'policy pertaining to roadway design.

INTRODUCTLON

" This manuc) is developed-with the intent of présenting current. -
It will provide a means . of
developing uniformity and safety in the design and plan preparcation

of o highway system consistent with the needs of the motoring

public.
Tt is recognized that situations will occur wherglgﬂgdlnf

engineering judgement dictates dekuilons from the normal deslgn -

N
policy. Any such deviations fror normal d951gn pOlle shall be:.

‘approved by the Chief Engineer, Design..

AY
It is not the intent of this manLal to reproduce 1nfarmat10n,A

“that is adsguotely covered by taytbouhi\and other publlcaticns,ﬂﬂ

-wh;ch are readily available fo the designer dnd the Fechnlqugqi

This manual, when Useddin sanjunction with engineering - -

: knowiédge'of highway desigipend good judgemenf;,Should enable -

the designer to(perform hils job moxe efficiently.-a
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NEW JERSEY DEPARI'MENT OF TRANSPORTATION

VEFIMNTIONS
DESTGNMANUAL -GLOSSARY

Acceleration Lane - An added lane of sufficient length to enable a vehicle

entering the through lane to increase its speed sufficiently to permit

safe mergence with through traffic.

Arterial Highway - A general term denoting a highway primarily for through

traffic, usually a continuous route.

Auxiliary Lane - The portion of the roadway adjoining thel traveled way

intended for speed change, storage, weaving, climbifig lahe,or/ for other

purposes supplementary to through traffic movenent.

Average Daily Traffic (ADT) - The annual average, 24-hour volume, being the

total yearly volume in both directions.of travel divided by 365 days.
’ Capacity - The maximum number of vehicles which has a reasonable expectation

of passing over a given section ©f & lane or a roadway in one direction
(or in both directions for a twWo-lame or a three-lane highway) during

a given time period under prevailing roadway and traffic conditions.

Climbing Lane - Andauxiliqry lane introduced at the beginning of a sustained

-positive grade ingthe,direction of traffic flow, to be used by slow moving

vehicles such as trucks and buses,

Collector-Distributor Road (C-D Road) - An auxiliary roadway separated
laterqlly.from, but generally parallel to, an expressway which serves
to collect and distribute traffic from several access connections

between selected points of ingress to and egress from the through traffic

lanes. Control of access is exercised along a C-D Road.
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Control of Access - The condition under which the rights of owners, occupants
or other persons of land abutting a highway to access, light, air or
view in connection with the highway are fully or partially controlled.

by Public Authority.

Full Control - The condition under which the authority to control access

ig exercised to give preference to through traffic by providing interchange
connections with selected public roads only, and by prohibiting intersections

at grade.

N

Partial Control - The condition under which the ‘quthorify té control access

is exercised to give preference to through trxaffic to a degree, but in
addition to interchange connections with Selected public roads there

may be some intersections at grade.
N

Corridor - A strip of land between two termini within which traffic,

topography, environment and other characteristics are evaluated for

transportation purposes.

Cul-de-Sac - A local stxeet open at one end only with special provisions for

turning aroundj

Deceleration Lane - An added lane of . sufficient length to enable a vehicle

leaving the thiofigh lane to decrease its speed sufficiently to exit safely.
Density - The number of vehicles per mile on the traveled way at a given instant.

Design Hourly Volume (DHV) - An hourly volume in both direction of travel

representing traffic expected to use the highway in a particular year,

(Unless otherwise stated, it is the 30th highest hourly volume),




L

e, g€%

Design Speed - A speed determined for design and correlation of the physical

features of a highway that influence vehicle operation, It is 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‘highwuy govern.,

Design Year - The year, twenty years or more as determined, after completion

of construction, whose estimated traffic volumes are used as a basis for

design.

Direct Connection - A one-way turning roadway which deoesjuot deviate greatly

from the intended direction of travel.

Directional Design Hourly Volume (DDHV) - An hq:rly volume detemined for

use in design, representing traffic expected to use: one direction of
travel on a highway. (Unless otherwisegstated it is the directional

hourly volume during the 30th highest hour).
Diverging - The dividing of a single stream of traffic into separate streams.

Divided Highway - A highway with opposing directions of travel separated by

a median,

Expressway (= Agdivided arterial highway for through traffic with full or
partial control of access and generally with grade separations at

major intersections,
Freeway - An expressway with full control of access.

Frontage Road or Frontage Street - A road generally paralleling a controlled

access highway designed to furnish access to property, which would

otherwise be isolated as a result of the controlled access feature, or to
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preserve local road circulation. Generally, there is no control of access

on the outer margin of a frontage road.

Gore - The area immediately beyond the divergence of two roadways, bounded by

the edges of those roadways.

Grade Separation - A crossing of two highwuys or q-higﬁwuy and a railroad at

diffefent levels,

Highway Overpass - A grade separation where the subject highway passes over
an intersecting highway or railroad. :

N

Highway, Street-or—Road - A general term denoting'a public way for purposes

of vehicular travel, including the entire arda within the right-of-way.
Recommended usage: 'in urban areas, highway or\%treet; in rural areas,

highway or road.
N

. Highway Underpass - A grdde separation where s#he subject highway passes under

an intersecting highway or rdilroad)

Inside Lane - On a multi-lane highway the_extreﬁe left hand traffic lane, in

the direction of traffi@ flow, of those lanes available for traffic moving

in one directiomiy {also referred to as left lane).

.~

Interchange -“Asystem/ of interconnecting roadways in conjunction with one

or more grade Separations, providing for the movement of traffic between

two or more roadways on different levels,

Interchange Ramp - A turning roadway at an interchange for travel between

intersection legs.

Left Turn Slot - A speed-change lane within the median to accommodate left

. /| ‘turning vehicles.

!

| Loads - Traffic data required for the establishment of geometric contreols for

m.highwuy design.




Loop - A one-way turning roadway that curves about 270 degrees to the right
to accommodate a left-turning movement. It may include provision for a

left turn at a terminal to accommodate another turning movement,

Median - The portion of a divided highway separating the traveled ways for

traffic in opposing directions.
Merging - The converging of separate streams of traffic int@pa single strean.

