FOR TURNS AT INTERSECTIONS

. 3-Centered Compound 3-Centered Compeund
De«gn A":fh sé::'r':': Curve Symmetric Curve Asymnoﬁ:ic
Turn Radius -

Vehicle Offset ; Offse!

(degrees) (meter) Radi (meter) (meter) Radii (meter) (meter)
P 20 - - -
W8-50 ’ 8 —~ _ Z -
WEB- - —_ —
SuU 4 25 — - - -
WB-50 50 60-30-60 1.0 -
P 60 10 —_ - —
SU 20 - —_ -
w8-50 - 60-25-60 20 60-25-80 0.6-1.8

.
P 75 0 30-10-30 0.6 — [
Su 15 35-15-350 0.6 - —_
wW8.-50 - 45-15-45 1.8 45-15-70 0.4-3.0
p 90 10 30-10-30 0.8 -- -
SU 15 35-10-35 0.6 - -
wB-50 - 60-20-60 1.8 35-12-60 0.6.3.0
=ﬁ 4'
P 165 - 30-5-30 8 - -
SU —_ 30-10-30 1.0 — ! -
WB-50 - 60-15-60 24 45-40-65 0.6-3.0
P I - 30-5-30 6 — -
SU 20 — 30-10-30 1.0 - —
We-50 — 60-12-60 2.6 45-10-70 0.6-3.6
P 135 ~ 30-5-30 0.5 — —
SuU - 30-10-30 1.2 — -
WB-50 - 50-10-50 2.7 40-10-55 1,0-4.3
P 150 - 25-5-25 0.6 — -
SU - 30-10-30 .2 — -
WB-50 - 50-10-50 21 35-10-60 1.0-4.3
P 180 - 15-5-15 0.2 - -
Su U-T - 30-10-30 5 — -
WB-50 -urn - 40-10-40 2.9 30-10-60 1.8-40
Table 8-2
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Step ¢ The following quantities will be known, or can bs selecten, by the designer:
e angle of turn (deflection angle) A (degrees)
o radii R, R; and R, (feel)
o offsets p and q (feet).

Step 2:Compute the intermediate deflection angles from ;

cos A, = -I-K—-‘!._-)-R —‘{-R:-{;p cos Ay = Ry E(EBR':' a)

and Ay = A — (A + Ay)

Step 3t Compute the tangent lengths from the point of intersestion to the beginning (8) and
end (E) of the compound curve, from :

A
Tg = P_.,T_‘!c":mA + + Rjtan 3 + (Ry —Ry) sin A,

A
Te— BIAD 4 Ritan 5 + (Ry—R) sin 4,

When A = 90° (a commonly encountered case) :

Te= q + R; + (R, — Ry sin A,

TE= p + R; + (R; — Ry) sin A,
The formulae above are for an asymmetric three-centered curve.
For asymmetnc curve,

Ry= Ry and p=q

1 R —(R2+p)
R{—Rg

So A = ;= cos
andA3=A —'2A‘

A
and T8 = Te = g_(l_:r-‘cfxs_A_) + R, tan 3 + (Ry — Ry) sin A
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Skowed _Intersecticrs

Skewed iniersecticnz on major highways should be avoided where possible by means of
relocations similar {o those shown below :

~o ORIGINAL

~ -
RELOCATFO R ( INTEASECTING ROAD
\\\ ~

INTERSECTING RGAD
- s -
41. =
- - HIGH WAY » .
L
LR
RELOCAYE 20‘ P - s s
INTERSECTING ROAD
- ',(’ ORIGINAL
#2777 \CINTERSECTING ROAD
- HIGHWAY - -
]

FOUR-LEG

RELOCATION OF SKEWED INTERSECTIONS

Intersection angles should be skewed no more than 30° from a right angle approach.
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Rural Intersections

Approachas are designed for all intersections with public roads. Such roads normally caorry
enough traffic to make the design geometrics significant. Short relocations are often desirab:ie.
Troffic turning lanes and chcnnelizahon may also be warranted. The figure balow shows o
typical rural intersection.

- - ¢ HIGHWAY - . —
EOGE OF PAVEMENT LA EDGE OF PAVEMENT
INTERSCCTING

ROAD

ISM |RADIUS RADIUS
SMOULDER | TAPERS
/ YO MATCH EJISTING

WIBTH
vARiES

1
nes ||
.

|

|

90°
\

foe

- e nERE ¢ G am—

-113 -



Urhsn Streets

There is little new location in urban creas; due to this fact, the design of urban otgrade
interzactions must be coordinated with and tied to the geometrics of the existing system. Gradas,
widths and return radii will therefoie be rraiched with those olready present, using drowings
with a horizontal scale of | cm to 2 meters cnd vertical scale of lcm to 0 2 msters.

Dimensions for paved urban intersection: with minor losal streets ore shown in the
figure below:

6.OM
MINIMUM WIOTN
BACK TOBACK
OF CURDS

L SM MINIMUM NADIUS

£ OF MAJOR HIOHWAY -

Urban intersections involving major streets of arterial highways usually will incorporate some
foom of channelization. The discussion which follows ond the accompanying figure illusirate
ths design controls and criteria applicable to chconnelized intersections.

Channelization

The object of channelization is 1o separate or regulate corflicting traffic movements into definite
paths of travel by the use of traffic islands, pavement markings or other svilable means to
facilitate the safe, orderly movements of both vehicles and pedesinans.
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A troffic anolysis generally is performed to establish the iype of channelization by identifying
the relative importance of conflicting movements. Giving preference to mojor movementsis o
gocd practice «= this may require conirol or even elimination of minor movements such as
stopping or parking. Close liaison should be maintained with the Traffic Enginesr before, during
and after the preliminary design phase.

It is essential that judgment be exercised during design so as not to intreduce the following s
® driver confusion
® excessive resirictions
® unsafe conditions.

Complex intersections which present many choices 1o the driver are undesirable. Simplicity,
both of movement ana signalized or implicit instruction, is a desirable goal Howaever, designs
which reduce or eliminate too many movementi can be unnecessarily punitive.

Determination of the lengths of left-turn and storage lanes should be made using the procedure
on page B4,

MIDIAN WIDTH
— RaDI'S § 00 UM VTN L. MUN

NLEFT-Y AREAS
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Left-Turn Lanes

The length of = !sfidurn lane should be designed in such a maner that the number of vehicles
desiring to maka « leftturn during any interval will exceed the left-turn lane capacity only 5
percent of the !imz. The following procedure, based on a probability (Poisson) distribution
method, will be use i for determining the length (L) of a left-turn lane. A minimum lane langth
of 30 meters wil! be used, regardiess of calculated results.

Step | &
Calculate m, the average number of vehicles per interval, from

_bxl

™ = 3600
Where :

D = design hourly volume of vehiclas mcking the lefi turn

I (interval)] = 60 seconds in rural areas

= 90 seconds in urban and suburban areas.
(Other values may be used, dependent on signalizationphase periods.)

Step 2 :

Enter table 8.3 with the calculated value of m and read off the corresponding value of x, the
probable maximum number of vehicles appearing the given interval. Appropriate values of x have
been obtained from a Poisson distribution,so that the probability of x being exceeded is 0.05, or
5 percent.

Step 3:
Allowing a distance of 5 meters for each stared vehicle, muitiply x by 5 to obtain L, the
required left-turn lane length, in meters.
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TABLE — LEFT-TURN LANE LENGTH

AVERAGE NUMBER 959, PROBABLE LENGTH OF
OF VEHICLES oF VEHICIES Domek. | LEFT.TURN LANE
PER INTERVAL THE SAME INTERVAL
m x L, meters
0.l to 0.3 2 30
0.4 10 0.8 3 30
09to 1.3 4 30
1.4 to 1.9 5 30
20 to 2.6 6 30
27 1o 3.3 7 35
3.41t0 4.0 8 40
4.1 to 4.7 9 45
4810 5.4 10 50
55t0 6.2 1 55
6310 7.0 12 80
7.1 10 7.8 13 65
79 to 8.6 14 70
8.7 to 9.4 15 75
9.5 10 10.2 16 80
10310110 17 85
1.l to 11.8 18 90
1.9 to 12,6 19 95
127 to 13.4 20 100
13.5 to 14.2 21 105
14.3 to 150 22 110
Table 8-3
Example :  Given DHY = 446 (left-turning vehicles)
Urban Area

Solution m = ‘863;3029 = 215

Average number of vehicles per interval = 12.15
From the table, x = 19

The number of vehicles appearing during the given interval will exceed |9 only
59, of the time.

Length of lefi-turn lane, L = Smirs X |19 = 95 meters,
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Speed-Change Lanes

Speed-chonge lanes should be considered when designing all at-grade intersections. The use of
the additional lones will reduce the hazard and increase the capacity of the intersection by
removing from the traveled way the slower moving vehicles which are entering and leaving
the highway.

Warrants for the use of such additional lanes cannot be stoted specifically. There are several
factors, however, which should be considered, namely :

e average running speeds
o traffic volumes

® capacity

type of highway

e arrangement and frequency of intersections

accident experience,

Speed-change lanes are of two types: acceleration and deceleration lanes. Basic design criteria
are discussed in the following paragraphs.

Deceleration lanes

The length of a deceleration lane is determined by three factors:
e average running speed on highway
e average wnning speed on exit curve

o deceleration rate.
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Table 8- 4 shows the length of deceleration lanes to be used for different combinations of highway
and exit speeds. The lengths shown in this table are based on a vehicle deceleraling in iwo stepss
first, a three~sezond slowing down in gear without the use of brakes ; and second, the comfortable

breaking at a rate of 10 kph per second.

L* LENGTH OF DECELERATION LANE - METER

MIGHVAY [AVERAG F5R DESIGN SPEED OF EXIT CURVE - KPH (V')
DESICN [RUNNING] groe LENGTH
S$PEeD | SPEED jcoNor=-| 20 | 30 | 40 | 50 | 60 | 7O | BO | 90 | 100 oF
KPH KPH TioN TAPER

(v) (Va) FOR AYERAGE RUNiNG SPEED ON EXIT CURVE-KPH(V]})
0 8 |26 | 37 | 47 | 55 | 63 | 72 | 79 | &7 m

35 32 27 B |12 ] = =] - -] | -] - 25

$0 47 (L) Gl | 85 | 37 | = | = | = | = | = | = 40

68 5s 104 | 4 | 685 | 76 | %8 {46 | — | — | = [ — 30

80 T2 131 | 119 (6 [ 104 | 88 | 73 | 65 [ - - | - 65

100 87 185 | 162 | 152 | 146 {137 | 119 | IO7 ]| 82 | 67 | — 80
YV  DESIGN SPEED OF HIGHWAY V&4~ AVERAGE FIUNNING SPEED

ON EXITCURVE
Vg~ AVERAGE RUNNING SPEED

ON HIGHWAY L4 =LENGTH OF TAPER
¥, - DESIGN SPEED OF EXIT
CURVE
L
P

DECELERAT!ION COMFORTABLE
- e~
IN GEAR{Ly) BRAKING

*!h‘:————-m-—-——--— ——-—————# V;
TABLE 8- 4

DERIVATION OF LENGTHS FOR DECELERATION LANES
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Acceleration !nnes

\cceleration lanes can be designed with a uniform taper, usually 20:1 to 50: |,or with a
\arallel lane with o more abrupt taper at the end. The tcper length, regardless of the method
sed, is to be considered part of the lane length. The factors effecting acceleration lane length
ire simifior to those effechng deceleration lanes, namely :

e average running speed on highway

e average running speed on entrance curve

e acceleration rate,

‘he lengths shown in lable 8-5 are based on an acceleration rate varying from 4kph/sec for a

'ehicle traveling at 10 kph to |.5kph, sec for a vehicle traveling at 100 kph.

L

e~y

s
D S I — CnD: SR G S T T —— G S A——

/':"7

»

-

HIGHWAY L=LENGTH OF ACCELERATION LANE - METERS
FOR ENTRANCE CURVE DESIGN SPEED,KPH
DESIGN | SPEED |STOP
SPEED, msacneoL o‘i?l%.J 20 | 30 |40 | 50 [ 60 | 70 | 80 | %0 | 100
KPM |(VoIKPH
AND INITIAL SPEED (Vg ) KPH

o |18 |26 |37 er |55 |63]72]79] 87
38 32 3| - | === =] =] =]~
80 47 wor|98 |76 |48 | — | — | = | = | = | —
65 59 o8 (8o |mo|137|%8 [46 | - | — | - | —
80 72 |[332|320]3085]|2%9 | 213) 165]| 95 | — | = | -~
100 87 |4a85|470 {457 |430| 408|363 [302]{ 198|122 —

OZRIVATION OF LENGTHS FOR ACCELERATION LANES

Table 8-5
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Speed-Change Lane Adjustments

Tables 8-4 and 8-5 were developed without regard 1o the grade of the road. When the
speed-change lanes are to be designed on a grade, lable 8-& must be used to modify the
lane lengths.

