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FOREWORD

This manual has three purposes: to standardize highway construction plans as
assembled by the various districts of the Florida State Road Department and con-
sultants employed by the Department, to serveas a guide 1n the actual procedure of
design and plans assembly, and to provide designcriteria with explanations of their
application and use

Through description and examples of standard plans assembly, all parties become
aware of the amount and nature of information and data that must be gathered, and
the procedure through which 1t 1s documentedinform of highway construction plans
Standardized plans facilitate checking and revising and thus reduce chances for errors

The manual 1s not intended for use of draftsmen and designers alone Theycan
place i1n the plans only the information gathered by those engaged in the location
survey. The accuracy and thoroughness of the designer's work depends entirelyon
the amount and accuracy of the survey information It is, therefore, incumbent
upon surveyors, draftsmenanddesigners alike to familiarize themselves thoroughly
with these procedures

The manual 1s 1n four sections:

Section 1 Assembly of Roadway Contract Plans
Section 2 Roadway Design Procedure

Section 3 Design Controls and Criteria

Section 4 Plates

Design procedures and criteria are subject to changes or additions which will be
incorporated in the manual by revisions as need arises. Situations will develop 1in
which 1t might appear desirable to deviate from prescribed design methods and
criteria Approval for such variations should be requested from the Tallahassee
office 1n all cases where design criteria are involved, but approval may be granted
by the engineer in charge of design in the District Office 1if 1t appears that referral
to the Tallahassee office 1s unnecessary

Standard Drawings (identified by an Index Number) are not included 1n this manual
unless they contain design tables, charts and applicable design criteria Complete,
up-to-date sets of Standard Drawings are available for reference
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CHAPTER 1

GENERAL

This portion of the manual contains
descriptions and 1illustrations of the
components of highway construction
plans as currently preparedby the State
Road Department. Presentation of the
necessary informationis 1llustrated by
numerous examples and shouldbe ad-
heredto inorder to achieve uniformaty
and to produce plans of maximum read-
ability and usabaility.

Construction plans now are repro-
ducedby Xerox photography and offset
printing, In the reproductionprocess,
they are reduced i1n size to half the
original dimensions. The reduction in
size 1n printing requires a better quality
of draftmanship than would full size rep-
production demand.

The greater portionof the plans 1s pre-
paredinpencil, andfull size prints fre-
quently are needed, 1n addition to re-
duced size reproductions For this
reason, emphasis 1s given to proper
density of line work, sufficient lettering
si1ze and proper arrangement of notes,
dimensions, etc. It mustbe remem-
bered that the plans details are not drawn
for the convenience of the draftsmen.
Theyaretobe prepared 1n such a man-
ner as to permit clear reproduction
and to afford the most expeditious use
to all concerned. Included are those
giving the plans a final review and check,
specifications writers, governmental
agencies 1nvolved such as Counties,
Municipalities and the Bureau of Public
Roads, and contractor's personnel.

Constant reference should be made to
the 1llustrations to determine proper
letter size, keeping in mind that most
of the plates have been reduced to half
the original dimension. The absolute
minimum for lower case letters should
be No. 3 size. The letters always
should be openand formedwith a dense
narrow line.

One of the characteristics of Xerox
reproductionis that line width does not
decrease 1n proportion to the dimen-
s1onal reduction of the drawing, result-
ing 1n a tendency to close up the loops
in letters which are not open. A line
which 1s not dense might Xerox satis-
factorily but burn out in blue print or
blue line reproduction.

Running dimensionlines, note arrows,
etc,, throughnotes or figures must be
avoided., Coloredpencilmustnever be
used on original tracings. Laimaiting
care in drafting to thatrequiredto pro-
duce only a barely legible drawing 1s
not sufficient., Work must be of such
quality to be perfectly legible even with
poor reproductions.

The small amount of additionalcare
in drafting 1s more than offset by the
eliminationofa great deal of the inking
that would otherwise be required.
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CHAPTER 2
KEY MAP

This sheet, sometimes called the
T1itle Sheet, 1s the first one 1in the plans
and contains general information con-
cerning the projectand the plans them-
selves. It 1s prepared on standard
printed cloth Key Map sheets with the
following information listed.

1 LOCATION MAP

This map 1s placed in the center of
the sheet and consists of a reproduced
portion of one or more county maps,
showing the project locations. Caity
maps, usually are used for municipal
projects. Anyconvenient scale may be
used for rural projects and the map can
be traced directly froma county map on
ascale of 1/2" = 1 mile or 1" - 1 male
depending on the size required,

Section, Township, Range and County
Lines together with Section, Township
and Range Numbers should be shown.
Cities, towns and physical features
suchas lakes, streams and canals must
be 1indicated. City limits are shown
as are urban limits where applicable.

If a city map 1s used, section lines
are not important, but streets should
be shown and named. State highways
are shown by State Road number and
U.S. highway number 1if appropriate,
with arrows at the edges of the map,
pointing to the next principal cityto
which these roads lead Local roads
areindicated with parallel brokenlines

The project location 1s shown by a
heavy solid line of substantial width .
It 1s sometimes advantageous to show
station numbers at regular intervals,
particularly with city street projects.
The beginning and end of Federal pro-
Jects or State jobs, any station equa-

tions, exceptions and beginning and
ending of proposed bridges are tobe
stationed,

When several jobs or projects are
covered by the same set of plans, the
beginning and end of each job and pro-
ject must be indicated clearly by Job
and Project number and stationing.

The scale of the Location Map should
be chosen so it will not interfere with
other features of the Key Map. A com-
monerror 1s to trace the Location Map
in1nk and then discover that a insufficient
space remains for the Index of Sheets,
Project Title or the Length of Project
Tabulation.

Sometimes stationing flags are inked
in advance of completion of the Key
Map, and when 1t 1s completed, inter-
ference withthese flags 1s encountered.
The flags, however, shouldbe arranged,
whenever possible, to lie outside the
body of the map.

Whentracing county maps, avoid copy-
ing hatched or stippled area, culture
symbols and other information which 1s
not pertinent. Culture symbols should
be used sparingly to avoid a cluttered
appearance. The populationofincorpo-
rated towns and cities and census year
1s givenaccording to the latest Federal
census.

2 PROJECT OR JOB NUMBER, COUNTY, AND
ROAD NUMBER

These are in the form of a title, and
large heavy letters are used. They are
placed above the Location Map.

Where Federal Project numbers are
involved, the corresponding State Job
Number 1s placed near the top of the
sheet to the left of the sheet title block.

Project, Job, Road Numbers and name
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Key Map

of County should be inked with a mech-
anical lettering device All of the re-
malning lettering on the Key Map may be
free hand. See plate 2 for recommended
si1ze of letters.

3 NORTH POINT AND SCALE

The north point 1s placed at the top
or onone side of the Location Map, pre-
ferable to the right. The map scale
1s shown i1n conjunction with the north
point. The map should be orientedso
that the north point will be either to-
ward the top of the sheet or to the right.

4 LENGTH OF PROJECT

Lengths of roadway, bridges, except-
1ons and net and gross lengths are shown
in a box at center of sheet below the
Location Map. Whena Federal Aidpro-
ject 1s both within and outside an urban
area ( municipality having 5, 000 pop-
ulation or greater ) the length must be
divided into rural and urban sections.

5 INDEX OF SHEETS

A complete index of roadway plan
sheets mustbe placedonthe left side of

ROADWAY DESIGN MANUAL

Chapter 2

the keymap under the printed headings.
In the case of projects containing plans
for bridges, signing, signalization,
etc., the plans for theseitemsneed
notbe itemized., These may be refer-
redto under the index of roadway plans
in this manner: '"For Index of Bridge
Sheets see Bridge Plans " etc.

6 GOVERNING SPECIFICATIONS

The date of the governing specifications
1s 1nserted in the printed note atthe
lower left corner of the Key Map.

7 STATE MAP

A small scale state map 1s printed at
the upper rightportion of the Key Map.
The location of the project should be
indicated thereon.

NOTE: Plates 1 and2illustrate com-
plete Key Maps for rural and municipal
projects. Plate 3 1illustrate wvarious
title combinations.
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CHAPTER 3

DRAINAGE MAP

The Drainage Map 1s prepared on
printed cloth or film drainage map
sheets witha cross section grid printed
across the upper portion for plotting
the project profile and proposed grade.
It 1s plotted to some convenient scale
according to need. Scales suchas 1"
=200', 1" =500' or 1" =1,000' gen-
erally should be used to simplify plot-
ting the profile. For municipal pro-
jects, the scale should be no smaller
than1'-200', The horizontal and ver-
tical scales of the drainage map profile
must always be such that the stations
and elevations can be read directly
from the grid without use of a scale.
For jobs involving interchanges a sup-
plemental drainage map ona 1' = 100'
scale waill be required for each inter-
change area. Only the plan portionwill
be required and it will be shown on a
sheet without a profile grid. The pur-
pose of this detail 1s to show the small
areas neededto calulate pipe sizes for
the tabulation of drainage structures
within the interchanges. Should major
drains pass through the interchange
area a note shouldrefer to the proper
sheet for drainage area for the through
structure.

The plan portion includes:

1. Centerline of project with beginning
and ending stations of jobs and pro-
Jects and station equations andex-
ceptions., Stationing shouldbe shown
at regular intervals.

2. Physical land features affecting
drainage, such as lakes, streams,
swamps, etc., together with high
water elevations.

3. Existing roads and streets and
dra.ma.ge structures, showing type,
size, flow line and any other per-
tinent data.

4. Drainage divides and information,
where applicable, to indicate the
overland flow of water. Drainage
areasonl' : 100' scale maps may
be shown to an accuracyof one
hundredth acre. Maps or mun-
1cipal sections may show areas to
either one tenth or one hundredth
acre pending on scale and the ac-
curacynecessary. Areas of about
10 acres or larger should be shown
to whole acres only, whether on
municipal or ruraldrainage maps.
Inserts are usedto show areas that
are of such magnitude that the
boundaries cannotbe plotted at the
regular scale. Proposed drainage
structures are plotted by symbol
only in the plan portion.

5. Section, Township, Range and
County lines are indicated for rural
projects, whenpossible, and urban
projects,

6. Anorthpointandscaleare included
on the plan. The map 1s oriented
In a manner similar to the Key
Map.

Preparation of the profile portion:

The horizontal scale must be the same
used for the plan portion. The standard
vertical scale for rural and urban pro-
jectsis 1''= 10', although a scale of 1"
= 20' sometimes 1s used for rural pro-
Jects through rough terrain to avoid
numerous profile breaks. However, a
scale of 1" = 20' never should be used
at locations of proposedstorm sewer
systems.

The existing ground line 1s plotted with
a light solid line. In rural projects
which follow existing roads, the ap-
proximate original ground line also 1s
plotted, using a light broken line. For

1 -3-1



Drainage Map

municipal jobs, the existing centerline
profile 1s used.

It has been the custom in the past to
place the elevations of the existing
groundline at the bottom of the profile
box. As these elevations have little
practical value, they are to be omitted
1n the future.

Show elevation datum at each side of
sheet. At times the 5'" deep profile 1s
insufficient while the space available 1n
the plan portion 1s in excess of need.
The Tallahassee office can supply drain-
age map sheets on drafting film with
either 8'" deep or 10" deep profile
block.

The proposed project grade line 1s
plotted onthe profile with a heavy solid
line. PVI's are plotted and the eleva-
tions given. Percents of grade are
shown. The grade profile 1s plotted
around vertical curves, but no V C,
data are shown.

Proposed special ditches, exceptmed-
1an, are plotted inthe profile when hor-
1zontal and vertical scales permit. They
are 1indicated with a heavy broken line
(long dashes).

ROADWAY DESIGN MANUAL

Chapter 3

Proposed cross drains are plotted in
the profile sectionandcarrya note giv-
ing station, size of structure and flow
lines. Do not attempt to show skew or
pipe slope in plotting but merely plot to
elevationandlocationat point of cross-
ing the construction centerline. Incases
of more than usual slope, show eleva-
tion at each end of structure, Median
drains are not plotted in the profile sec-
tion.

For municipal projects, the storm
sewer main only 1s plotted in the pro-
file section, and no attempt 1s to be
made to show lateral or stub pipes

All highwaters affecting construction
must be placed in the profile. High
waters remote from the project and not
influencing construction should not be
referenced to the appropriate location
in the plan. Any high water that 1s to
be lowered should be so noted and the
design high water elevation given. A
light broken line 1s plotted at the high
water elevation, and the elevation 1s
given.

NOTE: Plates 4, 5 and 6 illustrate
drainage maps or rural and urban pro-
jects.
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CHAPTER 4
SUMMARY OF QUANTITIES AND RELATED TABULATIONS

Summary of quantities andrelated
tabulations always are prepared on
standard cloth or film sheets. The
Summary of Quantities 1s atabulation
of quantities of all work for which di-
rect payment 1s made. Items are ar-
ranged 1n numerical order and are
worded exactly as in the Standard Speci-
fications. Qualifying or descriptive
information such as pipe size, base
thickness, curb type, etc., 1s placed
after the standard item and in paren-
theses or brackets.

When bridge structures (other than
box culverts of bridge length)are in-
volved, the surnmary of bridge quan-
tities willbe incorporated in the bridge
plans, and proper reference by foot
note, under the summary of roadway
Juantities, must be made. Quantities
for bridge length culverts listed in the
summary of drainage structures are
separatedby symbol opposite the item
with a foot-note.

Also grouped with the Summaryof
Quantities are the various tabulations.
Proposed drainage structures always
are tabulated in summary form. A
tabulation of proposed guardrail 1s in-
cluded. Other information tabulated
as the need arises includes '"Basis of
Estimate" ( generally of surfacing
quantities and for plant mixasphalt
quantities), measurement of length for
grading when paymentis on a roadmaile
basis, and turnouts and side drain pipe.
Locations are specified for special
si1ze or shape (lo head or elliptical)
side drain pipe and areas of ditch pave-
ment, sodding, grassingandmulching,
etc where applicable.
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Plans for resurfacing projects fre-
quently carry a tabulation showing
widths, lengths andareas when several
different widths are involved. Tabu-
lations for other work are provided in
special cases, suchas in the installat-
onof electrical conduit for future road-
way lighting.

All tabulations should reflect the same
breakdowns as the Summary of Quan-
tities, with subtotals for each break-
down. Frequently 1t 1s necessary to
supply additional information about
various items 1nthe Summary of Quan-
tities by foot-notes. Referencing these
foot-notes to items by means of sym-
bols sometimes leads to confusion. A
more satisfactory method 1s to re-
ference by item numbers. However,
the use of foot-notes under the Summary
of Quantities should be avoided if the
information can be indicated more ap-
propriately in other portions of the
plans.

The Summary of Quantities and Sum-
mary of Drainage Structures frequently
occupy such widths, due to multiplicity
of columns, that 1t 1s impossible to
follow the horizontallines across the
tabulation without use of a straight-
edge. Insuch cases, horizontal guide
lines should be ruled with a thin solid
ink line on the back of the cloth sheet.

NOTE: Plate 7 shows examplesof
Summary of Quantities and various
tabulations, and plate 8 1llustrates
various combinations of headings for
the quantities columns. Plate 9 illus=-
trates the Summary of Drainage Struc-
tures.
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CHAPTER 5
MASS DIAGRAM

Mass diagrams are ncluded in all
plans having roadway cross sections,
exceptfor projects such as single inter-
changes, parking areas, etc., the na-
ture of which would make a mass dia-
gram meaningless

The mass diagram 15 prepared on
standardcross section sheets. Project
stationing1s used for horizontal datum
andmass ordinates for vertical datum .

'The length of project influences the
horizontal scale. Forlong projects, a
maximum ten stations per inchis allow-
able. For shortprojects, a horizontal
scale shouldbe chosen so that the mass
diagram will occupy a major portion of
the sheet. Stations numbers will be
placed across the top of the sheet.

The extremes of the mass ordinates
dictate the vertical scaleto a great ex-
tent. The vertical scale shouldbe such
that few or no breaks i1n vertical datum
willbe necessary. Where the difference
between the greatest and least mass
ordinate 1s small, a fairly large scale
should be used.

The mass ordinate datum 1s to be placed
on both the right and left sides of the
sheet. Themass ordinate of each sta-
tionis plotted and the points connected
by a medium weight solid line. This
line generally can be drawn free hand
instead of connecting points with a
straight-edge.

With the mass diagram for suitable
subgrade material, the beginning and
end of project,or of construction, sta-
tion equations, bridge stationing and
stationof balance points are indicated.

A horizontal line 1s drawn at zero da-
tum. Horizontal balance lines are in-
dicated between balance points, and
earthwork quantities are given for bal-
ance, borrow and excess sections,

Excavationand fill of materials other
thanA-2andA-3 generallyare indicated
with a dimension line between the ex-
tremes of cut and fill, together waith the
stations at the beginning and end of the
section and the quantities However,
mass diagrams shouldbe computed and
plotted for this earthwork when the haul
1s signmificant.

Borrow pit locations are indicated on
the mass diagram, usinga sinmple sketch
showing the tie to the project, haul route
andpitoutline Dimensionsofthe sxes
of the pitandalong the haul route should
be given, but the sketch need notbe to
scale

The reason for showing the pits on
these sheets 1s to enable a rapid eval-
uation of the haul of material from the
pits. Informationnot pertinent to haul
shouldnot be included. Avoaidcluttering
the mass diagram with unnecessary de-
tail of the pits.

A summary of earthwork 1s placed on
the last mass diagram sheet. Ifaquan-
titybreakdown 1s necessaryin the Sum-
mary of Quantities due to the project
crossing a Municipal or Urban limaits
line, etc., the summary of earthwork
onthemass diagram should reflect the
same breakdown.

NOTE: Plate 10 1s an 1llustration of
the mass diagram
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CHAPTER 6
ROADWAY PLAN-PROFILES

Normally, the roadway plans and pro-
files are preparedon standard22''x 36"
planprofile sheets The top half of the
sheet 1s blank for the plan portion, and
the bottom portion contains a grid having
10 x 10 units per square inch

Standard scales for plans for rural
constructionare 1''=100' horizontally,
and 1" = 10' vertically in the profile
Scales for municipal plans usually are
1" = 20" horizontally and 1'" = 2' ver-
tically .

It 1s advantageous at times to use
scales other than those mentioned The
mostcommon variance 1s a scale com-
bination of 1' = 50' horizontally, and
1" = 5'vertically Such a combination
of scales 1s useful when a large amount
of existing topography would result in
difficulty usinga 1" = 100' scale and 1n
cases where 1t 1s desired to show the
profile to greater accuracy than 1s pos-
sible with the 1'' = 100' horizontal and
1'"'= 10' vertical combination.

6-A ROADWAY PLAN PORTION (RURAL
CONSTRUCTION)

The survey centerline 1s centered ap-
proximately in the plan portion of the
sheet, with the stationing running from
left to right When horizontal curves
are involved, the centerline 1s so lo-
cated on the sheet to avoid breaks or
match lines whenever possible

Thirty stations per sheetare usedwhen
the horizontal scale 1s 1' = 100' and
15 stations for 1'"'=50' For 30 stations
per sheet, each sheet should begin and
on an even 10 station A 'tick' mark
perpendicular to, and on the upper side
of, the centerline 1s placed at every
station. When 15 or 30 stations to the
sheetare used, '"tick''marks onthe even
5 stationsare made approximately 0.2"
long, and the station number shown a-
bove the '"tick''mark For the remain-
ing stations, the ''tick' marks will be

approximately 0.1'" long and no station
numbers shown Whenal''=100' scale
1s used, the station numbers are placed
outside the right-of-way line, and when
1" = 50' scales are used, the station
numbers shouldbe dacednear the "tick"
marks.,

P.C. and P.T. points of horizontal
curves are indicated by small circles.
Short radial lines are drawn from the
P.C. and P. T. points with the station
ofthe P,C., or P.T. shown above these
lines. P.IL.'sareplotted using a small
circle with a short section tangent on
either side. Complete curve data are
tabulated for each horizontal curve.

In cases where the construction cen-
terline does not coincide with the survey
centerline, the construction centerline
15 to be i1ndicated, with complete align-
ment data andties to the survey center-
line. Asan exception to this, the con-
struction centerline need not be shown
when 1t 1s offset umiformly from the
survey centerline for the entire length
of the job.

All station equations mustbe included.
These include both equations occurring
onthe survey centerline and those equa-
ting survey and construction center-
lines.

All existing topography 1s shown, with
the exception mentioned later. Of par-
ticular importance are existing roads,
streets, drives, buldings, power and
telephone lines, both underground and
otherwise, underground pipes and cables
of all kinds, inlets and manholes, re-
taining walls, curbs, sidewalks, fences,
railroads, bridges and culverts For
Interstate projects, 1t 1s presumed that
all buildings will be removed prior to
taking of bids, so buildings within the
right - of- way need not be plotted.
Streams, lakes, swamps, wooded areas
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Roadway Plan-Profiles

and other physical features also must
be included.

Existing pavement edges, pipes, cul-
verts, sidewalks, etc. are plotted us-
ing a lightbrokenline. The type of ex-
1sting pavement must be noted. The
type of vegetation must be indicated.
See plate 36 for standard symbols.

Bearings are indicated for all tangents .
A north point 1s placed on every plan
sheet and should be located 1n a clear
area near the center of the sheet or in
the right hand portion. This north point
need notbe large, but should be of such
weilght as to be easily located.

Where side roads and streets intersect
the project, the station of, and angle
between the 1intersecting centerlines
are noted.

All reference points are indicated by
sketches or diagrams. The sketches
should be placed at locations removed
from the project centerline, giving sta-
tion and intersecting angle.

County, city and urban limits are in-
cludedand tied to centerline by station
and angle.

The proposed construction limats for
rural projects are indicated in the plans,

The limits are flagged and stationed:

1. Beginningandendof State Jobs and
Federal projects, and also begin-
ning and end of constructionincases
where construction limits are out-
side the Job or Project limats. If
one set of plans covers more than
one job or project, the limits of
each must be shown clearly by job
or project number and stationing.

2. Thelimits of Job and Projectbreak-
down necessary for separation of
length and quantities on Federal
Aid Projects.

3. Thelimitsofeachtype of construc-
tion classificationwhere more than

ROADWAY DESIGN MANUAL
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one type 1s involved, such as ""Urban'
"Rural', FAnon-participating, etc

4. Lamats of exceptions

For rural projects, the cross drain
pipes and small culvert are indicated in
the plan by plotted symbol only Cul-
verts having a clear span (between in-
side faces) 0of 20' or more are designated
asbridge culverts. Onthe plan, bridge
culvertsare indicated by noting the be-
ginning and ending stations {outside wall
to outside wall) along the centerline.

Proposed bridges and approach slabs
are plotted by simple outline The be-

ginning and ending stations of the bridges
arenoted. Notes given for the approach
slabs are the lengths and index numbers.

Lateral ditch details usually are shown
on plan-profile sheets separate from
the roadway details. A short section
of lateral ditch centerline 1s plotted on
the roadway plan-profile sheet together
with a note referring to the proper lat-
eral ditch sheet. When very short lat-
eral ditches are to be constructed, the
ditch details may be included on the
roadway plan-profile sheets. If it 1s
necessary, however, 1n a particular as-
sembly of plans, tohave separate sheets
for some lateral ditches, all lateral ditch
details should be shown in that portion
of the plans. (See section on lateral
ditches).

Proposed pavement edges are not plot-
ted ordinarily on plan sheets for rural
construction. Exceptions are inthe case
of intersections, pavement transitions,
and median openings on four-lane pro-
jects. Pavement edges here are 1indi-
cated only within the limits of the inter-
section, transition or median opening.
Reference notes indicate plan sheet.

Where the proposed roadway construc-
tionis inaccordance with the typical sec-
tion, 1it1s notnecessary to plot the edges
of pavementonthe plan sheets for rural
construction. The pavement edges should
be plotted only at non-typical locations
suchas intersections, pavement tran -
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Roadway Plan-Profiles

sition, median openings, etc. At these
locations, only sufficient details to out-
line the lim1ts of the non-typical design
arerequired. Notes referringto stand-
ard design sheets or special design
shown i1n the plans are given.

Right-of-waylines are shown and are
dimensioned from the survey center-
line or base line. All breaks in right-
of-wayare shownby station, dimension,
and angle. Dimensions are shown at
both ends of the sheet and must always
be placed outside the beginning and end-
ing station for each sheet.

The centerline with station '"'ticks'',
station numbers, and stationing infor-
mationare inked. The remaining work
usually 1s 1n pencil.

6-B  ROADWAY PLAN PORTION (MUNICIPAL
CONSTRUCTION)

The centerline 1s laid out on a scale
of 1'" = 20', andexactly six stations are
used for each sheet. Each sheet should
begin and end with an even-numbered
station. Each station i1s marked by a
"tick'" mark 0.2'" long, and the station
number 1s placed near this mark "Txks"
0.1'" long are placed at every 20' point
between stations, but no plus station
numbers are shown.

Existing topographyis plotted. Align-
ment data, reference points, north point,
bearings, job and project limaits, etc.,
are shownas in the plan portionfor rural
construction plans.

Proposed construction for municipal-
type construction includes

1. Pavement edges, curb and gutter,
mediancurb, barrier curb, traffic
separators, sidewalks, retaining
walls, steps, bridges, approach
slabs, etc.

2. Stationof return points, with grade
elevations of gutter or pavement
edge at these points
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3. Station of radius points of traffic
separator or mediancurb at median
openings.

4. Station of end of curb and gutter at
side streetintersections, (whenend
1s not at a return point) with pro-
posed gutter grade elevation atthese
points. No station need be shown
whenthe curb and gutter on returns
1s terminated three feet back ofthe
right-of-way line, as the point of
termination 1s set by the right-of-
way width.

5. ILamats of pavement and grading at
side streetintersections. The limats
of stabilizingandclearingand grub-
bing maybe shownon the plan sheets
or by special details.

6. Control radiifor traffic turns when
these set median nose locations.

7. Proposeddrainage. The storm sew-
er system 1s indicated by plotting
the storm sewer centerline and the
outline of inlets, manholes and junc-
tionboxes. Storm sewer pipes are
notedby size andlength. Proposed
inlets, manholes, junction boxes
and special structures are noted
only by station and type.

8. Construction limits, when outside
of the right-of-way line, are indi-
catedbyabrokenline and so noted,
exceptinthe case of pavementareas
suchas filling stationdrives, park-
ingareas etc., where construction
limits cannot be determined accu-
rately by the designer. In such
cases, the limit of construction line
shouldbe omitted through the limits
of the paved areas.

6-C  ROADWAY PROFILE PORTION (RURAL
CONSTRUCTION)

The horizontal scale 1s the same as
that used in the plan portion, and the
stationlimits of the profile must corre-
spond exactly to those of the plan portion
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of each sheet. Station numbers are
placed across the bottom of the sheet
justabove the border line. Full station
numbers are used for even ten stations
and single digit numbers for the re-
mainder. For a horizontal scale of
1" =100', a vertical scale of 1'" = 10
1s normally used, and for a horizontal
scale of 1'" = 50", a wvertical scale of
1'" = 5' generally 1s suitable.

The vertical elevation datum 1s select-
ed with due regard for the extremes of
elevation which will occur oneach sheet,
so thatthe profile will not crowd either
the upper or lower limits of the profile
straip.

Elevation datum 1s indicated on both
the right and left sides of the sheet and
should be placed so that even ten-foot
elevations will be on the inch lines for
al'"= 10'vertical scale, and even five-~
foot elevations will be on the inch line
for a 1' = 5' vertical scale. Existing
groundlme elevations on the survey or

ase line are lettered vertically just
above the station numbers.

All even and plus station elevations
should be given and plotted in the pro-
file. Where breaks 1in the profile are
so numerous that there 1s not sufficient
room to show all of the elevations,
breaks should be plotted in the profile
butonly significant elevations, such as
drainage structure flowlines, pavement
edges, tops of rails, etc., needbe
given.

The existing ground line profile 1s
plotted and inked, using a light solid
line. When an existing two-lane facil-
1ty 1s being expanded to a multi-lane
highway by the constructionofa parallel
roadway, the plotted profile may be that
of the existing pavement edge adjacent
to the proposed median. This facilitates
establishingmatching grades, especial-
ly at the lacation of superelevated curves.

When the survey follows an existing
road, 1t 1s sometimes advantageous to
approxiumate and plot the original ground
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line profile, using a light broken line .
See the section on Drainage Map pro-
files

A-8 (muck) strata limits are plotted
in the profile and cross hatched. In
cases where no soil profile 1s included
inthe plans, strata boundaries ofother
unsuitable materials also are plottedin
the profiles and labeled.

High water conditions are shown by
the use ofa lightbrokenlire (long dashes)
at the high water elevation, with the
elevation 1indicated numerically, and
the year of the indicated high water
given. If high water is to be lowered,
the design high water elevation mustbe
given.

Bench mark data are normally given
Justbelow the upper margin of the pro-
file strip, or may be placed i1n the plan
portion just above the upper profile
margin.

The proposed profile grade 1s shown
by a heavy solid line. Vertical curve
P.C., P.T. and P.I.'s are indicated
by a small circle. The grade line 1s
plotted around the vertical curve, and
sections of tangent are drawn from the
P.1. on either side using a light solid
line. Vertical lines are extended from
the P.C. andP. T, points, and a dimen-
s1on line placed between these lines in-
dicating the length of the vertical curve.

For vertical curves, the profile grade
elevations are given every fifty feet
(on even stations and half stations) are
placed between the dimension line and
the grade line. The length dimension
and the profile grade elevations are
placedabove the grade line for sag ver-
tical curves, and below the grade line
for crest vertical curves. The dimen-
sions and elevations should be placed
reasonably near the grade line when-
ever possible.

The P I elevation 1s lettered verti-
cally above the P.I. circle for crest
curves and below for sag curves. The
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profile grade elevation of the beginning
and ending station of each sheet 1s let-
tered vertically just above the grade
line, exceptwhen the beginning or end-
ing station 1s on a vertical curve.

When the P. 1. does not fall on an even
station, the plus station 1s given Per-
cents of grades are indicated for each
tangentonevery sheet In cases where
the beginning or ending station of the
sheet 1s on a vertical curve, the P.1I.
of which falls within the sheet, the per-
cent of grade of the tangent extending
from the adjacent sheet 1s indicated.

Station equations and exceptions shall
be shown

Special ditches are indicated in pro-
file with a heavy broken line (lorng dashes)
and the percents of grade and a begin-
ning or ending (Ditch P.I.) elevations
are given. In plans for four-lane pro-
Jects, three special ditch grades (right
and left roadway ditches and median
ditch) sometimes willoccur at the same
location. In this case, 1t may be nec-
essary to plot the median ditch against
separate elevation datum for clarity.

When ditches of uniform but other than
standard depth are used, the limits of
such ditches are indicated by a dimen-
sion line and an appropriate note in the
lower portion of the profile strip.

Proposed cross drain pipes and cul-
verts are plotted in section with a solid
heavy line The section should be at
the proposed location and grade of the
structure crossing the centerline of
construction. Bridges and bridge cul-
verts are noted as such and the begin-
ning and ending stations given. Con-
struction notes for cross drain pipes
andculverts include station, size, flow
lines and skew angle. Length and index
numbers are not given.

The job and project limits on appli-
cable sheetsare giveninthe same man-
ner as in the plan portion of the sheet.
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Generalnotes for the prgectare placed
in the upper left hand portion of the pro-
file strip of the first plan-profile sheet.
These notes include those concerning
benchmark elevation datum, placement
of information signs and any special
notes concerning the specific project.

6-D ROADWAY PROFILE PORTION (MUNICIPAL
CONSTRUCTION)

The profile portion of plan and profile
sheets showing municipal construction
1s prepared in a manner very similar
to that for rural construction. The
standardscalesare 1' = 20' horizontally
and 1' = 2' vertically, although a ver-
tical scale of 1'" = 5' has been used sat-
1sfactorily for some jobs in hilly ter-
rain,

Whena 1" = 2' vertical scale 1s used,
the vertical elevation datum should be
placed so that numerically even eleva-
tions fall on the inch lines and only the
elevations for the even two-foot inter-
vals are shown. Whena 1" = 5' scale
1s used, only even 5' and 10' elevations
are shown, and these are placed on the
inch line.

Existing ground line profiles and ele-
vations, proposed profile grade line,
vertical curve elevations, high waters,
stationequations, exceptions reference
points, bench mark notes, job project
limits and general notes are indicated
exactly as 1n plans for rural construc-
tion.

Allwater and gas mains, all sanitary
sewers and ducts are plotted by using
lightbrokenlines. Small service lines
for these utilities need not be plotted in
the profile, however, the elevations
shouldbe shown in the plan at locations
where the elevations were taken.

Whena number of utility lines of var-
10us kinds are present and overlap each
other in profile, 1t 1s sometimes advan-
tageous for clarity to use different colors
ofink as well as to differentiate by use
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of different length dashes or combina-
tions. The different colors are helpful
during design stages by making identi-
fication of the various lines eas:er.