Middle Lane - The traffic lane or lanes between the outside lane)and inside

N\
lane of a multi-lane highway. (Also referredgto as left middle lane and
right middle lane or numbered in consecutive oxdex starting with the

outside lane as lane number 1),

N

Qutside Lane - On a multi-lane highway the" extreme right hand traffic lane,
N\
in the direction of traffic flow,gof ‘those lanes available for traffic

moving in one direction, (Also, referred to as right lane or lane number lj.

Outer Connection - A one-waylturning roadway primarily for a right-turning

movement. It may include prowvision for a left turn at a terminal to

accommodate another turning, movement.

Parkway - Anlartefial highway for noncommercial traffic, with full or partial
control of accessg and usually located within a park or a ribbon of

parklike developments.

Passing Sight Distance - The minimum sight distance that must be available

to enable the driver of one vehicle to pass another vehicle ‘safely and
comfortably without interfering with the speed of an oncoming vehicle
traveling at the design speed should it come into view after the maneuver

is started. (The distances used in design are calculated on the basis

of the driver's ability to see a 4 feet - (6’ inch high object in the road
3




-

ahead when his eye level is 3 feet - 9 inches above the roadway surface).

e

. Roadway (General) - The portion of the highway, including shoulders, for the

movement of vehicles.

Separated Roadways - A highwuy‘with opposing directions of travel having in-

dependent alignment.and gradient.

Shoulder - The portion of the roadway contiguous with the tkaveled way (on
either side) for accomodation of stopped vehicles for emérgency use, and

for lateral support of base and surface courses. \

Sight Distance - The length of roadway visible to_the ‘driver of a vehicle

at a given point on the roadway when the view \is unobstructed.
Slip Ramp - An angular connection betweenan éxpressway and a parallel
N\
frontage road.

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

traveling at a given speedy €6 bring his vehicle to a stop before
reaching an object on‘the roadway after the object has become visible.
(The distances used in)design are calculated on the basis of the driver's
ability tofsee a_6-inch high object in the road chead when his eye level

is 3 feet =19 inches above the roadway surface}.

Thirtieth Highest Hourly Volume (30 HV) - The hourly volume in both directions

of travel that is exceeded by 29 hourly volumes during a designated year.

Through Lane - The lane or lanes signed for through traffic continuing through

an interchange area.

. Traffic Lane - The portion of the roadway for the movement of a single line

of vehiclés.
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|
’ Traveled Way - The portion of the roadway for the movement of vehicles,

exclusive of shoulders and qux:.l:.ary lanes. (Also called Travelway).

\

] ’ ] |

Two-way Ramp - A ramp for travel in two directions. At a cloverleaf it
serves as both an outer connection and a loop.

Weaving - The crossing of traffic streams, moving in the sqme general

direction, accomplished by merging and diverging. |




REFERENCE PUBLICATIONS

AASHTO (AASHO) Publications-American Association of State Highway.

\ . Officials.

1. A Policy on Geometric Design of Rural Highways. (1965)
2. A Policy on Design of Urban Highways and Arterial Streets.
3. Highway Definitions. (1968)

4, A Policy on Design Standared for Stoppirng Sight_ﬂistgncé'

Highway Research Board (HRB)

1. Highway Capacity Manual

J

POLICY ON USE OF AASHTO STANDARDS

The American Association of State Highway and Transportation
Officials has published policies on highway practice. These are
approved references to be used in conjunction with this manual,

AASHTO policies represent nationwide standards which do not satisfy

(1973)

New Jersey conditions. When standards differ, the instructions in this

manual shall govern.,




TRAFFIC DATA

'Tﬁe dgsién'of a highway should be based upon factual data, among
which Are those relating to traffic. Traffic information serves to
establish the ''loads" for geometric highway design. Projected volumes
and type of traffic indicdte the service for which a highway improvement
is being made and largely determine the type of highway and the geometric

features of design.

The traffic data collected include traffic volumes for days of

the year and times of the day.

Trqffic volumes, projections and designdata/candbe reguested by
the Project Engineer. This request is to be made, to),theé Director,
Transportation Planning and Research, Attent{sn: Chief, Bureau of
Highway Planning. Accompanying the reguest shall be one print of
the plan or key map for the project withpitsylimits delineated in red.
The transmittal letter and/or plans shallfdenote the nature of the
project and request the dat@ which is to be obtained (present traffic
volumes, projected traffie,volumes, turning movements, 18 kip eguivalancy
factor, design volumes, truck percentage, directional traffic distribution,

etc.).

AVERAGE DAILY TRAFFIC

The general unit of meﬁsure for traffic on a highway is the annual
daverage dqily traffic volume, The ADT volume is essential in determining
annual usage for expenditure jusfificqtion, in design of structural
elements of the hiéhwqy, and estimating projected traffic from which
the design hour volume i#derived. Although ADT is useful for these

purposes and for ranking the relative importance of highways, it has

little direct application to the reguired geometric features of highways.




DESIGN HOUR VOLUME

" Traffic Qolume during an interval of time shorter than a day
more a?propriately reflects the operating conditions which should be
used for design if traffic is to be properly served. The brief but
frequently repeated rush-ﬁour periods are significant in this regard.

In nearly all cases a practical and adequate time period is one hour.

The Design Hourly Volume (DHV) éhould‘be the thiftieth highest
hourly volume of the future year chosen for design., Exception may be
made on roads with high seasonal traffic fluctuation, where ‘@ different
volume may need to be used. The thirtieth hourly vglumeéycriterion also
applies in general to urbun areas, but where the fludtuation in traffic
flow may be radically different from that on(rural ‘highways, other
relations may have to be considered. Urban t;hffic.dqtu are discussed in
""A Policy on Arterial Highways in Urban Areas''s

N

RELATIONSHIP\of DHV to ADT

On the average main rdralyhighway, the Design Hour Volume is about
15 percent of the Average Dally Traffic while the maximum hourly volume is about
25 percent of the ADT. For loeations having unusually high or low fluctuations

in traffic £low, thepdesign hour volume ranges between 12 and 18 percent of the ADT.