Design speed of
highway, kph

Ratio of length on grade to length
on level forg

All

3 to 4% upgrade
0.9

3 to 4%, downgrade
|'2

. All

510 6% upgrade
08

$10 6% downgrade
1.35

Acceleration Lanes

Design speed of
highway, kph

Ratio of langth on grade to length
on level for?

Design speed of turning roadway
curve, kph

35 50 65 80

All speeds

3 to 4% downgrade

3 to 4% upgrade
65 13 13 - — 0.7
80 13 14 1.4 — 0.65
100 4 15 1.51.6 0.6

5 to 6% upgrade 510 6)% downgrade
65 S5 15 ~ - 0.6
80 15 1,7 19 — 0.55
100 '7 L9 22 25 0.5

ol —
Table 86

For example, from table 8-5 it is found that an acceleration lane must be 170 meters long for
o highway design speed of 65 kph and an entrance curve design speed of 30 kph. Assuming the
intersection is on a 3.5Y%, upgrade, the adjustment factor is 1.3. The odjusted lane length then
is 170 maters X 1.3,00 221 meters.
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Private Approaches and Driveways

Generally, it is the policy of the Highway Administration to replace existing approaches
where highways are to be constructed. Where highways are on new locations, approaches will
be provided os required by the abuiting property owners, providing that the approach is not a
safely hazard.

Care should be taken to avoid an excessive number of approaches. Keep in mind that :

e approaches are expenswe — including cosis of excavation, surfacing matenals and

pipe culverts.

o some exisling farm entrances and approaches may have outlived their usefulness and
may no longer be required.

® each opproach presents a potentially hazardous conflict with highway traffic, particularly
when the volume of traffic is large.

e each approach represents an obstruction in the recovery area.
Recommendahons for private approach locahons will be made during the plan-in-hand inspection.
In some cases, the need for a private approach may be obvious from the plan-sheet layout.
If there 1s any queston about the need for an approach, the situation should be investigated
during the plansn-hand or other field inspections. Final determinations of the needs for
opproaches will be documented at the time of right-of-way negotiations.

Rural Approaches
The following poinis should be considered when designing approaches and driveways in rurol
locations

e Joint access to adjoining properhies should be provided where possible, with the
access opening centered on the property line. Such openings generally will be 8 meters
wide, with 5 meter radii on the returns.

TR oAty —— G S L o d T I TSN W S QU TR S

ROW LINE ROW LINE

- HeHwaY € -
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o Grades of rural access openings thould not exceed a maximum of £8%.. An sxception
is n o high<cut or deep-fill suation, where a maximum grode of £12%, 1s ollowable.
In such coves the shoulder slope should be continued for o mimimum of 5 meters
beyond the edge of shoulder before breaking o the steeper siope, as shown in

the figure below.
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"—' -‘---\-__ - e -
l - -~ -~ T ~-— > ]
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! - -
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!
X
| E‘P ES  35m mn L
~ ' :s_w[;:—- SHOULDER smp:] EILL SECNON
~
-y
e [NORMAL SECTION TEMPLATE =" ~~_
-‘q,‘_-.___-‘\\ \\\
R P :-:

' b S

| EXISTING GROUND LINE

~herever possible, consideration should be given to relocatingthe access opening to, or af least
near, o roadway section where the cut changes from cut to fill,in order to avoid the situation
shown above.

Urban Approaches and Driveways

In considering new driveway locations in urban areas, close ligison should be moinfained with
the Right-of-Way Division, which will negotfiale with the property owners using the im#al design
¢s a basis for negotiation.
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The major part of design work on private approaches in urban areas involves improvements on
existing locations. Factors to be considered are :
¢ accommodation of existing approaches

¢ development of abutting property

o the need to keep adjacent development information up-to-date during the design phase

e location of curb inlets,
All new driveway design will be in accordance with the criteria shown in table 8-7.

DRIVEWAY WIDTH CRITERIA

TYPE OF PROPERTY

Residential Commercial
SINGLE 4m Desirable 3m Desirable
ém Maximum IOm Maximum

ém Desirable
8m Maximum
DOUBLE in existing locations .-
only. Use single in

new |ocahons.

JOINT USE 8m Desirable 12m Desirable
(Driveway on I0m Maximum 15m Maximum
property line)

Table 8-7

Driveway geometrics are referenced to the project centerline. Returns should be located on
tangents, not on curves.

Frontage Roads

Frontage roads should be designed to provide sofe and convenient access to property
adjoining a major through—highway, especially one with high design speed and volume
of traffic.
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Signalization

The method and design of signalization ot intersections are the responsibility of the Traffic
Engineer. Generally, urban intersections are the only ones requiring signalization. The Design
Division will furnish base plans to the Traffic Enginesr.

Pedestrian Provisions

Ordinanly, little or no provision is made for pedestrian use of highways in rural oreus. In
urban areas, sidewalks will be provided along oll highways. Sidewalks should be 1.5 meters
wide and, where possible, should be set back a minimum of 1.0 meter from the curb. In cases
where there 1s insufficient room to set the sidewalk back, the width may be increased to |.8
meters. Consideration should be given to the relative locations of inlets and sidewalks or
crosswalks 1o ensure that neither grates nor ponded water are hozardous to pedestrians. The
following figure illustrates correct inlet locations.

INLETS UPSTREAM
OF CROSSWALKS

INLET LOCATION
AT URBAN INTERSECTIONS
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CHAPTER NINE
SURFACING

GENERAL CONSIDERATIONS

This Chopter se!s forth criteria and procedures to follow in estimating quantities of highway
surfacing matarials.

For each project, basic decisions relative to surfacing design are formulated by the Road Design
Engineer based on recommendations from the Soil Engineer. These decisions include:

e Type of fimshed surfuce
e Kinds of materials
o Thicknesses of the various courses.

Following review and approval by the Director of Engineering, the project designer is advised
of the recommendations.

TYPICAL SECTION GEOMETRICS

The recommendatons for structural design of the surfacing must be applied to the standard
typical sechon selected for each project: Surfocing thicknesses will be defined 1o the nearest
centimeter. The horizontal dimensions of the various surface courses must be determined for
the purposes of :

o Computing surfacing quantities

e Construchon staking in the field,

Symmetrical Sections

Most commonly used typical sections are for 2-lane highways on tangent olignment with
normaol crown slopes. Dimensions of the subgrade width and intermediate surfacing courses
will be symmetrical about the centerline.
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The fintshed roadway wlidth will be shown on the standord typical section. The first computation
is to estabhsh the width of subgrade using the following formula :

tZ
where
W, = Width of subgrede in meters
Wi = Width of finished grade in meters
¢ = Total surfacing thickness at finished shoulder
7 = Honzontal proportion of the side slope i.e. Z = 6 for a 6:1 side slope.
r -
B n 2~
t
w‘
e e
For example, where Wy = 12.20m
t = 0.55m
7 =6:|

W, = 1220 + 2 X (%:”}353_"2)

12.20 + 8.04 = 20 24
20 2 (Round to nearest 0.1 meter).

Because of the rounding process, the side slope through the surfacing courses will not be exactly
6:1, but the difference 1s negligible and the sven dimension facilitates staking of the subgrade.

The second computction s to establish the width of the intermediate surfacing courses. Each
herizontal dimension shall be computed in proportion to the thickness.

For example, the width at the top of any surfacing course may be determined by the
following formula :

1
W, =W + -f (w,..w.)
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Whers ;
W, == Top width of intermediate surfacing course
W; == Width of finished grade
W, = Width of subgrade
t == Total surfacing thickness ot finished shoulder

t, = Accumulative thickness of courses above Wy

foa— x -

M.
t e

=

3

All dimensions are in meters.

All computed intermediate widths (W, ) will be rounded to the nearest 0.05 meters.

Unsymmetrical Sections

When sections are not symmetrical about the centerline, the widths to the left and right of
centerline must be computed and shown separately. This situation exists with all superelevated
sections and with divided highways where the inside and ovutside shoulders are
different widths.

To compute subgrade widths for superelevated sactions, the following formulae will be
used :

Low Side

W, = W; (low side) + I'Ezgz

High Side

Wi = W¢ (high side) + I—-:-zsz
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Where :

W, = Width from centerline to edge of subgrade on low side of superelevation
in melers

W, = Widih from centerhine to edge of subgrade on high side of superelevation
in meters

W; = Width of finished grade in meters

t == Total thickness of surfacing in meters
S = Slope of superelevation (m/m)
Z = Honizonlal proportion of the side slope,
we we
LOW SIDE MGH $IDE

Ly £

- §—

|
= | I 7
e 1o

The computed values for Wi and W,, will each be rounded to the nearest 0.1 meter,

For divided highwoys on tangent or curve sections, the subgrade widths left and night of
centerline are computed as follows :

TANGENT

W; (inside) = Wi, (inside) + I—:%_O'ﬂ

tZ
W, (outside) == W, (outside) -+ | — 0.032
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Curve Sections

Subgrade widths on curves are determined using one of the following four formulae. A formula
wns derived for each different situation as listed below:

FORMULA SITUATION
W, (outside) = W (outside) + ﬁz—sf Outside Rocdway, Outside Width
W;. (inside) = Ws ([inside) -+ TT'Z?Z' Outside Roadway, Inside Width
W, (nside) = Ws (inside) + '1_4{%2 Inside Roadway, Inside Width
W, (outside}) = W; [outside) + r:'z-s-z- Inside Roadway, Ovutside Width

Inside roadway refers to the roadway closest to the curve’s radius point, Outside roadway refers
to the roadway farthest from the curve's radius point.

Both Ws (inside) and Ws (outside) will be rounded 1o the nearest 0.! meter.

The widths of intermediate surfacing courses for unsymmetrical sections will be computed in the
same monner as for symmetrnical sechions in proporion 'o the thicknesses, except that widths
will be computed and recorded separately for each :ide of the centerline.

In order to speed computotion of subgrade widths, the following table has been developed for
the most common situations-tangent and full curve. The table shows subgrade widths beyond
the edge of finished shoulder for a one-meter thick surface.

S z s 2: | 3:1 4: 5:1 6:1
[ 3 .03 | 213 | 330 | 455 | 588 | 7.32
— 8%, 109 | 238 | 395 | 588 | 833 | 11.54
+ 8% 93 | 173 | 242 | 303 | 357 | 4.05

To use the tablg, first locate the correct factor using the superelevation rate and sideslope. This
factor is then multiplied by the total thickness of surfacing. The example on the next page
demonstrates this procedure.
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Example

For cross seclion at right, + = 0.40m ;

I =3:

;8 =3%
from table, factor is 3.30
W = 3.30 X 0.40 = 1.32m,

! = 0.40

COMPUTING SURFACING QUANTITIES

For eoch iypical section, computations will be made to determine the required quontities per
stahon of ecch type of surfacing material. Subsequently, these valves will be used to compute
total surfacing quantihes for the enhre project To assure consistency and uniformity, the
computation steps descnibed below must be followed.

Gravel Quantities

For eshmating purposes the cross-sechon area for each course may be computed
by multiplying the thickness (nearest 0.0l meter) by the average of the top and

bottom widths. End areas should be rounded and recorded to the nearest 0.0l
square meter.

Compute the cubic meters per (00 meters with this formula :
C.M./100m = End Area (sq. m.) X 100m

Round the answer to the nearest 0.1 cubic meter.

Compute tons per 100 meters. Unless otherwise directed, use 2200 kilos per cubic
meter for conversion.

Meinc Tons/100m = C.M./100m X % = C.M/I00m X 2,2*%

Round the answer to the nearest 0.1 ton. Specific umit weights for gravel may be
given for individual projects.

Check your answer for each step before proceeding to the next step. Values should be recorded
on the typical section sheet os illustrated on the model sheet in Chapter Fourteen.

» NOTE.

The conversion factor of 22 may be modified If the District Engineer determines that another factor
Is more opproptiate.
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Plant Mix Quantities

I. Compute cross-seclian areas. If the plant mix course is of uniform thickness, the
procedure is the same as for gravel courses. If cross slopes are steepened, special
computation must ba mode to allow for variable thickness. Round the answers to
the nearest 0.0l square meter.

2. Compute cubic meters per |00 meters in the same manner as for gravel quantities.

3. Compute tons per 100 meters on the basis of a weightof 2320 Lilograms per cubic meter.

_ 2320 C.M.
Tons/I100m 1500~ X 60

This value includes tha weight of all materials.

All rounding of compulations should be performed in sequence by steps as directed.