For normal construction, proposed
gutter line profiles are not necessary.
However, when a warped section 1s
used, or when gutters are not at normal
grade due to proposed superelevation,
the gutter profile grades should be in-
dicated.

When the plans donot include separate
sheets of profile grades and sections
for street intersections, prolongations
of gutter profile grades across street
intersections should be included

Bridges, cross drain pipes and cul-
verts are plotted as 1n rural construc-
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tion. The storm sewer system includ-
ing main, stub, inlets and manholes 1s
shown. Pipes are noted by size, and
inlets 4nd manholes by station and type
for all proposed construction. Pro-
posed flow line grades are indicated.
Proposeddrainage structures are plot-
ted with a medium heavy line.

NOTE: Plate 13 i1llustrates a conven-
tional roadway plan-profile sheet for a
rural project. Plate 14 1s also a plan-
profile sheet for rural projects, the
right side of the sheet 1llustrating a
four-laning project, and the left side
1llustrating details for plans containing
no soi1l profile and no separate drainage
structure or lateral ditch plan -profile
sheets.

Plates 11 and 12 illustrate plan-pro-
file sheets for municipal construction.
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CHAPTER 7
PROPOSED DRAINAGE STRUCTURES

Separate sheets of proposed drainage
structure cross sections are included
1n construction plans for both municipal
and rural projects

In the past, attempts have been made
to reduce the amount of time consumed
1n plans preparation by omaitting plot-
ting drainage structures in plans for
municipal projects and plotting cross
drains i1n the profile portionof the plan-
profile sheets in plans for rural pro-
jects  Lattle, if any, time 1s saved by
thisomission Onmanymunicipal jobs
more time was spent 1n duplication of
test sections by both design andcheck-
ing personnel thanwouldhave been con-
sumedinthe orderly and regular plot-
ting of drainage structures at the outset
Therefore, drainage structure cross
section sheets mustbe includedin plans
for jobs requiring drainage structures

Drainage structure cross sections are
prepared on standard cross section
sheets, usually to the same scale as the
roadway cross sections The centerline
of constructionis locatedat or near the
center of the sheet, and the existing
ground line 1s plotted at the location
of each proposed structure

The spacing of sections must be such
that the proposed structure canbe plot-
ted and proper notes included without
overlapping of adjacent sections Sec-
tions are plotted successively, beginn-
g at the bottom of the sheet If, for
any reason, a structure is plotted out
oforder, a note should be placed in the
correct place 1n sequence referringto
the sheet on which such structure 1s
plotted

The existing ground line 1s inked with
a thin solid line, and the existing ground
line elevation 1s placed immediately

below the ground line at project center-
line or base line Any existing struc-
tures at the location of the proposed
structure are plotted using a medium
weight broken line

For ordinary cross drawns, this pro-
cedure should be followed:

The roadway template and proposed
structure are plotted in pencil using a
heavy solid line, and the proposed pro-
file grade elevation is given above the
grade point The ends of the proposed
structure are dimensioned from the
centerline or reference line,

Elaboration in plotting the structures
1s to be avoided; they should be plotted
simplyas sections along the centerline
of the structure, except that lines re-
presenting the outside line of the shell
of pipe culverts are not plotted.

In the case of skewed cross drain
structures, the section must be along
the centerline of the structure A note
18 placed below the plotted structure
giving station, length and size of pro-
posed pipe, right and left flow lines,
skew angle 1n case of skewed structure
and standard index numbers for end-
walls, inlets, or other accessory struc-
tures

It 1s also helpful to show the station
of the structure in fairly large letters
near the right border of the sheet
Ordinarily, no separate notes are used
for endwalls, an exception being when
the pipe 1s placed parallel to the pro-
jectand endwalls are required in which
case the station, index number and flow
line of each 1s given

The procedure in plotting drainage
structures for municipal construction
1s similar to that for rural construction
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with a few exceptions.

A large proportion of structures for
municipal construction 1s for the pur-
pose of drainage within the lateral lirmts
of the right-of-way, hence, the existing
ground line 18 not pertinent in these
cases and may be omaitted.

The ground line, however, should be
plotted for cross drains, for stubsto
inlets or endwalls outside the side-
walk lines and for ditch bottom inlets
placed at side streets. Wheremains
or laterals run diagonally across the
project, they should be plotted in such
a manner as toindicate the minimum
cover that will result over the pipe.
Longitudinal pipes are plottedas shown
in the 1llustrations.

Structures of storm sewer mains along
the project always should be plotted in
proper sequence and without interrupt -
1on. Wheninlets are placedat the ends
of the returns on cross streets, they
shouldbe plotted with a section normal
to the side street. These sections us-
ually can be placed to one side of the
sheet without interrupting continuity of
plotting.

When systems extendingalong cross
streets cannot be placed i1n regular
order without interrupting plotting of
the main system along the project, these
structures should be plotted on sepa-
rate sheets withappropriate sheetcross
references given.

It1s very important to indicate exist-
ing underground utilities on the drain-
age cross sections so that conflicts
may be detected, and to alert the con-
structionforces to the instances of near
conflict The same utilities as are 1n-
dicated on the profile portion of the
roadway plan-profile sheets shouldbe
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shownonthe drainage structure sheets
in conjunction with each plotted struc-
ture. Inthe case of longitudinal pipes,
a sectionshouldbe plotted for eachlo-
cationofacrossing of any underground
line.

Notes for cross drain structures are
to conform withthose of rural construc-
tionplans. Forstorm sewer systems
where cross drains are not involved,
proposed 1inlets, manholes, junction
boxes and endwalls are indicatedasto
station, type, 1index number and flow
line elevation. The top grade elevation
of proposed manholes also 1s givenas
are gratingand inlet elevations of pro-
posed ditch bottom 1inlets. Notes for
the pipes are to include only size and
length.

Flow line grades are i1ndicated at ap-
propraiate places onthe plotted sections.
Arrows indicating direction of flow for
each pipe shouldbe included in the case
of cross drains and in storm sewer
systems. Existing structures which
aretobe abandonedbutare to be plugged
andremain in place must be plotted
along with the proposed template at that
location.

NOTE: Plates 15, 16 and 17 illus-
trate drainage structure cross section
sheets for rural projects, showing the
arrangementof notes, various types of
drainage structures and combinations
of structures. Plate 17 also gives the
requirements at locations where pro-
posed structures go under railroads.

Plates 18 1illustrates drainage struc-
ture cross sections for municipal pro-
jects.

Plate 19 1illustrates the method of
establishing the length of special pipe
under railroads and gives criteria for
plotting inlets on returns.
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CHAPTER 8
LATERAL DITCH PLAN-PROFILE

Lateral diatch plan-profiles are pre-
pared on standard plan-profile sheets
inamanner very similar to thatofroad-
way plan-profiles The standard hor-
1zontal scale 1s 100 feet to the inch

If storm sewer construction is antic-
1patedover a portion of the line, a hor-
1zontal scale of 1" = 50' may be used,
and, 1n the case of very long ditches, a
scaleof 1" = 200' or more may be used
to permat placement of the entire ditch
alignment on one sheet However, if
an unusual amount of topographic infor-
mationis involved, itmay be necessary
to use additional sheets with a larger
scale

The vertical scale, mnall cases, should
be tenfeettothe inch Since many pro-
posed lateral ditches are quite short,
1t1s possible sometimes to include de-
tails for more than one ditch on one
sheet However, ditches on any one
sheet should be confined to the number
that can be identified readily with rea-
sonable intervening spaces andno over-

lapping

Plotting 1n the plan portion should be
oriented so thatthe ditch centerline will
be approximately parallel to the long
edge of the sheet, with the project cen-
terline being approximately parallel to
the short edge The directionof pro-
ject 1s to run from bottom to top of
sheet

The centerline of the ditchandthe cen-
terline of projectare plottedand station-
ing 1s i1ndicated 1in the same manner as
described in Chapter 6 entitled Plan-
Profiles Existing topography 1s plot-
ted, and centerlines, topography, north
pointandappropriate alignment data for
the ditch are inked

The bearing of the project centerline
1s given, and, 1if it 1s on a curve at the

location of the lateral ditch, the P I
station and degree of curve are given.
IfaP C. or P.T. falls within the limits
plotted, 1t should be indicated 1in the
standard manner

The centerline of construction of the
ditchmustbe indicated when 1t does not
coincide with the surveyed line The
proposed drainage structure 1s plotted
by symbol 1n pencil and the project and
ditch right-of-way lines plotted and d:-
mensioned 1n pencil

Inthe plan portion a few spaces above
the upper margin of the profile block,
the location station of the ditch 1s given
1n large letters Just below the ditch
description a cross reference of the
cross section sheets 1s indicated

The profile section shouldbe prepared
much 1n the same manner as the pro-
file portion of the roadway plan-profile
sheets [Existing ground line profile,
groundline elevations, high water ele-
vations, underground utilities, bench
mark information and elevation datum
are shown as described in Chapter 6

When the ditch survey centerline 1s
down an existing ditch, the approximate
natural ground profile 1s indicated with
a broken line and identified When the
ditch survey centerline follows an exist-
ing ditch but does not follow the flow
line of the channel, the approximate
channel profile 1s shown with a broken
line and so identified

The limits and width of proposedclear-
ing and grubbing outside the roadway
right-of-way are indicated by a dimen-
sion line above the profile The limaits
and quantity of the proposed ditch ex-
cavation from the end of the structure

to the end of excavation are indicated by
a dimension line above the profile

The station, size, type and flow line
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and Templates

indicate the bottom of the pavement or
sidewalk, outline of curbs, etc Exist-
ing rigid type construction (concrete)
1s to be indicated by the symbol for con-
crete

Earthwork columns for A-2 or A-3
materialare provided at the right side
of the sheet, and columns for all other
materials are placed on the left side
whenever possible Whentwo columns
of cross sections are placed on a sheet,
the A-2and A-3 earthwork columns are
placed to the right of the respective
columnof cross sections, those for all
other materials are placed to the left
ofthe respective column of cross sec-
tions

Earthwork columns are inked with
fairly heavy solid lines, butonly after
1t has been established thatspace for
additional columns of unsuitable mater -
1al or additional earthwork classificat-
1ons 1s available i1f needed,

Strata boundaries of rock or unsuit-
able material are plotted on the cross
sections and inkedinred, using a med-
ium weilght broken line (long dashes).
Unsuitable material 1s i1dentified by 1ts
subsoil group designation (with stratum
number, when necessary) and must be
clearlylabeled Any rockencountered
1s labeled simailarly

The proposed roadway template 1s
plotted i1n pencil, using a heavy solid
line The proposed grade elevation 1s
placed vertically just above the template
grade reference point Cut and fill
areas are indicatedinpencilin the area
column opposite the station number,
and volumes are penciled in the volume
columns about midway between the area
values

The same earthwork columns some-
times are used for both roadway and
subsoil quantities of the same soil type
to avoid a multiplicity of earthwork
columns Daistinctionis made between

Chapter 9

the two classifications by enclosingthe
subsoil quantities in parentheses In
this case, the first cross sectionsheet
shouldcarrya note indicating the mean-
ing of the quantities i1n parentheses

In cases where more than one soils
classificationandmore than one earth-
work classification are involved, at-
tempts have been made to avoid the use
of additional earthwork columns by us-
ing a combination of parentheses and
brackets to distinguishbetween the var-
1ous soils types and classifications of
excavation. This, almost invariably,
has leadto confusionanderrors. Separ-
ate columnsaretobe used for each soil
classificationthat must be handled dif-
ferently

Station equations are indicated even
thougha cross section was not obtained
at that point

Balance pointsare shown to the near-
est even foot (or ten feet in case of
heavy earthwork), and earthwork totals
for the balance are given

The completed sheet will have the pro-
posedtemplate, profile grade and earth-
work figures in pencil All other data
must be inked

These approximate lettering sizes and
weights are recommended-

Station Numbers - 0 2" high, No 1
speedball weight

Earthwork figures - No
guide size

5 lettering

All lettering on cross section sheets
should be between the horizontal 0 2"
grid lines

NOTE: Plates 21, 22 and 23 illust-
rate roadway cross sections for rural
projects, and plate 24 1llustrates a
roadway cross section sheet for an ur-
ban project

1-9-2



ROADWAY DESIGN MANUAL

CHAPTER 10
LATERAL DITCH CROSS SECTIONS AND TEMPLATES

Lateral ditchcross sections are pre-
pared 1n a manner almost identical to
that of roadway cross sections The
same type cross section sheet 1s used,
and the scale generally 1s the standard

1" =5'"" However, regardless of the
horizontal scale used, the vertical scale
must always be 1" = 5',

Ditch rights-of-way frequently are
narrow, and often it 1s possible to place
two or more columns of ditch cross
sections onone sheet They are plott-
ed exactly as roadway cross sections,
progressing from bottom of sheet to top
and from left to right

A heavy vertical grid line should be
chosen as the centerline or base line

of each column of ditch cross sections,
anda heavy horizontal grid line for the
elevationdatum for each sectionas with
roadway cross sections

Soil surveys usually are not made on
the lateral ditch locations except when
a large amount of material 1s expected
to be excavated and when the suitable
material 1s to be used i1n the roadway.

All other points mentioned i1n ""Road-
way Cross Sections andTemplates ''are
applicable equally to lateral ditch cross
sections

NOTE:- Plates 25 and 26 1llustrate a
lateral ditch cross section sheet
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PROFILE DATA FOR SIDEWALK GRADES

Profiles for use 1n establishingback-
of-sidewalk grades are prepared on
standard cross section sheets. They
consistof two profiles, one along each
right-of-way line, and are plotted a-
gainst the same elevationdatum. They
are plotted withbroken lines, different
break patterns being employed for the
two profiles to distinguish between the
rightand left right-of-waylines. Itis
helpful inthe design stage to use differ-
ent colors of ink.

The standardscale 1s 1" = 100' hori-
zontally and 1" = 5' vertically. This
combination works very well for pro-
jects having few locations where the
grade would be critical. In business
districts, however, it 1s often advant-

ageous touse a vertical scale of 1' = 2!
and a horizontal scale of 1' = 50 or
1'" = 20",

The elevation datum 1s shown on both
right and left sides of the sheet. Stat-
ion numbers are given below the pro-
file. Full station numbers are shown
at each even five stations and single
digit numbers at every other station
when the horizontal scale 1s 1" = 100'.
For all other horizontal scales, the
full station numbers are given at each
station.

Existing pavement such as parking
areas and filling station drives which
should be matched 1if possible withthe
proposed sidewalk grade 1s 1indicated
by dimension lines for each profile.
The centerline for each intersecting
street 1s 1ndicated with a verticalline
at the proper station, noting the station
and street name. Intersecting streets
onthe right are shown by name below
the profile, and those on the left are
shown by name above.

Drainage arrows to indicate slope of
the ground at the right-of-way line are

shown at each station and at plusses,
when the information 1s available, and
the drainage at thatlocation significant

Drainage arrows for the right right-
of-way line are placed below the profile
and those for the left right-of-way line
are placed above Arrows pointing to-
ward the profile indicate drainage to the
project,andarrows pointing away from
the profile indicate drainage away from
the project

Building floor elevations for those a-
long the projectare indicatedby a hori-
zontal line drawn at the floor elevation
and betweenthe stations of the buwulding
limits. The elevationis shownnumer:-
cally and the distance from centerline
to face of building and side (right or
left) are given. Entrances to buildings
also are indicated 1f it appears this in-
formation would influence the grade
selection.

The proposed sidewalk grade line 1s
plotted 1n pencil. Percents of grade
are shown, P I stations and elevations
are given and vertical curves, 1if any,
are dimensioned. No elevations around
V C 's need be given.

A title completes the sheet. Since
grade profiles on this sheet are at the
back of proposed sidewalk, and those
shown on plan-profile sheets are
centerline grade profiles, the daf-
ference 1n elevation between the two
1s noted below the title

Too much stress cannot be placed on
the necessity for accuracy and com-
pleteness of information contained on
this sheet, as it must embrace all in-
formation necessary, and be utilized
wholly, in establishment of grades for
the project.

NOTE Plate 27 illustrates a profile
data sheet for sidewalk grades.
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CHAPTER 12
INTERSECTION AND INTERCHANGE LAYOUTS

Due to the amount of detail and the
impracticability of showing all neces-
sary information on regular 100-scale
plan-profile sheets, 1t usually 1s neces-
sary to detail intersections and inter-
changes on special sheets.

Italso 1s generally necessary to pro-
vide special detail sheets for large chan-
nelized intersections on municipal pro-
jects, since, even though the standard
scale for these plans 1s 1" = 20', there
1s seldom sufficient space 1in the plan
portion of the sheet

In the case of simple intersections
covering relatively small areas, regu-
lar plan-profile sheets can be used,
placing the intersection layout in the
plan partion and necessary profile grades
in the profile block.

For larger and more complicated in-
tersections involving channelization or
long connections, the layout should be
placedonone or more sheets, with pro-
file grades and detail sections on sepa-
rate cross section sheets when neces-
sary When the layout 1s placed ona
sheet by 1itself, standard size cloth or
film sheets are to be used whenever
possible, andoversize sheets used only
when absolutely necessary

Existing topography usually 1s not plot-
ted on intersection layouts if 1t 1s cov-
ered elsewhere inthe plans, unless per-
tinent to the design. In mostotherre-
spects, information given 1s exactly as
in the plan portion of municipal con-
struction. Pavement edges, curb and
gutter, channelizingand median curbs,
drainage structures, pavement dimens-
1ons, radii and appropriate notes are
included.

When detail sections through island
noses and other critical points are 1in-
cluded with the profile grades and sec-
tions, the section locations are indicat-
ed. Design speed data are included
whenappropriate. Extra pavementareas
and curb and gutter quantities are given
for each intersection

Allintersection layouts must be dim-
ensioned completely, adequately stat-
1oned and must include all pertinent con-
struction notes and alignment data. A
north point and scale 1s indicated for
each intersection.

The scale used should be sufficiently
large to enable all necessary details to
be covered clearly. A scale of 1''=40'
1s the smallest that ordinarily should
be used for intersection layouts. The
scale shouldbe such that scaled dimens-
10ons can be obtained easily through use
of a standard Engineer's scale.

As turning path templates are used
frequently to check the widths of turn-
1ing lanes and possible encroachments
or conflicts, a scale suitable for such a
check should be used. The templates
are cut for scales of 1" = 20', 1' = 40°'
and 1" = 50',

Interchange layouts are prepared 1n
a manner similar to that described for
at-grade intersections. As 1t 1s a de-
cided advantage to place the entire in-
terchange layout on one sheet, 1t 1s usu-
ally feasible to use a smaller scale
(1''=50"' 1s satisfactory) for the entire
layout, withblow-ups of ramp terminals
or other channelizedareas ona scale of
1'"=20", or 1''=40' if required.
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Intersection and
Interchange Layouts

Dimensions, grades, sections, etc.,
which are shown on the 1'"-20' blowups
need notbe duplicatedonthe 1'"-50'lay-
out. Exceptfor those portions covered
by blow-ups, the layout must be dimen-
sioned and stationed completely, and
all alignment data and necessary con-
struction notes included.

In the case of large directional and
cloverlead interchanges, a scale of
1"-100'has been used successfully for
the general layout with the ramp ter-
minals detailed 1n plan with profile
grades on plan-profile sheets. For con-
venience and simplification, when a
large number of curves 1s involved,
each should be assigned a number and
the curve data presentedntabular form
onthe layout sheet. A co-ordinate sys-
tem must be provided for all inter-
changes and the coordinates computed
for all control points, and the coordi-
nate data presented in tabular form.

Interchange ramps are tobe identified
systematically, using letters. Loca-
tions of rampbase lines mustbe clearly
indicated. Theyarelocated usually on
the right edge of the pavement with re-
lation to the direction of traffic and
shouldbe stationedas shown i1n chapter
28. Ramp stationing must be equated
to project and cross road stationing at
ramp termainals.

Traffic dataare given by a line draw-
ing. Both current (if applicable) and
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design year traffic are given. In the
caseofallat-grade intersections which
are tobe signalized, all information re-
garding signal location, signal phasing,
etc. must be given The design speed
ofthe various segments of the ramps and
connectors must be given.

NOTE: Plate 28 1illustrates use of a
plan-profile sheet to detail simple inter-
sections. The layout 1s detailed in the
planportion, andthe necessary profiles
are placed in the profile block.

Plate 29 1llustrates use of a plan-pro-
file sheet to detail larger and more elab-
orate 1ntersections. The layout 1s de-
tailed completely in the plan portion, but
a supplemental sheet 1s necessary for
profiles and sections.

Plate 30 1llustrates a channelized in-
tersectionlayout detailed on a standard
s1ze sheet.

Plate 31 1s a complete interchange lay-
out., This layout was prepared ona
scaleofl1'"=100'. For this 1llustration,
1t has been reduced 1n size to 1''=400'.

Plate 32 illustrates ramp termainals
detailed on a plan-profile sheet.

Plates 33 and 34 1llustrate intersection
profiles detailed on cross sectionsheets.

Plate 35 1llustrates a ramp profile de-
tailed on a cross section sheet.
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INTERSECTION AND INTERCHANGE PROFILE GRADES

In addition to normal roadway grade
line profiles, supplemental grade pro-
files and sections are necessary at in-
tersections to define pavement grades
other than those controlled by the pro-
file grade line These supplemental
profiles are developed around returns,
along pavement edges and gutter lines
for added lanes, for lane lines as are
necessary, etc

Itis particularly important to develop
accurate profiles and sections at loca-
tions of curbed channelizations to in-
sure proper drainage Pavement sur-
face sections are plotted at nose points
and other critical locations, and a ser-
1es of sections may be used when 1t 1s
necessary to present changing pavement
cross slope

When intersections are detailed on
plan-profile sheets, the horizontal scale
inthe profile must be the same as that
used in the plan portion A vertical
scaleofl" - 1'1s satisfactory, enabling
spot elevations to be picked from the
profile with sufficient accuracy

For intersections having the plan por-
tion detailed on a separate sheet, a
standard cross section sheet 1s used 1n
developing profiles and sections

For ordinary street intersections of
municipal projects, scales of 1" = 10"
horizontally and 1" = 1' vertically are
satisfactory

The distance around returns and

lengths of necessary profiles for rural
projects make 1t necessary, i1n some
cases, to use a horizontal scale of 1''=
20" Various combinations of vertical
and horizontal scales are used for in-
terchange ramp profiles, the most
common being 1'" = 20' horizontally
withl'" = 1'verticallyand 1" = 50' hori-
zontally with 1'' = 2' vertically Both
ofthese combinations are satisfactory,
anditi1s recommended that one of them
be used for ramps throughout each set
of plans

NOTE: Plate 28 1llustrates detailing
profiles for simple intersections in the
profile portionof the plan-profile sheet

Plate 29 1llustrates use of a plan-pro-
file sheet in detailing a more compli-
cated intersection In this case, the
main control profiles for both project
and cross road are placed in the pro-
file block, and a supplemental sheet
(Plate 33) 1s used for return profiles and
sections

Plate 32 illustrates the detailing of
ramp termainal profiles and sections in
the profile portion of the plan-profile
sheet

Plate 34 1s a profile sheet for an in-
tersectiononamunicipal project. Plate
12 1s the corresponding plan-profile
sheet

Plate 35 1llustrates use of a cross sec-
tion sheet to detail ramp profiles beyond
the limaits of the ramp termainals
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CHAPTER 14
TYPICAL SECTIONS

Typical sections show the design ele-
ments for the cross section of a pro-
posed roadway. They are 1n the form
of cross sections depicting the work
whichis typicalor standard for the pro-
ject, and part sections to cover other
details.

These sections must be complete 1n
every detail and must show clearly all
work to be done and the limaits of the
work.,

Severalexamples are given to illust-
rate various materials used in highway
construction in Florida, and to 1llust-
rate and explain reasons for the var-
10us widths and thicknesses of pavement
and the various types and thicknesses
of surfacing.

It should be realized, however, that
it1s not feasible to include an illustra-
tion of every possible combination of
base type and thickness and surface
type and thickness. These elements
depend upon the location of the project,
availability of materials, character and
volume of expected traffic, and other
considerations.

Typical cross sections should show
typical conditions only, and no attempt
should be made to 1include sections
covering non-standard construction or
to cover conditions that prevail for short
distances only, such as transitions
from one typical section to another.

Whenitis necessary to use more than
one typical section, they should be
placed consecutively, inso far as poss-
ible, 1n order of the stationing, from
top to bottom of the sheet The station
limits of eachtypical section are shown
below the typical section title. The
stationing must be continuous with no
gaps or overlaps Limits oftransitions
from one section to another should be
included 1in the stationing of one or the

other of the typical sections. Transi-
tion stationing from highway to munici-
pal sections of from 2-lane to multilane
sections generally should be included
in the stationing for the highway or two-
lane portion.

Errors in minor details, confused
wording of notes, etc., can be avoided
by carefully studying the examples pre-
sented and following them when prepar-
ing the plans.

The typical sections for all projects
other than those of maintenance nature
(resurfacing, and drainage projects,
etc.) must include the design data.
These data will constitute a permanent
recordofthe basis for design. Traffic
data must 1nclude Design year ADT,
the ADT for the estimated year of com-
pletionofthe project, together with the
K, D and T factors. When these data
vary considerably over different sec-
tions of the project, the data for each
section should begiven, The design
speed (or speeds) must also be given.

In these examples, double zeros are
used to indicate dimensions which vary,
such as right-of-way widths. All re-
ferences to Standard Index Drawings
use the index drawing number folbwed
by an X instead of the current revision
letter. Inplansassemblies, the current
revision letter always must be used.
These drawings are not necessarily to
scale.

Typical Section No. 1 illustrates a
typical grading section. This 1s applic-
able to projects on which pavement 1s
tobe provided as second stage construc-
tion, on relocated sections of graded
roads, on graded frontage road con-
struction, etc. The section 1llustrated
1s for a two-lane primary system high-
way. However, the same general sec-
tion could be used, providing for any
type of {uture construction by adjust-
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ing the future pavement section,
shoulder width, stabilizing require-
ments, etc, The grading template line
shouldbe setto give ample cross slope
from centerline to shoulder, and its
depth below the future paving grade
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ments. The example 1s typical for a
light volume mmor road. By increas-
ing pavement and shoulder widths, base
thickness and surfacing type, this base
may be adapted for fairly heavy traffic
projects.

should be such that trenching for the
base inthe future paving operation will
provide sufficient material for the
shoulder build-up.

Typical Section No. 4 illustrates a
typical sectionfor a limerock base with
anasphaltic concrete surfacing. Lime-
rock suitable for base construction is

Typical Section No. 2 1s a section foundover anappreciable portion of the
1llustrating a limerock stabilized base. State. Whenused for base construction,
This base 1s constructed by maxing inthe proper thickness, and topped with
limerock material with the existing suitable surface courses, 1t will support
subgrade material, and compacting. relatively heavy traffic loads. The
This 1s a comparatively inexpensive pavement and shoulder widths, pave-
type of construction, and is suitable ment thickness, light plant mix surfac-
only for light traffic. This type of con- ing and bearing value requirements 1n
structioni1s used mostly in the Second the 1llustrationare for a minor primary
District, although a few such bases system road. A six and one-half inch
have been built in the First and Fifth rockbase witha Type 2 Surface Treat-
Districts and the extreme eastern part ment and possibly reduced pavement and
of the Third District. Some materials shoulder widths could be used for pro-
not meeting specifications for Ocala jects similar to those controlling the
Lamercxck for usein standard limerock designs 1llustrated by Typical Sections
base are satisfactory for limerock Nos. 2 and 3. See Typical Section No
stabilized base construction. Due to 6 for a limerockbase designed for heavy
the relatively light traffic using this traffic. This standard would be used
type of pavement, the surfacing 1s not for a design traffic volume of less than
usually of a higher type than Type 2 1500 ADT
Surface Treatment or 1 1/4" of Type
I Asphaltic Concrete. Due to the super-
1or wearing quality of asphaltic con -
crete, 1t1s frequently advisable to use
that type of surfacing. The dimensions
1n the example are typical for a road
carrying a low volume of traffic,

Typical SectionNo. 5 1llustrates con-
struction providing for a sand-clay
base. Bases of this material are ap-
plicable to the Third District, where
limited deposits of suitable sand-clay
bases are available., These bases are
capable of carrying laght to heavy loads
when constructed to the proper thick-
ness and surfaced with suitable wear-
1ng courses. The typical section 1llus-
trated 1s for a project designed for a
traffic load from 3000 to 4000 VPD
Sand-clay bases sixand one-half inches
in thickness with lighter surfaces and
appropriate lateral dimensions are used
under the same circumstances as pave-
ments 1llustratedin Typical Sections 2,
3 and 4.

Typical Section No. 6 illustrates the
typical sectionfor a limerock base and
plant mix surfacing. This section 1s
designed to the same high standard as

Typical Section No, 3 illustrates a
typical shell stabilized base. This
base 1s constructed by mixing oyster
or clam shell with the existing subgrade
material and compacting. This base
1s constructed principally in the Third
Districtwhere the shell material gen-
erally 1s available at locations along
or near the coast. Itis applicable also
to some areas 1n other Districts. De-
pending upon the base and surface thick-
nesses, the shell stabilized base 1s
capable of carrying light to heavy
traffic. A variety of surfaces maybe
used, depending on traffic require-
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1s Typical Section No. 5, and 1s expect-
ed to be subjected to the same type of
of traffic.

Typical Sections 1 through 6 1llustrate
typical sections for rural construction.

Typical Section No. 7 i1llustrates the
"'village section''. This 1s a section
intermediate between the rural section
having only the traffic lanes paved and
the municipal section utilizing curb and
gutter and parkinglanes. The ''village
section'' provides for a paved parking
areaoutside of the normal traffic lanes.
The parking area 1s usually the width
of the normal parking lane (8') and 1s
sloped downward from the outer edge
and the traffic lane edge to form a "V"
at the center. The slope 1s at a rate
sufficient to discourage use by through
traffic and also to provide effective
drainage. This sectionis used gener-
allyinruralareas where short sections
of development along the highway de-
mand more thana simple two-lane high-
way section, but where a municipal
type sectionwith curb and gutter 1s not
justitied. Althoughalimerockbase is
shownin the 1llustration, the base could
be sand-clay, sand asphalt hot mix,
shell or shell stabilized base of the
appropriate thickness,

Typical Section No. 8 illustrates a
four -lane rural section with a narrow
median., Four-lane sections generally
are 1ndicated in rural areas when the
design traffic volume exceeds 5000
VPD Narrow medians such as the
one shown in this typical section are
undesirable for rural sections, and
usually are the result of restricted
right-of-way, and preferably should
be outlined with a barrier type curb
Medians having a width of 20 feet or
less are crowned at the center, surface
run-off being across the pavement. A
base thickness of 10 1/2'" 1s shown in
this typical section. This base thick-
ness 1s for heavy to very heavy traffic.,
Although the subgrade, base, and sur-
facing design chart calls for a total of
1 inches of plant mix, only a total of
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3 inches (2 1inches binder and 1 inch
asphaltic concrete) 1s used, 1t being
considered thatthis 1s first stage con-
struction, with an additional thickness
of asphaltic concrete being placedlater.

Typical Section No. 9 1llustrates a
four-lane rural sectionwitha wide med-
1an. The 40 foot median 1s a standard
width which permits expansionto a six-
lane facility by the constructionof add:-
tionaltrafficlanes on the median side,
leaving a 16 foot wide median for deve-
lopment of left turn storage lanes. For
1llustrative purposes, the pavement
has been shown as plain portland ce -
ment concrete, although any appropnate
flexible base with swtable surfacing
could be used. A portland cement con -
crete pavement with a thickness of eight
inches 1s normally used onthe Primary
Highway System, while a nine inch thick-
ness 1s used on the Interstate system.

Typical Section No. 10 illustrates a
standardcity street section. This sec-
tion 1s provided generally for minor
arterial streets carrying traffic vol-
umes possibly upto 3, 000 VPD, It pro-
vides for two 12-foot traffic lanes (12"
for traffic with 2' offset adjacent to
parking lane) and two eight-foot park-
ing lanes, curb and gutter and side-
walks. The standardsidewalk width 1s
five feet and the back of the sidewalks
normally are placed on the right-of-
way line. Streets which are improved
with municipal type construction gen-
erally carry moderate to heavy traffic,
hence the thinner bases and low type
surfaces seldom are used. This sec-
tioncanbe expanded to a four-lane un-
divided section by adding two 12 foot
traffic lanes, increasing the right-of-
way widthas necessary and increasing
the total pavement crown.

TypicalSection No. 11 1illustrates a
four -lane divided municipal section.
Except for the median separation, this
sectionis similar to the undivided mun-
1cipal section. Four-lane sections are
required when the traffic volume gen-
erally exceeds 5,000 VPD. Divided
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sections are greatly superior to un-
divided sections in that opposing traffic
1s separated and capacity at the inter-
sections 1s increased considerably due
to the opportunity to develop left turn
storage lanes 1n the width of the med-
1an divider.