DIRECTIONAL DISTRIBUTION

The averége daily traffic is approximately the same in each direction on most
highways, excepting holidays and weekend travel which can cause an unbalanced total
traffic flow. The volume during any one hour, however, is usually much heavier in
one direction than in the other. The imbalance in traffie flow during a specific

hour 1is referred to as the directional distribution (D).
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PROJECTED TRAFFIC

Design of proposed impro;ements must be based on projected traffic
volumes. Normally, a 20 year period is reéommended for design purposes.
Estimating traffic beyoﬁd-this period on a specific fdcility usually is
not justified because of probable changes in the general regional economy,
population and land development along the highway which cannot be predicted

with any degree of assurance. Future traffic volumes for design are

derived from the current traffic and the traffic increase expected by the

end of the period of time selected for design.

Components of future traffic in their logical Stepsyef derivation

are as follows:

Current Traffic - existing and dttracted\$or diverted)

Traffic Increase - (a.) normal txafficfgrowth

"(b.) generated #F¥affic

{c.) development fraffic

, COMPOSTTION OF TRAFFIC
Vehiclesgof{different sizes and weights have different operating
characteristics which mu?t be considered in highway design. For the
purpose of aesign, lighg deliverf_trucks;(sgéh as panel and pickups)
take on the operational characteristics of passenger cars and are
included as such. Other trucks, truck-trailers and buses are referred to
as trucks. In order to determine adequate design, it is essential that

the designer have available an estimate of the composition of traffic

which will be expected in the design year. The overall effect on traffic



COMPOSITION OF TRAFFIC - con't.
operation of one truck is often equivalent to several passenger vehicles,
I’ the number of equivalent passenger vehicles depending upon the gradient
and the passing sight'distance available. Thus, the larger the proportion

of trucks in a traffic stream, the greater the traffic load, and the

more highway capacity is required.




LEVEL OF SERVICE

Level of Service, as defined by the Highway Cupacit& Manual_ié
a qualitative measure of the effect of a numbef of factors, including
speed, travel time, interruptions, manueverability, safety, driving
comfort, ete.., as may occur on a given roadway when it is accommodating
various traffic volumes. A thorough discussion of Level of Service is
contained in the Highway Capacity Manual end may also be found in the

1965 edition of the AASHTO ""A Policy on Geometric Design of Rural Highways''.

The designer may utilize the charts and tables in Chaptexr)1l0 of
the Highway Capacity Manual to compute Level of Seryice onhtwol lane

rural highways.

The Highway Capacity Manual shall be uSed\to compute Level of
Service for intersections, ramps,3 or mere) lane highways, weaving

sections, municipal (curb & gutter) sectioﬂ?} etc.

CAPACITY

Capacity is the mdximum number of vehicles which has a reasonable
expectation of passing overpafgiven section of a lene or a roadway in
one directign (or im both ‘directions for a two-lame or a three-lane
highway) during a given time period under prevailing roadway and traffic
conditions. Ingthe absence of a time modifier, capacity is an hourly
volume, The capacity would not normally be exceeded without changing one
or more of the conditions that prevail. In expressing capacity, it is essential
to state the prevailing roadway and traffic conditions under vhich the

capacity is applicable.
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TYPICAL SECTIONS
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TYPICAL SECTIONS
General
Typical sections should be developed to provide safe and aesthetically
Pleasing highway sections within reasonable economic limitations.
The typical sections shown in the plans should represent, as their name
indicates, conditions that are ''typical'' or !representative'' of, the project.

\
It is not necessary to show a separate typical section to delineate relative

minor variations from the basic typical. The most, common o;\predominate
typical section on the project should be shown first in the plan sheets followed
by sections of lesser significance.

N

Figures through illustrates the various control

dimensions for single lane and multi-lané highqus.
Curb
Except where necessary as on somefdarterial or city streets, ramps, and along
raised medians, the use of cuzbs| efi highways should be avoided. Curbs are

{‘PMJ

generally used to control@rainage or provide access control,
Sidewalks

Where existing sidewalks'are)to be disturbed by highway construction, the
replacement shalldlapply only to the frontages involved and no other sidewalk
construction, such,asfclosing gaps in sidewalqulshall be authorized:except
as part of the right-of-way agreements or where vehicle pedestrian accident data
indicate a significant safety improvement could be attained by the installation
of sidewalks.

Provisions for Physically Handicapped L. {laco. am DS VNS SS




_LAND-SERVICE HIGHWAYS

e —

. S "R.OW. Line ? ROW. Llned
]
See Note "B" | See Note'A|  12't-~ | 12" (- See Note'd", 10'Min.-I5'Des.
et > e S E——
! | 6'V.
1T N
<".-, ] | v
{ 2% 1% Con¢. 1% Cang¢. 2%
AT a% 1.3%Bit. | 15% B, 4% e 2,
R v 1 ] TLG"Max.
] oo ] / Curb Facj slv.c.l

Two—-Lane R'oadway'

Note"A": Shoulder width shall be 8 Absolute Minimum or 10’ Minimum, Desirable.
Shoulder width may be Increased to 12' maximum when a farge volume
of trucks are onticipated (250 DHV), whenturning, volumes are

high or dualization |s anticipated.

Note*B”: Sidewalk area width shall be determined’by need, that is, pedestrians,
quiderail and utilities. Desirably o cleaf cecovety) orea should be. provided.

At least one side of roadway is tofaccdmmodate pedestrians.

Note "C"' + Curb Section may be used with or without sidewalk.
Curb Section shalt be used n builtsup.areas, where pedestrian traffic

. is anticipated or wherenec#ssary for drainage.
ROW. ' _
et Sidewalk Area Line Kele  Gr  ubility pole f”““mgi'
r. | .

| s'v.c. l

Sidewalk Areg— Whére pedestrians are
not anticipated.

ROW.

o D Sidewalk Area l Line
~ Shier. T 3, 4 ghv.c.

It |

|
Sidewalk Area— Curb Section
See Note "C"

' ROW.
Sidewalk Area .J;
T

A

Sidewalk Areg—-Berm Section

Where pedestrians are to be
accommodated; future sidewalk.