Bituminous Material Quantities

For estmating purposes, all bituminous material is assumed to weigh 1.00 kilogram per liter,

Planl Mix Asphalt — Quantihes to be eshmated at 6.5 percent of the computed weight of
plant mix and recorded to the nearest O | ton per 100 meters.

For plant mix bituminous base, the asphalt quantity will be computed as 5.0 percent of the
total weight.

Prime Asphall — Prime Asphalt will be estimated at the rote of !.5 liters per square meter
of surface area of top course gravel. Quantties will be recorded as tons per station. For
computahon purposes, the rate of appliration shouid be converted to 0.001385 tonsfsq.m.
Round the answer to the nearest 0.1 ton.

Tack Asphall — Tack asphelt will be estimated at the rate of 0.50 liter per square meter
between lifts of plant mix matenal and between plant mix surfacing and bituminous-stabilized
base courses. The square meters of surface area computed for prime asphalt should be used
also for estimating tack asphalt quantities — even though the area is not precisely correct.
Quantities should be computed and recorded in lnc*s per 100 meiers and rounded to the
nearest liter. Quantihes should also be converted into tons u>r 100 meters using 0.9 kilogroms
per liter as a conversion factor. Round the answer to the ne arest 0.1 ton.

Macadem
When macadam “urfaces are specified, the rates of application for the various materials

involved will be provided by the pavement designer.

Approach Surfacing

On bituminous-surfaced projects, all private approaches will be surfaced to the right-of-way line
unless other wise directed. Seldom used approaches, whi-h warrant gravel sufaces only, will
be identified at the time of plan-in-hand inspection.
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In roads where plant mix base is a part of stage consiruction, quantities for approaches should
e estiimaled bosed on using a 4-meter transitional tapered section from the finished shoulder
) the road approach. This tapered section 1s illusirated below.

EDGE OF FUTURE
\  PAVENMENT

\
N o 4 M

\

”~ SECTION A-A'

FINISHED SHOULDER

Summary of Quantities

Total quantities of surfacing materials will be computed and summarized in the format shown
in Chapter Fourteen. Computed quanhties sheuld be rounded as follaws :

e Gravel and plant mix — nearest ton
e All bituminous material — nearest 0.1 ton

o Sand surfacing and pit run material — nearest C.M.

Formulae are shown on the foliowing pages as an aid to computation of surface areas.
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Fillet or Spandrel

4
— s __Ea)__ 2 a
Area = r"‘(tan 2 m) r (tan 3 0.008/727 )

Length of return, L = —:‘5'-&, = 0,0174533ra

/
Area =12 (I —~ lf) = 0.214602r2

Length of return, L. = Y/,xtr == 1.570796r

i)f;.\ Driveway Surface
\ Area = R? (“"‘;— - 32;0)
- B TB )
\ + (ton2— — 3E0
a B
+ tfaw (Rtan-i + rtan 'f)
/"T—f Ellipse
\/ Areo = xab
“.'J Perimeter = 21C \/02_4_2_22_

(approximately)

JAN P

o -l Area = 2/3sh
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CHAPTER TEN
RIGHT-OF-WAY

GENERAL CONSIDERATIONS

Right-of way plans must be prepared in ways to clearly define the land needed for highway
construction. Development of right-of-way plans and the data shown on them requires the
cooperative effort of many persons, including :

o Field survey crews
e Title researchers
e Highway designers
o Right-of-way designers
e Right-of-way appraisers
This Chapter is written for the nght-of-way designer and sets forth policies and procedures

for his guidance in coordinating the preparation of right-of-way plans,

A typical set of night-of-way plans will consist of a ntle sheet and o series of plan sheets
showing alignment, basic topography, coordinate s, .tem used, property lines, property owners
and a description of the required land.

The baose maps for this information should be prepared as soon as possible — even before
the specific right-of-way requirements are known. Tracings prepared by the highway designer
for construction plans can be readily adapted for right-of-way plans.
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RIGHT-OF WAY DESIGN PROCEDURE

The Right-of-Way designers are to follow the basic steps as outlined below in the preparation
of right-of-way drawings.

After the ahignment has been determined by the Road Design Division, the Right-
of-Way Division designers prepare initial right-of-way plans. This set of plans 1s
prepared using the Road Design plan and profile sheets. All alignment information,
including PC, PT, Pl stationing, lergth and bearing of tangent and curve data, as well
as construction imits are truced onto the imthal right-of-way plan sheets. Only the
plan portion of the plon and profile sheets are used. After this 1s done, the rnght-of-
way limits are aodded. These limits are predetermined for the several classes of high-
ways and are shown in Table 10.1. The nght-of way limits are then checked agoinst
the construchion himits, All conflicts are noted. These conflicts will be discussed at the
preliminury plan-in-hand (P.l.H.) inspection. For a complete discussion of the plan-in-
hand nspection, refer to Chapter Thirteen of this manual.

2. With the imitial right-of-way plans complete ond possible problem areas noted, the

right of-way designer is ready to attend the P.i.H. inspection The rnight-of-way designer
will participate 1n all P.LLH field inspection tnps All right-of.way problems will be
discussed at this ime Possible problems would be sensiive right-of-way takings, such
as choice farmland, graveyards and developed urban oreas. Another problem area
would be in those areas where the construction imit extends past the standard right-

of-way limit.

Following the P.l H. inspechion, the right-of-way designer should make all corrections
to the intial right-of-way plans as found necessary duning the inspection. Additional
right-of-way takings beyond the standard limits should be fully described.

After the imihial night.of-way plans are modified to include all changes made during
the P L.H. inspection, a land surveyor certified by the Land Bureau will obtain oll
necessary properly ownership data to complete the right-of-way plans.
The certfied land surveyor, whether a private consultant or @ HA employee,
is responsible for reducing all property survey notes and preparing final ownership
maps. These maps must meet cnteria presented later in this Chapter. He is also
responsible for obtaining the Land Bureau's official acceptance of the maps prior io
their being turned over to the right-of-way designers.

After ownership maps are prepared, work on the final right-of way plans con begin.
Cnteria for preparation of final nght-of-way plans are presented later in this Chapter.

During steps 4 or 5, a second P.L.H. inspection is normally held. This inspection is held
when the road design i1s about complete. lts purpose 1s to discuss finol details of the
project before the construchon plans are finalized. Normally, no changes in right-of-
way occur. If changes do occur, the certified land surveyor will again have to be
contacted and modifications to the ownership maps made before final right-of-way
plans are completed.
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OWNERSHIP MAPS

Ownership maps are prepared by o cerhified land surveyor and approved by the Lond Bureau.
Approval of the ownership maps 1s obtained by the certified land surveyor ond must be
obtained prior to their being submitted to the nght-of-way designer.

The ownership maps serve as the most important source of ownership dato during nght-of-way
plans preparation. For this reason an effort must be made by the right-of~way designer to
ensure that the certified land surveyor includes on the ownership mops all data necessary for
completion of the plons.

The ownership maps will consist of two parts. First, the maps themselves are prepared using
the imitial nght-of-way plans for guidance. All property ownership lines are shown using a solid
line New parcels created by the rnightof-way lines are clearly identified with parcel numbers.
These parcel numbers are assigned according to Land Bureav policy. Typical parcel numbers

and their meaning are shown later in this Chapter. Coordinates for control points, such as PC,
PT, Pl and Point on Tangent (POT), are converted into the local land coordinate system.

A full descripton of the coordinate systems used and any other Land Bureau documents used
in the preparaiton of the maps should appear on each ownership map. These ownership maps
are prepared 1n the same scal: as the indial right-of-way plans.

The second document prepared by the cerhfied lond surveyor is a compilation of ownership
data. The following List shows the data necessary.

e Owners name and address

e Original property parcel number

e Area of onginal property

e Class of land

e Parcel number of properiy taken

® Area of property taken

o Parcel number of remaining property

® Area of remaining property.

This list of data must also be approved by the Land Bureau prior fo being turned over to the
nght-of-way designer.

INITIAL RIGHT-OF-WAY PLANS

Initial rightof-way plans are traced from the plan portion of the Plan and Profile sheets of the
consiruclion plang a: prepared by the Road Design Division.
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All alignment information, such as tangent bearings compleie curve data and match lines, are
placed on the plans All P.C., P.T.,, P.| and P.O.T. coordinates are also piaced on the plans.
ltems that are important duiing negohiations with the owners will be shown on the rightof-way
plans. Examples of such items are trees, hedges, bushes, sidewalks, paved driveways, underground
utilities and waterwells. Buildings are always shown. These data are normally shown on the
roadway design topographic plans and can merely be iransferred onto the inifial nght-of-

way plans.

FINAL RIGHT-OF-WAY PLANS

Right-of-Way Plan Set Organization

Right-of-way plans will contain three different types of sheets. These sheels are, in orcer of
their appearance, the title sheet, ownership summary sheets, and plan sheets.

A description of therr contents and layout is discussed below. The size of the orig'nal sheets and
title blocks will be the same as for construction drawings as discussed in Chapter Fourteen.

Title Sheet

The hile sheet is normally a modified construction plan title sheet, Typical right-of-way symbols
and o table of contents appear on the title sheet.

A typical completed right-of-way ttle sheet is shown of the and of this Chapter.,

Ownership Summary Sheets

Ownership summary sheets are placed immediately after the title sheet. These sheets are similar
to the summary sheets in the construction plan set. A summary of ownership information
appeoaring on the summary sheet contains the following items.

e Owners name and address
Cnrginal property parcel number
Areo of original property

Class of land

Parcel number of property taken

Area of property taken

Parcel number of remaining property
® Area of remaining properiy.
A typical completed ownership summary sheet is shown at the end of this Chapter.
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Plan Sheets

Plan sheets are normally prepared by tracing the ownership maps directly. in the event the
ownership maps were not prepared using the same scale as the initial right-of-way plans, plan
sheets will be prepared usina one of the following scales.

Urban Areas iem = 5m

Rural Avreas lem = I0Om

These scales are the same as those used for plan and profile sheets prepared by the Road
Design Division.

Additional information which must be added to these sheets is discussed in the next section of
this Chapter entitled "Right-of-Way Design Criteria. "

A typical completed right-of-way plan sheet is shown at the end of this Chapter.

RIGHT-OF-WAY DESIGN CRITERIA

This section sets forth policies and cnteria to guide the right-of-way designer in establishing
ond documenting right-of-way requirements.

Construction Limits

The principal guide for design of right-of-way is the identification of actual construction limits
established by the roadway designer.

When highwoy design has progressed to a point that construction limits can be idenhfied with
o reasonable degree of certointy, the right of-way designer will receive the highway plans
showing the limits of construchon and other construction orientation guidelines. These data are
then sketched onto the initial right-of-way plans, using a light,dashed line for top of cut and
a light,dotted line for toe of fill. The area of “slope rounding” should be included as a part
of the construction limits.
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Right-of-Way Widths

Obviously, the right-of way must be wide enough to accommodate the identified construction
limits,

Minimum values apply only to rural areas and to situations where high R.O.W. cost is not
a significant factor. No set rules can be established governing R.O.W. widths in urban areas.
Sound judgment must be used to obtain a logical balance between R.O.W. cosis and widths.

Existing Right-of-Way

Where the proposed alignment is fairly close to the present fraveled way or where 1t intersects
with other highways, the right of-way lines defining previously acquired land should be drawn
as a hght, dashed line. This information is available from previous right-of-way maps. These
lines should be labelled “Existing R/W".

Richt-of-Way Breaks

Try to design R.O.W. lines with a few breaks and changes of width as possible. A large
number of breaks complicates the writing of R.O.W. descriptions.

The following general criteria should apply :

e A right-of-way width parallel to the centerline should be maintained uniformly for at
least 100 meters.

e Excep: for changes at property lines or extremely large changes (|0 meters), changes
in nght-of-woy width should be accomplished with a taper of 4:1.

e Where the width changes between adjacent property owners, the breaks should foliow
the property line.

® Where widths change close to P.C.’s or P.T.'s, try to moke the breaks coincide with
the curve points.

® Where width changes are required both left and right, try to make the break-points
coincide ot the same stationing.

o Take the ownership boundaries into consideration. Sometimes it is advisable to run the
right-of-way along the property line, either to avoid ieaving a narrow strip of property
or to avoid negotiating with another owner.
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&ginnlng or Ending of Project

When rnght-of way 13 designed at the beginning and ending of o project, and those poinis
are within the limits of an individual ownership, consideration should be given to acquir-
ing nght-of-way through the ownership for future connecting projects so that the owner
will not have to be contacted again.