Typical Section No., 12 1llustrates a
multi-laned variable width Portland
cement concrete pavement, actually an
urban expressway section. Note that
the location of the various base lines
are1ndicatedonthe typical section and
that the locationofa keyed longitudinal
Jjoint 1s specified.

Typical Section No. 13 illustrates a
municipal eight-lane expressway with
four-lanes in each direction. A med-
1an distress area 1s necessary. This
section provides for a total six-foot
paved width on the median side, which
will restrict only slightly the four
through lanes. Note that with the
crowned section, mediandrainage must
be provided. The concrete pavement
1s 1llustrative. An appropriate thick-
ness of flexible base and plant mix sur-
facing could be used when desirable.

Typical Section No. 14 illustrates a
typical section for widening an existing
pavement by the addition of widening
strips and over - building the entire
width withlimerock for the purpose of
widening the existing pavement and at-
taining a smooth surface. The lime-
rockover-buildonthe existing concrete
pavementadds structural strength. Al-
though a wearing course of 1 1/4" of
Type I Asphaltic Concrete 1s 1llustrated,
other thickness of plant mix surfacing
could be used depending upon the anti-
cipated traffic.

Typical Section No. 15 1s a section
for the rehabilitation of an existing
pavement by reworking the existing
base toa wider section. Sufficient new
material 1s added to produce the re-
quiredbase thickness. The total thick-
ness of base and the type of surfacing
to be provided depends upon traffic re-
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quirements. A double bituminous sur-
face treatment 1s 1llustrated in this
typical section. This type of surfacing,
however, 1s seldom used in locations
of greater thanmedium anticipated traf-
fic volumes.

Typical SectionNo. 16 1llustrates the
resurfacing of an existing pavement.
This s strictly a maintenance operation,
It should be noted that the amount of
leveling course 1s indicated as an esti-
matedaverage amount per square yard
while the wearing course 1s expressed
as a specific quantity per square yard.
Type 1 Asphaltic Concrete 1s nearly
always specified as the surfacing course.
If build-up of the shoulders should re-
quire borrow, appropriate notes re-
garding amount and source of borrow
material should be shown.

Typical Section No. 17 1s for a min-
imum design rural Interstate project .
The phrase "'minimum design'' 1s used
for the reason that the lateral dimens-
1ons given are the mmnimum. The
standard right-of-way for this section
15 300 feet. Spreading of the roadways
naturally will require more right-of-
way inmostcases. The 64' width med-
lanpermits expansion to a 6-lane sec-
tionwith a 40 foot median in the future
if future traffic volumes demand such
a section.

The typical section 1llustrated 1s the
first stage for a grading and paving sec-
tion. The sectionillustrated is for flex-
ible base. The second stage 1s to be a
strengthening of the base and surface
structure by the addition of a course of
Type I Asphaltic Concrete, to be appli-
ed over the traffic lanes and shoulder
pavement. Ifstage construction is not
planned, the section would indicate 2 1/2
inches ofbinderand 11/2 inches of Type
1 AC overthe traffic lanes and an aver-
age of 1'" thickness over the shoulders.

Ifthis section were to be constructed
of cement concrete pavement, only one
stage of construction would be consider -
ed. The concrete pavement would be 9
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inches thick and the shoulder pavement
would consistof 5'" of Sand Asphalt Hot
Mixand 1l inchof Type I Asphaltic Con-
Ccrete.

Typical Section No. 181s for a 6-lane
municipal section with parking. A 6-
lane section with parking i1s seldom
used in urban areas demanding a 6-
lane facility, due to right-of-way re-
strictions. In areas, where such a
section would be appropriate, off-
street parking 1s usually provided.

Typical Section No. 19 i1llustrates a
6-lane Interstate section through a
rural area. Such sections are seldom
1f ever used on primary roads. Re-
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gardless of whether this typical section
1s for a primary or Interstate project,
1t represents the first stage of a stage
construction project with the second
stage (strengthenming of the surface
structure) to follow later.

Typical Section No. 20 illustrates a
six-lane municipal section without park-
ing. This section represents an ideal
condition with standard width traffic
lanes, a condition seldom attained.
This section should be used only in an
urban area with high traffic volumes,
and should provide frequent parking
bays for disabled'vehicles. The other
cross section elements have been dis-
cussed previously.
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FOREWORD
SECTION 2

The purpose of these instructions i1s to achleve uniformaity and to preclude to the
greatest extent possible unnecessary work in plans preparation, thereby assisting
the designer in avoiding errors and omissions which consequently would require
excessive alterations and corrections This section includes a step-by-step guide
for preparationof plans for both ruralandmunicipal type construction The sequence
of operations in plans assembly depends upon numerous factors In many cases, a
number of preliminary operations may be carried on simultaneously

Design squad set-up and the degree of complexity of the job usually dictates the
actual procedure during the early stages of design

Caremust be exercised, however, to avoid starting any operation before the pro-
per investigationandassembly of data hasbeen accomplished After the preliminary
field inspection, the step-by-step precedure outlined mustbe followed 1f discrepancies
and revisions are to be avoided

These instructions also contain specific requirements for the application of design
criteria set forth 1in Section 3 These criteria must be used 1n accordance with in-
structions 1n this section and i1n Section 3.
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CHAPTER 15
GENERAL DESIGN PROCEDURE

The desirable design squad should
consist of two or more designers and
draftsmen. A designer 1s designated
as squad leader and 1s responsible for
the prosecution of work. The squad
leader shouldbe a designer of consider -
able experience, capable of directing
the designand plans assembly withmin-
imum supervision by superiors.

Throughout the progress of the plans
preparation, he must be completely
familiar with all work performed by
subordinates, and thus maintain at a
minimum, errors, discrepancies, faulty
design and lack of standardization .
More design experience 1s required on
the part of designers supervising de-
sign work on municipal construction
and freeway plans than for those plan-
ning rural construction.

Prior to proceeding on designs for
any job, the squad leader should famail-
1arize himself with all data concern-
ing the project, including location of
job, approved typical section, design
speedandanticipatedtraffic. He should
alsobe familiar withall correspamdence
on file.

The skeleton right-of-way maps, if
available, should be examined in light
of requirements of the typical section.
The typical section also should be ex-
amined for compliance with current de-
si1gn standards, Any data 1n support
of changesin the typical section should
be brought to the attention of the De-
sign Engineer in charge.

The proposed typical section for an
improvement 1s, to a great extent, es-
tablished onthe basis of traffic volume
forecast 20 years 1n the future and the
availability of right-of-way, both of
of which couldbe subject to reappraisal
should changes occur subsequent to a-
doption of the section
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If the time interval between establish-
ment of the section and 1nitiation of de-
signs and plans assembly 1s of appreci-
able extent, the designer should request
confirmation of the sectionprior to pro-
ceeding with detail planning

All of the material in the field note
books 1s to be indexed prior to any plot-
ting of fieldnotes This indexing 1s in-
dependent of the Location Engineer's
book indexand should provide, for quick
reference, a complete and accurate re-
cord of all field information together
with 1ts location i1n the field notes

All entries 1n field note booksby the
location party should be dated and all
superseded informationmarked void so
there willbe no possibility of designers
using 1ncorrect field notes No eras-
ures are permitted in field note books,
either by the location party or by de-
signers. It 1s particularly immportant
that field information obtained after the
original survey be dated

After the field notes have been index-

ed, bench marks and levels can be
checked and reduced in this order--

check bench marks, check H I. eleva-
tions and reduce and check elevations
at centerline, high water shots, flow

lines of existing structures, rail eleva-
tions at railroads and other pertinent
elevations

Errors in bench levels are to be re-
ferred to the location party through
the District Office for correction. It
1s usually not necessary to reduce ele-
vations of cross section shots except
at the centerline, Levels for lateral
ditches, crossroads and other elevation
data also should be simailarly checked
before plotting.

The proposed typical sectionis plotted



General Design
Procedure

onacross sectionwork sheet so prints
will be available to all design squad
members. Plotting of field notes now
can proceed.

Experience in the Tallahassee office
has proved there 1s a definite advantage
in developmentof plan-profile portions
of the plans on '""hard roll'". The small
amount of duplication of work 1s neglig-
ible in comparison to the '"wear and
tear'' on plan sheets, the completed
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plans are much neater 1n appearance ,
anda great deal of last minute '""heavy-
ing-up'' of pencil work 1s avoided.

The continuous roll will provide a re-
cord of the development of the plans.
The designer's notes concerning spec-
ific instructions, reasons for certain
design features and other information
which would not appear on completed
plans can be placed on the "hard roll"
for a permanent record.
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CHAPTER 16
PREPARATION OF PLANS FOR RURAL PROJECTS

This procedure applies specifically to
rural projects, however, many phases
are applicable equally to urban pro-
Jects. The procedure applies only to
conventional methods of plans assem-
bly. Another sectionwill show the use
of the electronic computer 1n plans pre-
paration.

The profile of the existing ground line
at the project centerline 1s plotted in
the profile portion of the continuous
roll. Station numbers are placed just
above the lower margin. Do not indi-
cate existing ground elevations. Only
those elevations which would influence
the grade, such as railroad rails, high
waters, pavement of intersecting roads,
etc., are shown.

Ifiti1s necessarytobreak the profile,
several stations of overlap should be
provided. Elevation datum should be
shownat frequent intervals The pro-
file 1s inked with a light solid line.
Existing cross drain structures are
not plotted in the profile unless they
are to remaain.

Alignmentandtopography are plotted
inthe plan portion of the roll, keeping
the stations, as nearly as possible,
directly above those in the profile.
Horizontal curve data should be check-
ed prior to plotting the alignment See
Sectionl for description and examples
of plan-profile sheets. Information
placed on the roll should be legible,
but there 1s no necessity to go to great
pains to achieve neatness, as this will
be accomplished when tracing on the
plan sheets

Alignment should be reviewed. If
undesirable alignment 1s discovered,
such as broken back curves, curves
inopposite directions with insufficient
intervening tangent, curvature exceed-
ing the maximum for the design speed,
etc,, a study should be made of poss-
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ible remedial measures by realignment.
A check also should be made of unde-
sirable horizontal-verticalcurve com-
binations noted in Chapter 23,

The rate of superelevation, based on
the design speed of the highway, 1s 1n-
dicated 1n conjunction with the curve
data for each horizontal curve. In
cases where no superelevation is re-
guired, 1t should be noted. Superele-
vation rates are obtained from charts
on the appropriate Standard Drawings
and are shown to the thousandth of a
foot per foot rate of cross slope.

After determining that alignment 1s
satisfactory, a tentative grade then can
be established on the continuous roll.
Many factors influence the choice of
grades

l1.A minimum stopping sight distance,
based onthe design speed, must be
provided throughout the entire pro-
Ject. Theminimum length of crest
and sag vertical curves for practi-
cal design speeds and grade com-
binations are obtained from charts
in Chapter 21. Since the formulae
from which the charts were prepar -
ed contain averaged and arbitrary
factors, time consumed in comput-
ing exact values 1s not justified. It
1s emphasized that a more liberal
design than the minimum must be
employed whenever practical.

2. Definite clearances of bottom of base
or pavement above high water ele-
vations must be maintained. The
standard clearance 1s 3.0'. The
validity of clearing the high waters
should be checked. When 1t 15 ap-
parentthat the high water condition
1s caused by an existing restriction
which will be remedied, or that the
water will be drawn down by road-
way ditches or by lateral ditch work,
the present high water may be disre-
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Rural Projects

garded. Existinghighwaters other
than those discussed above are
meaningless. Superelevation of
curves must be taken into account
so the required clearance waill be
obtained at the low edge of the pave-
ment. For further discussion of
high water grades, see the Drain-
age Manual.

If a maximum gradient has been

established, it should not be ex-
ceeded.

. The grade should be held well above

marshy areas or locations of high
ground water. Ground water con-
ditions may not be known at this
stage of design, but an experienc-
ed designer frequently can antiapate
trouble spots through knowledge of
the terrain and study of the topo-
graphy and profile. In the past,
through many areas where the
ground water table was high during
wetseasons, grades have been set
low with the expectation that the
side ditches would draw down the
groundwater. This, insome cases,
did not occur, resulting in failure
of subgrade and base.

The soil profile usually 1s notavail-
able whenthe tentative grade 1s set.
However, when 1t 1s available, the
proposed grade should be reviewed
with the object of minimizing the
removalof unsuitable material. It
often 1s possible to eliminate or
reduce the undercutting of plastic
material with the resultant back-
filling by using higher grades with
an overall economy in grading
costs,

. While a rolling grade 1s not in 1it-

self objectionable, secondary dips
whichmightbreak up passing sight
distance must be avoided. If the
surface of the road is not visible
to the driver, 1t 1s not apparent to
him whether or not the dip could
hide a vehicle. These secondary
dips with the pavement not visible
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result in reduced use of legitimate
passing zones.

7.1f the location i1s along an existing

facility, sizes of existing drainage
structures may give some indication
of drainage requirements and allow
establishment of grades providing
the required cover,

8. Unless a grade separation 1s to be

provided, railroads must be cross-
edatgrade, and the proposed grade
line must meet the rail elevations.
Ifthe crossing consists of more than
one set of tracks at different eleva-
tions and the grades of all tracks
cannotbe matched convemently, the
grade of the project pavement gen-
erally shouldbe established to match
the elevation of the higher tracks. It
1smuch easier to make a small ad-
justment of the grade on a railroad
by raising it thanby lowering 1t. The
grade of intersecting highways also
should be matched closely when
possible,

9. Economy of construction 1s an im-

portant factor in establishing grades.
Total earthwork should be held to a
practical minimum. When practical,
cuts should produce sufficient mat-
erial for construction of the fills.
When 1t 1s possible to balance 1n
this manner, small amounts of
borrow or waste are to be avoided.
Consideration also should be given
to the haul of earth material along
the project. Material normally 1s
hauled downhill from cuts 1n high
places to fills in the lows. Uphill
hauls or excessively long hauls in-
crease the cost materially,

10.Inthe case of multi-lane highways,

passing sight distance 1s no consid-
eration. If, however, the highway
1s a two-lane facility, zones of pass-
ing sight distance should be mark-
ed on the hard roll.

After the profile and tentative grade
1s completed on the continuous roll,
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the existing ground line then should be
plotted and inked 1n the profile portion
of the plan-profile sheets The tenta-
tive grade line then 1s indicated 1in
pencil on prints of these sheets, and
the prints submaitted to the District
Materials and Tests Engineer for use
in preparing the roadway soil survey

The roadway cross section ground
lines now can be plotted, using the
tentative grade line as a guide for spac-
ing the sections

Atthe present time, most cross sec-
tion field notes are reduced to actual
elevations by use of the electronic com-
puter If the notes are not reduced by
computer, a time saving self checking
method of reductionand plotting of notes
canbe utilized This consists of plot-
ting the sections using a rod-reading
method, then check plotting by actual
elevations, either reducing the notes
mentally or by machine

The ground line, ground line elevation
at the centerline of survey and station
numbers then are inked Existing un-
derground utilities are plotted, checked
and inked

If 1t 1s anticipated that a considerable
amount of plastic material will be en-
countered i1n the grading operations,
suspend work on the designs atthis

point pending receipt of the soil pro-
file

Upon receipt of the soil survey, the
strata boundaries of all unsuitable ma-
terialare plotted on the roadway cross
sections, checked and inked and muck
strata cross hatched Earthwork col-
umns are set up in pencil

Now reexamine the grade in this way
for possible improvement

1 Canpoor grade-alignment combina-
tions be eliminated?

2 It usually 1s desirable, and some-
times necessary, to clear high
water table This oftenwill prevent
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future maintenance problems.

3 Can passing sight distance be im-
proved?

4 Canunnecessary handling of unsuit-
able material be avoided®?

5 Aregradechanges indicatedby any
special conditions revealed by ex-
amination of the plotted roadway
cross sections?

6 Are truck climbing lanesneces-
sary? Checktraffic data and war-
rants for truck climbing lanes

Outfall and infall ditch surveys now
are plotted on a hard roll Alignment,
topography and profiles only are plot-
ted at this time Cross sections are
plotted after 1t has been determined
at which locations outfalls will be con-
structed When the survey 1s at the
location of an existing water course,
the profile must be plotted as describ-
ed in Sectionl, "Lateral Ditch Plan
Profiles'. The profile 1s i1nked, and
the remainder of the plotting 1s to re-
main in pencil Applicable high water
elevations mustbe indicated in the pro-
per locations Existing structures are
plotted in both plan and profile This
roll will be used 1n the field inspection
of drainage and later 1n establishing
lateral ditch grades

The roadway cross section templates
now may be plotted When there 1s a
possibility that numerous grade changes
will be required to balance the earth-
work, plot the templates for tentative
grades on prints of the cross section
sheets i1n order to preserve the orig-
inals Gradechangesalso can be plot-
ted on these prints, thus providing a
record of the development of the final
grade Any special ditches should be
planned at this stage

On superelevated curves inwell drain-
ed soils, the same elevation of both
ditches need not be maintained unless
drainage considerations dictate other-
wise The Department policy of pro-
viding ditches 3 5' deep, measured
from the shoulder point should be ob-
served generally in multi-lane divided
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roadway construction Special ditch
grades must be used when necessary
to avoid water pockets, etc

When asphaltic concrete and binder
are placed over a flexible base, the
base 1s wider than the surfacing and
binder When templates are plotted,
it1s notnecessary to indicate the small
rectangle of fill above each edge of the
base Italso 1s not necessary to indi-
cate the thickness of surfacing Only
the total thickness of base and surfac-
ing need be plotted

The preliminary drainage map should
be prepared as soon as the necessary
information 1s available It must be
as complete as possible for the pre-
liminary field inspection

Geometric layouts for intersections,
pPavement transitions, etc , are made
prior to the preliminary field inspec-
tion Intersection profiles should not
be completed until the grade 1s finaliz-
ed, but sufficient work profiles should
be prepared to establish definitely the
possibility of satisfactory operation of
the intersection

The centerline of an intersection or
connection should coincide with the
centerline of the dedicationor right-of-
way of the side road Computed sta-
tioning of return points and other con-
trol points should be made using com-
puter ''canned'' programs

After this plan work has been com-
pletedandall data assembled, the pre-
Iiminary field inspectionis made Dur-
ing preparation of plans to this stage,
1t 1s desirable to make a list of ques -
tions of design which arise that should
be resolved at the time of the inspec-
tion As many such questions as pos-
sible should be resolved at this point,
to minimize future changes in the com-
pleted plans

The preliminary field inspection 1s
made by the roadway designer, and
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District Dramnage and Location Engi-
neers Allpreliminary plans (or prints),
continuous rolls, andaerial photographs
(1f available) are taken The inspec-
tion 1s made by walking or riding the
location

Design features developed this far
are checked The location, sizes and
skew of the proposed drainage struc-
tures are established The necessity
for infall or outfall ditches 1s deter-
mined and the ditch si1zes set Validity
of high water elevations 1s verified
Conditions requiring special design
features, suchas special or interceptor
ditches, rim ditches, erosion control
features, maintenance berms, etc , are
examained

Any condition indicating nadequacy
of survey information 1s to be noted
Comments concerning design details
or changes to be made may be placed
on the continuous rolls and prints

Upon completion of the preliminary
fieldinspectionand after any necessary
supplemental survey information has
been obtained, design and plan details
are completed with first attention di-
rected to corrections or alterations
noted on the field check

Grades are now to be finalized Any
grade or ditch revisions resulting from
field check recommendations are ac-
complishedfirst Grades are examin-
ed for proper clearance over the pro-
posed drainage structures, and revised
if necessary Earthwork then 1s com-
puted, anda preliminary mass diagram
1s prepared (Atthis stage, the so1l pro-
file must be available)

Earthwork volumes are computed by
the average end area method End
areas are obtained by planimetering or
computing the cut and fill areas of the
template Muck, plastic materials and
A-2, A-3 materials are computed sepa-
rately Material in each category 1is
separated 1nto roadway and subsoil

excavation when both classifications
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occur The personcomputing the areas
must be completely familiar with ex-
cavation classifications

If extensive muck pockets occur, muck
excavationand muck fill should be bal-
anced, 1if possible, prior to computing
the fillproposedfrom A-2 and A-3 ma-~-
terial, When plastic material is en-
countered i1n cuts, a check should be
made for 1its use infills, Only after the
amount of fill by muck or plastic ma-
terialhasbeenestablished can the pre-
liminary mass diagram for A-2, A-3
materialbe prepared. A-2 & A-3 ma-
terials are tobe used whenever possible
in the subgrade.

Correction for earthwork shrinkage
1s accomplished by adding an amount to
the fill quantity This 1s called the
""shrinkage factor'' andis expressed as
a percentage Shrinkage factors for
various materials vary considerably
and shouldbe established by the District
Office for each project A factor of
100% 1s to be used for muck

The preliminary mass diagram now
1s preparedand the earthworkanalyzed

In rolling terrain, where balancing
grades are possible, 1t 1s often helpful
to plot the grade profile on the mass
diagram sheet (or print). Balance lines
are introduced at proper pomnts to in-
sure balances at peaks of hills which
provides for downhill haul i1n both dir-
rections Excessivelylonghauls must
be avoided

A careful examination of the Mass Dia-
gram will reveallocations where grade
changes, ifnecessary, should be made
Excavation from any lateral ditches,
intersections, or channel changes which
might yield an appreciable amount of
accessible materialusable for roadway
construction shouldbe estimated rough-
ly and considered 1in the analysis.

Necessary grade changes now should
be made, earthwork revised and the
preliminary mass diagram (or applic-
able portion) recomputed and plotted
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After no further improvement can be
made in grades, the remaining work
onearthwork computations, except for
the approximate locationof borrow sec-
tions with the resulting amounts of
borrow, maybe deferreduntil the plans
have been detailed completely This
will eliminate the necessity of lastmin-
ute changes, etc

The District Engineer, or his assis-
tant, now should be notified of the loca-
tion and amount of borrow so location
andtesting of borrow pits may proceed
Grades should be placed on the drain-
agemapand the necessary corrections
made on the plan-profile work sheets

Intersection layouts should be com-
pletedand proposed profile grades and
sections plotted Although the layout
may have been detailed on a work sheet
for tracing later, grade profiles and
sections usually canbe developedon the
sheet which will be placed in the com-
pletedplans. Roadway cross sections
and earthworkmustbe corrected, when
necessary, to reflect proposed inter-
section construction

Locations of shoulder curb inlets and
down pipes, mediandrains and intersec-
tion drainage now shouldbe determined,
and the drainage structure cross sec-
tions plotted The standard minimum
cover over pipes 1s 15" from bottom of
the base to the outside shell of the pipe
Reference mustbe made to the roadway
cross sections toinsure that the proper
side slopes are used on the dramnage
structure sections When substandard
clearance between base and structure
cannot be avoided, special treatment
must be employed, using extra base
material around the structure

Care must be used to indicate super-
elevation at locations of superelevated
curves In case of skewed structures,
the cross section 1s plotted along the
centerline of the structure, correcting
for pavement and shoulder width and
side slopes on the skew
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When a pipe 1s placed under a rail-
road, care must be taken that the pro-
per minimumn cover 1s obtained andthe
limits of the special pipe accurately
determined Seeillustrationsofdrain
age structure cross sections for de-
tails of installations under railroads.

Flow lines of drainage structures
having been established, the required
lateral ditches now can be developed.
Cross sections are plotted for the
ditches to be excavated, drainage
structures are plotted in the plan and
profile and ditch grades established.
Ditchtemplates are plotted, and earth-
work 1s computed

Proposed drainage structures now
are tobe indicated in the plan and pro-
files of the remainder of the plans, e.g.
drainage map, plan profiles and inter-
section and special detail sheets

Right-of-way requirements now must
be checked Roadway cross sections
are reviewed, and i1f the limats of con-
struction lie outside the established
right-of-way, additional right-of-way
mustbe requested, or cut or fill slopes
revised so all proposed construction
will be within the right-of-way

A reasonable berm widthmustbe pro-
vided between the top of cut slope or
toe of fill slope and the right-of-way
line, especially i1n the case of heavy
cuts and high fills A minimum of 10’
1s desirable between limits of construc-
tion and the right-of-way line inmoder -
ate cutsandfills Aberm of 15' to 20'
should be provided in areas of heavy
cuts and fills

Insome cases, 1t may be less expen-
sive to obtain a construction easement
rather thanright-of-way infill sections
where the toe of slope 1s outside the
right-of-way. Inthese cases, however,
a careful check shouldbe made to deter-
maine 1f future development to the right-
of-way line by the property owner would
be detrimental to drainage of the pro-
Ject
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Lateral ditch cross sections are ex-
amined, and right-of-way requirements
for the ditches established A reason-
able distance will be required between
top of slope and right-of-way line, on
one side, atleast, 1f maintenance equip-
ment cannot be operated in the ditch

After right-of-way requirements are
determined, the data are referredto the
Right-of-Way Branch for completion of
the right-of-way maps

If, during the development of the
drainage structures, it becomes nec-
essary to revise or add roadway or
other ditches, roadway cross sections
and earthwork now must be revised.

Earthwork can now be finalized. The
mass diagram 1s recomputedor revised
to reflectearthwork changes. Balance
lines are drawnas described andbalance
points computed to the nearest foot.
Earthwork quantities between balance
points are added, and the balance quant-
ities shown at the proper place on the
roadway cross section sheets. These
balances and quantities are placed on
the mass diagram sheets and are added
for the summary of earthwork which 1is
placedonthe last mass diagram sheet.

Quantities can be computed and tabu-
lated onthe quantities sheets, described
and 1llustrated in Section 1 Quantity
sheets are prepared in pencil on stan-
dard cross section sheets or prints of
blank tabulation sheets A careful check
mustbe made to 1nsure all construction
being coveredby payitems and payment
for all work set up 1n accordance with
the Standard Construction Specifica-
tions

The Key Map can now be prepared in
pencil and completed, with the exception
of the Index of Sheets, and the drafting
and tracing of the plans completed 1n
pencil form Finaldrafting consists of
tracing the plan portionof the plan-pro-
file sheets from the continuous roll and
placing the profile grade line and the
special ditch grade lines 1in the profile,
transferring cross section templates to
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the tracings 1f prints were usedas work
sheets, completing 1ntersection and
special detail sheets, etc , in pencil
The typical section shouldbe corrected,
if necessary, to reflect special con-
ditions encountered during the final de-
sign of the project

The so1l profile will have the prelimi-
nary grade line plotted in pencil when
received 1n Tallahassee This grade
line 1s to be corrected where neces-
sary

Onjobs requiring borrow, availabil-
ity of sufficient suitable material in the
pits should be checked immediately
upon rece1pt of the pait detail soil survey
sheets. The amount of available mat-
erial should be given on the first pit
sheet

When final draftinghas been complet-
ed, plans are assembled in proper
order. The sequence of sheets for var-
10us types of jobs 1s 1llustrated at the
end of this section. The sheets now
are numbered and cross referenced i1n
thebody Unnecessarycrossreferenc-
ing1s discouraged Examples of nec -
essary cross referencing are in the
1llustrations

The Index of Sheets 1s prepared on a
work sheet and 1s attached to the Key
Map It 1s extremely important that
all Standard Drawings necessary for
construction of the project be included
Intermediates of culvert standard draw-
ings and originals or intermediates of
approach slab drawings are placed in
the plans. Prints of the other Standard

Drawings are addedby the Reproduction
Unat

The plans now are complete and ready
for final field inspection and checking
In case of state projects, a final field
inspectionusually 1s not necessary If
the project 1s to be financed wholly or
partially with Federal funds, however,
the Area Engineer of the Bureauof Pub-
lic Roads wall, 1in all probability, re-
quest a field inspection of completed
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plans in company with Department per-
sonnel

The placing of construction notes 1n
the plans was discussed in Section 1
It 1s emphasized again, however, that
vague and muddled notes withuncertain
or ambiguous meaning have no place in
construction plans Any note, the i1n-
tent of which 1s not perfectly clear, 1s
not satisfactory Care must be taken
that notes do notconflict with Standard
Specifications

The scope ofallwork must be indica-
ted clearlyand fully, whether by draw-
ing or by note

Once a change or revisionis imitiated,
1t must be carried through all sheets
affected

After the final field inspection (1f any)
and final corrections, plans are subject
toa complete check This encompass-
esbotha complete designand engineer-
ing review anda rigid routine check and
cross check of details. A mimeograph-
edchecklist setting forth specific pro-
cedures has been distributed and 1s a-
vailable inthe Tallahassee Road Design
Section

No personinvolved in the preparation
ofa set of plans should be assigned the
checking duties. When a discrepancy,
ambiguity or point of doubtful meaning
1s encountered, the matter should be
referredto the supervisor of the check-
ing squad for clarification, not to one
of the designers who preparedthe plans
After checkinghas been completed, the
Index of Sheets, typical sections, sum-
mary and special detail sheets, etc ,
canbe inked to complete the final plans
assembly

Each set of plans preparedby the Dis-
trict Office or consultants and submitted
to the Tallahassee office for checking
should be accompanied by a letter out-
lining any special design features 1in the
plans assembly. Reasons for non-stan-
dard designshould be explained as well
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as the basis for design In the case of
plans preparedinthe Tallahassee office,
documentation of designwill be required

Close cooperationand coordinationof
activities 1s to be maintained with the
Right-of-Way Division in the selection
ofcorridors for location of the improwe-
ment and the establishment of reason-
able right-of-way limits based on eco-
nomics, alignment, grades, land use,
typical sections, etc As the prelimi-
nary layouts progress the Engineer of
Rights-of-Way 1s to be constantly con-
tacted, field reviews held and rough
appralsals obtained where necessary 1n
order toassurea reasonable and prac-
tical facility that can be economaically,
esthetically and operationally justified

The Right-of-Way Division shouldbe
appraised of the approximate right-of-
way requirements as early as possible
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inthe plans preparation stage in order
that title search may be i1nitiated and
the final requirements furnished im-
mediately after firm establishment of
the requirements

If for any reasonthe requirements are
altered after having been furnished to
the Right-of- Way Division, that Divisian
mustbe notified immediately in writing
The right-of-way check of completed
plans 1s made jointly by representatives
of the Design Office and the Right-of-
Way Division

The right-of-way shown on the plans
must be 1n exact agreement with that
shown on the Right-of-Way Map, how-
ever, the ties and manner of dimension-
ing need not necessarily be identical

The above applies to all projects and
1s not confined to rural projects
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CHAPTER 17
PREPARATION OF PLANS FOR MUNICIPAL PROJECTS

Many procedures followed in the pre-
paration of plans for rural projects also
are applicable to the preparation of
plans for urban projects., Since these
procedures have been discussed, com-
plete descriptions will not be repeated.

The first several steps in urban plans
preparation are the same as for rural
projects

1. Familiarization of the squad leader
with pertinent project data.

2. Indexing field notes,
3. Checking level notes.

4. Drawing proposed typical section
or sections.

5. Plotting alignment, existing topo -
graphy, underground utilities and
ground line profile in the plan and
profile portions of the continuous
roll.

6. Outlining the drainage map.

7. Plotting alignment, topography and
profile of outfalls (The location of
outfalls for municipal projects fre-
quently cannot be determined until
the storm sewer system 1s design-
ed, so this operation may be de-
ferred).

Roadway cross section ground lines
now areplotted oncross section sheets,
In municipal type construction, there
15 usually relatively little departure of
grade from the existing ground, so
variation in spacing of cross sections
therefore seldom 1s necessary. The
plotting 1s the same as for rural pro-
Jects. Exasting pavement must be plot -
ted. It 1s especially important to show
existing pavement such as filling station
drives, parking areas and similar con-
struction at the right-of-way line.
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Underground utilities are plotted as
inrural plans design, Fronts of build-
ings near the right-of-way line are
indicated at the correct distance from
the centerline, and existing floor ele-
vations are given. Strata boundaries
of unsuitable material are plotted,

The Geometric layout now 1s plotted
on the continuous roll., This includes
proposed sidewalk, curb and gutter,
returns at cross street intersections ,
median curbs, traffic separators and
left turn storage and other auxiliary
lanes. The right-of-way line, which
usually coincides with the back of the
proposed or future sidewalk, 1s indi-
cated, Care must be exercisedto 1n-
sure conformance of geometrics to the
approved typical section and design
criteria for the project.

Intersections to side streetsare
centered on the street dedications, ex-
cept 1n rare cases when an existing
street with curb and gutter 1s off center
and proposed construction must meet
existing construction. A minimum
width of 32 feet face to face of curbs 1s
used for side street connections. Stan-
dard widths should be used for side
streets except when connections must
conform to existing curb and gutter sec-
tions,

Profiles used for establishing back-
of-sidewalk grades now are plotted.