. LAND-SERVICE HIGHWAYS
. ¢ S I:-l'1-‘\'.0.\.'of. Line

12 12 - ~_|igMin-12Des.| Sidewalk Area |
Lane Lane Shidr. Same as I
‘ Two-Lane Road
1% Cone, 15% Conc.
1.5% Bit. 2% Bit. 4%
— e et B m— ]

Four ‘Lane -Undivided Highway

Half-Section . '
* 3 - sR.OW. Line
[ IR o
g i
| 2'Abs.Min. & var 12" | 12" i-- |io'Min~12Des Sidewaik Area |
Medlian Lane Lane Shidr. Samae As
See Median Two~L.ane Rodad
Details 1
and Note 1% Cone, 1.3% Canc, !
.5 % Bit, 2% Bit. 4%
Tam =y L

Four Lane-Divided Highway

@ | Half Section .
| 1> T. L L R et
Medion| 12'Lane” : edlan| 12 Lane
' 1 ' ' | Des. ]
I' ||.5'_|Des.Shidr. o] |5, Des. Shidr,
3 | Min. Shidt. | les_| Min. Shidr.
1{_"1"_|Abs.MiniShidr.
e e _
Half- . 1% Cone, Ha": 1% Conc.
Barrier. 1L.5% Bit. Barr "‘L &%l 1.5% Bit,
Curb e Curb x e e il
Median Hailf =Section _ Median Half—Section

Nodrainagein median. Drainage in median

. S s
8'Max.& Var. [ 12 Lane | g'Min.g var_| _12'Lane]’)
" Medion | > Median
, Shidr, ! Shidr._
5 Des,
I'Min.
Median Median
Barrier™y Barrier =
8% 1% Cone, t . 1% Cane.
S%, 5% Bit._ s | 4% | _1.5%B.
(] Median_Haif—Section Median Half —Section
No drainage in median Drainage in median

% Median Barrier may be located either side of Low Point.




LAND-SERVICE HIGHWAYS

Note: L)} Median Barrier will be selected as per “Guide for Selecting,Locating and
Designing Traffic Barriers", AASHTO (977,
2.) The kind of Median Barrlor to be used is to be defermined by the B«nrgn
Eﬂ,‘mr‘ Pre (}.‘ \_\ \)&‘:C—‘ ,“. \ o O _.{” C e z‘:,‘,;“,n i,
3.) For medians over 30 Median Burrier use is optional. Drainage is to be o~
cated in the median areq.

4

[4' Abs. Min.&Var. 12° 6o ?' 12" o [2'c - |iOMin~i2Des] Sidewalk Areq "'Eio'w'
- Median " Lane " Lane " Lane " Shidr. "~ Same as ne
_ 10" Des.Shidr. o-Lane Road
5 Min. Shidr.
3 AbsDes.Shidr. | ( Desirable|Grading)
1% Conc 1% Conc. 1.5% Conc,
4% 15%Bit. | 15%Bit. 2% Bir. ey p
— et el ———— o
or
AN
1% Conc. {3%Conc. 2%Conc.
4% 18%Bit. | 2% Bit. 2.5%5&_ 4%

Six Lane Divided nghw_[
Half~Section

Note: L) Similar median treatment a8 for Four. Lane Sections except,the drainage
will be provided in_the median areqg.

L} ] H
2) Same Note as f,r.vr Four Lane S?cﬂons. 1 , ROW. Line
4 N I ST o Sov.
I Min.€ Var. 12" e I - R DR - |2' L5 | SidewalkArea
Medion |~ Laneq | Lane), | Lane | Lane Shidr, Same as
10 Two-Ldne
Shidr. (Desirable|Grading) Road
5%Conc.{ [%Conc. I%Conc. 1.5% Cone.
4% 2%, Biti 1.5% Bit. 1.5% Bit. 2% B, 4%
— P S —_— — nootd —

T R or

‘1% Conc. 1% Cone. 1.5% Cone. -2% C
4% 1.5 % Bit. 1.5% Bit, 2% Bit, 2.5"'/. ;?tc 4%
———-_-._ = — = . :

Eight Laoane—Divided Highway
Haif ~Section
Noter 1) Similar median treatment as for Six Lane Highway.
2.) A maximum of fhree Ianes to. be drained in one direction.

. T R S T S g o




FREEWAY SECTIONS

i Me,cli‘u-ﬂ/‘ Va.r\q”e f\‘\
4 : . ! . ) l\q 5 ” ]
: .| Two lane minimum section . - (== i d e )
3 | Min Shidr. Mediom Whdths
B . W I-Nl-k Hall +L — 4 Ur‘:’vmw (’Llw) N
| 5' | Min.Des Shidr. e ! u..'g . & urbon (3 lades
N 1! o t - & Fural CZ—IJ‘-"@’J}
lO__ Mln.DOS.SMdI'. I " Y — !! ruml. i'\s ] Mci,
for three lane section, Desipuble = & urbaw (2 lpnes)

W = i uebae (3 Ve S
I . " " oo - ,SD ture ) (Zarg IMGF)

Divider
See Note L, 4% AN
8"‘,' 4—-—': ———
Pavement' grading similar
to Landservice Roadways
Half Sectionf” ™
M:'-’\":Jw \/ﬂw-;abf( - o
I3 MinEVar, | Two lane ﬁHmmum section . »' v el wed
var. ' T :
. ar. TR 12 — Medine, widihs
(] . - M\nl;num Hnlfp w'thl" a— lf:urhw
3 Min. Shidr. N vt o 23 ruea)
I . Deowable ” - 723'brhen
5, | ,Min. Des.Shidr. . oo - Atcural
10 ' | Min.Des.Shidr.
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FREEWAY SECTIONS
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FREEWAY SECTIONS_
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SIGHT DISTANCE

General

. Sight distance is the continuous lenéth of highway ahead visible
to the driver. For design purposes, two sight distances are considered;
passing sight distance and stopping sight distance. Stopping sight
distance is the minimum sight distance to be provided at all points on
nultilane highways and two lane roads when passing sight distance is
not economically obtainable, Variations of stopping sight distance
are also required at interchange locations qna at grade intersections
including private road connections. Desirably, unlimi{sd sight distance
should be the goal in designing any highway; however| infno case should

the sight distance be less than the minimum/specified”in Table No.