Construction Permits and Fasements

Under cerfain conditions it may not be necessary to obtain permanent possession of lend
on which construchon work 1s to be performed. Instead, a construction permit should

be obtained.
The following general eriteria should apply :

® Private irngation ditches should be designed outside the right-of-way. A construc-
hon permit or a construction sasement should be obtained. (See Figure |.,)
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e When Government-furnished borrow pits are outside the limits of right-of-way, a
construction easement for ‘the haul road must be obtained. The land for the actual
pit will either be leased or purchased. (See Figure 2.)
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e Right-of-way should be designed to include channel changes for drain ditches, streams
or rivers. (See Figure 3.)
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® A conitruction permit normally will be adequate for minor inlet and outlet ditches
outside the regular highway right-of-way. If a concrete spillway is to k. built or
considerable rip rap 1s to be placed, additional right-of-way should be obtained to
include the spiliway. {See Figure 4.)
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Construction permits or easements may be required in the case of railroad crossings or
encroachments that occur when the alignment is parallel to the railroad. In cases where
the highway centerline crosses the railroad centerline, 1t is necessary t» show both
the RR stationing and the highway stationing ot the point of intersection, the angle
between the two lines, and the railroad and highway stationing and offsefs from
centerline of each point of R.O.W. intersection. (See Figure 5,)
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e On a pardllel encroachment it is necessary to show the railroad and highway
stationing and offsets from centerhnes of each nght-of-wuy break. (S5ee Figure 6.)
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Figure 6

Parcel Numbers

A parcel number can be a single number or letier or a combination of two or more numbers
or letters, Typical parcel numbers are shown belov.:

— 57 — 34
— 183 -C
207 A

The original parcel numbers are 57 and 34, Each time the property 1s divided, a new number 's
odded. The cbove exomples are for parcels which have been divided twice.

Parcel numbers are for convenience in \denhfying the different land porcels to be acquired for
a specific project. Parscel numbers for right-of-way takings are numberad consecutively, starhing
at the beginning of the project. These numbers are assigned by the Land Bureau.
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The following criteria should be kopt in mind

® Where there is o complete severance as shown by the cross-hciched areain figure 6,

the separated portions of property belonging to the same ownor are g.ven different
parcel numbers. (See Figure 7.)

R.O.W.

R.O.W,

Figure 7

- 148 -~



o Different parcel numbers for the same owner are necessary where o dedicated sireet
or alley separates the lots of that owner,

e Different parcel numbers for the same owner are necessary where a project runs
from cnz province into another.

e Where existing nght of-way 1s adequate, 1t 1s not necessary 1o assign o parcel number
unless the grade change may cause damage to the property.

e Where additional width or length of a tract 15 acquired subsequent to acquision of
the ongiral tract, and o second deed 1s required from the some owner, the
additional tract should be identfied with a supplemental tract number.

® An addition in width or length of a parcel prior to acquisihon of the onginal rnght-
of-way requires revision of the descripton and retenhon of the onginal
parcel number.

® A parcel originally under one ownership, but which is divided into two or more
ownerships prior to acquisition, requires ireatment as two or more individual parcels,
The onginal parcel number will be retained for that portion shll under the original
ownership Portions under new ownership will be given the same parcel number, but
with an additional number, such as

- 27 — 27 -7
153 . 154 , 155 , etc.

e Temporary construchion permits require @ parcel number unless acquired with another
parcel.

Area Determination

When computing the areas taken and the areas which remain, compute and record them to the
nearest square meter. This applies both in urban and rural areas.

Examples of Right-of-Way Plans

The following pages fllustrate examples of a typical hile sheet, ownership location map and
right-of-way plan sheet.
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CHAPTER ELEVEN
MISCELLANEOUS DESIGN

Several highway design criteria are not directly related to the major topics covered elsewhera
in this manual. These miscellaneous criteria are presented in this Chapter.

AIRWAY HIGHWAY CLEARANCES

Within 5 kilometers of airports, highways must be designed to provide minimum clearances
between the highways and the navigable airspace. Navigable airspace, minimum clearances
and relaled criteria are discussed below.

Navigable Airspace

Navigable airspace at the ends and to the sides of runways s illustrated in the following
figures. Navigable s defined os the space above the approach surfaces ond tiransition
surfaces adjacent to a paved or unpaved runway. Highway oppuréenances such as
overhead signs and light standards must not penetrate navigable airspace.

Minimum Clearances

The minimum vertical clearances between the near rood shoulder and the navigable airspace
are set forth in the following table. These criteria apply to military and cwvil airfields.
The designer should take into account:

o future surfacing overlays which will reduce clearance.

o future growth of the airport which may necessitate highway relocation.

References

For detoiled airway-highway clearance regulations, the designer should contact the Directorate
of Air Bases. Due to the frequent changes in regulations, the above ogencies should be
coniacted early in the design phase if there 15 oan airport within 5 kilometers of the project.
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POWERLINE CLEARANCES

During the design of a highway minimum clearances for powerlines and poles must be observed.
For high voltoge powerlines the following mimmum clearances are 1o be used.

Powerlines carrying Vertical Horizonta!
15,000 Volts or less 7.5 meters 30 meters
over 15,000 Volts 8.5 meters 30 meters

For more delailed information concerning elecirical clearances the designer should contact the
Power Company.

GUARDRAILS GUIDE POSTS AND MEDIAN BARRIERS

The purpose of guardrail 1s to protect traffic from hazardous conditions along the roadside. The
designer must be aware that guardrail 1s hazardous in itself, and should not be used when it
s o greater hazard than the object or condition being “‘protected’. This section discusses the

various types of guardrail and median barrier in use, warrants for their use, and their location
and place.

Safety Beam Guardrail

Safety beam guardrail consists of a steel IV beam offset by wooden blocks from mounting
posts spaced between 2 and 4 meters apart. It 1s designed such that a vehicle striking it at @
flat angle will slide along the rail — consequently, there should be no obstructions or points of
discontinuity to impede the movement of the vehicle. Posts should be of adequate strength to
resist the force against them without failing, although some degree of deflection or “give” is desirable
1o cushion the impact. Generally, a maximum deflection of 0.5 meters 1s expected. The rail
element itself should be adequately anchored to withstond tensile forces resulting from the
drag of the shding vehicle along the rail and to prevent buckling and pockehng of the rail.
Proper design of the rail termination should be realized to alleviate the danger of the
end itself.

Reinforced Concrete Guardrail

Reinforced concrete guardrail is used most commonly on bridges and bridge approaches. This
type of guardrail consists of concrete posts and rails. Both posts and rails should be of adequate
strength 1o resist the forces acting agoinst them. For more information, refer to Section 513 of
the Standard Specifications for Highways aond Bridges.
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Steel Pipe Guardrail

Steel pipe guardrail consists of posts and rails made of steel pipes 15 centimeters in diameter.
The posts will be spaced approximately 2 meters oport and embedded in the embankment
sufficiently deep to overcome any overturning force developed during impact.

Wooden Guardrail

Wooden guardrails consisting of square posts and rectangular shaped rails are usually used
at temporary bridge sites and as barricades.

Concrete Median Barrier

A reinforced concrete medion barrier, originally developed by the New Jersey Depariment of
Transportation, 1s constructed in an inverted Y section. U'sage of this and similar zero-deflection
median barriers is primanly between opposing roadways on high volume frecwoys wherms
neither vehicle movement nor barrier deflection across the narrow median is aliowable.

Guide Posts

Guide posts are generally used to mark abrupt changes in shoulder width, ot approaches to
structures, ot drop inlets and at cut sections to provide warning. Guide posis are used to
outline horizontal curves and otherwise show the direction of the road Using a reflective
surface, such o white pain!, and reflecfor buttons, greatly improve their visibility at night,
when it is needed most. Guide posts are also desirable in areas subject to fog.

The choice of providing guardrails or guide posts largely 1s a matter of hozard involved.
Guardrails are designed to resist impact by deflecting the vehicle clong the length of the
guardrail ot reduced speed. Guide posts are not intended to resist impact. |f they are
designed to resist impact they will not be os effective as guardrail and their cost will greatly
increase.

Sources of Information

Information regarding guardrail and median barriers may be found in the following
publications :

e NCHRP Repor! No. 54 : Location, Selection and Maintenance of Highway Guardrails
aond Median Barriers (1968)

e HRB Special Report No. 81 : Highway Guardrail, Determination of Need and Geometric
Requirements (1964)

® A Policy on Geometric Design of Rural Highways (AASHO, 1965),
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Warrants For Use

Three warranting features are considered in establishing guardrail placement : (a) embankment
geometry, (b) roadside obstacles, and (c) impeneirable roadside hazards in close proximity to
the roadway.

Embankment geometry

On low, flat fills 1t is safer for out-of-control vehicles to “ride out” a slope than to strike
o guardrail. Onchngh, steep fills there is less hazard in being redirected by a guardrail
than where the vehicle 1s allowed to travel down the slope.

Chart A plots an equal severity curve for the two conditions mentioned above. This
Chart 1s to be used in determining the need for guardrail.

Roadside obstacles

A great many of all highway fataliies occur when vehicles inadvertently leave the
roadway and strike fixed objects. If these objecis are removed the vehicle operators
would have the opportumity to regain control. Chart B shows o plot of off-the-road
incidents occurring within given distances of the edge of the traffic lane. From the
Chart it is seen that 80% of the uncontrolled vehicles did not travel more than 8.5
melers from the edge of the traffic lane.

Foi warranting purposes, an 8-meter zone next to the traveled way i1s considered the
minimum for being kept clear of obstacles. If this zone cannot be cleared due to
practical or economic reasons, guardrail may be warranted for these areas.

Impenetrable roadside hazards

Roadside hozards are those which are lacated along a roadway for a considerable
distonce. Examples of hazards are:(l) rough-rock cuts, (2) large boulders, (3) permanent
bodies of water with depth greater than 60 centimeters, (4) dropoffs having a slope
greater thon |:1 and depth greater than 60 centimeters, and (5) lines of large trees.
Because these hazards occur for spme distance along the roadway, the possibility of
uncontrolled vehicles striking one of these hozards is greater than that of a vehicle
hitting a roadside obstacle. For this reason, guardrail maoy be needed at hazards
located more than 8 meters from the traveled way.

Median Barriers

Warrants for median barriers are determined by median widths and traffic volume. Chart C
should be used for guidance in determining borrier need.

On all divided highways, regordless of median width and traffic volume, the median roadside
must be examined for guardrail warrants, as discussed earlier,
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ROADSIDE DEVELOPMENT

The part plaoyed by landscaping the roadway in making highways aesthetically pleasing, sofer
and easier to maintain, should not be overlooked. Careful consideration of landscaping factors
should be made during all phuses of design. The following discussion lists some of the points
which should be borne in mind by the designer — imagination and o sen<e of ftotaity of the
highway function will suggest many more.

e The eventual landscaping of the highway and surrounding arza should be taken into
account as early as possible, przferably during the preliminary location survey.

e Harsh geometric lines parallel to the highway can be broken and softened by
continuing existing tree masses through these lines onto the right-of-way,

® Driver awareness of hornizontal ond vertcal curvature is increased by careful pianning
of tree lines and hill slopes to give advance warning of directional change:.

® Slopes and cross sections should be designed 1o blend into the natural lines of the terrain.

® The location of borrow pits and other matenal sites should be planned with a view tu
their eventual incorporation into the landscape.

® Vegetative cover around structures is essential for erosion control, enhancing the
natural lines of the structure, and by selection of slow-growing shrubs and grasses,
maintenance will be reduced.

DETOURS

On almost all projects, detours will be required to maintain traffic flow during construction,
Recommendations for possible detour routes should be made by the Disirict Enginear during
the plan-in-hand iaspection. The designer should be aware of the arrangements made, and
will be required to compute quantities of gravel surfacing ond other construchion necessary
to make the proposed detour suitable for traffic.

STAGE CONSTRUCTION

So that projects may be completed in an ordarly fashion, the scheduling of construction
projects will have to occur during the planning and design phase. In such cases, designs and
specifications are prepared for one stage of consiruction at @ ime One examp'e of this would
be designing a roadway without the final gravel course or asphalt surface. These final items
would be odded later under a different contract. Stage construchon works well when considerable
roadway settlement and stabilization ore expected. Stage consttuchen is also used when
financial constraints limit the scope of the onginal design.
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STRUCTURE WIDTHS AND HORIZONTAL CLEARANCES

Roads wi'h wide shoulders, wide gutters and flot slopes are safe and give a sense of freedom.
Poles, walks, bridge columns and parapets set close to the pavement are potential hazards and
cause drivers to shy away from them. Many drivers move out of their normal lane or chonge
speed abruptly where there 1s constriction, either actual or apparent, in the roadway ahead,
For this reason the clear width on bridges should be as great as feasible, preferably as wide as
the approach povement and shoulders, in order to give drivers a sense of openness. On the
other hand, brnidges that are long are costly, and on them some compromise from the desirable
usvally 1s necessary.