Grade requirements for municipal
projects are quite different from those
for rural projects. The 1deal grade
for a mumicipal project 1s one i1n which
the proposed grade for the back of the
sidewalk matches the existing ground
profile i1n elevation This condition
rarely occurs except for short distances
1f back-of-sidewalk grades are estab-
lished in accordance with design crat-
eria, and compromise grades which
will minimize damage to adjacent pro-
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perty usually result.

To establish back-of-sidewalk grades,
profiles along each right-of-way line
are plotted against the same elevation
datum. These profiles usually are
plotted from elevations obtained from
roadway cross sections at the right-
of-way line. This method 1s satisfac-
tory when sufficient cross sections or
part sections are available to produce
a reasonable accurate profile, At lo-
cations of considerable development,
however, a profile taken along each
right - of - way which will reflect all
breaks should be used,

Cross sections will be used to estab-
lish direction of drainage arrows which
areplacedabove and below the profile,
Care must be taken to avoid plotting
invalid or misleading elevations, which
would be the case 1f the right - of - way
line were to fall in an existing ditch,
In this event, the ground line immed-
1ately beyond the ditch limits should
be plotted.

Elevations and limits of floors, lo -
cations of building entrances, and
limits of existing pavements alongthe
right-of-way line are indicated as de-
scribed inSectionl. ILimaits of private
drives and entrance walks need not be
shown., Profiles are inked using dif -
ferent coloredink for the right and left
sides and different symbols for each
side. Althoughthe different colors will
not be reproduced, they are a help to
the designer.

Tentative grades now are established ,
On a print of the back-of-sidewalk pro-
fileare drawn grade lines which match
as well as possible existing ground at
the right-of-way line, using these cri-
teria

1. The minimum tangent length of the
gradeline1s 300 feet, with an abso -
lute minimum of 250 feet unless
otherwise specifically authorized.

2, The minimum rate of grade 1s 0. 2%.
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3. Vertical curves will be required for
breaksingrade of 1. 0% and greater.

4. The P,I.'s should be at or near the
centerlines of cross streets where
possible,

5. The placing of low points in the grade
at locations which wouldbe detr:i-

mental to existing development
should be avoided.

6. Standard clearance above highwater
elevations must be provided.

The grade must be such that the back
of the sidewalk will not be above build-
ing floor elevations at entrances, par-
ticularly in the case of buildings at or
near the right-of-way line. The grade
should be sufficiently lower than floor
elevations to allow for provision of ad-
equate drainage away from the entrance,
If at all practical, the grade of the side-
walk also should be such that water will
not be ponded behind it at locations
where ground slopes toward the pro-
Ject. It 1s generally desirable to avoid
fill sections at the back of the proposed
sidewalk. In case of a decided cros s
slope of the ground from one side of the
project to the other, a compromise
grade, compatable to the property de-
velopment, 1s established, with cut on
one side and fill on the other,

At the locationof superelevated curves,
separate profiles mustbe usedfor estab-
lishing grades for the rightandleftback-
of-sidewalk

Occasionally, a situation will arise
where extensive development exists on
both sides of the street and the ground
or development on one side 1s higher
somewhat than on the other. In this
situation, a grade line fitting existing
development on one side may cause ex-
tensive property damage onthe opposite
side. Insuchcases, an unsymmetrical
sectionmaybe used, thetotal dropfrom
centerline to gutter being greater than
normal on one side and less thannormal
on the other. Separate profile grades
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would be required for each side., Through
transitions from unsymmetrical to
normal sections and through superele-
vation transitions, care must be taken
to avoid gutter grades flatter than the
0. 2% minimum.

When preliminary back-of- sidewalk
grades have been established, proposed
sidewalks are plotted on prints of road-
way cross section sheets. The prints
are examined carefully for every pos-
sible improvement of grades, and grades
revisedas necessary, andthe proposed
sidewalk replotted.

The preliminary field inspection 1s
now 1n order, the primary purpose of
which 1s todetermine feasibility of the
geometrics and to make a careful re-
view of proposed grades. A prelimi-
nary drainage inspection also may be
made at this time, designating possible
outfalls. However, the final drainage
system design naturally will depend
upon the final grades adopted.

This inspection party should consist
of the designers in charge of the plans
preparation, the Assistant Dastrict
Engineer (Planning) or his designated
substitute, and whenever possible, the
District Location Engineer, At times,
1t might be helpful to have the District
Drainage Engineer 1in the party, but
usually the drainage review might be
deferreduntil the grades are establish-
ed., The continuous plan and profile
rolls, prints of the sheets covering
proposed back - of - sidewalk grades,
roadway cross sections with the pro-
posed sidewalks plotted, skeletondrain-
age map and aerial mosiacs are taken
on this inspection.

The most important function 1s the
inspection of the proposed grades. The
grades are reviewed carefully, and
any possible inprovements noted. Of
particular importance 1s the matching
of grades atentrances of commercial
buildings, parking areas, filling sta-
tion drives, etc. Matching of grade at
side streetintersections also1s review-
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ed carefully. Conditions not ewvident
in field notes should receive careful
attention, and notes concerning pos-
sible improvement made directly on the
continuous roll or cross section prints.

Frequently, state highways slated for
municipal i1mprovement are 1in fast
growing areas. Notes of development
that has taken place subsequent to the
field survey should be made, and the
District Location Engineer notified so
pertinent additional field information
can be obtained.

The adequacy of geometrics at street
intersections must be reviewed. This
includes the location and appropriate
width of side street connections and
median openings, left turn storage
lanes, location of median openings and
design at channelized intersections,
railroad crossings, etc.

Following the preliminary field in-
spection, all necessary changes and
corrections in proposed grades, add-
itional topography, etc., are made on
the continuous roll, back of sidewalk
profile grades, and cross sections.

At this point, back of proposed side-
walk grades are converted to proposed
centerline grades, and proposed grades
of gutters on superelevated curves and
median curbs are plotted where applic-
able.

Profile grades for streetintersections
now are established, Profiles of ex-
1sting cross street dedication lines are
plotted, and probable future back-of-
sidewalk grades for a short section on
the cross streets are established.

The centerline profile grade of the
cross streetis established. The normal
cross section slopes for the project
should be maintained to the outer edge
of the outside traffic lane 1n all cases.
If parking lanes are proposed onthe
project, these lanes may be warped in
order to obtain suitable connections to
the cross street,
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Ifitis anarterial street or state high-
way with present or future high volume
traffic potential, special consideration
should be given to the proposed grade
throughthe intersection. Better drain-
age to the gutters of returns will be
obtained when the centerline grade of
the side street1s maintained fairly high
atthe line of prolongation of the normal
gutters,

When no parking lanes are proposed,
however, 1t will not be practical to pro-
vice a distince rise in grade alongthis
line as an undesirable hump would re-
sult in the outer traffic lane.

Proposedreturn profiles and sections
now are plotted., The minmimum 32 feet
width, face to face, 1s attained at the
end of the returnon cross streets., The
drop from the proposed centerline grade
of the cross street to the gutter line 1s
computed in the standard manner. In
cases where widths of existing cross
streets are greater than 32 feet, spe-
cial studies may be required in order
to better match existing conditions.

A minimum draining gutter grade of
0. 2% must be maintained around returns
as well as along the project. If a low
point occurs on a return, care must be
taken to avoid placing it in line with an
existing or probable future sidewalk.
Unnecessary sags must be avoided.

The steepness of grades on returns
should be limited to a maximum desir-
able grade of 5% with 10% the absolute
maximum. The steepness of grades
around returns canbe reduced by warp-
ing the crowns of both project and side
street within the limits mentioned.

Diagonal sections are plotted through
the intersection returns to check the
adequacy of drainage to gutters on the
returns, andtoreveal possible undesir-
able dished sections.

Templates and earthwork quantities
may be transferred now or later to the
roadway cross section sheets, and the

Chapter 17

final mass diagram plotted.

After necessary grades have been
established, the Drainage Section will
thenproceed withthe design of the pro-
poseddrainage system. Drainagetabu-
lation sheets are used by the designer
in plotting the drainage system on the
various plan sheets.

Proposed 1nlets, manholes and pipes
first are plotted in plan, omitting now
any construction notes. Locations of
proposed structures are reviewed care-
fully., Inlets must be placed at low
gutter points along the project and on
returns and side street connections.
Wheninlets are locatedwithinthe limaits
of sag vertical curves, a minimum
gutter grade of 0.2% must be maintain-
ed, using special gutter grades and a
warped crown when necessary.

"Cormner clipping'' by pipes connecting
the main system with structures on
cross street connections or returns to
cross streets should be avoided when-
ever possible1if ''clipping'' necessitates
moreright-of-way. Inlets which would
obstruct existing driveways or which
fall in line with the proposed sidewalk
or crosswalk must be shifted to elimi-
nate these undesirable conditions.

The drainage structure cross sections
are mow plottedomcross section sheets
with pertinent construction notes, The
standard minimum cover between the
outside shell of the proposed pipe and
the bottom of the proposed base 1s 15
inches, and 18 inches of cover 1s pre-
ferable. Existingundergroundutilities

are plotted on the sections and a check
is made for possible conflicts,

Every effort should be made to avoid
conflicts between the proposed storm
sewer and existing sanitary sewers,
large water or gas mains, telephone
or power installations not easily adjust-
ed or other public utilities.

If conflicts cannot be avoided, or if
anisolated conflict would result in low-
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ering a considerable length of the pro-
poseddrainage system, 1t 1s advisable
usually to provide a manhole for pass-
age of storm water around the conflict-
ing installation,

In the case of a sanitary sewer con-
flict, plans shouldindicate that a length
of cast iron pipe 1s to be constructed
through the inlet or manhole by the
owner of the sewer. Conflicts and re-
medial installations arereferred to the
Drainage Section and the Right-of-Way
Utilities Section for final approval,

A check should be made to assure that
longitudinal pipes behind the curb wall
have sufficient cover at driveways,
Proposed flowline grades are noted to
the nearest 0.1foot, except in the case
of very flat pipe grades when the flow
lines are i1ndicated to the nearest 0, 05
foot. Proposedtopgrades of manholes
in pavement areas are indicated to the
nearest 0,01 foot. Proposed under-
drains are plotted on drainage struct-
ure sheets only and tabulated separ-
ately on quantity sheets.

Proposed outfall plan sheets now may
be completed. Ditches are treated in
the same manner as for rural construc-
tion. Whenpipe outfalls are provided,
pipes, 1inlets, manholes and endwalls
are plotted in the plan and in the pro-
file with standard construction notes.
It 1s possible sometimes, 1n case of
very short outfalls, to plot them in plan
onthe plan-profile sheets and to include
the structures on the drainage struc-
ture sheets.

Drainage notes now may be placed on
the plan-profile sheets, and structures
and notes placed on the drainage map.

Right-of-way requirements now are
established. The right-of-way line for
urbanprojectsisusually along the back
of proposed or future sidewalks, obtain-
1ng construction easements for any work
outside of these lines. Additional right-
of-way beyond the normal width 1s nec-
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essary frequently at intersectingstreets
due to incroachment of returns and
storm sewer stub pipes, especially in
cases of existing narrow dedications
for side streets.

Inaddition to right-of-way necessary
for construction, every effort should be
made to establish right-of-way limits
sufficient to provide for or preserve
sight distances at corners, and provide
space for pedestriantraffic. The right-
of-way line at street corner returns
should be set a minimum of five feet
back of the face of curb.

Ample right-of-way for outfalls 1s
established so it will contain the pro-
posed construction. When right-of-
way requirements have been establish-
ed, they are furnished to the Right-of-
Way Division for completion of the
right-of-way map.

Drafting work on the plan -profile
sheets now can be completed, and the
Key Map prepared., Defer as much
drafting as possible on the plan-profile
sheets until final designs are completed
tominimize thinning of pencil lines due
to wear and to minimize the necessity
for last minute ''touching up''. Any
other incompleted draftingi1s concluded
at this time.

The Summary of Quantities and var-
1ous tabulations now are prepared in
the same manner as described under
"Plans for Rural Projects' and in Sec-
tion 1.

Plans sheets now are assembled in
order, the sheets numbered and cross
referenced, and the Index of Sheets
completed as described for rural pro-
jects, and at this stage are ready for
final checking.

In this procedure, the major portion
of designisdeveloped on the continuous
roll and prints of roadway cross sec-
tions. Tracing and transferring of in-
formationtothe plan-profile and cross
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section sheets1s deferred until the de- to requests for alignment and layout .
sign 1s practically completed. information by property owners, city
officials and others. Drafting on the
original sheets prior to completion of l
In some cases, however, this pro- design should be maintained at a prac-
cedure cannot be followed exactly due tical minimum, .
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SAMPLE PLANS INDEXES

Sample Index of Sheets For Rural Projects

Index of Sheets

Sheet No.
1 Key Map
2-3 Drainage Map
4-6 Typical Section and Summary of Quantities
7 Mass Diagram
8§-14 Plan and Profiles
15-21 Drainage Structures
22-31 Intersection Details
32-35 Lateral Ditch Plan and Profiles
36-45 Lateral Ditch Cross Sections
46-49 Borrow Pit Soil Survey
50-57 Roadway Soil Survey
58-100 Roadway Cross Sections
Index No.
1101-X Miscellaneous Roadway Construction
Details (2 sheets)
2300-X Guardrail (4 sheets)
ETC ETC

For Index of Bridge Sheets, See Bridge Plans

For Index of Signing Sheets, See Signing Plans
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Sheet No.

12-24
25-28
29-47
48
49
50-53
54-57
58-60
61-66
67-70
71-91
92-146
147-166
167-180
Index No.

1101-X

2300-X

ETC

ROADWAY DESIGN MANUAL Chapter 18
Sample Index of Sheets For

Rural Project With Interchange

Index of Sheets

Key Map

Drainage Map

Typical Section and Summary of Quantities
Mass Diagram

Plan and Profiles, State Road No. 800

Plan and Profiles, State Road No. 901
Drainage Structures

Detail of Interchange

Cross Section Pattern of Interchange
Interchange Ramp Profiles

Ramp Termainal Details

Lateral Ditch Plan and Profiles

Lateral Ditch Cross Sections

Borrow Pit Soil Survey

Roadway Soil Survey

Roadway Cross Sections, State Road No. 800
Roadway Cross Sections, State Road No. 901

Roadway Cross Sections, Interchange Ramps

Maiscellaneous Roadway Construction
Details (2 sheets)

Guardrail (4 sheets)

ETC

For Index of Bridge Sheets, See Bridge Plans

For Index of Signing Sheets, See Signing Plans
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Sheet No.
1
2-4
5-11
12
13
14-26
27-37
38-42
43-46
47-57
58-65
66-70
71-73
74-77
78-120

Index No.

1101-X

1307-X

ETC
Sheet No

T-1to T-5

L-1to L-4

Sample Index of Sheets For Municipal Projects

Index of Sheets

Key Map

Drainage Map

Typical Section and Summary of Quantities
Mass Diagram
Back-of-Sidewalk Profiles
Plan and Profiles

Drainage Structures

Special Profiles along Project
Intersection Details
Intersection Profiles

Outfall Plan and Profiles
Outfall Ditch Cross Sections
Borrow Pit Soil Survey
Roadway Soil Survey

Roadway Cross Sections

Maiscellaneous Roadway Construction
Details (2 sheets)

Inlets (Sheet 1 of 2)

ETC

Signalization Plans
Highway Laghting Plans

For Index of Retaining Wall Sheets,
See Retaining Wall Plans

For Index of Bridge Sheets, See Bridge Plans
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FOREWORD
SECTION 3

Discussedinthis section are the criteria required for the design of major highways
and primary roads. Where practical, secondary roads should also be designed ac-
cording to these criteria.

Thebasic criteria found 1n this sectionwere taken from the AASHO Manual entitled
""A Policy on Geometric Design of Rural Highways, 1965.'" We have arranged the

material under appropriate headings to aid the designer in locating the desired in-
formation.

Discussions of the proper applications of the design criteria are also included. The
examples and i1llustrations should provide a better understanding of the results ex-
pected in the design.

The criteria and illustrations should serve the designer as a guide i1n preparing
the roadway plans., It 1s emphasized that the proper use of this material should be
combined with personal imagination and i1nitiative. A superior design must include
this combination of factors,
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TRAFFIC

(A) TRAFFIC DEFINITIONS
In traffic discussions for this portion of the manual these definitions will apply"
ADT - current average daily two-way volume with the year specified
ADT - future average daily two-way volume with the year specified.

DHYV - future designhourly volume, the 30th highest hour, two-way unless spec-
1fied otherwise.

K - ratio of DHV to ADT, generally rangingbetween 12 and 18 percent, represents
two-way traffic.

D - directional distribution of DHV, one-way volume i1n predominant direction
of travel expressed as percentage of total. Varies from 50 to about 80 percent
of two-way D.H V.

T - percentage of trucks, exclusive of light delivery, expressed as a percentage
of DHV. As an average on main rural highways in Florida, T ranges from 5 to
12 percent of D H V during the design hour

When designing interchanges and major intersections, 1t 1s advantageous to know
the designyear DHV for one direction. This value 1s determined from the projected
factors for ADT, K, Dan T. The following formula 1s used:

DHYV (one way) = ADT x K x D
Example ADT (1989) = 24,000, K= 12%, D= 60%, T = 7%
DHV = 24,000 x 0.12 x 0.60 = 1728 vehicles

When determining the DHV for design, the above value 1s usually increased to re-
flect the percentage of trucks (T). The overall effect on traffic operations of one
truck 1s often equivalent to several passenger vehicles. In Florida, one truck 1is
normally consideredtobe equivalentto 2 to 4 passenger vehicles, depending upon the
K and T factors and terrain.

Example: DHV = 1728 vehicles (1607 passenger cars and 121 trucks), one truck
1s equivalent to two passenger cars

Adjusted DHV = 1849 vehicles (1607 passenger cars and 242 equivalent vehicles)
The Adjusted DHV value can also be determined from the following formula

Adjusted DHV = DHV x 14+ [T x (Equiv. Cars - 1) ]

1728 x 1 07 - 1849 Vehicles

0w
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(B) DESIGN VEHICLES

One or more of four design vehicles should be usedas controls 1n geometric de-
sign. They are

DESIGN VEHICLE DIMENSIONS IN FEET
Overhang |Overall] Overall
TYPE SYMBOLWHEELBASH Height
Front| Rear |Length | Width
Passenger P 11 3 5 19 7 )
Car
Single Unat
Truck SU 20 4 6 30 8.5 13.5
Semai-trailer
Combination, | WB-40 13+27=40 4 6 50 8.5 13.5
Intermediate
Semai-trailer
Combination WB-50 20130=50 3 2 55 8.5 13.5
Large

For design purposes, use the largest vehicle which represents a signmificant per-
centage of the traffic for the designyear. For design of most highways accommodat-
1ing truck traffic, one of the designsemitrailer combinations should be used. A de-
si1gn check should be made for the largest vehicle to insure that such vehicle can
negotiate the designated turns, particularly if the pavement 1s curbed. In special
cases a riesign may be necessary to accommodate vehicles larger than WB - 50,

(C) DESIGN AND RUNNING SPEEDS

A design speed should be selected andused for correlation of the physical features
of a highway that influence vehicle operation. The assumed design speed should be
a logicalone withrespectto the character of terrain and the type of highway. Some
geometric features of highway design, such as superelevation rate, critical length
of grade, intersectioncurves, etc., require considerationofaverage running speeds .

Average running speed1s the average for all traffic or component of traffic, being
the summation of distances divided by the summation of running times.

Design speeds normally recommendedand the correspondingaverage running speeds
for different volume conditions are shown in the table on the next page.

3-19-2




Traffic ROADWAY DESIGN MANUAL Chapter 19

MAIN HIGHWAYS

Average Running Speed, mph

Design Approaching
speed, Low Intermediate possible
mph volume volume capacity

30 28 26 25

40 36 34 31

50 44 41 35

60 52 47 37

65 55 50

70 58 54

The running speed for low volumes 1s a major design control for certain highway
elements, such as superelevation, 1ntersection curves, and speed-change lanes,

The values given 1n the chart for ''Intermediate volume'' represent the relation
between Design Speed and Running Speed when the traffic volume approximates the
design capacity of rural highways.

The highest practical design speed should be used, preferably a constant value
for any one highway. Wherethere1s variationinterrain and other physical controls,
changes 1n design speed for some sections of highway may be necessary.

Low design speeds should not be assumed for secondary and minor roads where
the topography 1s such that drivers are apt to travel at high speeds. Drivers do
not adjust their speeds to the importance of the highway but to the physical limata-
tions and traffic thereon.

Many design features, such as theroadwayalignment, profile grade, and sight
distances are directly related to the design speed. When designing the roadway,
consideration should be given to establishinga design speed thatwill allow for prob-
able future increases in the roadway speed limit. If the roadway 1s properly planned,
the cross sectional elements canbe alteredin the future without undue difficulty, but
major changes 1n alignment and profile grade entail considerable expenditure.
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(D) RECOMMENDED DESIGN SPEEDS

Chapter 19

Design speeds recommended for use in Florida are listed in the following table.

RECOMMENDED DESIGN SPEEDS

Type of Highway Design Speed, mph
yp g gn op

Interstate, Rural

Interstate, Semi-rural
Interstate, Urban

* Major Highway, Rural (Divided)
* Major Highway, Rural
Secondary Highway, Rural

Major Highway, Urban
Secondary Highway, Urban

Local Street or Road

70
60
50
70
65
50-65
35-45
30-40

25-35

* Rural highways having medians 20' wide or greater may be designed for
a Design Speed of 70 M. P H The maximum Design Speed for rural un-
divided highways, and rural divided highways with medians less than 20!

wide, 1s 65 M P H
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HIGHWAY CAPACITY

Recommended capacity values in the "Highway Capacity Manual (1965)" and "A
Policy on Geometric Design of Rural Highways (1965)" should be used as guides for
highway design, Highway capacity is considered in two broad categories-uninter-
rupted flow or open highway conditions and interrupted flow as at intersections.

(A) UNINTERRUPTED FLOW

The uninterrupted flow of traffic occurs to a considerable extenton rural highways
where the influence of intersections at grade and roadside development i1s not sig-
nificant. Also 1t occurs on highways with control of access.

Speed 1s the most sensitive measure of operating conditions as related to traffic
capacity. Three appropriate ranges of average running speeds are:

1. Average runnming speed 45-50 mph: Applicable for most main rural 2-lane,
two-way highways and all rural multilane highways in level and 1in rolling
terrain.

2. Average running speed 40-45 mph Applicable for highways approaching urban
areas.

3. Average running speed 35-40 mph: Applicable to controlled access highways
in urban areas where during the design hour 1t 1s expected thatfreedomto
travel at high speed will be curtailed by DHV traffic.

The designer should determine by analysis the design characteristics of a highway
andthe corresponding running speed which in combination will have a design capacity
at least as great as the design volume. Itis generally not economically feasible to
provide a facility that will permit running speeds during the design hour higher than
those mentioned above. Running speeds lower than those indicated above are con-
sidered too restrictive by most highway users.

Normally, highways should be designed so that the designated average running
speeds can be maintained during the design hour, that 1s, when the designhour
volume 1s using the highway.

Capacities 1n the following table are for highways constructed to high standards,
1.e., 12-footlanes, adequate shoulders, lateral clearances of about 6 feet or more,
adequate stopping sight distance throughout, no trucks and no restrictive passing
sight distance when the highway 1s 2-lane, two-way.

POSSIBLE AND DESIGN CAPACITIES OF HIGHWAYS CONSTRUCTED TO
STANDARDS IN TERMS OF PASSENGER CARS PER HOUR

Design capacity for
Type of Possible average running speed of*
Highway Capacity
vph 35-40 40-45 45-50
2-lane, two-way (total) 2000 1500 1150 900
Multilane (per lane) 2000 1500 1200 1000
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Possible capacity shown inthe preceeding chartis the maximum number of vehicles
that can pass over a givensectionona lane or roadway during a given period, usually
one hour, under the prevailing roadway and traffic conditions, regardless of their
effect 1n delaying drivers and restricting their freedom to maneuver,

Possible capacity should notbe used as a criterion for design of facilities with un-
interrupted flow, but in many cases 1ts evaluation 1s useful,

Highways of the same general class and width may show considerable variation in
the number of vehicles that can be handled due to a number of variable conditions.
The more important ones affecting design capacity in rural areas are type of
terrain, character of alignment and sight distance, composition of traffic, lane
width, and degree of access control or roadside and intersectional interference.
For a more detailed discussion refer to the Highway Capacity Manual (1965) and
the AASHO Policy on Geometric Design of Rural Highways (1965).

The capacity of a roadway 1s materially effected when obstructions close to the
pavement edge appear hazardous. If obstructions are less than 6' from the pave-
ment edge, the values determined for design or possible capacity should be multi-
plied by the appropriate factor listed below.

CAPACITY REDUCTION FACTORS FOR RESTRICTIVE LATERAL
CLEARANCE BETWEEN PAVEMENT EDGE AND OBSTRUCTION ON
SHOULDER
(Applies to design or possible capacity values)
Clearance Capacity Reduction Factor
from pave-
dge t
n;gz:riﬁfmo Obstruction on one side Obstruction on both sides
in feet Two-Lane Two Lanes 1n Two-Lane Two Lanes in
Highway one direction Highway one direction
of a four-lane of a four-lane
highway highway
6 1.00 1.00 1.00 1.00
5 0.98 1.00 0.96 0.99
4 0.96 0.99 0.92 0.98
3 0.93 0.98 0.86 0.97
2 0.91 0.97 0.81 0.94
1 0.88 0.95 0.75 0.90
0 0.85 0.90 0.70 0. 81
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The Table below shows design capacity values for uninterrupted flow on multi-
lane rural highways for various conditions of terrain, lane width, and percentage
of trucks. For freeways 1in suburban areas, where speeds lower than in strictly
rural areas are acceptable, design capacity varies from about 750 to 1200 vph per
lane. For rural expressways and freeways the range 1s from about 600 to 1000
vph. For major highways there 1s a likely variation of from 500 to 800 vph, de-

pending on conditions.

DESIGN CAPACITY OF THROUGH TRAFFIC LANES ON MULTILANE
RURAL AND SUBURBAN HIGHWAYS

Uninterrupted Flow

Design capacity, average per lane, in vph for
Width Percent
f lane | ©f trucks Freeways, Freeways and ]] Major
?n feef during Suburban expressways, rura highways*
peak
hour Terrain Terrain Terrain
Level | Rolling Level | Rolling Level Rolling
12 0 1200 1200 1000 1000 800 800
12 10 1090 920 910 770 730 620
12 20 1000 750 830 630 670 500

NOTE: To obtain possible capacity multiply above values by 1.67 for suburban
freeways and by 2 for rural expressways and major highways. For 11-
foot traffic lanes reduce capacity by 3 percent, for 10-foot traffic lanes

reduce capacity by 9 percent,

¥*

The givenvalues are representative of conditions where there 1s moderate
interference from cross traffic and roadsides. Where there 15 heavy
interference a reduction in these values may be appropriate.

Although the mostuseful expressionof capacity for purposes of design 1s1nvehicles
per hour (DHV), 1t may be desirable to also consider capacity in terms ofaverage
daily traffic (ADT). The following two charts list the likely ranges of ADT capacity
for uninterrupted flow. The first chart gives the capacity for 2 lane, 2-way rural
highways. The second chart gives the capacity for 4-lane rural highways.
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ADT Capacity of 2-Lane, Two-Way Highways in Rural Areas

Likely Ranges for Uninterrupted Flow

K= Capacity of 2-lane highways: two-way ADT volume
Peak hour 1in thousands when
volume L-width of lane 1n feet
Terrain |{{two-way) L=12 L=11 L=10
as %
of ADT Design* |Possible+| Design* | PossibleH Design¥ |Possible+
10 9 0-6 2| 20-15 [7.7-5 3| 18-13 | 6 9-4.8| 15-12
12 7 5-5 2 17-13 6 4-4 4 15-11 5 8-4 0 13-10
Level 15 6.0-4 1| 13-10 {5 1-3 5| 12- 9 | 4 6-3.2| 11- 8
18 5 0-3 4 11- 9 4 3-2.9 10- 8 3 8-27 9- 7
10 8.0-3 5 20-11 6 9-3 0 18-10 6 2-2 7 15- 9
12 6 7-2 9 17- 9 5 7-2 5 15- 8 5 2-2.3 13- 8
Roll
oLng 15 53-2.3| 13- 7 |4 6-2.0] 12-7 | 4.1-1 8| 11- 6
18 4 4-1 9 11- 6 3 8-1.7 10- 5 3 4-1.5 9- 5

* Design capacity based onaverage running speed of 45-50 mph during design hour.
For designcapacitybased on running speed of 40-45, multiply values shown by 1 3,
for running speed of 35-40, multiply by 1 7.

+ Indicative of maximum volumes possible of attainment only with high density, slow
and uniform operation, and with inability to pass: not to be considered for design.

NOTE: Capacity range results from different values of T(the percentage of trucks )
and the percentage of length with sight distance restriction

In each case the higher value of the range 1s for T=0% and the lower value
1s for T=20%.

Ineach case for level terrain, the higher value of the range 1s for 0% sight
restriction and the lower value 1s for 40%.

In each case for rolling terrain, the higher value of the range 1s for 40%
sight restriction and the lower value 1s for 80%.
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ADT CAPACITY OF 4-LANE RURAL HIGHWAYS
Uninterrupted Flow
K = D= Average daily traffic volurne in thousands when:
peak hour| directional
volume | distribution T=0 T=10 T=20
(one-way) | % one._way
as % of during P= P= P=
ADT peak hour 1800 1000/12001500| 800[10001200(1500| 800 {1000{1200[1500
LEVEL TERRAIN, ;=2
60 27 | 33140 50 | 24| 30| 36| 45 22 | 28 | 33 | 42
10 67 24| 30|36 45 | 22| 27| 33| 41 20 | 25 | 30| 38
75 21 | 27|32 | 40 | 19| 24| 29 | 36 18 | 22 | 27 | 33
60 22| 28 133 | 42 |20} 25| 30| 38 19 | 23 | 28 | 35
12 67 20 | 25|30 | 37 {18 | 23| 27 (34 | 17 [ 21 | 25| 31
75 18 {2227 {33 (1620} 24 |30 | 15|19 | 22| 28
60 18 | 22 |27 |33 |16 | 20| 24|30 | 15| 19| 22 |28
15 67 16 | 20 (24 | 30 | 14 | 18 | 22 | 27 13 | 17 | 20| 25
75 14 | 18 |21 |27 |13} 16| 19 | 24 12 | 15§ 18 | 22
60 15119 {22 | 28 |13 {1720 |25 |12 |15 | 19|23
18 67 13 (17 ({20 (25 |12 | 15 | 18 | 23 11 | 14 | 17 | 21
75 12 | 15|18 |22 |11 | 13! 16 |20 10 | 12 §j 15 |19
ROLLING TERRAIN, j—4
60 27 { 33 {40 | 50 121 ; 25 | 31 | 38 17 {21 | 25 | 31
10 67 24 | 30 |36 | 45 {18 | 23 | 28 | 35 15 | 19 | 22 | 28
75 21 | 27 |32 |40 |16 | 20 | 25 | 31 13 | 17 | 20 {25
60 22 | 28 |33 |42 |17 {21 | 26 |32 14 [ 17 | 21 | 26
12 67 20 { 25 {30 [ 37 (15 [ 19 | 23 |29 12 | 16 | 19 | 23
75 16 | 22 {27 |33 |14 | 17 | 21 |26 11 | 14| 17 | 21
60 18 | 22 |27 |33 |14 | 17 | 21 |26 11 |14 | 17 | 21
15 67 16 | 20 |24 |30 |12 { 15 | 18 |23 10 | 12 | 15 |19
75 14 |18 {21 |27 |11 [ 14 ] 16 |20 9 |11 |13 |17
60 15 |19 {22 {28 |11 | 14 | 17 |21 9 |12 | 14 |17
18 67 13 [ 17 {20 {28 (10 (13 |15 {19 8 {10 [ 12 |16
75 12 | 15 {18 |22 9 |11 |14 |17 7 9411 |14
NOTE: P=Capacity per 12-foot lane per hour—base, passenger vehicles only

800:
1000
1200:

1500

design capacity for major highway with roadside development
design capacity for expressway with partial to full control of access
designcapacity for expressway with full control of access (freeway),
suburban area

design capacity for expressway with full control of access (freeway),
urban area

J = Equivalent number of passenger vehicles for each truck
ADT capacity of 6-lane highways are approximately 1 5times tabular values,
of 8-lane highways about double tabular values

3.20-5



Highway Capacity ROADWAY DESIGN MANUAL Chapter 20

(B) CAPACITY OF INTERSECTIONS AT GRADE

At unsignalized intersections with low traffic volumes, i1t may be assumed that
flow 1s uninterrupted on the throughhighway and delays are acceptable on the cross-
road. For higher volume combinations, signal control should be assumed in geo-
metric design (whether or not signalization 1s actually used) to assure proper ar-
rangement and adequate number of lanes at the intersection. The following table
may serve as a guide for the design of at grade intersections.,

SUGGESTED DESIGN HOUR VOLUME COMBINATIONS FOR WHICH
CONTROL SHOULD BE ASSUMED IN GEOMETRIC DESIGN OF RURAL
INTERSECTIONS*

Minimum DHYV, two-way on

2-lane through highway 400 500 650
Crossroad 250 200 100
4-lane through highway 1000 1500 2000
Crossroad 100 50 25

+These volumes have no relation to warrants for signalization,
nor are they indicative of whether or not signalization should
be used after the intersection i1s opened to traffic.