TABLE NO. N\ e
LY i - .
Design MINTMUM SIGHT DISTANCE Desuble Siht Yistoce
Speed N\ .\ . ,;\’“* i s
. mph stopping Passing Stoppury )
p (Feet) (Feet) . R
30 200 1100 - Zvo
40 275 1500 - 327 | ;
50 350 " | 1800 475 |
.60 4715 © | 2100° 50 ‘;
) , i
70 600 &5° 2500 ¢50 l, '
80 750 - 2700 - L1 o0 ,f

Passing Sight Disté@nce

The minimum passing sight distance is the minimum length of highway required
for a vehicle to execute a normal passing maneuver as related to design conditiomns
and design speed. It is based on the assumption that the driver's eyes are 3.75 -

405

feet above the pavement surface and he can see the top of an object 4.5 feet

high on the road. The minimum passing sight distanced for various design speeds

Q ) for level or nearly level grades are listed in Table No.




Sxopratie storx pisxibe

S ToPPIue  SledT— pistAvces _
The minimum stopping sight distance is the distance required by the

driver of a vehicle, traveling at a given speed, to bring his vehicle
to a sfop after an object on the road becomes visible., Stopping sight
distance is measured from the driver's eyes, which are assumed to be

3.75 feet above the pavement surfdce, to an object 0.5 foot high on the

4]
fg,y

road. For minimum stopping sight distance see Table

A ) W n/crfcwcc‘j /c‘m rady <

s shoedd be Ut,/fed Fo e oo o 51 { v

DA Hir ddooiimike v vprgoade., “5ee " Fol ; Aeor. Des Led,
e rore £ IRV B g 7 Hogh s~ P Yo ertoes Ao bo g

SPOPRING S(IGH‘I’ _DISTANCE AN HORZZO

\S'foﬂ:v'lr\cr S‘sc{h“i Vistance, A Ha‘iiﬂﬂ"o uf‘lsz \

- ,rﬁ_,"\;,.

ot

A el

e B

An element of horizontel alignment is the sight|di$tonée across the
inside of curves. Where there are sight cbstrfictions.-walls, bridge piers,
cut slopes, bridge railing, buildings, guide rail under certain conditions,
etc.--on the inside of curves, a designfo provide adequate sight distance

N .
may require adjustment in the normgl highway cross section or chunge in
alignment if the obstruction caqnnot\be réMoved. Because of the many
variables in alignment and cr@ssgsectiéns, and in number, type, and
location of possible obsfructionspsfspecific study usually is necessary for
each condition. Using)pdesign sbeed and selécted minimum stopping sight
distance as coftrdls, the lmctial condition should be checked, and nscessary
adjustments nadegin theélimanner most fitting to provide adequate sight |

distance.

For general use in design of a horizontal curve, the sight 1lin=z is q
chord of the curve and the applicable stopping sight distance is measured
along the center line of the inside lane around the curve. Figure

is a design chart showing the required middle ordinates for clear sight

areas to satisfy minimum stopping sight distance requirements fcr curves of
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STOPPING STGHT DISTANCE ON HORIZONTAL CURVES - con't

. various degrees, L _

Horizontal sight restrictions may occur where there is a 'cut slope:.

on the inside of the curve. For the stopping sight distance height criteria
2, 70 ] '
of 3.75- foot height of eye and ‘6-inch height of object, & height of_%;O

feet can be used to approximate that at the midpoint of the sigh&‘&#gs
where the cut slope usually obstructs sight. This assunes that fhé#é-

is little or no vertical curvature.

AN
STOFPTNG SECHTHTSPANCEAT pRESTApRTTeal oupfe

S%Pmm ‘E‘J_f,‘ D.'ru-fo/v\c(; ot Crest Uef‘"tfo-m' Curve. "
Figures give the length of vertical cupve required.ﬁﬁ_obtqin

stopping sight distance for a given|desdgn_speed when the uigeh:qici

\\\difference in grades is known. ~

X\( {7 Sdpigine 9l ;',L% Ohstonn L ot \)bg. L/Ef'h C—i o JT_
£ T “STOPBLN

Qw £ m@g@ DESTANCE AMAWER%AJBQM'
o &
rd g

% From the curves in'Figures ., the length of vefticql.curve_
//// which provides headlight/sight distance in grade sags for a given
design speed is obtained if the algebraic difference in grade rxates is

"knowmi. Thils is the sight distance used at underpassés where the

highway profile dips under thé_crossing facility.



SIGHT DISTANCE AT INTERSECTIONS

Stop Controlled Intersections

Intersection designs should provide sufficient sight distances
to avoid potential conflicts between vehicles turning onto or
crossing a highway from a stopped position and a vehicle on the
through highway operating at the design speed.

For minimum sight distances and further discussions on inter-
section sight distance design, see the AASHTO publication,) A Policy on
N

Geometric Design of Rural Highways.

Signal Controlled Intersections

Desirably, the sight distances required for)intersections with

N\

STOP control should be used at signdlize@d intersections.- As a

minimum, signalized intersectiops should have sufficient stopping

sight distances for the design speeds dnvolved.
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DESIRABLE STOPPING SIGHT DISTANCE
ON HORIZONTAL CURVES
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DESIRABLE™STOPPING SIGHT DISTANCE ON HORIZONTAL CURVES




HORIZONTAL ALIGNMENT
3 '

e 00 e s : :

In ord;r.to attain a safe and smooth flowing highway, hofizontql
aligﬁment should be as directional as possible, but sﬂould Bg.ﬂanﬁistenf
with the topography. Oﬁ freéways in metropolitan areas, alferndfe studies
often indicate that right-of-way considerations influence alignment'moﬁé
than any other factor. - Topography controls both curve radius qnd-design
speéd to a large extent. The design speed, in turn, controls,sight. |
distance but sight diétance must be ceonsidered concurrently with'tppe-
graphy because it often demands a larger rﬁdius than the design sﬁ#éd.
All these factors must be balanced to produce an alignment that i#
safest, most economical, in harmony with the satural contour of,thg:¥5p§

and at the same time adequate for the design glassificatdon Qf.tﬁg:‘

highway. . '
’ . Y o




 MINIMUM RADIUS

- The following table gives the minimum radius of curvature for

- specific design speeds. This table is based solely on speed and does

not reflect requirements for sight distance.