On long brdges, particularly on long-span bridges, where cost per square meter 1s greater than
on short-span bridges, widths less than ideol may be acceptable because restnction in width s
compensated scmewhat by the tendency of drivers to be clert, to become accustomed to reduced
clearance and to drive cautiously. The presence of struciural elements, o marked change in the
roadside, or a change in the pavement which results in a different oppearance and sound, tend
to alert drivers. The lighting of bridges at night also offects driver reaction favorably, On the
other hond, short bridges are less costly relatively and on them there is less justification for a
narrow roadway,

In making conclusions os 4o the width of roadway over a bridge in determining the dimensions,
location ond design of the struciure os a whole, ard in detailing fealures adjacent to the road,
one should aim to provide a facihity on which driver reaction ond vehicle placement will be
essenholly the same as elsewhere on the intersecting roads. The width should not be so great
as to result «1n the high cost of structure without proporhonate value in uhhty and safety.

The minimal and desirable bridge widths based on Article [.1.7 of the AASHO Design
Specifications and related to the HA-accepted road pavements and shoulder widths are
shown on the following figures .
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HORIZONTAL
CLEARANCE

BRIDGE
WIDTHS

CLASS OF HIGHWAY

A# 9.64
L
8 9.24
-.-—-r .
c.0 9.24
L‘ 9,2 22
a N ‘08 ‘ﬂ .2”
c.0| 8.8 - |22
\
| S
MINIMAL

HORIZONTAL CLEARANCE EQUALS APPROACH PAVEMENT
WIDTH PLUS 2.44 METERS

BRIDGE CROSS SECTIONS (wiTH BRUSH CURS)
ALL DIMENSIONS IN METERS
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P CLASS OF HIGHWAY

12.64 -
HORIZONTAL 8 .44
—t -~
CLEARANCE cD 9 .29 -
—t
A 12.2 |22
BRIDGE 8 e I.o o 22
WIDTHS c.0 8.8 22
=
.
DESIRABLE

BRIDGE ROADWAY WIDTH EQUALS FULL SHOULDER WIDTH OF

APPROACH ROADWAY

BRIDGE CROSS SECTIONS (WITH BRUSH CURB)

ALL DIMENSIONS iN METERS

AASHO H - LOADING GRAPHS

The following graphs of maximum moments, shears and reactions for HS-15 and HS-20 are
included in this Chapterfor use primarily of the District offices. Two graphs for the HS-15 and
HS-20 are for spans up to 70 meters. |t should be noted that these AASHO loadings are for
one lane of traffic and for simple spans. Impact 1s not included.
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TIMBER

The following tubles of the physical properties of native woods are intended to
supplement Table 1.10.1 of Structural Lumber in the AASHO Standord Specifications for
Highway Brnidges.

They are not as complete or workable as desirable and in some instances single values are
given rather thon a range of values. These singular values represent only one test specimen
and should be treated as such.

For the most part, the velues are from the work of Paul Maurand’s “L'Indochine Forrestiere, "
and were obtained at a moisture content of 15 percent.

The values would be applicable for timber used under continuousiy dry conditions,as 1n a covered
structure. For other condihons 1n which the moisture content of the wood s at or above the fiber
soluration point, approximately 23.5 percent, the values of compression of parallel to the grain
ond static bending should be further redvced by 10 percent.

The following notes apply to the tables as noted :

1/ Maximum crushing strength, parallel to the grain.
2/ Modulus of rupture.
3/ A comparative measure of loughness.

4/ Maximum tensile sirength, perpendicular o the grain.

112" 4’ A factor of safety of 3 to 5 must be applied to these values fo obtain
allowable working stresses.

Note: The following tables are samples only and must be developed for each country.
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SCIENTIFIC NAME

FAMILY NAME
DENSITY

SHRINKAGE
COEFFICIENT

COMPRESSIVE
STRENGTH
kg/Cm? /

STATIC BENDING
kg/Cm? 2/

SHOCK RESISTANCE
kgm 3/

TENSILE STRENGTH
kg/Cm? 4

SPLITTING
RESISTANCE
Kg/Cm

SHIVWIY
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1970
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SCIENTIFIC NAME

FAMILY NAME
DENSITY

SHRINKAGE
COEFFICIENT

COMPRESSIVE
STRENGTH
kg/Cm? 1/

STATIC BENDING
kg/Cm? 2/

SHOCK RESISTANCE
kgm 3/

TENSILE STRENGTH]
kg/Cm2 4/

SPLITTING
RESISTANCE
Kg/Cm

SHAVWH

SINDORA
COCHINCHINENSIS

LEGUMINOSAE
0.87 TO 1.125

600 TO 800

1500 TO 1700

0.35

22. 7O 28.

12 TO 19

AEEEEL
XezL>>
Cim‘ -’}-ni
AmAdgo o 0
M «~ A io
! c<So (o)
AZS3C
“>»0
iagozé
OzML,=
x c>—|
X Cx3zMm
< by -
mZsH
mP> a0
—z m F -]
Z56%9°9>

PINUS MERKUSII

PINACAE
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SCIENTIFIC NAME

FAMILY NAME
DENSITY

SHRINKAGE
COEFFICIENT

COMPRESSIVE
STRENGTH
kg/Cm2 1/

STATIC BENDING
kg/Cm? 2/

SHOCK RESISTANCE
kgm 3/

TENSILE STRENGTH
kg/Cm2 4/

SPLITTING
RESISTANCE
Kg/Cm

SHYYWIY

HOPEA ODARATA llAGERSTROEMIA SPP|

DIPTEROCARPACEAE
0.71 TO 0.89
0.39 TO 0.55

500 TO 750

1100 TO 1450

0.55 TO 0.66

29 1O 39

15 TO 26

JINSOdX3 NO

YIHLVIM ANV
NMOYT ONINYNL HSIMOTT3A

NIOM 1INISVD 'SLVO9d
‘§311SSO¥D YO4 Qasn
S1JD3SNI Ol INVISIS3Y

LYTHRACEAE
0.64 TO 0.78
0.40 TO 0.55

400 TO 560

1100 TO 2500

0.40 TO 0.60

24 7O 29
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‘GOOMINVIH
ANId OL HSHIHM
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'3191X314 ANV HONOL

SHOREA
COCHINCHINENSIS

DIPTEROCARPACEAE
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550 TO 575

1350 TO 1540

0.47 10 0.77

27 TO 33

o

TO 17
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SCIENTIFIC NAME

FAMILY NAME
DENSITY

SHRINKAGE
COCLFFICIENT

COMPRESSIVE
STRENGTH
kg/Cm? Y/

STATIC BENDING
kg/Cm* 2/

SHOCK RESISTANCE
kgm 3/

TENSILE  STRENGTH
kg/Cm2 4/

SPLITTING
RESISTANCE
Kg/Cm

SHNAVWI

AGLAIA GIGANTEA

MELIACEAE
0.68 TO 0.76
0.40 TO 0.50

440 TO 530

850 TO 1450

0.4 TO 0.8

19 TO 33

14 TO 16

"ONIWYNS ISNOH 304 43asn
‘PNSOdXI NOdN SNIMAVA

{HS1A333 AOOMIYV3IH
YNId 31Vd '‘NIHL QOOMJVS
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MELIACEAE
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! 1ONILSI SONIN HIMOY¥D
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MAGNOLIACEAE
0.53 TO 0.66
0.30 TO 0.50

360 TO 480

965 TO 1330

024 TO Q.29

19 TO 26

Il TO 16

‘319vana
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‘WNLININY ANV
Y04 @3asn ‘A1SvI SHIOM
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SHOREA HYPOCHRA
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0.66
0.50

463

1326
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SCIENTIFIC NAME

FAMILY NAME
DENSITY

SHRINKAGE
COEFFICIENT

COMPRESSIVE
STRENGTH
kg/Cm? ~/

STATIC BENDING
km/Cm? 2f

SHOCK RESISTANCE
kgm 3/

TENSILE STRENGTH
ka/Cm: 4/

SPLITTING
RESISTANCE
Kg/Cm

SHIVWIY

ADINA CARDIFOLIA

RUBIACEAE
0.48 TO 0.74

540 TO 607

1190 TO 1460

0.24 TO 0.36

23 TO 30

14 7O 17

‘A00MAN ANV
¥3IN3A 304 Q3sn
A1IHM HSIMOTI3A

PINUS KHASYA

PINACAE
0.6 TO 0.75
0.55

450 TO 540

1100 TO 1300

0.32 TO 0.47

23 70 27

10 TO 12
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'‘ONIINVId 3404 d3sn
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CHAPTER TWELVE
QUANTITY ESTIMATES

GENERAL CONSIDERATIONS
When making quantity estimates, the designer should consider the following items :
® Rounding procedures
e Degrees of accurocy
o Cost Estimates,

These itams are discussed below.

ROUNDING PROCEDURES

For estimating purposes, all quantities are rounded using the following procedure:
. Determine the last digit to be used.

2, If the digit following the last digit used is 4 or less, drop it and all that follows it. Dc
not change the lost digit used.

3. If the digit following the last digit used is 5 or more, drop it and all that follows it. Ac
| to, the last digit used,

DEGREES OF ACCURACY

Quantity estimates are rounded to the nearest whole »nit used as the basis for payments. These
units are set forth in the Standard Specifications.

Exceptions to this general rule are given in the following table. These items will be estimated
to the nearest one=tenth of a unit.
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SPECIFICATION
SECTION

401
407
502
503
504
507
512
513
515

516
520

522

ITEM

Bituminous Concrete
Bituminous Matenals

All Sheet Pile

Bearing and Friction Pile
Concrete

Morlar Rubble Masonry
Steel Grid Flooring
Railings

Loose Rip Rap for Slopes

Mortar Rip Rap for Slopes

Stone Rip Rap for Foundation Protection
Concrete Rip Rap in Bags

Concrete Slab Rip Rap

Concrete Cribbing

Lumber

Timber

Timber Cribbing

COST ESTIMATES

UNIT

Ton

Ton

Square Meter
Linear Meler
Cubic Meter
Cubic Meter
Square Meter
Linear Meter
Square Meter,
Cubic Meter, or Ton
Square Meter
Ton

Cubic Meter
Square Meter
Cubic Meter
Cubic Meter
Cubic Meter
Cubic Meter

The designer will complete the second, third and fourth columns of the cost estimate form only.
Contract Administration Division personnel ore responsible for developing cost data and will

complete the cost estimate.

A detoiled quantity eshmate 1s prepared following final P.I.H. inspection revisions. This estimate
includes all quantities in the project.

Close coordination with the Contract Admnistration Division cost estimaters is important during
this period of time in order to achieve an occurate and timely cost estimate.

A cost estimate form with the second, third and fourth column completed is shown on

the next page.
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CONSTRUCTICN COST ESTIMATE SHEET__! OF |
PROJECT
NUMBER (02) 000 + 960 DA DATE | APRIL 1974
ITE UNIT AMOUNT
NO. QUANTITY | UNIT DESCRIPTION PRICES
1,273 C.M. STRUCTURE EXCAVATION
165,450 C.M. BORROW- CONTRACTOR SOURCE
BITUMINOUS CONCRETE
38,217 |
TOMS PAVLMENT
86,158 1TONS JITUMINOUS CONCRETE BASE
421,678 S.M. PROCESSING LIME~TREATED
SUBGRADE
8,434 | TONS HYDRATED LIME (FOR LIME=
TREATED SUBGRADE)
6,89 |TONS RC-100 ASPHALT CEMENT (FOR
ASPI'ALT CONCRETE SURFACING)
2063 | TONS RC-70 ASPHALT CEMENT (FOR
ASPHALT CONCRETE BASE)
419 [TONS| LIQUID ASPHALT (FOR PRIME)
113 L.M. 0.6M R.C.P. CLASS Il
393 L.M. 0.8M R.C.P. CLASS !
246 LM, 1.OM R.C.P. CLASS Il
REL
I EACH ELOCATED EXISTING
1.30M X 25M R.C.P
704 L.M. CURB AND GUTTER TYPE 2
38.4 C.M. CONCRETE CLASS “B”
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CHAPTER THIRTEEN
DESIGN REVIEW

GENERAL CONSIDERATIONS

During the design phase of each project, one or more plan-in~hand field inspections will be made
to resolve design problems.

Designers will participate in plan-in-hand (P.1.H) inspections only when specifically requested
by the Road Design Division Chief. Others in attendance include :

District Engineer
Construction Division Representative
Right-of-Way Representative

Specialists in hydraulics, traffic, bridges, utilites, efc., as requested

Persons representing private and governmental interests that will be significantly
affected.
One P.LH. inspection should be aodequate for projects when the major alignment; grade,

drainage and access features appear to be rather simple. On more complex projects, two
P.LH. inspections will be expected . a preliminary and a Fnal inspechon,

The P.L.H. inspection 1s usually conducted by the Road Design Division Chief or,in his absence,
by the designer, since the designer 15 responsible for preparation of the plans and 1s most
familiar with the problems involved.