If the DHV combination at a given intersection 1s equal to or less than that shown
in the table, no intersection capacity analysis is necessary. If the DHV combina-
tion 1s greater than that shown 1in the table, the intersection should be designed as
1f 1t were under signal control,

Capacity of signalized intersections can be evaluated by the use of the Highway
Capacity Manual data and factors for various conditions. Capacity varies in ac-
cordance with the type of highway, pavement width, short term fluctuations in flow ,
proportions of trucks and turning movements, signal timing, etc. In design, the
capacity of a signalized intersection 1s determined separately for the approach
direction of travel on each intersection leg. Usually the predominant one-way ap-
proach movement on one highway and the predominantone-way approach movement
on the other (intersecting) highway whichoccur during the design hour, jointly con-
trol the capacity and the design of the intersection.

Atrafficlane atanintersection under signal controlis available for moving vehicles
only part of the time and 1ts capacity per hour obviously 1s less than that on the por-
tion of highway where the flow 1s uninterrupted. Design capacity per lane at sign-
alized intersections generally 1s in the range of 400 to 700 vph, depending upon the
amount of green time available and other conditions., Since lane capacity for unin-
terrupted flow on multilane highways 1s between 500 and 1200 vph, 1t 1s apparent
that additional lanes at the intersection are required to bring the capacity through
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the intersection up to that of the highway elsewhere. Additional lanes may be re-
quired even when the design traffic volume on the highway 1s substantially below the
uninterrupted flow capacity of that highway.

On 2-lane two-way highways in rural areas the design capacity frequently 1sless
than 600 vph (both directions of travel) and such volumes often can be handled at
signalized intersections withoutadditionallanes. Addedlanes may be needed where
the distribution of total hourly traffic 1s more than two-thirds in the predominant
direction, where turningmovements are above normal, or where a large proportion
of the signal cycle must be devoted to the movement of traffic on the crossroad.
The added lanes should be continued for some distance beyond the intersection to
permait traffic to merge into the normal through lanes after clearing the intersection.

(C) RAMP CAPACITY

The capacity of a ramp may be limited by that of the ramp proper, the entrance
terminal, or the exit termainal, or by sections where ramp traffic 1s required to
weave with other traffic. The entranceterminal in most cases limits the capacity.
Design capacity of the ramp proper with single-lane operation may vary from 600
to 1500 vph. The following chart gives the design capacity of the ramp proper for
various conditions,

DESIGN CAPACITY OF RAMP PROPER

Single-Lane Operation

Ramp design capacity in vph when
V=-design speed and T-percentage of trucks during

Upgrade peak hour
in percent

V=20 mph or less V=30 mph or more

T=0 T=10 T=20 T=30 T=0 T=10| T=20 T=30

0-2 1000 900 830 770 1500 | 1350 1250 1150
(or
downgrade)
3-4 1000 830 710 620 1500 | 1250 1100 950
5 and over 1000 770 620 530 15004{ 1150 950 800

NOTES: (1) For loops having design speeds lower than 40 mph, design capacity
of ramp proper should be reduced by 20 percent.
(2) For 2-lane operation, increase the tabular values up to nearly double .
Possible capacity approximately 1,25 times above values.

ENTRANCE TERMINAL: At ramp entrance terminals capacity i1s governed by the
design of the terminal and the type of traffic control utilized. Entrance termainal
design should be compatible with the design features of the highway to which entry
1s being made. If the bighway 1s a freeway the termainal should provide for merging
of traffic streams at comparatively high speed, i1f the ramp termainal 1s at a highway
without control of access 1t may be entirely proper that the entrance terminal be an
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intersection at grade comparable to other nearby intersections at grade along the
route as would be the case for the crossroad terminal at a diamond interchange.
In mostinstances freeway entrance terminals are designed for single-lane entrance
although in special cases the design may be a 2-lane entrance.

For ramps entering free flowing roadways, asonfreeways, about 1500 passenger
cars per hour can merge 1n one lane without reducing the speed of traffic on the
highway to less than about 35 mph, provided there 1s a long taper or acceleration
lane and that sight distance 1s good. A value of 1200 passenger cars merging may
be taken as a basis for determining the design capacity of a ramp entrance (with
acceleration lane) in rural areas. In urbanareas where speeds are lower thecor-
responding value 1s 1500 passenger cars per hour. These values include both the
vehicles entering from the ramp and those on the outer lane of the through road-
way. To determine the number of entering vehicles per hour that can merge with
traffic on the highway, 1t 1s necessary to deduct from this hourly capacity value the
through vehicles per hour likely to occupy the lane adjacent to the ramp, and to ad-
just further for the proportions of trucks involved. Formulas for determining the
capacity at entrance terminals are outlined 1n the following table.

Capacity of Ramp Entrance to Highway (Merging)

A. SINGLE-LANE ENTRANCE - with acceleration lane
1200-Vy (1+ty)

Rural C= T+t
1500-Vy (1+t]
Urban: C-= 1 )
1 +t

Where C=design capacity, vph from the ramp
V= volume of through traffic in lane adjacent to ramp, vph
t;= trucks as a percentage of total through volume, divided
by 100
t1=t18.6cks as a percentage of entering volume, divided by
i
See Highway Capacity Manual for procedure to estimate V; for
various roadway and traffic conditions.

B. SINGLE-LANE ENTRANCE- with right lane from ramp continued
onto highway beyond ramp as an added laneon highway. Capacity
1s that of single lane on ramp proper.

C. TWO-LANE ENTRANCE-major fork design with right lane from
ramp continued onto highway beyond ramp as an added lane on
highway, and ramp of adequate width to discharge two lines of
vehicles,

C-sum of capacities of the two lanes -Right lane, use single-lane
capacity onramp proper, Left lane, use expression A above.

NOTE Capacity of ramp entrance may alsobe governedby the capacity
of the highway beyond the ramp, 1. e. , the combined volume of en-
tering and through traffic should not exceedthe capacity of the
highway sectionahead. This type of check shouldalways be made.
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EXIT TERMINAL Designcapacity of the ramp exit terminal, single-lane exit with
deceleration lane, may be approximated as above but using values of 1300 i1n rural
areas and 1600 1n urban areas as combined through and off ramp volumes. These
values also include equivalent number of passenger vehicles for each truck. The
following formulas are used in determining the ramp exit capacity.

Capacity of Ramp Exit from Highway (Diverging)

A. SINGLE-LANE EXIT-with deceleration lane

Rural: C- 1300 - V1 (l+ty)
1+t

1600 - V] (1+t})
1+t

Urban: C-

Where C=design capacity, vph to the ramp
= volume of through traffic in lane adjacent to ramp, vph
;= trucksasapercentage of through volume, dividedby 100
t= trucksas a percentage of ramp volume, divided by 100

See Highway Capacity Manual for procedure to estimate V] for various
roadway and traffic conditions.

B. SINGLE-LANE EXIT-withouter lane of highway continued onto ramp
and number of lanes on highway reduced beyond ramp. Capacity 1s
that of single lane on ramp proper.

C. TWO-LANE EXIT-major fork designwith outer lane of highway con-
tinued onto ramp and the ramp of adequate width to receive two lines
of vehicles. Capacity of rightlane as in B above. Capacity of left
lane as i1n A above.

Q(T
&

Where the number ofthrougﬁ lanes on the main roadway 1s reduced beyond the exit
point of a 2-lane exit ramp, the right lane of the ramp will have a capacity equal to
a single lane on a ramp proper, but the capacity of the secondlane 1s subject to the
restrictions of the through lane second from the right edge being occupied with through
vehicles. Its capacity, therefore,1s deemedtobeabout the same as that of a single-
lane ramp leaving a through highway which1s not reduced 1n number of lanes. This
may be calculated as the value '"C'' 1n section A of the above table., Two-lane exit
ramps are not recommended unless the number of through lanes 1s reduced beyond
the exit terminal. A reduction i1n number of through lanes beyondthe terminal may
be achieved without basically changing the number of through lanes by adding a com-

paratively short section of lane of full width in advance of and 1n addition to the usual
speed change lane or taper.
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(D) WEAVING SECTIONS

TAT o m crm v o oy A S N
vweaving sections, winil

[ R R

ch occur 1requenuy at 1n|.er(.r1a.nges, enable one -way traffic
streams to cross by merging and diverging maneuvers, Certain combinations of
weaving traffic volume and length and width of weaving sections operate satis-
factorily. Weaving sections often resultin simple layouts and economies 1n inter-
change design., Onthe other hand, large volume weaving movements result in con-
siderable friction and reduction in speed of traffic. Further, there is a definite

lIimit to the amount of traffic that can be handled on a given weaving section with-
out congestion.

Weaving sections are designed, checked, and adjusted so that design capacity 1s
at least as great as the design volume. The capacity of a weaving section 1s de-
pendent upon a number of factors, the most important of which are length, number
of lanes, operating speed, and volumes in the individual movements. The esta-
blished relations of these factors are shown in figures A and B, These figures are
recommengded as a basis for design. Figure A should be used where the weaving
section 1s located on the through traffic lanes of a mamn rural highway and figure B
where the weaving sectionis located on other than the through lanes of a main rural

highway as on a rotary intersection having a large center 1sland or on a collector-
distributor road.

Generally 1n a design problem all variables except N, the number of lanes, are
known. N 1s computed with the formula shown on the charts, all factors of which
are known except K. The factor K 1s read from the lower chart by entering at the
top with the actual length of weaving section, intercepting the curvefor (W + W5),
the sum of the weaving traffic volumes, and reading K on the left. A check must
be made to insure thatthe actual lengthof weaving sectionis greater than the minimum
for K=3 which will permait traffic to operate at 10 mph in figure A and 30 mph 1n
figure B, This length 1s read directly from the curve for K=3 on the upper chart.
Incidentally, 1if the actual length of weaving section 1s so long that the intersection

of (Wi = w2) and (L) 1n the upper chartfalls belowthe curve for K=1, weaving 1s not
a factor in design.

An example 1s showninfigure A 1n which a total weaving volume of 1, 600 (W] + W2),
1s to be accommodated 1n a proposed weaving sectionhaving a length of 2, 100 feet.
The value of K 1s determined 1n the lower chart By entering it with a length of
weaving section of 2,100 feet and drawing a vertical line intersecting the line for
Wi + W2of 1,600 equivalent passenger vehicles, a K of 2.7 1s obtained. This 1s
used inthe formula to determine N. The upper curve of figure A shows that for the
given W; + W2 a minmimum length of 1,000 feet would be required which1s well
exceeded by the actual length.

The C value to be used with Figures A and B are

Fig. A - 1000 Equivalent passenger vehicle per hour for main rural highways
where weaving takes place directly on the through pavement.

Fig. B - 1200 to 1500 equivalent passenger vehicles per hour should be used
where weaving 1s off the through pavement, or on the through pave -
ment where the weaving sectionis located in a suburban or urban area.
The C to be used for rotary intersections varies from 800 to 1,200.
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The method of determining the terminal points for the measurement of the length
of a2 weaving section 1s shown 1n sketch below.

WEAVING LENGTH

EDGE OF TRAVELED WAY PROJECTED
(MAY BE CURVED)

MEDIAN

ENTRANCE TERMINAL

| WEAVING LENGTH

EDGE OF TRAVELED WAY PROJECTED

ADDED LA
SHOULDER- Ve

7, 2%, - '
EDGE OF THROUGH LANE— 12— } -_—

MEDIAN

EXIT TERMINAL

TERMINAL POINTS FOR MEASURING LENGTH OF WEAVING SECTION
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CHAPTER 21
SIGHT DISTANCE

(A) STOPPING SIGHT DISTANCE

Sight distance at every point on a highway should be as long as can be justified
economically and at least as long as indicated in this table

STOPPING SIGHT DISTANCE
(Based on height of eye of 3,75 feet and height of
object 6 inches above road surface)

Design Speed, mph 30 40 50 60 65 70 75

Minimum Sight
Distance, Feet 200 275 350 475 550 600 675

For comfort and appearance, vertical curve lengths should be not less than i1ndi-
cated in the following table. The length of vertical curve must never be less than
three times the design speed of the highway.

L = KA
Minimum length of vertical curve
Algebraic difference of grades in percent

L
A

ROUNDED K VALUE FOR VERTICAL CURVES

Design Speed, mph 30 40 50 60 65° | 70 75

Minimum K Value for
Crest Vertical Curves
K=5%/1398 28 55 85 | 160 | 215 | 255 | 325

Minimum K Value for
Sag Vertical Curves
K=52/400+3.5 (S) 35 55 75 1105 |130 |145 |160

Values obtained from the charts or computed from the formul’g. (L=KA) are minimum
values and should be rounded upward when feasible.

EXAMPLE: Whenthe maximum approach grades of 3% are used on an overpassing
Interstate, a 1600 foot vertical curve should be used. Other lengths
of vertical curve should be increased accordingly.

The minimum length of vertical curve to be used on major highways should be as
follows

Design Speed, mph 50 60 70
Crest vertical curves 300" 400’ 2007
Sag vertical curves 200' 300' 400

For aesthetic value on Interstate highways the preferable minimum lengths are
1000' for crest vertical curves and 800' for sag vertical curves.
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L=MINIMUM LENGTH OF VERTICAL GURVE -FEET

STOPPING SIGHT DISTANCE - CREST VERTICAL
RELATION BETWEEN SIGHT DISTANCE, HIGHWAY
GRADES AND LENGTH OF VERTICAL CURVE

Lengths of vertical curves are computed from the formula L, = AS2

1398
A = Al%-?bralc D:ifference in Grades, Percent
S = Sight Distance
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L=MINIMUM LENGTH OF VERTICAL CURVE- FEET

HEADLIGHT SIGHT DISTANCE - SAG VERTICAL

Lengths of vertical curves are computed from the formula L = AS2

400 + 3.5(5)

(B) PASSING SIGHT DISTANCE

Passing sight distance for two-lane highways should be provided over as high a
proportionof the highway length as feasible. Minimum passing sight distances are

PASSING SIGHT DISTANCE
(Measured from 3.75 feet height of eye to 4.5 feet
height of object above the road surface)

Design Speed, mph 30 40 50 60 65 70 75

Minimum Passing

Sight Distance, Ft. 1100 1500 | 1800 | 2100 | 2300 | 2500 | 2600

3 -21-3




Sight Distance ROADWAY DESIGN MANUAL Chapter 21
3000
! LA
| ¥
A
2500
oy e P
& /
- pd
w e
w <] =
9- // //
w 2000 % v P
2 A
= T -
o ! P 1% A1
- T o
S 1500 [ 4 > <1 =
@ | = 2 ol
n A d 4+ 1] -
/ /// | //‘, B ]
P i -] P17 A
// e /V( ~ /// ///r
1000 ! > — — —=T" —
// pd — ’//
f P -1 - T T T L1
J’ | y 4/ ////// o .’-*"“/——_’
500 r ///, V/ T 1 ,//i/
0 500 1000 1500 2000 2500 3000
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3295 A
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l (C) SIGHT DISTANCE ON HORIZONTAL CURVES FOR OPEN HIGHWAY CONDITIONS
The minimurn stopping sight distance should be provided at all horizontal curves.
' Passing sightdistances on curves are limited generally to those of very flat curvature.
This graph may be used for determining the horizontal sight distance on curves
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(D) SIGHT DISTANCE FOR TURNING ROADWAYS AT INTERSECTIONS

Passing sight distance 1s not a design control for two-lane two-way turning roa

d-
ways at intersectionbecause the roadway should be striped for no passing. Stopping
sight distance measured from heightof eye of 3 75feet to an object 6 inches above the

roadway surface should be provided in accordance with this table:

STOPPING SIGHT DISTANCE AN MINIMUM K
VALUES FOR TURNING ROADWAYS
Design Speed, mph 15 20 25 30 35 40
Minimum Stopping
Sight Distance, Ft. 80 120 160 200 240 275
Minimum K - Value 5 10 18 28 40 55

The above stopping sight distances apply for both vertical and horizontal alignment.
K values apply for both crestand sag verticalcurves. The minimum length of vertical
curve should not be less than three times the design speed.
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CHAPTER 22
SUPERELEVATION

In the design of highway curves 1t 1s necessary to establish the proper relation-
ship between design speedand the curvature of the road. Superelevation rates have
been established to allow drivers to comfortably travel the curves at the design
speed.

(A) SUPERELEVATION FOR RURAL HIGHWAYS

The superelevation rates required for Florida rural roadways agree with those
outlined in the AASHO publication entitled ""A Policy on Geometric Design of Rural
Highways', dated 1965. A maximum rate of 0.10 ft. per foot of roadway width 1s
allowed. The State Road Department Index Drawing No. 5010-X entitled '"Super-
elevation Details' contains a graph from which the desited rates can be determained.
A reproduction of this index drawing 1s located at the end of this chapter

In addition to containing the noted graph, Index Drawing No. 5010-X outlines the
required method for transitioning from the standard tangent roadway section to a
superelevated section. The superelevation runoff rates shall conform to the follow-
ing table

SUPERELEVATION RUN-OFF RATE FOR TWO-LANE
PAVEMENT (RURAL)

Design speed, mph 45-50 55-60 65-70

Maximum relative slope be-
tween profiles of edge of

two-lane pavement and center-
line 1:200 1:225 1:250

For pavements wider than two-lanes, the superelevation lengths should be:
Three-lane pavements 1.2 times the lengths indicated i1n the above table
Four-lane undivided pavements 1.5 times the lengths indicated in the above table.
Six-lane undivided pavements 2.0 times the lengths indicated in the above table.

SUPERELEVATION OF RURAL DIVIDED HIGHWAYS
Rural divided highways 1n Florida normally have a median width of 20'or greater
The profile grade points for the divided roadway section are the median edges of
pavement,

The procedure for superelevating a rural divided roadway 1s outlined below.

1. The median 1s held in a horizontal plane and the two pavements rotated sepa-
rately about the median edges.

2 The length of runoff 1s determined independently for each roadway.

3 Thelocationofthe beginningand end of the runoff transition relative to the end
of the horizontal curve 1s determined independently for each roadway.

4. Thetable for the '"Superelevation Runoff Rate for Two-Lane Pavement (Rural) "
1s applicable to a 4-lane divided roadway (two lanes each direction).
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5 The Factors notedbelow the table for increasing the runoff lengths are applic-
able to the number of lanes for each roadway of the divided section. Example
A 6-lane divided roadway (3 lanes each direction) requires a runoff length 1.2
times the length required for a 2-lane pavement.

At the end of this chapter are two example solutions for the superelevation
runoff designof multi-lane roadways. Figure A represents the design for a 6-lane
pavement with median, Figure B, an 8-lane pavement with median.

(B) SUPERELEVATION OF MUNICIPAL ROADWAYS

Determining the Superelevation design for municipal roadways is usually much
more difficult than for rural sections. Each municipal project should be examined
individually to determine 1f the proposed superelevated section will satisfactorily
tie to the existing development outside the limits of construction. Reduction of the
desired superelevation rate 1s economaically justifiable i1f access to these develop-
ments would otherwise be impossible.

The maximum rate of superelevation for municipal sections 1s 0. 05 foot per foot
of roadway width. This value 1s only one-half of the maximum rate of 0. 10 ft. per
ft. recommended for rural roadways. While the rate of superelevation of curves on

rural roadways 1s designed to neutralize the centrifugal force, i1n urban areas a
fair amount of side thrust 1s tolerable.

State Road Department Index Drawing 5075-X contains a graph from which the de-
sired municipal superelevation rates can be determined. A reproduction of this
drawing 1s located at the end of this chapter. Also indicated 1n the index are
details showingthe desired method for developing the superelevation sectionand the

runoff transition. The superelevation runoff rates shall conform to the following
table

SUPERELEVATION RUNOFF RATE FOR TWO-LANE
PAVEMENT (MUNICIPAL) *

Design Speed, MPH 30 40 50

Maximum Relative Slope 1:100 1:125 1:150
(Between Profiles of
Edge of Two Lane Pave-
ment and Centerline)

*Where multilane municipal sections are constructed the runoff length should be
increased by the same factors as shown for rural pavement.
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(C) SUPERELEVATION TRANSITIONS

A superelevationtransition or runoff1sthe general term denoting the length of pave-
ment needed to accomplish the change 1n cross slope from a normal crown secuon
to the fully superelevated section, or vice versa The transition length varies with
the design speedand the superelevation rate. Details for designing the supereleva-
tion transition are shown on Standard Index Drawings Nos. 5010-X and 5075-X.

(D) SUPERELEVATION TRANSITION BETWEEN REVERSE CURVES

When designing reverse curves, 1t 1s desirable that the tangent distance between
the curves be of sufficient length to develop the full transition required for each
curve The minimum desirable tangentdistance 1s determined in the following man-
ner

a The transition length (L) 1s determined for each curve

b 20% of the transition { 2L) 1s located on the appropriate curve, 80% ( 8L) 1s
located on the tangent

c The minimum tangent distance 1s the sum of 8L fromthetransition for each
curve

Where the alignment 1s governed by o.her design factors, 1t 1s sometimes im-
possible to develop the standard transiuion belween reverse curves The following
example illustrates the recommended procedure whena substandard design i1s neces-
sary

See next poge ror proflle skerch
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Profile Grade 2 %
4
g -
7 P
Edge of Pav# Q]
rProf:/e N
A
DEFINITIONS
L = Actual tangent length between curves
Z = Normal required tangent length
R = Runoff rate
d; = Total rise or fall for Curve 1
d, = Total rise or fall for Curve 2
D = Total rise or fall for both curves (d; + dy)
Sy = Transition length for Curve 1
S2 = Transition length for Curve 2
PROCEDURE
(1) 51 = djxR, Sp = d>xR
(2) Z =.8(5 +855)

(3)
(4)

(5)
(6)
(7)
(8)

If Z 1s equal to or less than L, use the normal 80% - 20% treatment.

If Z 1s greater than L, use the ratio d)1sto D as Ly 1s to L. Determine
L;.
Stlat1on of E Point = Station of P, T. (Curve 1) + L,
Station X = Station E - Sy

Station Y = Station E + S;

If L = 0 use PRC as E point and do steps (6) and (7).
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The 'broken back'' arrangement of curves (short tangent between twocurves in
the same direction) should be avoided. This hazardous alignment can easily be
eliminated. A single curve can be designed to make the total angular change 1n di-
rection. This design usually results in a flatter curve than would be possible for
either of the "broken back'' curves.

Onminor secondary roads, due totopography, the use of compound circular curves
are sometimes necessary. When this condition exists, the superelevation trans-
ition between the curves should be similar to the design used for reverse curves.

(E) SUPERELEVATION OF CLIMBING LANES

Along a tangent roadway section, the cross slope of a climbing lane 1s usually a
continuation of the cross slope of the adjacent through traffic lane. When the sec-
tion 1s superelevated the cross slope of the climbing lane need not be increased by
the same rate as the through lane. Vehicles using this extra lane can be expected
to travel at a lower speed, therefore a lower superelevation rate 1s desirable.
When determining the superelevation rate for the climbing lane, caution should be
exercised. The difference inthe pavement cross slope of the climbing lane and the
adjacent through lane shouldnotbe so greatas to cause discomfort to vehicles pass -
ing between these lanes. The maximum allowable slope difference 1s 0.01% ft. per
foot.

See Chapter 23 for a discussion of the locations where Climbing Lanes are re-
quired.

(F) SUPERELEVATION FOR CURVES AT INTERSECTIONS
1. Superelevation Rates

At 1ntersections, the superelevation rate 1s not as critical as for through road-
ways. Within an intersection curve, drivers anticipate the sharper curvatureand
accept operation with higher side thrust than normally allowed on open highway
curves, Ofcourse, it 1s desirable to provide as much superelevation as practical
on intersection curves, particularly where the curve 1s sharp and on a downgrade.
Unfortunately, the developmentofa desirable superelevation rate 1s often prevented
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Superelevation

by the control of the allowable cross slope difference at the turning roadway ter-
The following table gives a range of allowable superelevation rates for diff-
The radii shown in the chart refer to the design at

minals.

erent design speeds and radi.

ROADWAY DESIGN MANUAL

the 1nner edge of the curved pavement.

Chapter 22

SUPERELEVATION RATES FOR INTERSECTION CURVES *
Radius, Superelevation Rates, Foot per Foot for Design Speeds
Feet MPH, of
15 20 25 30 35 40 *

50 .02-.10 - - - - -

90 .02-,07 .02-.10 - - - -
150 .02-.05 .02-.08 .04-.10 - - -
230 .02-,04 .02-.06 .03-.08 .06-.10
310 .02-.03 .02-.04 .03-.06 .05-.09 .08-.10
430 .02-.03 .02-,03 .03-.05 .04-,.07 .06-.09 .09-.10
600 .02 .02-,03 .02-,.04 .03-,05 .05-,07 .07-.09

1000 .02 .02-.03 .02-.03 .03-.04 .04-,05 .05-,06
1500 .02 .02 .02 .02-,03 .03-.04 .04-.05
2000 .02 .02 .02 .02 .02-.03 .03-,04
3000 .02 .02 .02 .02 .02 .02-.03

* Rates 1n the upper one half or one third are preferred.
# For design speeds greater than 40 MPH, use values for open highway conditions .

Where radni greater than the minimum for the design speeds are used, the inter-
section curve should be superelevated less than the maximum rate to effect a bal-
ance 1n design. An example where the radius 1s greater than that required for the
design speed 1s outlined below

a. A rampintersectsathroughroadwaywitha 310' radius curve and an accelera-
tion lane.

b. The cross slope on the through roadway 1s 0.02 ft. per ft.

c. The allowable cross slope on the ramp would therefore be 0. 07 per ft. at the
terminal. (0.02+0.05, the allowable cross slope difference)

d. The intersecting curve must be designed for 30 MPH or less.

(2) Superelevation Runoff

The principals of superelevation runoff discussed earlier in this chapter apply gen-
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erally to intersection curves. Due tothe characteristics of the turning roadway at
intersection curves, a higher rate of cross slope change 1s allowed at these loca-
tions. Values ashighwas 0.08 {t, per foot may be used on turning roadways with-
out undue distortion in appearance or hazard in operation

The rate of cross slope change onintersectioncurves, as on open highways, should
vary with the design speed. The higher rotation rates should be confined to narrow
pavements and sharply curved alignment. Values used for design are listed 1n the
following table.

DESIGN RATES OF CROSS-SLOPE CHANGE FOR CURVES
AT INTERSECTIONS *

Design Speed for 15-20 25 30 35 #
Curve, mph

Change 1n super-
elevation rate
(ft. per ft.) Per
Station .08 .07 .06 .05
Per 25 feet Length .02 .017 .015 .012

*The Superelevation rate may be varied up to 25% above or below the tabulated

values, the lower rates being applicable to wide pavements and the higher rates
to very narrow pavements.,

#Rates shown for 35 mph are permissible for higher design speeds.
(3) Superelevation at Turning Roadway Termainals

Where the turning roadway intersects the through pavement many factors control
the development ofa superelevated section. Normally 1t 1s impossible to obtain the
desired superelevation rate on the turning roadway until the intersecting pave-
ments are completely divided.

In Florida, the allowable superelevation within the terminal area of the intersect-
1ng roadways 15 usually determined by the cross slope difference between the through
roadway and the turning roadway. The following table and sketch outline the allow-
able cross slope difference atthe crossover crown line, The crossover crown line
1s the ridge formed between the through pavement and the auxiliary pavement.

CROSS SILOPE AT INTERSECTIONS: MAXIMUM ALGEBRAIC
DIFFERENCE AT CROSSOVER CROWN LINE

Design Speed of
Exit or Entrance
Curve, mph.

Allowable Difference in Cross Slope
at Crown Line, ft. per ft.

15 to 20 .05 - .08
25 to 30 .05 - .06
35 and over .04 - .05
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/" -

The maximam allowoble cross
S/ope differentio/ applies 7o
Sections of these points.

In the sketch on the tollowing page, there are 1illustrated four schemes for the
development of superelevation of turning roadway terminals. Figure A 1llustrates
the variationincross slope where a turning roadway exits from a through road which
1s ontangent. The normalslope of the through pavement can usually be maintained
until the tull width of the turning roadway i1s reached (Point d). Beyond that point
the superelevation of the turning roadway 1s developed by gently warping the pave-
ment.

Figure Bis a similarillustration for the condition where the through pavement and
the turming roadway curve in the same direction. Beyond the angular ''take off' the
turning roadway should be curved at approximately the same degree as the through
pavement, compounding witha sharper curve (1f desirable) beyondthe terminal'nose!''.
The superelevation rate for the through pavement can usually be maintained until
the full width of the turning roadway 1s reached (point d). The superelevation rate
1s increased beyond that point as required for the sharper curve.

A less favorable situation occurs when the joining facilities curve i1n opposite
directions as in Fig. C. Due to the superelevation of the through pavement, 1t may
sometimes be impossible to slope the auxiliary pavement opposite to that of the
throughlanes. The figureillustrates a case where a moderate superelevation rate
1s usedonthe through pavement. Therate of cross slope on the auxiliary pavement
1s gradually reduced until some superelevation can be introduced before reaching

the terminal ''nose'. The majority of the superelevation must be gained beyond the
nose.

Figure D 1llustrates the development of superelevation when a speed change lane
1s proposed parallel to the through roadway. A portion of this added lane 1s used
to develop the superelevation runoff from the turning roadway.

The four schemes shown in the sketch illustrate only exit conditions. The deve-
lopment of superelevation at entrance terminals are similarly designed.
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PAVEMENT SURFACE

o ABOVE LEVEL LINE
ELEVEL LINE
N PAVEMENT SURFACE

BELoOwW LEVEL LINE

DEVELOPMENT OF SUPERELEVATION
AT TURNING ROADWAY TERMINALS
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(4) Example Problem

As an example, consider a condition similar to Figure D in the sketch shown on
the preceding page. Assume the turning roadway has a radius of 430' correspond-
1ng to a design speed of 40 MPH

(a) From the table entitled '"Superelevation Rates for Intersecting Curves'', the
maximum superelevation rate for the 430' radius curve 1s between 0.09 and 0. 10.

(b) Thechange incross slope rate allowed along the auxiliary pavement 1s 0,013
per 25 feet of length (See table entitled '"Design Rates of Cross Slope Change for
Curves at Intersections'')

(c) Themaximum allowable cross slope difference 1s 0.05 at point ''"d" (See table
entitled '""Cross Slope at Intersection. Maximum Algebraic Difference at Crossover
Crown Line')

(d) Thecross slope of the through pavement 1s 0. 02 foot per foot The maximum
allowable cross slope of the auxiliary pavement at point ''d" i1s therefore 0.07 ft.
per foot.

(e) Considering the allowable change i1n cross slope discussed in (b) above, 1t 1s
determined thatthe full superelevation rate of 0. 10 can be developed on the turning
roadway 60' beyond point ''d''.

(f) Totransitionto the normalcross slopeof 0.02 ft. per foot on the speed change
lane, the cross slope rate must be reduced by 0.05 ft. per ft back of point ''d"
The runoff length back of this point 1s therefore 100'.

(g) Thetotal superelevation runoff length 1s 160', with 100' back of point '"d" and
60'beyond point''d"" A check shouldbe made to determine if the transition exceeds
the minimum allowable length (See Index 5010-X). The minimum allowable trans-
ition length 1s 100!, therefore the design 1s satisfactory.

(h) Knowing the control points determined above, the profile for the auxiliary
pavementrelative to the through roadway can be developed. The profile should be

plotted to a vertical scale large enough to enable direct reading of necessary ele-
vations.

Mathematical Vertical Curves are notalways practical at intersections but the pro-
file curves can be plotted readily with a spline or irregular curve templates. The
final profile may not precisely produce the selected cross slopes at the control
points but this difference i1s not serious if the cross slope change 1s progressive and
within the designlimits. The principalcriterion 1s the development of smooth edge
profiles that do not appear distorted to the driver.
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ROADWAY DESIGN MANUAL
CHAPTER 23
CONTROLS FOR HORIZONTAL AND VERTICAL ALIGNMENT

(A) GENERAL CONTROLS FOR HORIZONTAL ALIGNMENT

(1) Alignment should be as directional as practical, consistent with topography,

(2)
(3)

(4)
(5)
(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

and should follow the natural contour i1n a flowing line where feasible and con-
sistent with desired sight distances and travel distances.