Design Speed (MPH) - ' Minimum Radius

30 3007 27

40 - 550" 50D

50 : 850”7 P

60 : 1,150~ {350
- 70 ' L depd50— 1EEO rANC A
\5Qfk/“»/\J/\“AF/\’f\**"“Q?QOQD’}@:?mgﬁqk?‘;ﬂx,—s

The above values are based on ¢ maximum sﬁperelegstion rate of .

.06, Every effort should be made to exceed ‘these nminimgm values..
Minimun radius should be used only when thefcost of“realizing a
higher standard is inconsistent with thé benefitss

The recommended minimum radii for freeways is 3000 feet.
' ~

. ~ MINIMUM LENGTH OF CURVE

For small deflection dngle§ ‘eurves should be sufficiently long to
avold the appearance ofga.kink. /Curves should be at least 500 feet
long for a central dngle of five degrees, and the minimum length

should be increased 200 feet for each l-degree decrease in the

central angle.




" REVERSE CURVES

. The use of reverse curves in alignment on main traffic lanes,
without an intervening tangent, should be avoided. Where severe
physical restrictions require a reversal in alignment, an intervening

tangent of sufficient length to provide adequate superelevation runoff

between the curves should be used.

TANGENT DISTANCE BETWEEN CURVES/REVERSE CURVES

- Des. | gma ) e Zﬁes.
a. Minimum Desi%ugiifzaﬁaént - 1,000 feet _reed{lTangen’ { Forgesd.
T ' R Goo
b. Minimum Tangerit + 800 feet &a ! Gowo SBoo
e </ . Boo 4 C:Do(:&

SAME DIRECTION CURVES

DR . prn e,

a. Minimum Dés:i.rab\l\e Tanigent - 2,500 fee{-' Speed T g ,

PR g ' (= o0
b. Minimum Tangept” --\\1,500 feet o S soo
' ! ~ 70 | 2roo
. NOTE - The minimum tangent distanée for same direction curves should be

exceeded when both curyeslare visible for some distance chead.

I DRANSITION-CURVES ™
MAIN “RQADWAY . v
"\.\‘!‘k‘ )
Radius In Fat e Desirable Minimum Length of Transition
\\ et -
1000 to 16Q0,_ " A 350"
. VO
1600 to 1800 \\y{//// 300"
s
1800 to 2200 S B | 250!
2200 to 3000 . e 200"
3000 to 3500 | 200" '
e S
3500 6 4500 - 200!
over 4500 . ' No Ifransition needed

See Fiqures




SUPERELEVATION

General
When a vehicle travels on a circular curve, it is forced radically
outward by centrifugal force. This effect becomes more pronounced as
the radius of the curve is shortened. This is counter-balanced by
providing roadway superelevation and by the side friction between the
vehicle tires and the surfacing. Safe travel and different)travel speeds
depend upon the radius of curvature, the side friction, ([@nd theyrate of
superelevation. N

The maximum rates of superelevation used by _the Department are 0.06 for all

expressways and other major rural highways, and 4% onllocal rural streets

N
and otker urban highways.
Tables give the Mesignival@lies for each rate of
. superelevation to be used for various desigf speeds and radii.

Superelevation Transition

To meet the requirements df comfort and safety, the superelevation transition
should be affected unifermly ower a length adequate for the design speeds.

Tables illustrates the desired transition curves and the

method of ddstributing superelevation.
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67" A/]as;»MutM_ Rq.‘}t.

SUPERELEVATION (PERCENT) FOR DESIGN SPEEDS OF

RADIUS (f£t) 30 MPH 40 MPH 50 MPH 60 MPH 70 MPH
300 5.9
400 5.6
500 5.1 -
600 - 4,7 5.9
700 4.4 5.7
800 4,1 5.4
900 3.9 5.1 . 6.0 .
1,000 3.7 4.9 5.9 AN
1,200 3.3 4.5 5.5
1,400 2.9 - 4.1 5.2 6.0
1,600 2.7 3.8 4,9 5¢8
i 1,800 2.4 3.6 4.6 . 5.5
2,000 2.2 3.3 4u3 5.3 5.9
2,500 1.8 2.8 3.8 " 4.7 5.6
3,000 1.6 - 2.4 344 4,73 5.1
3,500 1.5 2.1 3.0 3.9 4.7 !
4,000 1,5 1.9 257 3.5 4.3
i 4,500 1.7 2.5 3.2 3,9 T
. 5,000, 1.6 2.2 3.0 3.6
. 5,000 1.5 1.9, 2.6 3.1
7,000 S 1.7 2.3 2.8
8,000 . 1.5 2.0 2.5 1
9,000 1.5 1.8 2.2 B
10,000 . 1.5 1.6 2.C
12,000 1,5 1.7
14,000 } 1.5 1.5
16,000 1.5
18,000 1.5

pe i

NO SUPERELEVATION 'REQUIRED WHEN RADIUS (FEET) IS GREATER THAN

30 MPH 40 MPH 50 MPH 60 MPH 70 MPH
4,250 7,160 10,810 14,690 19,100
/Z:J‘f'}‘r, A "‘! e # s ES5er ‘/r” B }\’/:v er? :'\“})(/*c! 5 ( :'zf‘e? "f f ,!.:5‘ (5}-/‘21"..-‘7 ?(f'f‘ ‘/g <rA)
' ' - y T
BorsPH A NI PH Sean 2B Go MPH | 7osrit
- T=l-2 S oo A=Y &, oo ) Sooo
oo oo f2-0 7 Fos
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SUPERELEVATION (PERCENT) FOR DESIGN SPEEDS OF
RADIUS (£t) 30 MPH 40 MPH 50 MPH €0 MDH
300 4.0
e 400 3.5 .
500 3.2 -
600 2.9 3.9~
700 2.6 7.6
800 2.4 n.4
900 2.3 3.2 40
1,C00 5.A 3.5 3.9
1,200 2.4 2.8 3.4
1,40C 1.3 _— 2.6 za L. 4.0
1,600 1.7 - 2.4 %0 2.9
1,800 Lin 2.%. 29 3.5
Z,000 LG 2.1 2.7 2.3
2,500 15 19 N =3 3.0
3.000 I 2.2 2.7
N . & 2. 26
4,000 ' 1.9 Z25
2,500 N 23
™y 5,000, 12 2.2
E 5000 : L5 . 2.0
' 7,600 y ’ 1.7
8,000 LS
9,000
10,000
12,000
14,000 1
16,000 |
18,000 i
3 7°