On more complex projects, the P.L.H. inspection could require several days. It is wise then to
prepare a schedule of subjects to be covered, their order, and the persons to be present,
From the lst of persons above, only the first three are present during the entirz inspection,
The others need be present only when specific problems in their areas cre involved.

PRELIMINARY P.I.H. INSPECTIONS
Objective
Preliminary P.L.H. inspections will be made to establish the alignment and graodes 1o be
used.
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Preperation

To prepare for the preliminary P.LH., the designer should review the proposed alignment
and make o lst of the problems to be resolved. Some areas where problems commonly

arise are:
e drainage
® access
e traffic maintenance during construction.

The plans to be taoken on the preliminary P.LH. are as follows :

o Title shee!

o Typical sections

o Plan ond profile showing proposed alignment, grade aond drainage
e One-page mass diagram with a grading summary attached

o Preliminary layouts of interchanges and other facilities.

The above titled sheets need to be completed, as described below, for use on the preliminary
P.L.H nspection.

Il_tle Sheet

The title sheet designates the name and length of the project, shows design data, troffic
count, design speed, and includes a location map showing the locafion of the project ond
the proposed alignment.

Typical Sections

These sheets show all propcsed typical sections,including the station limits for each section. The
sections show the thickness of material for each course in the roadway siructure along with
dimensions for the side slopes.

Plan and Profile Sheets

These are the most important drawings and will be used most frequently during the P.LH.
inspection. For this reason, great care should be used to be sure all available dota have been
included on the plans as accurately as possible.

Profiles will be completed 1o the point of showing grades and vertical points <i intersection
elevotions. Locations and lengths of vertical curves ond equations will be shown. The plan
drawings show the proposed alignment; including bearing of each tangent sechon and a full
description of each curve. Drainage structures will be described ond locations shown.
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Mass Diagram

A one-page mass diagram will show the quantity of earthwork involved in the project. At the
time of preliminary P.L.LH, the mass diagrom will be a rough approximation, furaishing an indication
of the amount of borrow required or material to be wasted.

Interchange and Other Facilities

Plon drawing will >e prepared in sufficient detail to fully describe the layoutof the interchanges
or facilities.

Preliminary P.I.LH. Report

Following the preliminary P.L.H. inspechon, a prelimincry P.I.H. report will be prepored setling
forth the revisions agreed to dunng the inspection. The report will be prepared by the
designer f he parlicipates in  the inspechon, or by the Read Design Division Chief f
the des'gner does not parhcipate. The report, when concurred in by the participants
of the preliminary P.L.H inspection, will be used os the basis for further development of
the plans.

Revising the Plans

Revisions to the plans, os specified in the approved preliminary P.L.H, report, will be made by
the designer before continuing with the detailed design. Upon completion of the rewisions, any
grode changes which affect structures must be sent o the Bridge Design Division Chief

FINAL P.LLH. INSPECTIONS
Objectives

Final P.L.H. inspeactions will be made to establish all details needed to complete the design of
the project. Decisions made during preliminary P l.H. inspections relafive to alignment, grades
and gther items will not be reviewed unless major problems arise.

Preparations
To prepare for the final P.I.H. inspeciion, the designer should again review the project plans
and moke a list of the problems to be resolved.

The plans should be prepared in detoil, with the details ready to trace. Right-of-way lines
and grade lines will be drawn in pencil, and all summaries must be complete.
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All special provisions should be written in draft form and approved by the Road Design Division
Chief. These provisions will then be submitted to the Contract Administration Division for final
preparation and incorporation into the contract documents for that project. When writing special
provisions, designers will prepare them according fo HA guidelines.

Final P.I.LH. Report

Following the final P.L.H. inspection, a final P.L.H. report will be prepared setting forth the
revisions agreed to during the inspection. The report will be prepared by the designer, if he
participotes in the inspection, or by the Road Design Division Chief f the designer does not
participate. The ceport, when concurred in by the participants of the final P.I.H. inspection,
will be used as the basis for revising the plans.

Revising the Plans

The designer will revise the plans, based on the approved final P.I H. repor!, before tracing
the final details.



CHAPTER FOURTEEN
CONTRACT PLANS ASSEMBLY

GENERAL CONSIDERATIONS

This Chapter presents guidelines for prepaning contract plans in a clear, concise and uniform
manner. The designer should ensure that the plans contain the infermation that is required by
contractors, matenal suppliers and construchon nspection personnel. Contract plans are also a
permanent record of the design criteria for which the road was designed. The designer should
remember that many highway employees use the contract plans in the performance of their
duties. Thus, the plans must contain the data necessury for the various personnel to accomplish
their portion of the work. The use of duplicale data and cross references should be avoided, as
1t complicates the task of assembling, checking and revising plans.

In circumstances not covered by these guidelines, designers should establish their own guidelines
to be used consistently throughout the plans.

Plan Set Organization

Depending on the size and type of a specific project, each set of contract plans will contain
sheets selected from, and arranged in order of the following list :

ROADWAY PLANS SHEET CODES

. Title Sheet

Table of Contents

Symbols ond Abbreviations
Notes Sheet

Typical Section Sheets

Summary Sheets

. Detail Sheets
Right-of-Way Plans
Plan and Profile
Lighting Sheets

. Signing Sheets

. Utility Plans

. Standard Drawings
I4. Cross Sections

COENO L EWN -

w D=0
Cwvmre O
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STRUCTURE PLANS
|. Survey Sheet

Layout Sheet, if not included on Survey Sheet

Approa:h Roadwey Typical Sections and Project Cross-Sections
Soils Report Sheet — Borings, Soundings eic.

Substructure Details including Pile Layout & Details, if applicable
Beam or Girder Details

Superstructure Details

Slope Protection

0O ® NO KON

Reinforcing Steel Schedule.

Size and Layout of Orig_inal Sheets

Original sheet size will be determined by the Highway Administration. Borderlines on all sheets will ¢
a 8cm binding margin on the left edge and 2cm margins elsewhere, except that on cross=section
sheets the borderlines may be omitted if sufficient space 1s allowed for @ 8cm binding margin.

Sheet Codes

A number of sheets are provided with additional identification. This identification is a
combination of letters and numbers using the codes shown in the section entitled “Plan Set
Orgamization””. The numbers are determined by sequentially numbering the sheets within that
particular group Typical exomples of this system are3 C-2, the second plan ond profile <heet,
and S-8, the eighth signing sheet.

Abbreviated Plans

Abbreviated or short plans may be used for limited scope projects such as surfacing or
surface widening.

Abbreviated plans contain title sheets, typical sections, summaries of quantities, general notes
ond plan sheets. Profile sheets are included to show changes in grade.
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Sheet ldentification

The sheet fitle identfication block is preprinied in the lower right hand corner of all shests
excep! title sheels, A sample tille block s shown below.

DESIGNED
MINISTRY OF PUBLIC WORKS AND COMMUNICATION
HIGHWAY ADMINISTRATION

DRAWN

CHECKED

SUBMITTED BY DATE

APPROVED DATE

OF

Revisions

Revisions to existing sheets should be made on the original sheets whenever proctical. Major
revisions, which cannot be made on the original sheet, should be shown on o new sheet placed
immediately after the original. Its sheet number iz modified by odding a letrer: for example,
revised sheet No. 26-A would be placed immediately following original sheet No. 26,
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Revision descripfions, symbols and dates are lisked In the space provided immadiately 4o the
left of the title block, as in the example below :

REVISIONS
SYMBOL DESCRIPTION DATE APPROVAL
0 DELETE APPROACH ROAD STA, 15340568 LEFT 9-6-72
% CHANGE CULVERT SIZE STA. 1534325 TO 1LOM CLASS 2 9-6-72

The revision symbol 1s also shown near the revised data on the drawing.

Additions

Sheets, other than reviced sheets added to a set of plans affer final numbering, are ploced ot
the end of the plon set and numbered sequentially, continuing with the number following the
last sheet number in the plan set.

Sheets which are to be cancelled or deleted from the plans will remain in their position within
the plan set bul are marked “VOID” ond crossed out.

All changes to the plan set, such as revisions additions ona deletions are recorded in a revised
table of contents.

Scales

The use of nonstandard scales is noted to the left of the revision block. Standard scoles are
discussed in the appropriate sections throughout the manual.

The format and content of all sheets are described in the following pages, and model plan
sheets are shown, where oppropriate.
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Reduced Plans
When reduced plons are used, a note showing the appropriate percent reduction will be placed
immediately above the hitle block. A sample of this note 15 shown below.

NOTICE
PLANS REDUCED
APPROXIMATELY

509,

TITLE SHEET

General Requirements
The title sheet will be the front page for a set of plans Tie sheets identify the projects and
their locations as described below and illustrated on the model sheet.

Location Map
A large scale map plazed in the upper left corner of the lHe shee! shows the general location
of the project in relation 1o the other roads within the highway district.

Title Information
Title information is shown on the top center of the title sheet in the following order ;
e Highway Administration
o Project name
e Project number
o Types of work covered by the set of plons (see beiow)
Highwoy district,

Types of Work
The spccific types of work identified on the Title Sheet are as follows :

Grading Traffic Signals

Detour Bridge(s)

Base Course Roadside Improvements
Paving Guardrail

Culverts Fencing

Lighting
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Project Length

The project length is shown to the neaiest tenth of o kilometer immediately below the ftitle
information.

Design Data

Project design data are included in a block in the upper right hand corner. When projects have
or more road segments with different design data, prepare separate design datu blocks for
each segment,

Letting Date
The leMing date is recorded in the space provided in the upper right corner. This date will be
recorded by the Contract Administration Division. This date is the oclual lethng date, not a

proposed |eHing date.

Project Approval Block
A project approval block is located at the center of the title sheet below the layout map.

Layout Map
The layout map located in the center of the title sheet provides details of the following !

e The location of the project roadway in relztion to true North, towns, existing roads,
major drainage systems such as rivers and canals, government-optioned borrow and
surfacing sources , railroads and buildings.

e The beginning and ending statons of the project.

e The numbers and stations of adjoining projects.

o Bridges on the project. A single station number is used lo designate the center
stationing of each siructure. Data shows the bridge length and if it is to be constructed
under this contract.

e Route numbers,

e Enlarged insert maps of cities and towns when construction 1s contemplated through
those areas.

Related Projects

A block for related projects is located in lower lefi=hand corner of the tille sheet. Data in
this block list the numbers of projects not covered by the contract plans and projects
financially related to the main project.
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MINISTRY OF PUBLIC WORKS & COMMUNICATION
HIGHWAY ADMINISTRATION

PROJECTNO  01(02)000 +960 DA
GRADING,CULVERTS PAVING

LENGTH 280 KILOMETERS

DESIGN DATA
1970 1990
ADT/VU 7000 13c00
DHY 450 800
Tz %
D=3 %
V280 KPH
LETTING DATE _
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TABLE OF CONTENTS SHECT

General Requirements

A table of contents as shown on the next page is the second sheet in each set of contract plans
One sheet will be used solely for the Yable of contents, except in plans so brief that the tabl
of contents and the notes can be placed on the some sheet.

Where the table of contents 1s combined with the notes, each group information is clearly labele
“TABLE OF CONTENTS"” and “NOTES,’ using the same letter size as for sheet leadings.

Sheet Sequence

Table of contents will list the major groups of sheets and those subgroups necessary to facilitat
locating each item in the plons. The major groups, and the sequence of sheets within eacl
group are shown at the beginning of this chapter.

Addenda

The addenda to the table of contents list any sheets which are revised added or deleted ii
the contract plans after final numbering of sheets is completed. Each addition to the addendu
requires a new ravision of the table-of-contents sheet.

Sheet Numbers

The ntle sheet 1s considered as page one but i1s not numbered. All other sheets will have shee
numbers shown in the title blocks at the lower right corner.

Road plans sheets will be individually numbered in sequential order. Signing, lightng an
bridge plans will be individually numbered within each group and have letter prefixes, ¢
shown on the example sheet. Cross-section sheets will be individually numbered in sequent
order beginning with |. Sheets added to plans after final numbering (addenda) will be numbere
in sequential order within each major group, as shown in the example.
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SYMBOLS AND ABBREVIATIONS SHEEY

A sheet of symbols and abbreviations is the third sheet in sach set of plons. The following items
are shown on this shee! :

o All standard symbols adopted by the HA, except those symbols used oniy for signing
and lighting plans.

o All the standord abbreviations which could be misinterpreted by the contractor or
inspection personnel.

o A skew-line diagram for diainage structures. The skew of o structure is oriented
with respect 1o a line perpendicular to the project canterline drawn through the point
of intersection of the siructure flowline with project centerline The skew 15 defined
as the angle, to the right or left ahedd, between this perpendiculor and the
structure flowlines.