Flat curves rather than sharper curves are desirable

The standard of alignment adopted for a particular section of highway should
extend throughout the section withno sudden changes from easy to sharp align-
ment

Curves should be of such length that the appearance of a kink will be avoided.

When practical, high fills should have tangent or flat curvature alignment.

For compound curves, the sharper curvature shouldbe not more than 1 5 times
the flatter curvature.

Reverse curvature without tangents must be avoided.

Broken-back curve arrangements must not be used.

Curvature and grades should be 1n proper balance Steep grades with flat
curvature or flat grades with excessive curvature should be avoided. A logical

design 1s a compromise between the two conditions.

Vertical curvature when properly combined withhorizontal curvature generally
results 1n a more pleasing appearance.

Sharp curvature should not be introduced at or near a crest in the grade.

Only flat horizontal curvature should be introduced at or near the low point of
of a sag in grade.

Horizontal and vertical alignments shouldbeas flat as practical on approach-
es tointersections. Ifpossible, intersections shouldbe located 1n a sag rather
than on a crest

(B) GENERAL CONTROLS FOR VERTICAL ALIGNMENT

(1)

(2)
(3)
(4)

(5)

A smooth grade line with gradual changes, consistent with the terrain and type
of highway, should be provided.

A ""hidden-dip' in the profile grade must be avoided, 1if practicable.
A broken-back line must be avoided.

On long steep grades, the grade should be flattened near the top of the ascent
1f possible

Where moderate to steep grades approach an intersection, the gradient should

3-23-1



Controls for Horizontal ROADWAY DESIGN MANUAL Chapter 23
and Vertical Alignment

be reduced through the intersection if feasible, possibly to the extent of steep-
ening the grade on the approach.

(C) COMBINATION OF HORIZONTAL AND VERTICAL ALIGNMENT
(1) Horizontal curvature should be as flat as practical at intersections.

(2) On divided highways, 1if practical, the median width should be varied, allow-
ing separate profile grades and alignments for the two roadways resulting in
design and operational advantages of separate roadways. (See controls for
horizontal and vertical alignment).

(D) GRADE CONTROLS

In general, for main highways, these relations between maximum grades and de-
s1gn speed shall apply.

MAXIMUM GRADES/DESIGN SPEED

Design speed, mph 30 40 50 60-65 70

Maximum Grade (other than Interstate) 6-8 5-7 4-6 3-6 3-5
percent

Interstate 5 4 3

(E) CLIMBING LANES

Inallcases where practicaland justified by warrants for two-lane highways where
critical lengths of grade cannot be avoided, climbing lanes should be constructed
where the grade results ina speed reduction for trucks to a speed more than 15mph
below the average running speed of the highway corresponding to the design speed.
The chart at the end of this chapter 1s used in determination of truck speed reduc-
tion.

Climbing lanes should be 10-12 feet wide, with contrasting color, and with an ad-
jacent four-foot minimum width shoulder.

See Chapter 22 for a discussion of the superelevation of climbing lanes.

(F) VERTICAL CURVES

Vertical curves are required when the algebraic difference of the intersecting
grades equal or exceed-

a. 0.50% for rural roadways,
b. 1.0% for municipal roadways

On Interstate and major high speed primary roads, vertical curves are required

at all points of intersecting grades where the maximum curve correction at the ver -
tex 1s 0.05 foot or greater.
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Controls for Horizontal ROADWAY DESIGN MANUAL Chapter 23
and Vertical Alignment

The required minimum lengths for vertical curves i1n Florida are

(a) Forsagverticalcurves-the length required for the sight distance based on the
design speed (with absolute minimum lengths of 200', 300' and 400' for design
speeds of 50, 60 and 70 miles per hour respectively).

(b) For crest vertical curves-the length required for the sight distance based on
the design speed (with absolute minimum lengths of 300', 400' and 500 for de-
sign speeds of 50, 60 and 70 miles per hour respectively).

Determining the minimum lengths of vertical curves 1s only the starting point i1n
establishing the final curve length. The designer should analyze the vertical align-
ment to determine if a more pleasing grade 1s possible by increasing the lengths of
the vertical curves.

See Chapter 21 for a discussion of the relationship of sight distance and vertical
curve length,
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ROADWAY DESIGN MANUAL
CHAPTER 24
GENERAL DESIGN ELEMENTS

(A) PAVEMENT CROSS SLOPE ON TANGENTS
Rates of cross slope should be aslow as possible consistent with the expected ac-
curacy of construction, structural stability and adequate drainage See Typical Sec-

tions 1 through 20 for recommended rates and treatment

(B) TRAFFIC LANE WIDTHS

These lane widths for through traffic are provided

Interstate and other Divided Highways 12 feet
Two Lane Highways and City Streets 11 to 12 feet
Low Volume Highways 10 to 11 feet

(C) SHOULDERS
1 Outside Shoulders

Appropriate width usable shoulders should be provided on all highways where the
cost will not prohibit their construction The shoulder cross slope rate generally
should be 3/4 inches per foot They should be of sufficient stability to provide a
haven for disabled vehicles 1n all kinds of weather and should contrast in color and
texture with through traffic lanes.

In general, usable shoulders with a minimum width of ten feet are desirable for all
types of highways, however, narrower widths may be indicated for low volume high-
ways or if dictated by economic considerations This 1s a guide for selection of
shoulder waidths

MINIMUM USABLE SHOULDER WIDTHS (2LANE RURAL)
DHV Shoulder Width
Less than 100 6' - 8!
100 - 400 8' -10'
400 and over 10" -12!

The width given 1s to the intersection of the side slope and the sholder slope

2. Median Shoulders

On four -lane divided highways having wide medians and side slopes 4:1 or flatter,
the recommended usable width for a median shoulder 1s 8 feet. Where side slopes
are greater than4-l, and guardrail 1s to be used, the recommended median shoulder
width 1s 10 feet. This design will provide continuity of usable shoulder wadth.
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General Design Elements ROADWAY DESIGN MANUAL Chapter 24

On divided highways having 3 or more lanes in each direction, a driver in the lane
nearestthe medianmayhave difficulty maneuveringto the right-hand shoulder. Con-
sequently a full widthmedian shoulder of 8 to 10 feet 1s desirable for multilane high-
ways having 6 lanes or more.

When the pavements of a divided highway are at different levels, the left shoulder
assumes greater importance, because drivers have a sense of insecurity where a
narrow shoulder 1s coupled with a downward side slope. The recommended usable
left shoulder 1s 8 feet for 4°1 or flatter slopes and 10 feet for slopes steeper than
4:1,

See Typical Sections 17 and 19 for proposed treatment of shoulders on the Inter-
state system,

(D) ROADWAY SIDE SLOPES AND DITCHES

In general, side slopes shall conform with these rates:

Fill Height Rate of Slope
o' - 10! 6°1
10' - 16! 4:1
16 and over 2:1 with shoulder curb

Ditchback slopes shallbe 4:11f right-of-way width permats.
(E) GUARDRAIL

Guardrail will be constructed on all high fills, regardless 1f curb and gutter 1s to
be constructed. Guardrail protection will also be provided at roadside obstructions
andhazards, suchas endwalls, deep canals, signs, light posts, bridge approaches,
etc. On divided highways, median guardrail will be installed at bridge approaches
and other hazardous locations.

Guardrail details and installation diagrams are outlined in Standard Drawing, In-
dex No, 2300-X, It should be emphasized that the installation diagrams represent
only the minimum requirements. Thedesigneris responsible for determining 1f ad-
ditional guardrail should be provided for safety.

(F) CURBS
Curbs are provided generally for five purposes-

(1) Curbandgutter. This construction(Standard Drawing, Index No. 1915-X) con-
sists of a combination curb and waterway and 1s indicated for construction on
municipal projects at the outer edge of the pavement and, in the case of super-
elevated divided highway projects, on the inside edge of the outer roadway.
Where 1t 15 placed at the edge of a traffic lane, the face of the curb should be
offset 1.5 feet from the lane line.
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General Design Elements ROADWAY DESIGN MANUAL Chapter 24

(2) Mountable Curb This 1s a low, easily mounted curb (Standard Drawing, In-
dex No 5080-X, Type B) and 1s used only to outline channelizing 1slands at
intersections It should not be i1ndicated for construction adjacent to other
types of curbs

(3) Median Curb Thisisabarrier type curb (Standard Drawing, Index No 5080-
X) provided to outline raised medians and 1s used i1n conjunction with traffic
lanes The face of the curb should be offset 1 5 feet

(4) Barrier Curb. Thisconstructionis usedonly for protection at bridge piers or
other special constructionthat may be subjectto impact by a vehicle out of con-
trol

(5) Shoulder Gutter. This 1s a shallow gutter section (Standard Drawing, Index
No. 5073-X) constructed at the shoulder line on high roadway fills. It 1is
designed to channelize the runoff from the roadway pavement. Drainage Inlets
will be constructed in conjunction with this gutter.

(G) SIDEWALKS

Sidewalks should be indicated in conjunction with highway construction at locations
of community development such as schools, businesses, industrial plants, etc ,
where the need 1s apparent Where sidewalks are built along a rural highway, they
should be well removed from the traveled way

Justification for the construction of sidewalks depends upon the vehicle-pedestrian
hazard, whichis governed chiefly by the volume of pedestrian and vehicular traffic,
their relative timing, andthe speed of vehicular traffic Sidewalks may be required
on one or both sides of the highway. Traffic volume-pedestrian warrants for side-

walks along highways are not established. The designer should study the conditions
which can be expected at locations of community development and determaine 1if side-
walk construction 1s justified.

(H) MEDIANS

Medians shall be as wide as practical dependent upon the availability of right-of-
way and the balance with other elements of the section Median width transitions
should be obtained by use of flowing curved alignment. Forced alignment should be
avoided

The median shoulder slope ontangent sections1s 5/8' 1' and the median ditch slope
1s preferably 6°1 and not steeper than 4°1

Median curbs shall be provided for all medians which are not of sufficient width to
allow an adequate drainage ditch within the median Curbs shall be offset 1 5 feet
from the through traffic lane. The minmimum horizontal clearance on the left side
must be maintained in medians where guardrail or bridge piers are constructed.

Medians are provided on all multi-lane highways except in cases where right-of-
way costs would absolutely prohibit their construction, 1n which case every effort
should be made to obtain the necessary right-of-way adjacent tointersections for
the construction of left-turn storage lanes.

Medians should contrast in color and texture with the through traffic lanes
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(D PARKING

For open highway conditions in rural areas, shoulders are provided usually for
emergency parking The demand 1s light and an occasional parked vehicle should
present no particular hazard if the shoulder 1s of such width as to provide adequate
clearance between the distressed vehicle and the through traffic lane

Inmunicipal sections, however, the abutting property owners severely demand that
continuous street parkingbe provided for the benefit of their clients and customers
Enormous additional costs for right-of-way and construction generally result

Existing right-of-wayin a great many instances will be of adequate width for con-
struction of the necessary through traffic lanes and walks with suitable utility strips
Adding the street parking lanes results in unjustified and excessive expenditures for
land takings, building demolishing or adjustment, severence damages, etc This
cost must be passed on to the general public

Acquisition of sufficient land with equivalent parking capacity, a shortdistance
away from the highway, should cost much less Savings resulting from construction
ofa lower type of paving on the parking area than on the highway should be appreci-
able.

Parking lanes along the highway result in these undesirable situations--significant
decrease in street capacity, slower operating speeds, increased hazard and signifi-
cant increase in expenditure of funds

Consequently, every effort should be made to eliminate on-street parking, and

through community effort, establish off-streetparking areas resulting in over-all
benefits
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DESIGN ELEMENTS FOR TWO-LANE HIGHWAYS

Use this table as a guide 1n establishing minimum widths of paving for two-lane
roads

MINIMUM WIDTH PAVING, TWO-LANE ROADS

50 to 250 | 250 to 400
DESIGN CURRENT | CURRENT | 100 to 200 | 200 to 400 | 400 & over
SPEED ADT ADT DHV DHV DHV

30 20 20 20 22 24

10 20 20 22 22 214

50 20 20 22 24 24

60 20 22 22 24 24

70 20 22 24 24 24

Use this table as a guide 1n selection of the cross section elements and right-of-
way widths for a two-lane highway

CROSS SECTIONAL ELEMENTS TWO-LANE HIGHWAY

Cross Section Dimensions in Feet for Indicated Type of
Element Highway

Low Intermediate High
Paving 18 - 20 20 - 24 24
Usable Shoulder 6 -8 8 10 - 12
Roadway 28 - 36 36 - 40 44 - 48
Border 18 - 25 20 - 30 25 - 35
Right-of-way 66 - 80 80 - 100 100 - 120

If itappears 1n the planning stage for two-lane highways that the estimated traffic
volume within 10 to 20 years will exceed the design capacity of the facility, the in-
itial two lanes should be patterned and positioned for ultimate four -lane development,
This future improvement should also be considered when selecting the design ele-
ments for the proposed cross section. Right-of-way for the ultimate four lanes
should be obtained initially if practical,
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DESIGN ELEMENTS FOR DIVIDED HIGHWAYS

A divided highway should have a barrier median width preferably not less that 16
feet 1f left turn storage lanes are to be provided at intersections. The narrower
widths are applicable generally to low-speed urban projects, and wider medians,
preferably 40 feet or more, should be provided in high speed rural sections. In
cases where guardrail or Bridge Piers are constructed in the median, the minimum
horizontal clearance must be maintained.

A uniform width median 1s not necessary, a varying width median effected by the
use of flat curvature 1s more desirable 1in appearance and could result in construc-
tion economaies in cases of steep cross sectional slopes which could dictate separate
roadway grades.

Design guides for the cross-sectional elements and right-of-way widths for four-
lane highways are given in this table

CROSS SECTIONAL ELEMENTS FOUR LANE HIGHWAYS
Cross Dimensions in Feet
Section
Element
Restricted Intermediate Desirable
Right-of-way Width Width
Right-of-way Right-of-way
Pavements 2 @24 2 @24 2@ 24
Usable Shoulders 8 Lit., 10 Rt. 10 Lit. & Rt. 10 Lt., 12 R¢t.
Median Width 7 -16 20 - 30 40 - 80
Border, Each 12 - 15 25 - 40 50 - 80
Right-of-Way 90 - 110 140 - 180 200 - 300

The cross sectional elements selected should result 1n a balanced section.
necessary reduction due to insufficient right-of-way should be first in the border

area, then in the median.

sidered as a last resort.
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INTERSECTION DESIGN ELEMENTS

All elements of the intersectionshallbe able to accommodate the type and amount
of traffic to which 1t 1s expected to be subjected.

(A) ALIGNMENT AND PROFILE

Approach alignment to intersections should be as straight as possible and the
angle of crossing as near 90 degrees as practical. Realignment of one or both of
the intersecting roads should be considered 1f the angle of intersection 1s less than
60 degrees. Intersecting angles above 60 degrees pioduce only a small reduction
in visibility, and often do not warrant crossroad realignment closer to 90 degrees.

Grades on the intersection legs used by stopped vehicles should be as flat as
feasible., Approach grades shouldnotexceed 6 percent and desirably should be less
than 3 percent. The grade line of the major highway should be carried through the
intersection as a smooth profile and the crossroad grade adjusted to 1it. In cases
of two intersecting highways of approximately equal importance, the grades of each
should be carried through the intersection with smooth profiles, especially 1f the
crossing is signalized.

(B) STOP CONTROL ON MINOR ROAD

All intersections on Florida highways are eithsr stop or signal controlled, and,
therefore, sight distances will not be considered for intersections having no stop
or signal control.

However, 1n cases where a minor road intersects a major road with a stop con-
dition on the minor road, sight distances do apply, it 1s necessary that the vehicle
driver on the minor road have sufficient sight distance along the major highway to
allow crossing from a stopped position before a vehicle, coming into view after he
has started, reaches the intersection.

This sketch 1llustrates required sight distance and method of determination:®

MINOR ROAD / -Crossing Vehicle
Stop Control D= 10

l

MAJOR ROAD Line _—— N u

Sight— W
—— - - —

S F7— — 4 [
|1 L
d=Distance along major road \L]A f

5= Distance vehicle
from vehicle to intersection l fravels 1n Crossing

3-27-1



Intersection Design ROADWAY DESIGN MANUAL Chapter 27
Elements

To obtain the necessary sight distance along the major highway

(1) Determaine the distance (S) the crossing vehicle must travel in order to clear
the intersection,

S=D+W+ L
D = distance from near edge of pavement to front of

stopped vehicle (Assumed as 10').

width of pavement along path of crossingvehick

(ft.)

overall lengthof vehicle (P=19', SU=30', WB-40=

50', WB-50=55")

w

L

(2) Knowing the travel distance to clear the intersection, the time (ta) for com-
pleting the maneuver 1s determined from the graph below.
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‘For WB-40 design vehicles, use WB-50 curve.
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(3) The sight distance required to allow the design vehicle to cross the intersec-

tion 1s computed from the following formula

d=1.47V (J + t3)

d = minimum sight distance along the major highway (ft.)
V = design speed of major highway (MPH)

J = Driver reaction time (Assumed as 2 sec.)

tay = Maneuver time determined from the graph.

The sight distance (d) 1s measured along the actual path of travel alongthe
major highway.

The results determined from the above formula should be checked against the pro-
posed roadway horizontal and vertical alignment. These checks canbe made graphicly
on the plan sheets. The following checks are necessary

a.

The sight distance along the major roadway should be tested against the ver-
tical alignment. The distance 1s measured from the height of eye of 3.75' to
the top of object 4.5' above the pavement.

At times 1t will be impossible to provide a desirable intersectionangle in the
range of 90 degrees. The effects of proposed skewed intersections on the sight
distance should be determined. The "W'" value used 1n the formula (S=D+W+L)
should be increased to reflect the skew angle.

The horizontal curvature of the major roads may alter the design of the inter-

section. A visual check will be necessary to determine 1f any obstructions
block the line of sight.

If a median 1s wide enough to accommodate a crossing vehicle, the complete
crossing may be made intwomaneuvers, stopping if necessary, in the median.

The required sight distance shouldbe adjustedaccordingly. (For median widths
less than '"L'" the median width should be included as part of the "W' value.)

The crossroad approach grades may alter the acceleration time for the cross-

ing maneuver. The ratios to be applied to the t; values taken from the graph
are tabled below.

FACTOR, BASED ON CROSSROAD GRADE RATE
Design
Vehicle
-4% -2% 0% +2% +4%
P 0.7 0.9 1 1.1 1.3
SuU 0.8 0.9 1 1.1 1.3
WB-50 0.8 0.9 1 1.2 1.7
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(C) STOP CONTROL AND SIGHT DISTANCE AT DIAMOND RAMP TERMINALS

ia e M mnemm e M s wcen 1l o ad maemnagrmman de alhmn-0ald o dAAasogean A o ammasana m T Gan ko
1J1a1nona nair P L Eeiilllllald al LiuUDdD4a0VadaUd dDIllvUulu wc ucclsucu ad l.lU.L.l.le.J. L]..lLCJ. DCC-~
tions. Sight distance requirements as outlined in the preceding sub-chapter should
be maintained.

Two design features not normally fourtd in other intersections must be consider-
ed i1n the design of ramp termainals.

1. The ramps at diamond interchanges are one-way so that no complete crossing
of the major road 1s involved. (Only left turn movements).

2. There 1s mnvariably a structure in the immediate vicinity which may restrict
the sight distance.

The only difference between the ramp termainal and the ordinary at-grade inter-
section 1s the time and distance traveledby vehicles negotiating the left turn, rather
than crossing the highway. The "W'" value considered in the formula (S=D+W+L)
should reflect the distance traveled along the turning path of the design vehicle
while making the left turn The formulas, tables, and graphs discussed in the pre-
ceding subchapter may be usedindetermining the sight distance at ramp termainals.

The si1ght distance tests are somewhat different for ramp termanals than for normal
crossroads. The following sketch illustrates the methods for checking the hori -
zontal and vertical sight distance whenthe crossroad overpasses the freeway. Ver -
tically the distance 1s measured fromaheightof eye of 3.75' for '""P" vehicles, and
6.00' for SU, WB=40, WB=50 vehicles, to an object 4.5 feet high. Horizontally,a
check should be made to insure that there 1s sufficient sight distance past the bridge
parapet.

- - = = "_\ - ) £
== ——— ; 57& 26
énd of Bridge
Railing 7 /L 5
- da
fe
a- Dist from aqpprooching vehicle
1o Eai//‘ng / jobtof Ege
. - a -
b- Dist From Railing fo stopped velucle O, 2,60 ( LU w 5 Lo

‘ PLAN VIEW 2{// WB-50)
45 2= =4
L da J

ELEVATION VIEW
MEABUREMENT OF S/GHT DISTANCES AT D/IAMOND RAMPS
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When the freeway overpasses the crossroad similar checks should be made. In
this case the bridge abutment or columns i1nstead of the end of the parapet must be
cleared.

The designer should locate the ramp terminals to provide the desirable crossing
sight distances. Upon testing the preliminary design, 1f the sight distance 1s in -
sufficient, any one, or a combinationof, the following solutions may be considered.

. Relocate the ramp terminals farther from the structure.
Increase the vertical curve lengths.

Increase the lateral clearance at the structure.

. Signalize the intersection.

B W N

(D) MINIMUM EDGE OF PAVEMENT DESIGN FOR TURNS

The following 1llustrations show recommended minimum edge of pavementdesigns
for 90 degree right turns. The designs for P, SU, WB- 40, and WB-50 design
vehicles are 1llustrated. In the design of the edge of pavement for the minimum
path of a given design vehicle, 1t 1s assumedthat the vehicle 1s properly positioned
within the traffic lane at the beginning and end of turn, 1.e., 2 feet from the edge
of pavement on the tangents approaching and leaving the intersection. The layouts
are patterned to fit the minimum design vehicle paths which are attainable at low
speeds, less than 10 MPH,

P DESIGN
VEHICLE PATH

MINIMUM SIMPLE CURVE
25 OR 30 RADIUS

AN P DESIGN

VEHRICLE PATH

3-CENTERED COMPOUND CURVE
100 -20 -100' RADII OFFSET 25

EDGE OF PAVEMENT CURVE FOR S90-DEGREE TURN
MINIMUM DESIGNS FOR PASSENGER VEHICLES
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In an operational sense the compound curve design i1s much preferred over the
simple arc because 1t better fits the minimum path of the inner rear wheel for SU
The 1llustrations indicate that 12' traffic lanes approach and leave the in -
If 10' or 11" lanes are used the SU vehicle will encroach on the adjacent
lane. Topreventthisunfavorable condition, edge of pavement radi larger than the

vehicles,
tersection.

Single Unit Trucks & Buses

SU OESIGN
VEHIGLE PATH

MINIMUM SIMPLE CURVE
50 OR 55 RADWUS

SU DESIGN
VEMIGLE PATH

3-CENTERED COMPOUND CURVE
120 -40 ~120 RADII OFFSET 20

EDGE OF PAVEMENT CURVE FCR 90-DEGREE TURN
MINIMUM DESIGNS FOR SINGLE-UNIT TRUCKS AND BUSES

minimum 1ndicated would have to be used.
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Semitrailer Combination

WE4L0 DESIGN
VEHICLE PATH

W8 40 SEMITRAILER COMBINATION NG
3-CENTERED COMPOUND CURVE 120 -40 200 RADII, OFFSET 2 AND6 1
OR /20 -40 =120, OF FSET 8

WB 50 DE,
VEHICLE 9“3/7%

WB 50 SEMTRAILER COMBINATION
RVE 120

3 CENTERED COMPOUNO CUI - 40 -200 RADV/, OFFSET 2 AND |0
OR /80 -60 -/80, OFFSET €

EDGE OF PAVEMENT CURVE FOR 90 DEGREE TURN
MINIMUM DESIGNS FOR SEMITRAILER COMBINATIONS

The asymmetrical arrangement of the 3-centered compound curves (shown as
solid lines 1n the 1llustrations) closely fit the minimum paths of design semitrailer
combinations. Symmetrical arrangements (shown dashed in the 1llustrations) will
also accommodate the design vehicles when turning on their minimum paths.

The symmetrical design 1s preferred for design because 1t better accommodates

the maneuvers of smaller vehicles, particularly passenger cars, which make up a
large percentage of the traffic volume.
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CHOICE OF MINIMUM DESIGN

To design an intersection for the largest vehicle expected to be encountered can
sometimes be very uneconomical. Where large trucks will be encountered only
occasionally, encroachment onto other traffic lanes may be permatted. If the de-
signer determines that a design vehicle less than the maximum 1s desirable, he
should analyze the likely paths and encroachments that will result when a turn is
made by vehicles larger than those for which the design is made. This analysis 1s
necessary to determine if the larger trucks can satisfactorily maneuver the turn
while remaining on the pavement surface.

The three mimimum edge of pavement designs for turns may be considered for the
following conditions

P - for minor intersections on parkways, intersections on minor roads and at in-
tersections of low volume, local roads with major highways.

SU- for rural highway intersections of moderate volumes, for important intersec-
tions on major highways use 1n conjunction with speed change lanes 1f per-
centage of trucks 1s appreciable,

WB-40 & WB-50 - for intersections handling large volumes of this size combina-
tions.

OBLIQUE-ANGLE TURNS

Of course, all intersections encountered will not provide an angle of turn of 90
degrees. The following table outlines suggested minimum designs for various
angles of turn,

The angle of turn 1s the angle through which a vehicle travels 1n making a turn, 1t
1s measured from the extension of the tangent on which a vehicle approaches, and
the corresponding tangent on the intersecting roadto which the vehicle turns. The
designs shown in the table arethose suggested to fit the sharpest turn of the design
vehicle. Other designs may be used satisfactorily. The use of tapers with simple
curves 1s another method for designing the edge of pavement of turns at intersec -
tions.

Where 3-center compound curves are recommended 1n the table, only the pre-
ferred symmetrical design 1s outlined.

3-27-8



Intersection Design ROADWAY DESIGN MANUAL Chapter 27
Elements
MINIMUM EDGE OF PAVEMENT DESIGNS FOR TURNS AT INTERSECTIONS
(SPEEDS LESS THAN 10 MPH)
3-Centered Angle 3-Centered
Design Angle Simple Compound Curve of Compound Curve
Vehicle | of Curve Turn
IT)ZZ?ees lg‘z.gius, Radn Offset |PS8TeeS Radn Offset
(feet) (feet) (feet) (feet)
P 30 60 - - 105 100-20-100 2.5
SU 100 - - 100-35-100 3.0
WB-40 150 - - 100-35-100 5.0
WB-50 200 - - 180-45-1380 8.0
P 45 50 - - 120 100-20-100 2.0
SU 75 - - 100-30-100 3.0
WB-40 120 - - 120-30-120 | 6.0
WB-50 170 200-100-200 3.0 180-40-180 8.5
P 60 40 - - 135 100-20-100 1.5
SU 60 - - 100-30-100 4.0
WB-40 90 - - 120-30-120 6.5
WB-50 - 200-75-200 5.5 160-35-160 9.0
P 75 35 100-25-100 2.0 150 75-18-75 2.0
SU 55 120-45-120 2.0 100-30-100 4.0
WB-40 85 120-45-120 5.0 100-30-100 6.0
WB-50 - 150-50-150 6.0 160-35-160 | 7.0
P 90 30 100-20-100 2.5 180 50-15-50 0.5
SU ! 50 120-40-120 2.0 U-Turn 100-30-100 1.5
WB-40 " 120-40-120 5.0 100-20-100 9 5
WB—ISO - 180-60-180 6.0 130-25-130 9.5
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CORNER ISLANDS

Where the inner edges of pavement for right turns at intersections are designed
to accommodate semitrailer combinations, or where the design permits passenger
cars to turn at speeds of 15 MPH or more, the pavement area at the intersection
may become excessively large for proper control of traffic. To avoid this condi-
tion, a corner i1sland shouldbe provided to form a separate turning roadway. Such
an 1sland 1s desirable for-

a. Guiding both the through and turning traffic to the proper channels.
b. Locating Signs.
c. Providing refuge for pedestrians.

The smallest 1sland that should be considered 1s one having an area of approxi-
mately 50 square feet (preferably 75 Sq. Ft.) with each leg 8' (preferably 12') long
out-to-out after roundingofthe corners. The following 1llustrations show the min-
imum design to fit these conditions for turning roadways having right turns of 90
degrees.

- URVE 180'-80'- 180", OFFSET 3'
* “thg:utvat:m SIMPLE CURVE RADIUS, 60

WE 80'SEMITR COMB PATH
OQUTER RABWS 78 ¢

- - 'y X
- CENTERED CURVE! 180'- 80'- 180/, OFFSET N4
3 EQUIVALENT SIMPLE CURVE RADWUS 10’

B90° SEMITR COMB PATH
OUTER RADWS 78 ¢

- GENTERED GURVE: 180'-66'- 180', OFFSET 6.0
3-cen Eowuw SIMPLE CURVE RADWS, ) OO

DESIGNS FOR TURNING ROADWAYS WITH MINIMUM CORNER ISLAND
90-DEGAREE RIGHT TURN
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OBLIQUE-ANGLE TURNS WITH CORNER ISLANDS

Minimum design dimensions of oblique-angle turns are shown in the following
table. Asymmetric 3-centered compoundcurves and straight tapers with a simple
curve canalso be used without significantly altering the width of pavement or corner
1sland size.

MINIMUM EDGE OF PAVEMENT DESIGNS FOR TURNING
ROADWAYS
SPEEDS OF 15 MPH OR ABOVE
Angle of Design 3-Centered Width of | Approx. Size
Turn Classa- Compound Curve Lane of Island
Degrees fication . (feet) (sq. ft.)
Radun Offset
(feet) (feet)

75 A 150-75-150 3.5 14 60

B 150-75-150 5.0 18 50

C 180-90-180 3.5 20 50

90 A 150-50-150 3.0 14 50

B 150-50-150 5.0 18 80

C 180-65-180 6.0 20 125

105 A 120-40-120 2.0 15 70

B 100-35-100 5.0 22 50

C 180-45-180 8.0 30 60

120 A 100-30-100 2.5 16 120

B 100-30-100 5.0 24 90

C 180-40-180 3.5 34 220

135 A 100-30-100 2.5 16 460

B 100-30-100 5.0 26 370

C 160-35-160 9.0 35 640

150 A 100-30-100 2.5 16 1400

B 100-30-100 6.0 30 1170

C 160-35-160 7.1 38 1720

A - primarily passenger vehicles, permits single unit turn with deficient clear-
ances.

B - adequate for SU, permits WB-50 turn with slight encroachment on adjacent
lanes.

C - adequate for WB-50.
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(E) RADII-SPEED COMBINATIONS AT INTERSECTIONS

The Radi1-Speed combinations were determined from studies of the relationship
between speed and side friction factors on curves at intersections. For additional
information, see Chapter 22 for a discussion of superelevation for curves at inter-
sections.

MINIMUM RADII FOR PAVEMENT EDGE BASED ON
DESIGN SPEED

Design turning speed, mph 15 20 25 30 35 40

Minimum Radius 50 90 150 230 310 430

(F) COMPOUNDING CIRCULAR CURVES AT INTERSECTIONS

Atintersections 1t 1s often advantageous to compound circular curves 1n effecting
desirable shapes at turning roadways, particularly for '"loop' ramps at interchanges .
A maximum ratio of 2 1s permitted for the difference i1n the radi1 of the compound
curves. Where feasible, a lesser difference 1n radil should be used, a desirable
maximum ratio 1s 1.75.

In a series of curves of decreasingradi, eachcurve should be long enough to en -
able the driver to decelerate at a reasonable rate. Minimum and desirable lengths
are shown 1n the following table.

MINIMUM ARC LENGTHS FOR CURVES FOLLOWED BY
A CURVE OF ONE-HALF RADIUS, OR PRECEEDED BY
CURVE OF DOUBLE RADIUS *

Radius, ft. 100 150 200 250 300 400 500

Length of arc, ft.
Minimum 40 50 60 80 100 120 140

Desirable 60 70 90 120 140 180 200

* These values would also apply to the acceleration conditionwhen travel 1s from

the sharper to the flatter curve.
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(G) PAVEMENT WIDTHS FOR TURNING ROADWAYS

The table shown on the next page outlines the design pavement widths for turning
roadways. The design widths are classified for three types of operation noted as
Case I, II and III. In each category the required width of pavement depends jointly
upon the size of the design vehicle and upon the curvature of the turning roadway.
The table 1s a practical design guide for intersection pavements, considering com-
binations of separate design vehicles,

Widths shown for Case I are used for minor turning movements and for moderate
turning volumes where the connecting roadway 1s relatively short. The chance of
a vehiclebreakdown s remote under these conditions but one of the pavement edges
preferably should have a mountable curb or be flush with the shoulder,

Standard Index No. 5073-X, '""Standard Details for Ramp Termainals, ' details the
pavement width requirements for ramps at interchanges.