"TRANSITION CURVES

Tan_gt‘.n*' P‘E P»C.C._,

superclevation | ‘°\P_gc
Runout R, R 2

< 2 .
. . 2 . Ny .3

N\
For Desngn Speed.s 30 dhey 70 Mp\q
I, Dederemre € radit tronsfion & needed™ for rechus R

us'ms chart “Teantition Net Csfentintbiohen Radivs (R) 78

grecder than' £

2, I¥ requred | use standord) Transition CQurves

3. At PCC 3 holdgmaximum € {or vradus R

4. Us'mg sapcrcicua‘hén chart, defermine superefeva‘f;on
1s  needed for R

§ IF supecelewdion s needed for R, . use ¥3 moximum
superefcuo'ﬁun {fer OR, at FC,

w0 steibute Qupcrele\roﬂtlbn eucn/y between FPCL. 3
ond Rl |

~7. Disteibule supecelewstion ot the some rede Qs

Step &  on ’f'amacn‘i' up ‘fo normal  seation

On 5ft5+1m f-?am(mvs o L:)Ber’c. l?odn Tmnsf‘fmns Chn Not_be PmuaJecl
Dc‘{c\mmc P QY L AL Supere\c-fo.'('tow nee({ed '(3( racftus (2)

2 Use &3 maumum supere(wo{{'im at PC and T of

cufruvue ,
3. Dls‘l'r:bufe Superc(cv/afton a‘f‘ o] quwum m+e o‘\( Z‘Vsec

1 © AC St >Oe ,



'TRANSITION ~ CURVES

J.‘.JQI_E.... 7o Locate Jransifron  RC; _ _
s (1) Find X end ) “dor desirea’ Footvs
(2) Add Radius R . ro Y distance

(3) Find T for (R+Y) _
(4) Add T fo X’ or oisfonce Ac ro. /’.Z'

¥y i ond V'~ decregse by ‘the amount of
the  comstant per foo? of trkreese In
Radivs R. ' -

1000 TO 1600" RADIUS

_ L , Sose'r8'00"
lsrere | o772 | 149,57/ ! \ | o

] .
A

2C, - . .r' ] - - .E‘
~ os00 S735° s 7.2 ™
e : ' ' |
R Q 38
DN 9z Q
| &N S g
- s 9 Yoo
: Qui 3 wo, Q },' "
‘X"2239 76/ ' _ T Ton L RAF)

i - .
- o COANSTAI TSN X — ./09778/6
: Y — .00604388

|soo‘ TO 1800' RADIUS -

9.99c _am79.985 .. 119.768 | S a:4"50387"
' - ’ . £z

I"""S‘ 968

Ao--2./00

fove  pe st A ee  mm—

s
owd

e

1 -¥85

IR ,

| 9 l & NN |

! Xelbs6i5_ +. r=79n (R+Y)

| | COMSTANTS :  ¥iw. 08444452
‘ Y. .00357/82 _

'l
TREVTON FiEul OFFICES
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- D = E I e e T
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" TRANSITION  CURVES %

. NOTE : 70 Locate 7?'0.*75.”;‘;23/7_ PC ; | -
: /1) Finog “XTong ¥ for d:s’.s',‘/reo’ Lot .8

z) Ads Radius BT ro Y oistarnce

(33 Find ‘T" for (R+Y)

(2 Aodad T to X7 for avstance ~PC to L

| R X ond Y decrerse .5_,-/ rhe amount _or"
the constant oer roo? of lncregse /7
Rty ss K™ :

[ 1800' TO 2200. RADIUS 4

. H329342"

L 29 995 | 49 993 | 79.938 |
T . | ' | P
e O.500--
o'
~ o h
] N
©& g
OIS
® 38
y ¥ 27
Y q
- i ' . i
X /40.234 7=Ton 2rtY} ot
} . - I
COASTANTS X —. 06092369
Yy = 00185753
2200 TO 327000' RADIUS ,
' ‘ ' Faz2"00732"
, g 99935 : 99. 272 _E :
. ; . LS -, o r
i
!
! H
(° !
' #
1 + - I
: - Xz/22984 . Tz Joni @e)r) !
® - | |
i L | COMNSTANTS : ‘X, 03493253
i) ; : ri 0096242

.‘/

‘ S oo -  PREMTON FIELD OFFICE
A e SEFT /763

ey




TRANSITION CURVES 3

(. NOTE: 7a Locire Tronsi?orn  RC-; *
/1) Find ‘x aend ¥ $or oesired Rodivs

(2) Add Radivs #  fo Y Sistance

(3) Fing T~ ror (KE+r/

(2) Aoo T"to X for oistince PC. fo FPJ

J ¥ X" ansy Y ozoreise by the  emovn? o

the constan? per ool of  racregss /1
Retvs K

- 3000' TO 3500 RADIUS T
; I P a:/39 324

~r.

=

2

-

C RTIZLID
oB0ar’

L

' - q
g

X=113./27 Tz Ton (RAF)

CONSTARITS o, H—~. 02895097 -
| : - 0004219/ 7

%50c' TO 4500’ RADIUS
' T ' S az776'373"

ral L ~r.