The standard symbols and abbreviations should be used consistently in cll contract plans,
Use standard oabbreviations only where room restricts the writing of complete words.

Prerrinted symbols and abbreviations shee!s will be available for use in preparing
contract plans,
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SYMBOL AND ABBREVIATIONS

TITLE SHEET PLAN ABBREVI|ATIONS
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NOTES SHEET

Genwral_Reguirement

A sheei of notes similar in format to the model sheet is included in each set of contract plans,
One shz2et is used solely for notes, except when the notes can be placed on the same theet
with the table of contents.

Contents

Notes sheets provide general information necessary for plan users to obtain an understanding
of the contract plans. The following type of information Is included, when opplicable:

® Description of work to be done by noncontractor personnel.
Instructions for the contracior regarding items not 1o be disturbed.
Gensral instructions for the contractor.

Waste areas for excess excavation.

Basss far plan quantities for surfacing materials.

Description of work items absorbed in the costs of bid items.
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MISC T( BE MCVED OR REMOVE BY OTHERS

LOCAT:ON

44030
i8+438
27+738

DESCRIPTION

GRAVE
GRAVE
1000 GAL GASOLINE TANK

ALL PRIVATELY OWNED $KNS TO B€ REMOVED BY OWNERS
ALl GLARDRAIL GUIDE POSTS AND GOVERNMENT OWNED
3CNS TG BE REMOVED BY GOVERNMENT FORCES

CONSTRUCTION NOTE

CONTRACTOK IS TOUSE EXTREME CAUTION IN Y HE AREA
SURROUNOING THE BRIDGE AT STATION IS+ 683 WHERE
UNEXPLODED ORDNANCE AND MINE FIELDS ARE LOCATED

CCNTRACZYOR WILL COMTACT LOCAL MILITARY AUTHORITY

id CRDER TO HAVE AREA CLEARED

CLEARING AND GRUBBING

TO BE ABSORBED B¢ UHT PRICE 81D FOR EXCAVATION
CLEARING AND SRUBBING TO CONSTRUCTION LIMITS

PLUS 2 METERS

DO NOT DISTURB

STA.0 + 063 RT DO NOT DISTURS GRAVEYARD

WITian RIGHT OF WaAY

NOTES

BASIS OF PLAN QUANTITIES

{QUANTITIES FOR ESTIMATING PURPOSES ONLY)

GRAVEL WEIG T ESTIMATE
PLANT MIX WEIGHT
PLANT MIX BIT MAT*L

PRIME
BITUMINOUS MATERIAL
Tacx

= 2200 XILOS PER CM
= 2320 KILOS PER CM
= 6 5% WEIGHT OF
PLANT MATERIAL
= 15 LITERS PER SGUARE MLTER
= O XILO PER LITER
* u4 LITERS PER SOQUARE METER

REVISIONS
TSCa etigw o

NOV S

&

.
&d
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TYPICA'. SECTION SHEETS

General Requirements

One or more sheels are used to show all the typicel sections. Mainline typical sections are shown,
first fullowed by other typical sechons in the order they appear along the mailine stotioning.
All typical sections will be numbered i1n sequential order. The first typical sechon is number
one, the second typical seclion,number two, and 10 on.

Contents
ltlems to be shown for each typical section are listed below.
e The typical section number.

o The name of the road to which the typical seclion applies s placed diectly below the
typicol section number.

o The locahons of frontage and cccess roads not- paiallel wth the moinfine ase shown
directly below the nomes. The locations are referencad o the mainline stosawirg.

e Beginning and ending stations for the typical section are shown in the upper right
corner of each typical section.

® A crossssechon view of the typical sechon to show the following :
+ The grading template, including any nonstandard slope design.
Profile grade.
Surfacing template for immediate development.
Ulhimaote section for oll stage canstruction.

Types, thicknesses ond widths of surfacing materials

+ + + + +

Slopes and dimensions necessary to define the typical section. The fixed point
on the inslope ot which the embankment slope changes is defined on surfacing
sections as well as on groding sections.

® Quonhties of gravel and bituminous materials represented by the typical sections cre,
shown to the nearest tenth of a unit.

+ Gravel quantities are expressed as “area in square melers”, “cubic meters per
100 meters“or “tons per 100 meters”.

+ Bituminous matericl quantiies are expressed as “square meters per 100 meters,”
“tons per |00 meters”, and “liters per 100 meters.”

¢ Notes pertinent to that specific typical section.
® A note stoting “NOT TO SCALE”, if applicable.
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SUMMARY SHEETS
Genoral Requirements

One or more summary sheets will be included in each set of contruct plans. Summary sheets
show all quantities Jf work and materials required by the plans. No other data are shown on
the summary sheets. The quantitias are shown in the same format os on the model sheet.

Stationing within each summary frame will be in sequential order whenever possible. To prevent
unnecessary redrafting, last minute changes may be lettered ot the bottoms of frames out of
sequence. At least 3 centimeters will be left ot the bottoms of frames to permit last minute
additions. A horizontal reference line will be drawn after each tenth entry of infermation in
the summary frames.

Separate summaries for the following groups of pay items are shown, when applicable,

o Grading items
Detour itams
Pavements items
Drainage structures
Roadside-improvements items
Guardrail

Basc courses
Seeding

Topsoil

Curbs & gutters
Right-of-way markers

Items to be remeved by coniractor,

- 196 -



S

UMMARY

CUBIC METERS LNEAR WETERS WEWRCP CRETE END
STATION -5 r REMARKS HEIGHT | W secTion | CM [ CM
€ XCAVZTION]EMBANKMEN STATION | ¢ vom | o som [ 100m |oF cover Cusic meTems | PEDDING | CuLvERT REMARKS
CLassT lcLassIr [cLAss = | METERS | ANGLE MAT ERIALE XCASTION
0+360 MAINLINE Ly LA
2096028 13 343 163 4350 1e712 6000 | 0 60 ) 173 72 98 | 3-100M x 20 00
2 4564 18 s0 0 so as (13 8 24
2 +018 1800 o so 76 76 10 17
3 e840 s7 0 o 83 [T 1 e a2 €4 |308m x 1900
6 -.022 | 3son [ 1] o (13 18 26 [206M X IT S0
6 + 990 s400 | 1 «0 129 156 103 147 12-10M x 27 00
10 +022 «000 | 1 00 123 156 0 11 [2-10m x 24 00
12 + 700 38 00 030 1 00 100 2¢ 4 f[2-08m x 1% 00
3+ 754 s4 00 0 so 114 Ve 32 4 |3-08% x 1900
0.7 seo0 | 1 30 | 43 ' 73 108 209 |3-10M X 28 00
24+ %4e o 70 T0 109 |2 130M X 2500 RAISE
26 ¢ 187 20 00 o 60 (3 (1 23 3R
26 +300 | 2000 o 70 78 78 20 30
10taLs {43 340 {168 a30 26 + sas 22 so o7s 3 [T 25 40
T 108 42 00 26 100 1 0o 34 353 [208M X 2100
27 - 630 43 00 1 60 ' 00 1920 a2 o3 |z-08m x 21 30
27 - 901 1000 070 e " 2% 3¢ | ExXTEMD EXISTING O.6M
CULVERT
4 v450 40 SO O 60 I 00 " on 30 44 2-080 M x 20 28
5 «09e s7 oo o 38 1 1e | aa % se [3 088 x 1900
1
TOTALS 8300 392 50 | 246 00 18 60 19 82 824 1278 |
STATION LINEAR @ USED FOR TEs sAsd SNVNISYE waTERIAL -
Yous Yous REMARKS
FROM T0 jemess | wEY | o | - T - x I T YT
0420000
13048012 2589 EXISTING SRIDGE ]

2846102527630 23 bTeze 38 377623 sv 240 0 AT 1270 je3e2 & 2624 38852 K] 414 4 [i3@ 1 [TYP SECTION NO |
29+81028/28+96228{ 330 00| 3so00 as47| 9093 4 350 ] 294| «58) as 1@ |TYD SECTION O 2
TOTaLS 0 _'Jﬁﬁ'- 38217 2 [sk isat 21677 8 {8433 & 2633 75599 0| <m0 139 @

m BATE | aveaowm
+ Rswa
. 1]
|:'““ == SummARY
-1
— ~ T )
- 20R)000+S800A

-/97-



DETAIL SHEETS
Genersl Requirements

Defoll sheets are included in contract plans to show:
¢ Nonstandard items

® Moass diagrams.

Requirerients for esach 'ype of detail sheet are presented below

Nonstandard ltems

One or more detail sheets may be used to show detcils of nonstandard items They ate used
for items requiring move specific infosration than shown eon the plan cnd profile sheets. For
example, detail sheets may be required to show hydraulic details for structures.

Bach detail shee' is clearly labetead in ihe title box ot the lower right corner of the daetail
drawing. The titla box will show the name of the detail, the station where it is opplicable and
the scole te whirh i+ 15 drawn.

Mass Diegram

A single-sheet moss diagram s included in contract plans with eothwork. The mass diegram
provides an overall view of the earth quantities and where theay are to be placed.

Balance points, cubic meters of earth, and haul quantities are shown,

A scole is used that places the mass diagram en one sheet. Where practicable, the mass diagram
should he confinuocus, with no breaks.
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RIGHT-OF-WAY SHEETS

in order to pravide supplemental right-of-way information to that appearing on plan ond
profile sheets, the ownership summary sheets of the final right~of-way plons will be inserted
in the contract plans.

PLAN AND PROFILE SHEETS

General Requirements

Plan and profile sheets show the horizontol and vertical alignment and depici the construction
items and the topography necessary for construction.

Sequence of Sheets

Mainline plon aond profile sheefs are shown first, in the order of increasirg stationing. The
continuous stationing of mainline plan and profile sheets is not interrupted by special sheets
showing fealures on or near the mainhne.

Special plan and profile sheets showing connections, interchanges, intersections, detour roads,
frontage roads, railroads and so on, appear after the mainline plan ond profile sheets in the
order they appear along the mainline.

Speciol plan and profile sheets for each feature are grouped together.

Labeling Special Sheets

Special plon and profile sheets are clearly labeled on their right sides so that any plan user
can readily determine whot special feature is shown.

Use of Notes

Notes on plan sheets should be brief, clear, and consistent: Installations and removals ore
noted by station and a brief description. Detailed descriptions ois included in summary sheats,
but should not be included on plan ond profile sheets.



Typical notes for some common items are presented below:

ltems Typical Note
Existing sign SIGN
New culvert 865 + 000
NEW 0.BM RCP
Existing cuivert to be removed 870 + 300
0.5M RCP. REMOVE
Naw rood approach 875 4+ 205
RD. APP, RT,
Naw metal guardrail 882 + 000 to 882 + 030

NEW METAL G.R. LT,

New rip rap 892 4 035 to 892 + 045
PLACE 30 SQ@ M OF ONE TON RIP RAP

Nort®: Arrows

North arrows are shown on plan views and should be uniform in size and shape within each
set of plans.

Orientation of Notes

All notes and dimensions for rood plans are written horizontally, with the following exceptions :

® Plan views: Pipa installation notes, equations and nght-of-way brecks should be
written vertically.

e Profile views: Equations are written diagonally. Full stations and elevations of
vattical curve P.l.’s, P.C.'s and P.T.’s ore written vertically.
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Original ground elevations are written with the bottom of the number touching the vertical line
representing the station ; and profile grade elevations, with the top of the number touching the
vertical line. For further clarificotion, the original ground elevations are placed in parentheses,

The figure below explains this orientation.

| | ] | |
=—PROFILE GRADE ELEVATIONS

———— ——
- e

-

=—— ORIGINAL GROUND ELEVATIONS

] T T
et - ll } I 1 !

[ i)

e Special considerations: Where limited space for notes makes horizontal placemen
detrimental to the readability of the plans, notes may be place vertically.

No notes or dimensions are written from right to left in an inverded position.