The following sketch 1llustrates the desired methbod for developing the additional
widening at turning roadways.

’|

12

, LW/ dth reguired
\ for the a’e.slgn

7 rodivs (@)

1720 ~]‘

3-27-13



Intersection Design
Elements

ROADWAY DESIGN MANUAL

Chapter 27

DESIGN WIDTHS OF PAVEMENT FOR TURNING ROADWAYS

Radius on inner
edge of pavement
(feet)

50

75
100
150
200
300
400
500

Tangent

Pavement Width in Feet

Case I

One-lane, one-way
operation - no
provision for

Case II

One-lane, one-way
operation-with
provision for pass-

Case III

Two-lane operation
- either one-way
or two-way

passing ing a stalled vehicle
Design Traffic Condition

A B ClA B C |A B C
18 18 2323 25 291 31 35 42
16 17 19121 23 27129 33 37
15 16 18120 22 25128 31 35
14 16 17119 21 24127 30 33
13 16 16{19 21 23127 29 31
13 15 16118 20 22126 28 30
13 15 16]18 20 22| 26 28 29
12 15 15|18 20 22|26 28 29
12 15 15|17 19 21125 27 27

No paved shoulder
Mountable curb
Barrier curb,

one side

two sides

Paved shoulder,
one or both sides

Width Modification Regarding Edge of Pavement Treatment

None

None

Add 1!
Add 2'

None

None

None

None
Add 1

Deduct paved
shoulder waidth,
minimum roadway
pavement width
as under case I

None
None
Add 1!
Add 2!
Deduct 2' where

paved shoulder
1s 4' or waider

Traffic Condition A - predominately passenger with some consideration for SU

vehicles (Small volume of trucks).

Traffic Condition B - SU governs design with some considerationfor semi-trailers
(Moderate volume of trucks, 5% to 10% of total traffic),

Traffic Condition C - WB40 & WB50 vehicles governdesign (high volume of trucks).
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(H) SPEED CHANGE LANES

A speed change lane 1s an auxiliary lane, including tapered area, primarily for
the acceleration or deceleration of vehicles entering or leaving the through traffic
lane. The preferred design for speed change lanes at interchange termainals 1s

1llustratedin Standard Index Drawing No. 5073-X, '"Standard Details for Ramp Ter-
minals, "

Acceleration and deceleration lanes should be provided at important intersections
on high speed, high volume highways and at minor intersections 1if the absence of
such lanes would result in undue forced speed reduction of a significant amount of
through traffic.

Where speed and traffic conditions permit, the directional type of speed change
lane, consisting of a long taper, 1s preferred. When parallel lanes are constructed
as speed change lanes, they should be at least 10 feet and preferably 12 feet in

width, The full highway shoulder width 1s not necessary adjacent to speed change
lanes.

DECELERATION LANES

Deceleration Lanes should be designed to provide a clear indication to the driver
of the point of departure from the through lanes. A definite angular departure 1s
recommended.

A tapered deceleration lane, departing from the through lane at an angle of 4 or 5
degrees, provides a direct path to the intersecting ramp or roadway. This design
can be used for the majority of Florida's interchanges and intersections.

A parallel additional lane, combined with a flat angle, may be desirable for the
connection to an exit ramp or roadway where the following conditions exist

a. Exceptionally heavy traffic volumes requiring a 2-lane exit ramp or roadway.

b. An abnormally large number of trucks.

c. Thedesignspeedofthe exit rampor roadway requires that additional decelera-
tion length be provided.

ACCELERATION LANES

The recommended design for acceleration lanes in Florida 1s a uniform taper,
50:1 on Interstate highways and from 20:1 to 50 1 on other major highways. The
minimum allowable pavement width at the beginning of the taper 1s 12'.

At intersections with high volume roads, long acceleration lanes are desirable to
enable entering vehicles to merge with the through traffic without being requiredto
stop or reduce speed unduly. Whendesigning the intersection, the designer should

determine 1f an acceleration lane length greater than the minimum requirement 1s
necessary to satisfactorily merge the traffic.

The merging length1s that portion where the acceleration lane 1s contiguous to the
through traffic lane and, depending upon the design, 1t may be nearly all or only a
small part of the length of the acceleration lane. The combined volume on the
through lane and a single lane joining ramp (acceleration lane) that merge cannot
exceed 1000 to 1200 equivalent passenger vehicles per hour at stop and go speeds,
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or about 1500 such vehicles 1f the design 1s such that speeds of 35 MPH or more
canbemaintained by the merging vehicles. If merging speeds in the desired range
of 35 to 40 mpharetobe maintained, the condition 1s nearly the same as a weaving
sectionand amerginglength of 300 to 600 feet 1s necessary. Waith a shorter merg-
ing length, 1t may be possible to accomplish the merging of comparatively high
volumes but the merging speeds will be lower.

CHARTS

The following two charts outline (1) the minimum design lengths for speed change
lanes and (2) necessary adjustments of the lengths due to the grade.

DESIGN LENGTHS OF SPEED CHANGE LANES
Flat Grades - 2 Percent or Less
Design speed of Stop
turning roadway con-
curve, mph dition | 15 20 25 30 35 40 45 50
Minimum curve 50 90 |150 {230 |[310 |[430 |550 |[690
radius, feet
Design Length
speed of | of Total length of DECELERATION LANE, including
highway taper, taper, feet. All main highways
mph feet
40 190 325 300 | 275 | 250 | 200 - - - -
50 230 425 400 | 375 ) 350 | 325 | 275 - -
60 270 500 500 | 475 | 450 | 425 | 400 | 325 | 300 -
65 290 550 550 | 525 | 500 | 475 | 450 | 375 | 325
70 300 600 575 | 550 | 550 | 525 | 500 | 425 | 400 | 350
Design Length
speed of | of Total length of ACCELERATION LANE, including
highway taper, taper, feet:
mph feet
40 190 - 3251 250 | 225 - - - - -
50 230 - 700 | 625 | 600 | 500 | 400 - - -
60 270 - 1125 {1075 {1000 | 900 | 800 | 600 | 400 -
70 300 - 1550 [ 1500 |1400 (1325 |1225 {1000 | 825 | 575
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RATIO OF LENGTH OF SPEED CHANGE LANE ON GRADE TO LENGTH

DECELERATION LANE

ACCELERATION LANE

Design Ratio Design Design Speed of Turning
Speed of Speed of Roadway, mph
Highway Highway
mph mph
All 3 -4% 3 - 4%
upgrade |downgradg 20 30 40 50 All speeds
0.9 1.2
3-4% upgrade 3-4% downgrade
All 5 - 6% 5 - 6% 40 1.3 ] 1.3 - - 0.7
upgrade |downgrads 50 1 3| 1.4]1.4 - 0.65
0.8 1.35 60 1.4 | 15| 1.5 1.6 0.6
70 1.5 {1.6]1.7] 1.8 0.6
Ratios 1n this table multiplied 5-6% upgrade 5-6% downgrade
by the values 1n the preceding
table give the length of speed 40 1.5 | 1.5 - - 0.6
change lane for the respective 50 1.5 1.71 1.9 - 0.55
grade. 60 1.7 1 1.9} 2.2 2.5 0.5
70 2.0 2.2 2.6 3.0 05
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SKETCHES
The following sketches 1llustrate the measurement of speed change lanes,.
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(1) DESIGN FOR LEFT TURN MOVEMENTS

The design control radn for left turning vehicles shall be

LEFT TURN CONTROL RADII

Control Radius, feet 40 50 75

Design Vehicles Accommodated.

Predomainant P SU WB-40
Occasional SU WB-40 WRB-50

Left Turn Storage Lanes

On Florida's major highways, left turn storage lanes are provided at all major
intersections, if practical, The required storage lengths required for unsignalized
intersections are tabledbelow. Signalizationwill alter these requirements, there-
fore the necessary lengths shouldbe determined by analyzing each intersection 1n-
dividually,

LENGTH OF LEFT TURN STORAGE

DHYV of Turning Vehicles 30 60 100 200 300

Required Storage Length, feet 25 50 100 175 250

A leftturning volume of 200 vph or more cannot complete the turn without diffi-
culty unless the volume of the opposing through traffic during the same hour 1s 300

vphorless. Whenturning volumes exceed this range, a special design or traffic
signal control should be considered.

In municipal areas, the development of the left turn lane will be inaccordance

with Standard Index Drawing No. 5080-X., Inruralareas, the standard speed change
lanes (discussed in subchapter '""H') should precede the storage lane, 1if practical
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Left Turns Without Storage Lanes

On high speed divided highways 1n rural areas it 1s very dangerous to make left
turn movements without providing a refuge area for the turning vehicle. At some
intersections, the quantity of leftturn traffic will not justify the expense of an add-
ed storage lane. If the left turn traffic (DHV) 1s less than 30 vph, the designs de-
tailed below are recommended.

_-— DESIGN VEHICLE === TyROUGH
e— COQ/VOQ JUST CLEAR v apem /RAFF/C
> S A7 MEDIAN
— | ezt WIDTH
—— Sl - .
= | 9 < THROUGH
— Q ‘/‘\g - /RAFFIC
- &) — —— —
NT L2
L
Median DIMENSIONS FOR DESIGN VEHICLE
width
(Ft.) P SU WB 40 WB 50

A |R| L A|RI| L | A|R| L] AR | L
Cs2'|C=24'|C36' |Deg.| Ft.}| Ft.|Deg|Ft. | Ft.|Deg| Ft. | Ft.|Deg.|Ft. | Ft.

17 19 21 16.2 ] 310} 86
18 | 20 22 19.6 | 310 | 80
20 | 22 24 |17.0]| 200 | 68 [6.9 | 310| 85

22 | 24 26 11.0} 310| 78 | 6.4 [310} 86

24 | 26 28 15.5] 310{ 71 {8.8)|310| 82 | 7.9|310| 83
26 | 28 30 20.2| 160 63 |11.2|310| 78 {10.0]| 310} 80
28 | 30 32 13.71310| 74 {12.4f 310 | 76
30 | 32 34 16,3250 70 [14.6] 310 72
32 | 34 36 17.0| 230 | 68

Note Revised figures based on 8.5 feet width of trucks
Preferably use C=6 feet. Ry = 310 feet assumed as maximum,
larger value may be used.

The designs shown above are not applicable to medians less than 17 feet. For
medians wider than 36', the same basic design may be followed, using a larger
offset ""C'" and a larger nose radius "R,
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Left Turn Storage on Two-Lane Highways

Storage for left turn movements can be developed on undivided two-lane highways
as 1llustrated in this sketch

. 7T\ -

P _r> — | — g — pa—
_,_* o % S -

(J) CHANNELIZING ISLANDS

Islands should be provided for effective channelization at intersections in cases
where the size would be adequate. They should be raised and outlined by a mount-
able curb (Refer to Standard Drawing, Index No. 5080-X).

The minimum size of i1slands should be 50 square feet, preferably 75 square feet
in area, 8 to 12 feet on the side 1if triangular and 4 feet wide with a 12 to 20-foot
lengthif elongated Divisionalislands or separators introduced at intersections on

high speed highways should be a minimum of 100, preferably several hundred, feet
1in length,

In cases of 1slands of appreciable size, satisfactory channelization may be effect-
ed by curb delineation of the 1sland noses only, grassing and plantings 1in the 1sland
will produce the necessary contrast

Island curbs should be offset two feet from the through traffic lane where no curb
1s provided on the approach pavement Noses should have radi1 of two feet and the
approach noses offset six feet from the through traffic lane and three feet from the

turning lane If preceded by an auxiliary lane, the nose offset from the through
traffic lane should be 8 to 12 feet

{K) MEDIAN OPENINGS

On divided highways with no limitation of access, median openings with left turn
storage, and speed change lanes where appropriate and practical, are indicated for
constructionat all public roads and streets which are open and 1n use Median open-
ings are also provided at major business sites and public service facilities Ex-
amples of suchlocations are drive-in theaters, shopping centers (which provide for
off-street parking for a minimum of 100 cars), hcspitals, schools, industrial com-
plexes and cemeteries (industrial complexes refers to a large plant or installation
which generates a great amount of traffic, not a series of individual businesses a-
long the highway) No opening listed above, except where absolutely necessary,
shall be spaced at a distance less than 330' from any other opening.

Bctweenthese required opcnings, intermediatc openings arc providcd (a) approxi-
matcly cvenly spaced at intcrvals as near and not over one-half mile apart in rural

3-27-21



Intersection Design ROADWAY DESIGN MANUAL Chapter 27
Elements

al1eas devoid of development, (b) 1in rural type development approximately evenly
spaced at intervals as near butnot over 1, 320 feet apart and (c) 1n urban type deve-
lopment approximately evenly spaced at intervals as near but not over 660 feet a-
part. Spacing as set forth above shall be measured from center to center of med-
1an openings. Factors of drainage may dictate exact locations of opening.

Median openings for city streets are to conform to details on Standard Drawings,
Index No 5080-X Itis seldom possible to provide speed change lanes for munici-
palconstruction due to the proximtity of adjacent dedicated streets They are, there-
fore, not considered 1n this type construction except in special cases,.

Intermediate median openings between intersections serve only as U-turn facili-
ties. Regardless of the median width, the length of opening between median noses
1s 40 feet and the opening 1s designed for U-turns from both directions. Openings
in medians 15 feet or less 1in width have semi-circular noses. For wider median
widths, the noses are of the bullet type with these design radu

Median Width F't. 3-Centered Compound
M Curve Radin, Ft.
15 to 30 50 - 0.2M - 50
30 to 60 75 - 0.2M - 75
60 to 80 120 - 0.2M -120

\ RoMN, /|

3-Centered <v ' 7~ O 2m
GCompound Gurve '\f > ||
/
SKETCH ILLUSTRATING ABOVE VALUES

(L) EXIT AND ENTRANCE TERMINALS FOR RAMPS AND ROADWAY JUNCTIONS

Exit and entrance ramp terminal treatment shall conform to details in Standard
Drawing, Index No. 5073-X. At a major highway fork, the nose offset from each
road 1s six feet. Whereapplicable, minimum taper lengths shall be 1n accordance
with this table

MINIMUM LENGTH OF TAPER BEYOND AN OFFSET NOSE
Through Traffic Lane Side

Design Speed of +* Length of nose taper, feet,
Highway, mph per foot, of nose offset

40 9

50 11

60 13

70 15

*Distance 1s measured along the lane line,
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Pavement narrowing on turning roadways for widths wider than one lane to one-
lane widths shouldbe effected 1na length at least ten, preferably 15, times the width
reduction.

Design features of a ramp should conform to those of turning roadways, such as
radii, curvature, cross slope, width, superelevation, shoulders, curbs, sight dist-
ance, etc., It generally 1s necessary to restrict speeds on loops to about 30 mph
due to travel distance and available space.

Ramps shouldbe provided withadequate speed change elements, Gradients should
be limited to 4 to 6% and lesser if heavy truck volume 1s high. Down grades up to
9% are allowable under extreme conditions if absolutely necessary.

GUIDE VALUES FOR RAMP DESIGN SPEED AS RELATED TO
HIGHWAY DESIGN SPEED

Highway design speed, mph 30 40 50 60 65 70
Ramp design speed (mph)

Desirable 25 35 45 50 55 60
Minimum 15 20 25 30 30 30
Corresponding minimum radius

(Feet)

Desirable 150 | 300 | 550 690 | 840 [1040
Minimum 50 90 150 230 230 230

Desired speeds at critical points on ramps are 1llustrated in these sketches.

AVG RUNNING SPEED X

DECELERATION LENGTH 7\/

ALLOWABLE SPEED/]
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(M) RIGHT-OF-WAY

Prior to preliminary lay-outdesigns for intersections, complete information re-
lative to existing right-of-way at the intersection site should be obtained and plotted
and every effort made to provide an acceptable designwithin these limits. If add-
itional right-of-way 1s necessary, 1t should be confined to the most economacal
takings. Of course, the primary concern 1s to provide a safe and adequate inter-
section design that will handle the expected traffic for many years 1in the future.
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ACCESS HIGHWAYS & FREEWAYS

Chapters IX and X of the AASHO publication ""A Policy on Geometric Design of Rural
Highways, 1965' discusses the design of Interchanges and Intersections Every de-
signer should familiarize himself with the contents of these chapters

In this Design Manual, 1t 1s intended to furnish additional information to assist the
designer in preparing plans for Florida highways The procedures for (1) determin-
ing the desired design, (2) gaining necessary approvals, and (3) finalizing the de-
sign are discussed

(A) TYPES OF INTERCHANGES

The diamond type interchange is usually more economaical than other types which
could be used, and 1s the design most easily understood by the public Wherever
conditions permait, this design should be used.

Inthe preliminary stages of design, 1ti1s impossible to propose diamond interchanges
atall locations Traffic demands or terrain features may dictate a different inter-
change scheme. The designer should evaluate each case to determine the design
that will adequately handle the anticipated traffic and provide the necessary safety
features.

Other interchange types commonly used 1n Florida are the partial cloverleaf, the
directional, the trumpet, and the wye (Y). The full cloverleaf interchange 1s not
recommended for high density highways because of the unfavorable weaving conditions
introducedbetweentheloop ramps. If this type interchange 1s proposed, collector-
distributor roads should be considered

(B) TRAFFIC ANALYSIS

Before selecting the interchange type, 1t 1s necessary to analyze the through and
turning movements between the ramps and the intersecting roadway The analysis
enables the designer to determine:

1 The number of lanes on the intersecting roadway.

2. The feasibility of providing left turn movements to and from the intersecting
roadway

3. The requirements for signalization of the ramp intersections

Signal control shouldbe considered for the ramp-crossroad intersections For an
additional discussion of the capacity of at grade intersections refer to Chapter 20
of this manual,

The ""Highway Capacity Manual, 1965 " discusses the capacity analyses necessary
for at-grade intersections Thesemethods are recommended for studying ramp 1n-
tersections in urban areas For interchanges located in rural areas, a simplified
method has been developed for the analyses of the ramp-crossroad intersections
When making the capacity analyses, schematic layouts of the intersections should
alsobe prepared. These designs, preparedin conjunction with the capacity studies,
will insure anadequate number of lanes at the intersections, a suitable arrangement
of turning roadways, etc., regardless of whether signal control 1s initially used or
not. Inruralareas, particularly, it 1s preferable that signalization not be provided
unless necessaryatthe time of openingto traffic An example problem of the simpli-
fied capacity analysis 1s located at the end of this chapter
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For the Interstate Highway System and other Major Highways, a traffic stripmap
willnormally be prepared Shownonthe strip map will be the design traffic for the
projectbeing designed, crossroads where separations are proposed, and the through
and turning movements at interchanges. Upon approval by the State Road Depart-
ment and the Bureau of Public Roads, the traffic shown on the strip map may be used
for design A sample traffic strip map 1s located at the end of this chapter

(C) APPROVALS REQUIRED DURING DESIGN STAGES

Design criteria for the interchanges and crossroads must be approved before the
design proceeds beyond the preliminary stages From the design traffic data, the
cross sectional elements of the crossroads and the concept of the interchanges can
be determined

After this imitial study, a field inspection should be scheduled to consider the pro-
posed criteria relative to the existing terrain features At this time prints should
be available showing the project centerline alignment, the crossroad alignment, the
existing topography, the preliminary interchange studies and the cross sections. Dur-
ing the field review, the designer should decide:

1. Which road should overpass at the proposed separations.

2. Whereproposedadditionallanes on the cross roads should be constructed re-
lative to the existing centerline

3. If any existing railroads, buildings, etc., may change the interchange con-
cept.

4. If crossroad relocations will be necessary to provide an improved angle of
crossing at the separations or dimimish property damage

Using the information from both the traffic data and the field review as a guide,
designcriteria for the main roadway andcrossroads willbe selected. These criteria
will be furnished to the designer after necessary approvals are granted by the BPR,
1f Federal Aid 1s involved. The designer may then proceed with his preliminary
layouts and studies.

Preliminary layouts of the proposedinterchanges and separations including profiles,
mustbe approvedbefore proceeding with the final design. Either the District Offices
or the Road Design Section 1n Tallahassee will be assigned to supervise the project.
Necessary submattals should be made to the supervisory office. There they will be
checked for traffic capacity, design procedure, and concept. Additional submattals
may be requested before approval 1s granted.

Normally before the designer begins his design, the highway centerline alignment
already has been established. Toooftenin the past, this alignment has been accept-
edwithoutquestion. The designer should study the alignment relative to the terrain,

subsoil condition, high water control, and profile grade, making improvements where
necessary.

On divided highways, 1t1s not always desirable to maintain a constant median width
throughout the limits of the project. A variable median width and independent pro-

file grades for each roadway are often both economically and aesthetically desirable
1n rural areas.
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By spreading the roadways, the designer 1s able to.
1 Better fit the natural terrain conditions
2 Bypass undersirable features, such as sink holes, muck pockets, etc
3 Maintain the natural growth in the median.

4 Reduce borrow requirements by eliminating the normal median ditch 1n those
areas where an embankment design 1s necessary

5 Provide a relief from the constant roadway section

When the designer has established the preliminary alignment and profile, a second
field review should be scheduled All aspects of the design, including alignment,
profile grade, and drainage, will be considered at this review After studying the
proposed data relative to the existing conditions, the State Road Department and
Bureau of Public Roads will approve the preliminary design, or offer recommen-
dations for improvements Additional field reviews may be necessary before the
final design 1s approved

When the final plans are completed, they should be submaitted to the Road Design
Sectionofthe Department for review Upon the completion of the review, the plans
normally will be returned to the designer for any corrections that are necessary
Before acceptance of these corrected plans, they will again be reviewed by Road
Department personnel

(D) POLICY FOR CROSSROAD CONSTRUCTION AT INTERCHANGES

Wherever practical, the interstate or major highway will overpass the cross road
at interchange locations This design allows for the conservation of right-of-way
as wellas providing the necessary sight distance at the ramp intersections with the
crossroads Overpassing the cross road with the major facility should not be ac-
cepted as the criterion for all interchanges Features special to a particular loca-
tion may dictate the reverse design

At diamond interchanges where terrain conditions justify, consideration should be
be givento taking the cross road over the major facility Careful study will be nec-
essary to properly locate the ramp-cross road intersections See Chapter 27 for a
detailed discussion of '"Sight Distance at Ramp Termainals'',

(For the remainder of this chapter, the discussions will consider only those cases
where the interstate or major highway overpasses the cross road )

(E) RAMP TERMINALS AT INTERCHANGES

Standard Drawing, Index No 5073-X details the preferred ramp terminal designs
for Florida Highways. The index considers only the conditionwhere the ramps in-
tersect the through lanes at a tangent section Forthose cases where the terminals
are located on a curved section, the following designs are suggested
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The development of the profile grades at the ramp terminals has been thoroughly
discussedin Chapter 22 under the heading '"'Superelevation at Turning Roadway Ter-
minals "' By following the procedure outlined i1n that discussion, the designer can
determine the relationshipbetween the profiles of the through roadway andthe ramps

Where diamond-type ramps are constructed, every effort should be made to provide
a smooth connecting profile at the ramp terminals The following sketch details the
preferredmethod for locating the ramp termainals relative to the profile grade of the
through roadway

Lrofi/e Grooe
Ag/ec?

TERMINAL ANOSE

LOCRT/ON

e of Pou¥
i <//°ra/' e, Aroj ec?
———

Te==—C_, _ / “Gomp
Profi/e

T—\é Cossrood

Limits of
|4UX/7/bf;/ Pou#

(Oesion by rocedure
oHred in Chopter 22)

The terminal nose should be located at such a point on the sag vertical curve so as
toavoid or minimize a dipinthe ramp pavement edge profile The reverse must also
be considered, the nose should not be located so high on the vertical curve that an

obvious 'hump' in grade will result The terminals for Diamond Interchanges can
normally be located by this method without difficulty

When other types of interchanges are proposed, 1t 1s usually impossible to locate
all the terminals as discussed above Alignment features such as loop design, di-
rectional connections, etc , will dictate the proper terminal locations
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At most terminal locations, a curve 1s introduced on the ramp either within or
just outside the limits of the auxiliary pavement This curve should be as ''flat"”
as conditions will permit A flat ramp curve will provide easier transition to or
from the speed-change lane, and will allow a smoother development of the edge of
pavement profile

(F) RAMP INTERSECTIONS AT CROSSROADS

The desired locations for the ramp intersections at the crossroads may be deter-
mined from a combination of the following conditions-

1 Provide sufficient sight distance to safely turn from the ramp to the crossroad
(See Chapter 27 for discussion)

2 Provide sufficient lateral clearance at median piers when developing storage
lanes on the cross roads

3 Provide sufficient storage length for the design traffic turning from the cross
road to the ramps

The conditions outlined above will establish the minimum distance that the ramp
intersections may be located from the major facility In urban areas, 1t will usu-
allybe desirable to design for these minimum conditions Where right-of-way can
be obtained more economically 1n rural areas, 1t 1s preferred to spread the ramps
to provide a more open design

{G) DESIGN TO DISCOURAGE WRONG-WAY ENTRY AT RAMP INTERSECTIONS

Wrong-Way entry at ramp intersections can be practically eliminated 1f the design-
er considers three basic steps 1n his design These steps are-

1 Discourage '""U" - Turns on the cross road at ramp intersections

2 Designthe ramp intersections where 1t will be extremely difficult to enter the
improper ramp

3 Provide a median on the cross road and directional 1slands on the ramps

The following sketches 1llustrate the wrong way and the preferred way for design-
ing ramp 1ntersections
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1 DESIGN TO DISCOURAGE “U’’-TURNS
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You will notice in the 'correct' scheme a sharp median nose 1s provided to pre-
ventwrongway entry toramp Inorder to develop this design properly, 1t 1s some-
times advantageous to stagger the ramp intersections By staggering the ramps,
the requiredopening for the left-turn movements to and from the cross road can be
maintained without altering the desired median design
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2 DESIGN TO MAKE IMPROPER RAMP ENTRY DIFFICULT
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The 1llustrated interchange 1s normally constructedwhere an obstruction (railroad,
etc ) prevents the development of ramps 1n the other quadrants The "wrong'' de-

sign will usually handle the design vehicle satisfactorily, but will allow smaller
vehicles to easily turn into the improper ramp At night this design 1s particularly
hazardous due to the limited visibility
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3 PROVIDE MEDIAN AND DIRECTIONAL ISLANDS
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Through the interchange limits, amediannormally will be provided with the cross-
road typical section, regardless of thte number of traffic lanes Directional 1slands
will be provided at all ramp intersections
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(H) STATIONING THE RAMPS

After the ramp terminals and intersections are located, the ramp alignment can
be determined The preferred method for stationing the ramps 1s 1n the same di-
rectionas the stationing on the project This procedure reduces the confusion which
often results when the project and ramp stations are in opposite directions

When establishing the ramp stations 1t 1s also desirable to coordinate those sta-
tions with the stationing on the project The plotting of the cross sections and the
earthwork computations willbe much easier if the stations areproperly coordinated,
particularly for the ramps of a Diamond Interchange A suggested method for sta-

tioning the ramps 1s detailed below Note the ease 1n developing the cross section
pattern when this scheme 1s used
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() RAMP PROFILES
The development of the ramp profile withinthe terminal areais discussed in Chapter

22 and Subchapter E of this chapter This procedure will establish the desired edge
of pavement profile within the limits of the aux'liary pavement
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The next step 1n determining the ramp profile 1s to consider the requirements at
the ramp-cross road intersection Knowingthe radiusofthe intersecting curve, the
range of allowable superelevation rates canbe determined from the chart in Chapter
22 entitled "Superelevation Rates for Intersection Curves '' A rate within the allow-
able range should be selected which will provide the desired cross slope difference
If possible, the selected rate should be in the upper one half of the allowable range
From this data, an edge of ramp pavement profile, relative to the cross road, can
be developed within the limits of the ramp-crossrcad intersection

Having the profile controls at each end of the ramp, the remainder of the ramp
profile can then be completed This portion of the profile should be designed 1n
accordance with standards established for the design speed and alignment Upon
completion of the ramp profile, the designer should analyze the design to determine
if any dips and rolls can be eliminated

(J) SUCCESSIVE RAMP TERMINALS

At interchanges there are frequently two or more ramp termainals in close prox-
1mity along the through lanes In some interchange designs, ramps split into two
separate ramps or combine 1nto one ramp Minimum and desirable distances bet-
ween successive ramp terminals are shown i1n the sketch and table on the next page
In most cases the distances required to provide full length speed change lanes will
govern The distances shown in the table are based on a decision and maneuver
time of 5 to 10 seconds In most cases for rural situations the ''desirable' values
shownin the table should be the minimum values, and preferably greater distances
shouldbe provided inorder to allow adequate distances for giving drivers directional
informationwithsigns Inparticular, certainminimum distances are required bet-
ween successive exit terminals The minimum distances suggested for satisfactory
signing are 1000 feet between exits on a freeway (center and right of Figure A 1in

sketch) and 600 feet between a freeway exit and an exit on a collector-distributor
road (left of Figure A)

PLATES

Refer to Plates 31, 32 and 35 for suggested methods 1n preparing plans for an in-
terchange layout, terminal details and profiles, and ramp profiles
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4\

SUCCESSIVE ENTRANCE TERMINALS

_B___

_C_

1.

EXIT TERMINAL FOLLOWED
8Y ENTRANCE TERMINAL

WEAVING

7

ENTRANCE TERMINAL FOLLOWED
8¥ EXIT TERMINAL

_D__

ARRANGEMENTS FOR SUCCESSIVE _RAMP TERMINALS

L as in table but less than length required for maneuvering
or speed change
" L as in table but not less than required weaving length.

DISTANCE BETWEEN SUCCESSIVE RAMP TERMINALS

DESIGN SPEED (MPH) 30 OR LESS| 40 TO 50 60 TO 70 80
AVG RUNNINGSPEED

(MPH) 23 TO 28 36 TO 44 52 TO 58 64

Distance L (Feet)
Minimum 200 400 500 900
Desirable 400 700 900 1200
3-28-12
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ANALYS515 OF INTELCHANGE

L 99 47 5L 32
20 Sec. Cycle
APPROACH| LANE DKV | GREEN LEQ GREEN Fu2en.
(*3 Sec Ye/low Phase) 75?)__«
A Rt Turn 317 | Free Flow
LY Turn 295 (8(Min)+3: /5 Sec. /6
8 LRt Turn 295 Free F/ow
E-Thru 2G9 |/2(Min)+3 =75 5ec /5
C Rt Turn 159 fFree F/ow
LFTurrm 400 | /4 + 3 = /7 Sec /8
D Lt Zurrn 400 free Flow
S-Thrv 348 | /24+ 3 - /55ec /7
£ Lt Turn 377 /’2(ir2) # 3 = /5 Sec /7
2-T7Thre 337 12(Min)+ 3 = /55ec 32
£ Lt Turrn /59 1E(Min)+ 3 =/55ec /7
2-Thrv 3389|7343 = /6 Sec 34
Storege Peguireo - —YLH X25X15X0% Ped per ceele
g 7 Cycles per hr ' ¢ » 4

STORAGE pre

VEH/CLE

TRUCK

FACTOR

Storoge Regurred'= 0.0/04 (Red Tirne )(VPH)

APPROACH A(LtTurn)= 0.0/04(34) (295)=/04"
B(&Thru) = 0.0/04(35)(269)- 28"
C(L#t Turn):- O O/04(32)/400)= /33"
o(2-Thru)=0 OlO&L(33)(348) =719’
E(Lt Turn)=00/04 (33)(3/7) = /09’
FLE Turn)= 0 0104 (33)(382)= /34"

CONSTANT FOR ANY

CYCLE LENGTH
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ROADWAY DESIGN MANUAL
CHAPTER 29
TRANSITION FROM TWO LANES TO FOUR LANES

The majority of our rural roads 1n Florida were initially constructed as two lane
undivided roadways. As thetraffic demands increase, these two lane facilities are
being expanded to f{four lane sections, having two traffic lanes i1n each direction
dividedby a median. In rural areas a median width of 20' or greater 1s preferred.
In Urban and Suburban areas, the recommended minimum median width 1s 15 5°

At the termaination of the new 4-lane construction it 1s usually necessary to pro-
vide a transitionback to the existing two lane roadway. Previously we have attempt-
ed to use shorttapers for thesetransitions. The short tapers have proved to be un-
desirable because (1) adequate signing 1s very difficult and (2) the merging vehicles
are forced to drastically reduce their speed. The transition should be of sufficient
length to provide a safe merging condition at a desirable running speed.

A sketch included 1n this chapter shows two possible schemes [or transitioning
from two lanes to four lanes The topscheme shows a transition from a 4-lane sec-
tion having the median and additional lanes constructed right of the existing road -
way. Thebottom scheme shows a transitionfroma 4-lane section having the median
and additional lanes constructed left of the existing roadway. The merging length
(L) for the transitions 1s determined by the formula

L=12V

L = length, V = Design Speed
Example V = 50 MPH

L =12 x 50 = 600’

(Note 600'1s recommended as the minimum transition length for rural roads.)

Before beginning the design, an analysis will be made to determine 1if the existing
pavement 1s suitable for use as one roadway of the 4-lane section. If the existing

pavement 1s of suitable quality, the following recommendations are offered for the
design of the top scheme shown in the sketch

a Through the transition, reduce the left roadway (existing pavement) from two
one-way lanes into a single lane by tapering the median edge of pavement.

b. Accomplish the tapering design by channelizing with asphaltic type curb.

c. Specify that the curb 1s to be constructed on the surface of the existing pave-
ment. This designwillallow the curb to be easily removed 1n the future when
it 1s desired to extend the four-lane section.

Both schemes shown 1n the sketch indicate that the existing pavement has a width
of 24' (2-12'lanes). Ifthe existinglanes are less than 12' wide, the transitionlength

(L) should be increased proportionately. The mimimum allowable length for the
adjusted transition may be determined from the following formula

Adjusted Length = 12' x Computed Length
Lane Width
Computed Length = L =12V

3-29-1



Transition from Two ROADWAY DESIGN MANUAL Chapter 29
Lanes to Four Lanes

It should be emphasized that only two of many possible schemes for the transition

from two lanes to four lanes are presented in the sketch., When designing other
transition schemes for rural construction the computed length (L) should be main-
tained,

In urban areas, 1t 1s sometimes impossible to provide the desired length for the
transitionfromtwo lanes to ifour lanes. For these cases, the designer should make
every effort to design a safe and adequate connection,

3-29-2
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ROADWAY DESIGN MANUAL

CHAPTER 30
DRIVEWAYS AND ROADSIDE CONTROL

(A) DRIVEWAYS

See Florida State Road Department Manual of Driveway Regulations.,
(B) FRONTAGE ROADS

Frontage roads are constructed in conjunctidn with expressways and freeways at
selected locations where right-of-way 1s available, and where i1t 1s necessary toin-
tercept driveways in the interest of controlling access to the main facility.

In general, the outer separation should be of sufficient width to allow adequate
turning radiifor all traffic movements 1t 1s expected to accommodate. In consider -
ing vehicle storage onthe cross road and possible necessity of signalization, a local
roador street removed from the main facility by possibly 300 feet and developed on
both sides should be utilized as the frontage road, no development should front the
main facility.

The standard of construction for the frontage road 1s generally of a lower type than
that indicated for the main facility

(C) CONTROL OF ACCESS

Under favorable conditions, and where practical, 1it1s desirable to construct main,
high volume highways featuring either complete or partial control of access. The
capacity of the highway will be greater and a reduction of vehicle operating costs,

accident rates and travel time will result.

Where over-all economies will result, frontage or access roads should be con-
structed 1n conjunction with limited access highways

3-30-1
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CHAPTER 31

SAFETY

The designer, in considering safety,
immediately will determine means of
accident prevention. It 1s imperative
that he understands that there 1s no
single cause of traffic accidents. The
influences acting at any instant are
innumerable and probably are more
orlessimportant in certain combina-
tions. Consequently, the 1individual
role of any one engineering factor, such
as lane width, may never be suscept-
ible to a simple description for the
reasonthat its role changes according
to the relationship of other factors.

Statistics show that the highway it-
self 1s an i1mportant determinant of
where traffic accidents happen. De-
signers should consider the facts that
more accidents occur at those places
where the situation places great de-
mand on the momentary perceptual -
decision-motor capacities of thedriver
The driver's basic psychophysical ca-
pacities are heavily exercised when
he must deal with a situation around
him thatis changing rapidly. This con-
dition occurs wherethetraffic friction
1s greater, thatis, where one encount-
ers more cars and where the flow of
traffic 1s further hampered by inter-
sections and driveways, Accidents are
most frequent in those circumstances.
Accident frequency 1s proportional to
the load or rate of demand placed on
the driver's basic ability to perceive
and cope with the situation. The ex-
pectedaccident occurrence1s summa -
rized in this quotation '"As evidenced
by the accident rates, as severity of
environmental conditions increases,
the difficulty of the driving task in-
creases disproportionately

The designer, when determining (1)
the typical section, (2) horizontal align-
ment, and (3) vertical alignment of the
road should consider the effect of his
designonthe capabilities of the driver-
his abilities, his habits, his expecta-

3-31-1

tions and naturalandlearned reactions
in different driving situations It 1s
for this reasonthatany theory of where
accidents occur must be phrased in
terms of the draiver,

A common classification scheme wses
three reasonably distinct phases of
driver action perception, judgment
and action.

Taking them separately, an accident
canresult where a driver fails to per-
ceive, or mcorrectly perceives, a
situation. For example, accidents are
more likely to occur where there are
anumber of things the driver must see
and pay attention to at the same time.
Such a case 1s a location with many
driveways, intersections and vehicles
on the highway. Or the driver's view
may be obstructed, making it imposs-
1ible to see a potential hazard. Then
there are situations which do not ap-
pear in true perspective, so that what
the driver sees 1s nota true repre-
sentation, for instance, a road which
appears to be going straight but 1s in
reality curving out of sight.

Another factor 1s expectancy. Drivers
are conditioned by the road they are
traveling and by past experience they
expectcertain things to occur. Thusa
sharpcurve inanotherwise good align-
ment 1s the scene of more acc.dents
than a curve of the same radus in poor
alignment,

Having perceiveda situation,a driver
must make a decision. This may be
almost automatic or 1t may require
some time, depending on the complex-
ity of the situation, the frequency with
which 1t occurs in normal driving and
other factors. Inanyevent, accidents
occur where mmore than one decision
must be made at the same place, or
where unusually difficult decisions

must be made. Examples of the first



Safety

are roads with heavy traffic volumes,
frequent intersections and driveways,
etc. Examples of the latter are com-
plicated intersections with heavy traffx,
or combinations of factors such as
curves and traffic signals. Ina special
category are those situations where a
driver mustmake a series of decisions
in a short span of time.

Having perceived the situation and
made his decision, the driver must
act. Accidents happen where there 1s
insufficient time or space for anaction,
such as narrow roadways with narrow
shoulders, obstructions beside the
roadway, etc. They also happen where
the pavement 1s slippery, thus chang-
ing, drastically and abruptly, the oper-
ating characteristics of the vehicle,

Examples of methods to improve the
safety of Florida highways are discuss -
edbelow.

A SIGHT DISTANCES

The horizontal alignment should be
reviewedrelative to the vertical align-
ment. Locatinghorizontalcurves just
beyond the crest of vertical curves
mustbe avoided. Hidden ''dips'' in the
verticalalignment should be eliminat-
ed. At hazardous locations where it
may be impossible to relocate the high-
way, consideration should be given to
lengthening the vertical curves to pro-
vide 1ncreased sight distances. Very
often, the designer considers that the
mimimum sight distance requirements
established for the design speed are
the desirable design criteria. Itshould
be emphasized that these are ONLY
MINIMUM REQUIREMENTS Itis the
designers responsibility to determine
1f additional sight distances may im-
prove the safety of the facility.

B STORAGE LANES

In urban areas where many 1intersec-
tions occur, serious consideration
should be given to the development of
adequate left turn storage lanes. Pre-
ferably a raised median of sufficient

ROADWAY DESIGN MANUAL

Chapter 31

width to develop these extra lanes
should be provided.

C CROSSOVERS

On divided roadways, both urban and
rural, crossovers are providedthrough
the median to allow access to business
sites and to make '"'U" turnmaneuvers.
The median should be of sufficient width
to allow vehicles to satisfactorily stop
without endangering either themselves
or the through traffic., The full length
of the crossing vehicle shouldbe stored
safely within the median limats.

D INTERSECTIONS AND INTERCHANGES

Very complicated and elaborate de-
signs for intersections and interchanges
should be avoided if possible, If un-
avoldable, the layout of these facilities
should be spread or 'opened" to allow
for the satisfactory spacing of direc-
tional and informational signs.

E TYPICAL SECTION

Inthe initial stages of design, a typi-
cal section 1s established for the pro-
ject. The designer, when developing
the proposed section, should consider
the probable demands required for the
highway during the design year. The
number and width of lanes, the necess-
ity for parking, the median width, the
shoulder width, etc. are basic consid-
erations. A suitable typical section
can eliminate numerous safety pro-
blems.

F GUARDRAIL

The satisfactory use of guardrail can
reduce many serious accidents Stand-
ard IndexNo. 2300-X established the
MINIMUM requirement for the use of
guardrail. The designer should exam-
ine each hazardous location to deter -
mine 1if additional guardrail i1s needed
to reduce accidents. At high fills and

3-31-2
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over large structures where guard-
rail 1s required, 1t may be necessary
to extend the guardrail beyondthe min-
imum requirements, particularly on
the approach end. The guardrail should
beinstalled to a point where 1t will be
improbable for out of control vehicles
to slip behind the rail and down the
steep slope into the lower terrain.

G SIGN POSTS AND LIGHT POSTS

Sign posts and light posts, located
close to the pavement edge, are con-
sidered a safety hazard to high speed
traffic. Whenever possible, posts
should be located a sufficient distance
fromthe pavementin order to materi-
ally reduce the possibility of vehicu-
lar collisions. Posts located within

ROADWAY DESIGN MANUAL

Chapter 31

30' of the pavement edge must be either
designed for safety or protected by
guardrail.

For smaller diameter posts, the use
of a breakaway designis recommended.
When struck by a vehicle, these posts
will shear off, thereby reducing the ef-
fects of the accident.

Larger postslocated within the mini-
mum safety zone should be protected
with guardrail. Refer to Standard In-
dex No. 2300-X for installation details.

Only a few examples of safety designs
are given above. As he performs the
design of the project, the designer al-
ways should provide the safest possible
design which 1s economically feasible.
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MISCELLANEOUS

(A) DRAINAGE

(1) Inlets should be spaced so as to preclude excessive flooding of the traveled
way.

(2) The full roadway cross section, including shoulders, should be carried over
culverts.

(3) Thebottom width of lateral ditches shall be two feet wider than the span of the
respective drainage structure. Side slopes shall be 1 1/2 1, or flatter, if
dictated by the type of soil.

(B) EROSION CONTROL

Erosionandmaintenance costs canbe mimimizedby the use of flat slopes for road-
ways and ditches, protective treatment such as grassing, seeding, mulching and
sodding, drainage interceptors for surface and groundwater, ground cover and plant-
ings.

(C) LIGHTING

(1) Onlycritical sections of rural highways, such as intersections, interchanges,
longbridges or areas of roadside interference, are considered for i1llumina-
tion.

(2) Lumainaries should be mounted 25 to 30 feet above the pavement surface.

(3) Poles should be placedbeyond the shoulder line, preferably a minimum of ten
feet from the edge of the through traffic lane, or six feet when a barrier curb
1s placed at the pavement edge.

(4) Laighting poles are not placed in a median with width less than 20 feet.
(D) UTILITIES
See Florida State Road Department Utility Policy and Procedure Manual,

(E) SIGNING AND MARKING

Proposed signing and marking shouldbe correlated with the geometric design., See
Florida State Road Department Manual on Uniform Traffic Control Devices.

(F) RAILROAD GRADE CROSSINGS

Railroad grade crossing angles shouldbe asnear 90° as practical, The road grad-
tent should fitthetrack grade smoothly with adequate si1ght distance adjacent to the
crossing, both vertically and horizontally., However, since Florida Statutes re-
quire some vehicles to stop at all railroad crossings, provide sight distance only in
relationto protective devices together with sufficient sight distance along the track
to permat a stopped vehicle to cross the track or tracks, starting when the view 1is
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clear,beforeatrainreaches the crossing. Standard Drawings, Indexes Nos. 1466-X
and 5081 -X, show details of various grade crossings constructed in Florida.
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abandoned
abbreviations
abutment
acre
acre-foot
addition
adjusting
afternoon
aggregate
alternate
altitude
aluminum
angle

approved

backsight
back to back
barrel
basement

beam
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ABBREVIAT

abd
abbr
abut,
ac
ac-ft
add
adj
PM
agg
alt
alt
al

spell out

appd

bs

b tob
bbl
bsmt

spell out

CHAPTER 33
IONS AND DEFINITIONS

e e - Ae - -
approximate
area
article
asbestos
asphalt
assembly
assistant
associate
association
automatic
auxailiary
avenue
average
avoirdupois

- = B- - =
bearing
bearing value
bell and spigot
bench mark

beveled

bituminous coated corrugated metal pipe culvert

bituminous coated & paved corrugated metal pipe culvert

bituminous coated pipe arch culvert

bituminous coated and paved pipe arch culvert
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approx
A

art
asb
asph
asm
asst
assoc
assn
auto
aux
Ave
avg

avdp

B.V.

b & s

B. M.
bev
BCCMP
BCPCMP
BCPA

BCPPA



Abbreviations
and Definitions

black

blue

board
board feet
bottom
boulders

boulevard

capacity
capital

cast iron
cast 1ron pipe
ceiling
cement
cemetery
centerline
center
centers
center to center
chain

change
channel
checked
church
circular

clay

clear

coated
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blk

spell out
bd

fbm

bot

Blvd

cap
cap
C.1
C.LP.
clg
cem
cem
C. L.
ctr
ctrs
ctoc
ch

chg
spell out
ckd

ch

cir
CL

clr

ctd

-e=-C -
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boundary

brick

brook

brown

building
bulkhead

bushel
coefficient
column
computations
concrete
concrete pipe
conduit
construct
continuous
continued
contract
contractor
contraction
control
continuation
coordinate
corner
corrugated iron
corrugated metal
corrugated metal pipe

corrugated metal pipe
arch culvert

Chapter 33

bndry
spell out
spell out
brn

bldg
blkhd

bu

coef

col
comp
conc
C.P.
spell out
const
cont
contd
cont
contr
contr
cont
cont
coord
cor
Corr, L.
C. M,

C.M,P,

CMPA
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Abbreviations
and Definitions

county
creek
cross road

cross section

degree

degree of curvature
delta

department

designed

each
east
elbow

elevation (above sea
level)

elevation (view)
emergency
enclosure

end to end
engineer

engineering

face to face

federal

Federal Aad

Federal Aid Interstate

Federal Aid Primary

ROADWAY DESIGN MANUAL Chapter 33
Co. cubic cu
Cr cubic foot C.F.
x rd cubic yard C.Y.
x sect culvert culv
-e=-D- - -
deg diameter D or diam
D dimension dim.,
spell out directional dir
dept drawing dwg
dsgn drawings dwgs
- =E - = -
ea equal eq
E equation eq
ell equivalent equiv
El estimate est
elev excavation exc
emerg expansion exp
encl extension ext
e toe external ext
Engr external distance E
engg extra spell out
- aF - - -
ftof Federal Aid Secondary FAS
Fed. feet ft
FA feet board measure fbm
FAI feet per minute fpm
FAP feet per second fps
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Abbreviations
and Definitions

ferry

figure

fire hydrant
flange, flanged

flexable

gage
gallon
gallons per minute

gallons per second

hexagonal
high water

horizontal

inch
including
incorporated

information

joint

junction

lake
latitude
left

length
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fy
Fig.
F.H.
flg

flex

- =G - -~
ga
gal
gpm
gps

- =eH - -~
hex
H. W,
horiz

-l -
in

incl

inf
- =J - -
Jt
jnct
S DEPT
spell out
lat
1t
lgth
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floor
flow line
foot

ford
forenoon

foresight

galvanized i1ron
general
green

ground

horsepower
hour

house

inside diameter
intermediate

iron pipe

junction box

length of curve
length of tangent
lLight

lighting

Chapter 33

f1

¥, L.
ft

fa
AM

fs

G. I.
genl
grn

grd

hp
hr

hse or h

1d
inter

I‘ P.

1t

1tg
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linear

linear foot

manhole
material
maximum
mean sea level
meridian

maile

national
negative
north

northeast

on centers
opposite

orange

page
pages
paragraph
parallel
plane
plate
point

point of compound
curvature

point of curvature

ROADWAY DESIGN MANUAL Chapter 33
lin longitude long.
Lin ft longitudinal long.
e e M- - -
M. H. mailes per hour mph
mtl mallion spell out
max mainimum min
MS L mainute min
mer miscellaneous misc
spell out
- =-=-N---
natl northwest Nw
neg number No.
N numbers Nos.
NE
e = O - - -
oc ounce oz
opp outside diameter od
orn outside to outside otoo
e P - - -
P point of intersection PI
PP point of reverse curve PRC
par. point of tangency PT
par. point on tangent POT
pl portland cement concrete PCC
pl pound, pounds ib
pt power pwr
PCC power pole P.P.
PC primary pr:
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principal meridian

quadrangle

radius
railroad
railway
range
received
red
reduction
reference
reflector
regular

reinforced

sanitary sewer
second
secondary
section
separate
service

sheet

signal

south

southeast

southwest
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prin mer project

- Q- - -
quad quart

- =R = - -
R or rad reinforcement
R R reinforcing
Ry required
R revision
recd right
spell out right-of-way
reduc river
ref road
refl roadway
reg round
reinf route

S
San. S. spillway
sec square
secd square foot
sect square inch
sep square maile
serv square yard
sh standard
sig station
S State
S E storm sewer
S W stream
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qt

reinf
reinf
reqd
rev
rt

R/W

Rte.

splwy

59

sq ft

sq 1n

sq mile
sq yd
std

sta

spell out
S. S.

str
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street
structural
structure
substructure

Superelevation (Ft./Ft.)

tangent

tee

telegraph
telephone
telephone pole

temperature

underground

upstream

variable

vertical

weight

west

yard

year
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St superstructure
str support
str survey
substr symmetrical
e

e =T - - -
tan, termanal
spell out terra cotta
telg thousand
telp tongue & groove
T.P. township
temp typical

R &
ug U.S. Geological Survey
upstr U,S. Coast & Geodetic

Survey

R
var vertical curve
vert volume

- e W - - -
wt white
W

- e e Y - - -
yvd yellow
yr
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superstr

sup.
surv

sym

term.

T. C.

t& g
Twp

typ

USGS

USsC & GS

V. C.

vol

wht

yel
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These definitions apply to the various terms used in this manual-

Highway, Street or Road-A general term denoting a public way for purposes of
vehicular travel, including the entire area within the right-of-way (Recommended
usage*® 1n urban areas - highway or street, in rural areas - highway or roadj.

Arterial Highway-A general term denoting a highway primarily for through traf-
fic, usually on a continuous route.

Control of Access-The condition where the right of owners or occupants of abut-
ting land or other persons to access, light, air, or view in connection with a high-
way 1s fully or partially controlled by public authority.

Full controlof access means that the authority to control access 1s exercised
to give preference to through traffic by providing access connections with
selected public roads only and by prohibiting crossings at grade or direct pri-
vate driveway connections,

Partial control of access means that the authority to control access 1s exer-
cised to give preference to through traffic to a degree that, i1n addition to ac-
cess connections with selected public roads, there may be some crossings at
grade and some private driveway connections,

Expressway~A divided arterial highway for through traffic waith full or partial
control of access and generally with grade separations at intersections.

Freeway-An expressway with full control of access,

Parkway-Anarterial highway for noncommercial traffic, with full or partial con-
trol of access, and usually located waithin a park or a ribbon of park-like develop-
ment.

Major Street or Major Highway-An arterial highway with intersections at grade
and direct access to abutting property, and on which geometric design and traffic
control measures are used to expedite the safe movement of through traffic,

Through Street or Through Highway-Every highway or portion thereof at the en-
trance to which vehicular traffic from intersecting highways 1s required by law to
stop before entering or crossing the same and when stop signs are erected. (Uni-
form Vehicle Code, Act V)

Local Street or Local Road-A street or road primarily for access to residence,
business or other abutting property.

Divided Highway-A highway with separated roadways for traffic in opposite dir-
ections.

Belt Highway-Anarterialhighway for carrying traffic partially or entirely around
an urban area or portion thereof (Also called circumferential highway).

Radial Highway-An arterial highway leading to or from an urban center.

Frontage Street or Frontage Road-A local street or road auxiliary to and located
onthe side of anarterialhighway for service to abutting property and adjacent areas
and for control of access,
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Toll Road, Toll Bridge, or Toll Tunnel-A highway, bridge, or tunnel open to traf-
ect ee,

ct toll or £

fic only upon pavmpnt of a di

""""" J P At -

Cul-de-sac Street-A local street open at one end only and with special provision
for turning around.

Dead-end Street-A localstreetopen at one end only without special provision for
turning around.

Roadway-(General) The portion of a highway, including shoulders, for vehicular
use, A divided highway has two or more roadways.

Roadway-(In construction specifications) The portion of a highway within limits
of construction.

Roadbed-The graded portionofahighway, usually considered as the area between
the intersections of top and side slopes, upon which the base course, surface course,
shoulders, and median are constructed,

Subgrade-The portionof a roadbedpreparedas a foundation for the base or surfce
course,

Median-~The portion of a divided highway separating the traveled ways for traffic
1in opposite directions,

Traveled Way-The portion of the roadway for the movement of vehicles, exclu-
sive of shoulders and auxiliary lanes,

Shoulder-The portion of the roadway contiguous with the traveled way for accom-
modation of stopped vehicles, for emergency use, and for lateral support of base
and surface courses,

Roadside-A general term denoting the area adjoining the outer edge of the road-
way. Extensive areas between the roadways of a divided highway also may be con-
sidered roadsade.

Traffic Lane-The portion of the traveled way for the movement of a single line
of vehicles,

Auxibiary Lane-The portion of the roadway adjoining the traveled way for park-

ing, speed-change, or for other purposes supplementary to through traffic move-
ment,

Parking Lane-An auxiliary lane primarily for the parking of vehicles.

Speed-change Lane-An auxiliary lane, including tapered areas, primarily for the
accelerationor decelerationof vehicles enteringor leaving the through traffic lanes.

Median Lane-A speed-change lane within the median to accommodate left-turning
vehicles,

Outer Separation-The portion of an arterial highway between the traveled ways
of a roadway for through traffic and a frontage street or road.

Passenger Car-Amotor vehicle designed for the transportation of not more than
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eight persons. The term includes taxicabs, limousines, and station wagons,

Bus-A self-propelled motor vehicle designed for the transportation of mare than
eight persons.

Trolley Coach-A motor vehicle, designedfor the transportation of persons, which
1s propelled by electric power from overhead trolley wires but not operated upon
rails,

Streetcar-A vehicle designedfor the transportation of persons and operated upon
rails principally in municipalities,

Truck-A general term denoting a motor vehicle designed for transportation of
property. The term includes single unit trucks and truck combinations,

Truck Combination-A truck tractor and a sema-trailer, either with or without
a full trailer, or a truck with one or more full trailers,

Light Delivery Truck-A single unit truck, such as a panel or pick-up truck, with
s1ze and operating characteristics similar to those of a passenger car and commonly
used for short-haul light delivery service,

Parked Vehicle-A vehicle stopped for temporary storage,

Standing Vehicle-A vehicle stopped for a brief interval as when loading or un-
loading.

Curb Loading Zone-Roadway space adjacent to a curb and reserved for exclusive
use of vehicles during loading or unloading of passengers or property.

Traffic Control Device-Any sign, signal, marking or installation placed or erect-
ed under public authority, for the purpose of regulating, warning, or guiding traffic.

Traffic Sign-A traffic control device mounted on a support above the level of the
roadway that conveys a specific message by means of unchanging words or symbols.

Traffic Marking-A traffic control device consisting of lines, patterns, or colors
on the pavement, curbs, or other objects within or adjacent to the roadway, or words
or symbols on the pavement,

Traffic Signal-A power-operatedtraffic controldevice by which traffic 1s regulat-
ed, warned, or alternately directed to take specific actions.

Traffic Control Signal-A traffic signal by which traffic 1s alternately directed to
stop and to proceed.

Delay-The time lost while traffic 1s impeded by some element over which the
driver has no control,

Operational Delay-Delay caused by interference between components of traffic.

Fixed Delay-Delay caused by traffic controls,

Speed-The rate of movementof a vehicle, generally expressed in miles per hour,
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Average Spot Speed-The arithmetic mean of the speeds of all traffic,or compon-
ent thereof, at a specified point

Over-all Travel Time-The time of travel, including stops and delays except tnose
off the traveled way.

Running Time-The time the vehicle 1s 1n motion.

Over-all Travel Speed-The speed over a specified section of highway, being the
distance divided by over-all travel time. The average for all traffic, or component
thereof, 1s the sunmation of distances divided by the summation of over-all travel
times.

Running Speed-The speed over a specified section of highway, being the distance
divided by running time. The average for all traffic, or component thereof, 1s the
summation of distances divided by the swnmation of running times,

Design Speed-A speed determined for design and correlation of the physical fea-
tures of a highway that influence vehicle operation, It 1s the maximum safe speed
that can be maintained over a specified section of highway when conditions are so
favorable that the design features of the highway govern,

Merging-The converging of separate streams of traffic into a single stream.
Diverging-The dividing of a single stream of traffic into separate streams.

Weaving-The crossing of traffic streams moving in the same general direction
accomplished by merging and diverging.

Volume-The number of vehicles passing a given point during a specified period
of time,

Density -The number of vehicles per mile on the traveled way at a given instant,

Headway-The time intervalbetweenpassages of consecutive vehicles movingin the
same direction by a given point

Spacing-The distance between consecutive vehicles measured front to front,

Design Volume-A volume determined for use in design, representing traffic ex-
pected to use the highway Unless otherwise stated, 1t 1s an hourly volume.

Average Daily Traffic-Theaverage 24-hour volume, being the total volume during
a statedperiod dividedby the number of days in that period. Unless otherwise stated,
the period 1s a year.- The term 1s commonly abbreviated as ADT.

Thirtieth Highest Hourly Volume-The hourly volume thatis exceededby 29 hourly
volumes during a designated year (Corresponding definitions apply to any other or-
dinal highest hourly volume, as tenth, twentieth, etc.)

Basic Capacity-The maximum number of passenger cars that can pass a given

pointona lane or roadway during one hour under the most nearly i1deal roadway and
traffic conditions that can be attained.
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Possible Capacity®-The maximum number of vehicles that can pass a given point
on a lane or roadway during one hour under the prevailing roadway and traffic con-
ditions regardiess of their effect in delaying drivers and restricting their freedom
to maneuver,

Practical Capacity*-The maximum number of vehicles that can pass a given point
ona lane or roadway during one hour under the prevailing roadway and traffic condi-
tions, without unreasonable delay or restrictionto the drivers'freedom to maneuver.

*NOTE: The difference between the levels of '"possible capacity' and '"practical
capacity''i1s accounted for by the effects of traffic density, At "practical capacity}’
the lower volume level, the traffic density i1s not great enough to cause any unrea-
sonable delay or undue restriction on the drivers' freedom to maneuver. As traffic
volumes increase beyond practical capacity, a high traffic density results, The
high traffic densities cause substantial delay and restriction on the drivers' freedom
to maneuver., However, due to lower and more uniform speed, these conditions
also result in higher traffic volumes up toapoint corresponding to 'possible capa -
city' values, As traffic density increases above that at possible capacity, a sharp
reduction in traffic volume results,

Design Capacity-The practical capacity or lesser value determined for use in de-
signing the highway to accommodate the design volume.

Intersection-The general area where two or more highways join or cross, within
whichare included the roadway and roadside facilities for traffic movements in that
area.

Intersection Leg-Any one of the highways radiating from and forming part of an
intersection. The common intersection of two highways crossing each other has four
legs.

Intersection Entrance-Thatpartof an intersection leg for traffic entering the in-
tersection,

Intersection Exit-Thatpartofan intersection leg for traffic leaving the intersec-
tion,

Three-Leg Intersection-An intersectionwiththreelegs, where two highways join.

Y Intersection-A three-leg intersection in the general form of a "Y',

T Intersection-A three-leg intersection in the general form of a "T',

Four-Leg Intersection-An intersection with four legs, as where two highways
cross.

Multi-leg Intersection-An intersection with five or more legs.

Railroad Grade Crossing-The generalarea where a highway and a railroad cross
at the same level, within which are included the railroad, roadway, and roadside
facilities for traffic traversing that area.

Island-A defined area between traffic lanes for control of vehicle movements or
for pedestrain refuge. Within an intersection a median or an outer separation 1s
considered an 1sland. An i1sland may or may not be curbed.
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Approach Nose-An end of an 1sland, or neutral area between roadways, which
faces approaching traffic that passes either on one or both sides.

Merging End-An end of an island, or neutral area between roadways, beyond
which traffic merges.

Cross Connection-A connecting roa dway between two nearby and generally paral-
lel roadways.

Median Opening-A gap i1n a median provided for crossing and turning traffic.

At-grade Intersection-An intersection where all roadways join or cross at the
same level.

Channelized Intersection-An at-grade intersectionin which traffic i1s directed in-
to definite paths by islands.

Unchannelized Intersection-An at-grade intersection without 1slands for directing
traffic into definite paths.

Flared Intersection-Anunchannelized intersection, or a divided highway intersec-
tion without 1slands other than medians, where the traveled way of any intersection
leg 1s widened or an auxiliary lane added.

Rotary-A channelized intersection in which traffic moves counterclockwise around
a center island desirably of sufficient size fo induce weaving movements in lieu of
direct crossings.

Weaving Section-A length of one-way roadway, designed to accommodate weav-
ing, at one end of which two one-way roadways merge and at the other end of which
they separate.

Intersection Angle-The angle between two intersection legs.

Railroad Crossing Angle-The angle of 900 or less where a railroad and a highway
intersect,

Skew Angle-The complement of the acute angle between two centerlines which
cross.

Design Vehicle-A selectedmotor vehicle whose weight, dimensions, and operat-
ing characteristics are used to establish highway design controls to accommeodate
vehicles of a designated type.

Angle of Turn-The angle through which a vehicle travels in making a turn,

Turning Path-The pathof a designated point on a vehicle making a specified turn.

Minimum Turning Path-The path of a designated point on a vehicle making 1its
sharpest turn.

Minimum Turning Radius-The radius of the minimum turning path of the outside
of the outer front fire. (Vehicle manufacturers' data books give mimimum turning
radius to the centerline of the outer front tire).
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o

Turning Track Width-The radial distance between the turning paths of the out-

Turning Roadway-A connecting roadway for traffic turning between two intersec-
tion legs.

Turning Movement-The traffic making a designated turn at an intersection.

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

Underpass-A grade separation where the subject highway passes under an inter-
secting highway or railroad (Also called undercrossing).

Overpass-A grade separationwhere the subject highway passes over an intersec-
ting highway or railroad (Also called overcrossing).

Interchange-A grade separated intersection with one or more turning roadways
for travel between intersection legs.

Interchange Ramp-A turning roadway at an interchange for travel between inter-
section legs.

Turning Roadway Terminal-The general area where a turning roadway connects
with a through traffic roadway. "Exit'' used as a modifier refers to leaving the
through traffic lanes and '"entrance' refers to entering the through traffic lanes.

Outer Connection-A onesway turning roadway primarily for a right turning move-
ment It may include provision for a left turn at a terminal to accommodate another
turning movement,

Loop-A one-sway turning roadway that curves about 2700 to the right to accommo-
date a left-turning movement It may include provision for a left turn at a ter -
minal to accommodate another turning movement.

Direct Connection-A one-way turning roadway which does not deviate greatly from
the intended direction of travel.

Two-way Ramp-A ramp for travel in two directions. At a cloverleaf 1t serves
as both an outer connection and a loop.

Cloverleaf-A four-leg interchange with loops for lett turns and outer connections
for right turns or two-way ramps for these turns. A full cloverleaf has ramps for
two turning movements 1n each quadrant,.

Diamond Interchange-A four-leg interchange with a single one~-way ramp 1in each
quadrant. All left turns are made directly on the minor highway.

Directional Interchange-An interchange, generally having more than one highway
grade separation, with direct connections for the major left-turning movements.

Rotary Interchange-A multi-leginterchange where one highway 1s grade separat-
edfrom a rotary onwhich all turning movements and through movements of all other
highways are accommodated,
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Right-of-way-A general term denoting land, property, or interest therein, us-
ually in a strip, acquired for or devoted to a highway.

Easement-A right acquired by public authority to use or control property for a
designated highway purpose.

Slope Easement-An easement for cuts or fills.

Drainage Easement-An easement for directing the flow of water,

Sight Line Easement-An easement for maintaining or improving the sight dis —
tance.

Planting Easement-An easement for reshaping roadside areas and establishing,
maintaining, and controlling plant growth thereon.

Scenic Easement-An easement for conservationand development of roadside views
and natural features.

Right of Access-The right of ingress to a highway from abutting land and egress
from a highway to abutting land (See Control of Access).

Riparian Rights-The rights of anowner of water-fronting lands in the bed, banks,
accretions, water, access, moorage, and related 1tems,

Dedication-The settingapartby the owner and acceptance by the public of proper-
ty for highway use, in accordance with statutory or common law provisions.
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