\% ‘p«‘/ RN 4

NG 7 Yo\ /4
O .
CORRECT WRONG
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tinline Plan and Profile Sheets

ecific guidelines for the preparation of mainline plan and profile sheets are presented
Jow,

e scales for mainline plan and profile sheets should be as follows :
e Rural projects — Plan lem = 10m
Profile lem = .5m Vertical
lem = |0m Horizontz!
e Urban projects — Plan lem = 5m
Profile lcm = ,25m Vertical

lem = 5m Horizontal

ght-of-Way and Lend Information

nd information shown on the plan sheets should be limited 1o map coordinate numbers.

ght-of-way information provided on the plan sheets shcr:ld depict the relationship of the new
J.W. to project centerline.

igmraghy

pography 4o he shown includes utilities, irrigation and drainage facilities, buildings ond
1er itlems pertinent fo construction operations.

here overhead utilities cross the centerline, notes indiccte the centerline stations, the types of
hities, the numbers of wires, the angle at which they cross the centerline, and the clearances

ove the present ground. Where underground utilities cross the centerline or come within
2 construchon hmits, notes will reference these utilies 1o centerline as well as give the types
utilihes and the sizes and depths of pipe.

radway Ali!umcnt Data

rizontal alignment data should be provided as follows :

e Staked aond projected alignments are represenied, showing equalions. The stoked
centerline within projections should be dashed. Nonparaliel projections should show
hes between staked ond projected lines.

e Bearings are wnitten near the lines to which they opply.
e Identfy the P.I., P.C. and P.T. by station.

e Place hsis of curve data, including full superelevation, near the P.1.'s. Full superelevation
15 expressed as o percentage.
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The lists of curve dato show the following iems in this order:

Pl (P.] Number)

A (Delta angle)

D (Degree of curvature)

R (Radius of curve)

T (Tangent length!

L (Length of curve)

E (External distance)

e (Rate of full superelevation)

Yertical ahgnment dato should be provided as follows :

Profile grade hnes are shown in relation to original ground lines. Record the elevations
of these lines In two rows along ihe bottom of the profile— oniginal ground elevations
on the bottom row, profile grades on the top row. The drawn ground line reflects all
centerhine elevations provided by the survey. Recorded ground line elevations should
be ot 25~meter intervals for rural areas. Profile grade elevations are recorded at

25-meter ntervals.

e P.C.'s and P T.'s are depicted with small circles on the grade line. Show the vertical

curve length and middle ordinate.

P.I.'s are depicted by small triangles af the intersections of the dashed tangent hnes.
Notes at P.l.’s indicate P . stahions and elevations.

Tangern: gradients are shown.

Place bench-mark notes in the bottom part of the profile near the stahions to which
they apply.

Record reference elevations at |-meter intervals in the columns on each side of
the profile.

Right-of-Way, Easements. and Control of Access

Right-of-way limits are shown. Describe breaks in nght-of-way alignments by centerline stations
ond offsets Stations ure written as plus stations and offsets will be expressed in meters.

Easement areas and control of access limits, as opphcable, should be clearly defined. Where
control of access limits does not coincide with right-of-way limits, label each clearly.

itams to be Installed or Constructed

Show items to be installed or constructed using standard symbols wherever standard symbols
ore applcable. The symbols are supplemented by notes indicating station locations ond
brief descriptions of the items. Refer to the section on “Use of Notes ”.
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ltems to be Removed

thow items within the right-of-way limits 1o be removed. Those items ioc be removed by
oncontractor personnel should be clearly noted.

Earthwork Data

'he following earthwerk data for each balance are recorded at the top of the profile view
iear the station which represents the center of the balance areo :

e the beginning and ending stations of the balonce area
o ihe in-ploce quantities of roadway excavation and embankment
o the total in-place quantities of excavation and embankment.

arthwork balance points are represented by vertical lines and short arrows, ot the appropriate
tahons, drawn just above the profile portion of the sheet thus:

- -

lan Views of Geometric Layouts

lan views of geometric layouts are used where mainline—plan and profile sheets connot

dequately show horizontal alignment details of large or complex facilities, such as interchanges
nd major intersections.

i contents of geometric layouls are generally the same cs the contents of plon views on
anline~plan and profile sheets, with these exceptions :
e Topography is not shown.

e The rames of the features ore clearly shown on the right side of the sheels.
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Supplementel Profiles

Supplemental profiles are used to show vertical alignment of improvemants other than
mainline roodways, such as frontoge roads and ramps.

Supplemental profiles should be drawn on cross-section paper.

Supplemental profiles contain the same types of information as shown on profiie viaws of
mainline~plan ond profile sheets. In addition, the names of the supplemenia! profiles are
shown on the right sides of the sheels.

Contour Grading Plana

Contour grading plans should be prepared for all interchanges. These plans show the final
shape of the finished ground,using contour lines and elevations.

Contour grading plans should show the following items:

Centerlines and station marks for mainlines, crossroads ond frontage roads
Base lines and station mnrks for ramps

Cbject lines showing :-rttic lanes, shouiders and drainage structures
Arrows showing the direction of flow through drainage structures

Nomes or other identification for crossroads, ramps, and frontage roods

Elevation lines at 0.5-meter intervals with elevations noted at 2-meter intervals

Names and scales of interchanges on the right side of the sheets.
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LIGHTING, SIGNING AND UTILITY SHEETS

Symbol Legend
The first sheet of each of these spaciality plans will contain a complete legend of symbols as
used on thoss plans.

Sheet Identification

The normal shest-numbering sysiem used throughout the plans will be used on these speciality
plens. in addition to this number, a sheet code number using o letter prefix will be used.
For explanation of the sheel code, refer to the section entitled ‘“Sheet Codes” earlier in

this Chapter.

Sceles

These sheers are prepared in the same scale os the plan portions of the plan and
profile sheets.
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MODEL BRIDGE PLANS

The following model bridge plans are intended to be used as @ guide in the preparation of

contract plans. As in most bridge projects, any definite plan set organization cannot be followed
exactly and this sot of plans is no different in that respect.

The highway and existing bridge shown are nonexistent.

All lettering has been done with o Leroy-lettering set for clority, whereas in actual practice,
freehand lettering of most smalf print will be found to be much faster. In freehand lettering,
exirems care should be taken to ensure that figures and letters are clearly written and cannot
be wistaken for something other than what is intended.

Some portions of the plans, such as the reinforcing :teel schedule, are not complete in that
all the reinforcing required for a bridge of this size is not shown. To detail more would be
repetitious and nothing would be gained in furthering the purpose of thase plans.

It should be noted that the total number of bars are shown in the reinforzing-stesl scheduls,
ond only one :chedule is used. This method should assist both the steel fabricator in supplying
the correct amcunts of steel and the project engineer in computing tha correct weighis for payment

The cross-section sheet also shows only a model number of sections 13 cover most of .2 situations

encountered on a typical bridge project. In practice, more secnons would be required to
determine quantities with the accuracy necessary for an engineer’s estimote.

Some of the sheets showing details of the prestressed beams could normolly be reproductions
of stondard sheels. Standord sheels ore being developed for all the presiressed beams,
precost piles o-d for any other bridge component that 1s used repetitiously.
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CHAPTER FIFTEEN
PAVEMENT STRUCTURE DESIGN

GENERAL CONSIDERATIONS

Pavement structure design refers to the design of the wearing course, base und subbase
courses. These layers when properly designed ond constructed are capable of transmitting
wheel loads to the subgrade soil beneath without causing undue distortion of the pavement
siructure or the subgrade. In addition to considering the short-tarm effects, such os settlement
caused by inadequote pavement thickness and strength, the designer musi also consider the
potential maintenance problems. Since repairs or replacement would be expensive and
disruptive of traffic, the road must be built to last o reasonably long period of time with o
minimum of maintenance.

This Chapter contains design criteria and a guide to reference materia! necessary for the
designer to develop the mosit economical structural section consistent with HA goals and
policies.

PAVEMENT SELECTION COMMITTEE

General Consideration

During the initial design stages of all road projects many decisions are made which will have
an effect on the ulhmate design of the project. One such decision is the type of
pavement to be used. A pavement selection committee is established by the Director of
Engineering in order to make this decision.

Committee Membership

Committee membership is made up of Engineers from the following divisions within
the HA:

e Rood Design
e Construction
e Maintenance
©® Materials.



The Director of Enginesring or his representative acls as chairman of the committee with tne
Rood Design Division responsible for reporting and corrying out the committee’s final
recommendations. Besides these commities membaers, the designer who will be responsible for
the aclual pavement design will sit on the commitiee as @ nonvoling member.

Pavement Selection Factors

The decision as to which type of pavement to use Is primarily one of economic. Which type
of pavement will provide the best roadway for the least amount of construction ond maintenance
monasy is the question the committes must answer. This is not an easy question For example,
a rigid pavement may cost more fo construct than o flexible pavement but be cheaper to
maintain. A rigid pavement when built on a weak subgrade, however, may break up
excessively, causing maintenance costs to go up. In this case, would it be more economical over
the lfe of the road to build a flexible pavement on an existing surface or slightly improved
subgrade and pay higher mointenance costs, or build a rigid povement on a much improved
subgrade and possibly pay less maintenance costs ¥ This and similar questions must be answered
before o decision on puvement types can be made.

The principol factors which influence pavement selection are listed below.

Road Design

e Closs of road

o Troffic

o Cost of different pavement types

o Hydrology data

Construction

e Availability of contractors to do work
o Competence of contractors
Maintenance

o Direct cost of repairs

e Road user cost when road is closed or particlly closed for extensive repairs

o Indirect cost of serious failures {accidents, build-up of traffic, etc)
Materials

e Auvailability of materials
e Cost of materials

e Svitability of materials.

These factors, together with facts about the actual project, will, when properly used, provide
enough information so that an intelligent, economical decision can be made.
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After o decision has been made, the Pavement Selection Committea’s report which has bee -
approved by the Director of Engineering is forwarded to the designer in charge of the pavemen
design. This repor! will contain all data necessary fo begin pavement design, namelyg traffic
counts, sirength of subgrades, strengths and svitability of the materials to be used, hydrolog:c
data and other spe.ific information and recommendatioswhich will effect the pavement design.

FLEXIBLE PAVEMENT

Sources of Information

The design procedures used for flexible pavement design are fully described in the Asphalt
Institute manuals found in the HA research library. The most fraquently used of these manuals
are: (I) Thichness Design-Full Depth Asphalt Pavemen! Stiuctures for Highways and Streels,
Manual Series No.| (MS-1); (2) Soils Manual for Design of Asphail Pavement Structures, Manual
Series No.10 (MS-10); (3) Asphait Surface Treaimenis, Manual Series No.I3 (MS-i3); and (4)
Asphalt Overlays and Pavement Rehabilitation, Manual Series No.17 (MS-17).

Outline of the Asphait Institute Design Procedure

The design process as described in MS-l consists of three parts. The first step is to perform o
traffic analysis in order to determine . Design Traffic Number (DTN). Nex{ the’strength of the
subgrade is determined using the California Bearing Rotio (CBR),Resistonce Value {R), or Bearing
Value Determination (Plate Bearing Test). Finolly, the traffic foctor and subgrade support
factor are used in a nomogroph to determine the totol thickness of asphalt concrete pavement
necessary.

At this point the designer has two options. He can sither specify that the entire thichuess be
asphalt concrete pavement or he can design an equivolent thickness using an asphaolt wearing
course ond a granular base course. Both methods are fully described in MS-1I.

RIGID PAVEMENT

Sources of Informstion

Rigid pavement design will be in accordance with the Portiand Cemer:t Association’s design
procedures. The thres orincipal manvals used are Thickness Design for Concrete Pavements,
Subgrades and Subbases for Ciincrete Pavements and Joint Design for Concrete Pavements.
These and other pavement design manuals are located in the HA research library.
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Outline of PCA Design Procedures

In the PCA design procedure as in the flexible design procedurs, o traffic analysis is performed
and a subgrade support factor is determined.

A trial=depth of pavement is then assumed and a concrete—fatigue analysis is performed to
determine the povement's ability to withstand the expected repetition of oxle loadings.

The fotigue analysis provides a percentage which is a measure of the fatigue res'stance used
during the design period by the expecled axle loadings. This percentage can then be used in
comparing different combinations of pavement depihs, concrete strengths and subgrade
suppor! factors.

_PCA Tahles of Information

Several of the tables which appear throughout the PCA manuals were developed for conditions

in the United Siates. Most notable 1s table 8 in the manual entitied Thickness Design  for

Concrete Pavements This table was prepored from dato obtained at 12 loadometer stations in

the United States Inthe obsence of corresponding data from HA station, the table may be

vsed. When local loadometer data have been recorded, similar charis, more appropriate
should be prepared.

ADDITIONAL INFORMATION

Besides tha publication discussed in the preceding sections,many other books and manuals on
aspholt and concrete pavements are located in the HA research library. The manuals include
o complete set of Asphalt Institute manuals and many PCA publication. The AASHO Inlerim
Guide for Design of Pavement Structures 1972is also availcble in the research library. This
publication provides the designer with additional design procedures for asphalt and concrete
pavement and presents much of the theory surrounding pavement design.
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