‘X=121982 : 7= ren (RrY)

COMSTARI TS . X~ 0222850
. Y 00024837

oy _

| A Bt ’ FREMNTON FIELD OFFICE SEPE




TRANSITION CURVES

NOTE: 7o Locate Transition EC. v

7Y Fad Yx angd VY fer oecired) Faxius”
2) Add  Podius RT to Y distance

(20 Eind T fer (K4 ¥D

(4) Add 'T" o X" SYor dstence PC. to FZ

[l Wy et
o and V" ofcresse by the emoun? of
e cons Fant F="la ool oFf Increase i
Radiis R

[ 4500° TO_ 6000 RADIUS

s =/ 65097

| /19,995 e 72.9€¢ o]
PC. J ' | N\ ARI
':w_________r - 5, 537 ] ]
Y 0.5437 - N ) \
QQ\ 0 \
N 9 o
SRS 7o~
e S
o~ ,
<’;. N N o
. P ERIT T L 7> 7on (RAY)
Cors TEMESE X'
L‘yt.’np
60CC' TC enco’ EADILS
Za=0%g 172"
pe b a2
YEo 11y ' ~~
L o A S e
Q
Q
v
.
&
“XZ 98rez Ny 7"z Tan (RYY) .
COMNSTAN TS Yy

ir
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~ VERTICAL ALIGNMENT (Main Roadway)

Genéfcl.COntféls;-

o= ?he:grade lin¢]is qVréferencé,line by whiéhrthé pavemenf elevatiOn

and the éievqfions of othér feﬁturéé.along.the highway are established.

It is controlled by to?ography, horizontal alignment, safety, sight distance,
conétfuction éosté, cultural development, drainage, aesthétics and the
-staﬁdards_fér the particulur type of highway involved. The operating

characteristics of trucks must also be considered.

Minimum Grades . N\

A nminimum grade of 0.5 percent should be prowvided o facilitate surface
i 3 . : - V - - t‘”,
erinﬂge . H }Lﬁ"‘uﬁ{:‘""ﬁt B T T T ?‘ W\Q’(‘ - LX -
AN

Maximum Grades

: N\
Maximum grade in itself is notga complete design control., It is

necessary also to consider the lemgth of @ particular grade in relation to

desirable vehicle operation,

Maximum Desirable Grade = 5,0%
) . _ . !
Maximum Grade = 6.0% '}rfﬁyf-'ft Qo B
, Lo gt 4 eSS ¢
Recgimended Maximum Grade = 3.0% 2,37 o €7

,r?mﬁr

Vertical Curves

Vertical curves should be simple in application and should result in a
design which is safe, cdmfoftuble in operqtion,.pleasing in appearance and
adequate for drainage. The major control for safé operation on crest vertical
curves is the provision for adequate éight.distance for the design speed.
Minimum stopping sight distance or greater value should be provided in all
cases. Considerations of comfort require that vehicular rate of change of
grade he kept within tolerable limitsf This is most important in sag

vertical curves where gravititional and vertical centrifugal forces act

in the same direction.




Wt
paiwie

' corugth |
nTy

@

&

23 sy
il
o)
ey

Head!ight

When S > L

Vihen S<L - T
L,zsﬂ[‘mo:s.ss]

400+358%

Yhere :

L=leagth - of sag verticol curyg in- foet
o ) A= Algebraic diffarance of grodes in puccnl

.- AvE ’ . - S= 5ight distance w feel
: Comfort L = 46 % ] . V=Design speed

in MPH for '5' .

K= Lengfh of verncal curve per unit of u!gebrmc diffecence INrodJ-
. L=KA

i CREST

so : Whaa s, > i han S < L
* Note: Height of eye= 3—-?5 feet 31 : -
y « 0. os J[1398 * | L. A%t
. ) . Height of object =0.5 feet A 1398
.. - Whera:
- -— . : L=Length of crest verliczl curve in fza
H [ . A= Algebmic diterzace of gradas in perc-:-.n’r
e : . N\ 4 - 35=3Sight dmtance in fest
. . . Y N T V= Design speed in M.PH. for "g*

-
-

*¥ - For derivation refer to (AASHTO) A Policy on Geometric Design of

_ Rural Highways (1965)
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" Properties of Vertical Curves

- The simplé parcbola is the accepted curve for use in highway profile

design. Figure

computing a vertical curve.

V&RTIC#L URVE FORMULAE

ARV,

F'c.)rmu.lu ﬁ}r K
YOS [
& i{pvm ‘- [P\.CEIev+P\ T\EIWH,

2__ vl

Propor’uomng K A 4 L Sk

(E‘z 'x K : Correctiofito be apphied 46 any -

distance fram BYCorEVT 1o PV. .

Formula for Constant C

(‘?,)2;) The Algebraic diffefenice of Grades

21 Aper ftdivided by 2times Lengfh
-Apphcaiton offConsiant 'C’
: RC Corregtion applied to any d;s?ance
from PVCorPVT to PV.I

_L___. Distonce in feet from PV.C.fo l-hgh(or
L XX Low) Pom‘ on Curve.

tXAw‘PLL. - . _‘\rn;rm roar\rc uﬁ'f ﬁ—'!'f
9 . .
Gsng T, R -r K.’iSO L=400°
(U= tx S 3> \3\?\”'&_!.5525
SN RPN S .
) el Y PR P S N
e RS Wix HIE NS . kg
I =R o (R Y e
S hmE g & ey oy -
1P rmly we Wy ¥ e
R = T L S/ My
ol &8 B8 flo 4G b
& 50 9 50 10 +50 . .+ 12.

' EievPVC ElevPV.I~(5 *55)=58.25- (2001011) £0.2%
ElevPVT~ElevPVI-(5x%) = 58.25-(200x03}=52.25 .
CFind K: 0= 8 [4-63)4 = 3.50
Find Correction for 50 @*K-zoﬂol X250 = 0,219
Curve Elev=TanGrade Corr. .. Grade 8+50=52.25<219=5203

gives the necessary mathematical relations for
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ALGEBRAIC DIFFERENCE IN GRADES~PERCENT
ALGEBRAIC DIFFERENCE !N GRADES-PERCENT

A

A

o _ 200 400 600 800 1000 1200 © 1400 1600 / 1800
L= MINIMUM LENGTH OF VERTICALACURVE=FEET

" 'DESIGN CONTROLS FOR CRESTMERTICAL "CURVES
- ' 'STOPPING SIGHT PISTANG _

FIGURE

; ~

o

q

In

ra

)

ALGEZBRAIC DIFFERENCE N GRADES~PERCENT o _

A s ALGEBRAIC DIFFERENCE IN GRADES-PE-RGEN‘T
o

& // 12)
q 4
2 : 2
n
(4] o <
— © 0 200 . 400 600 800 1000 1200 1400 1600 1800
. , L= MINIMUM LENGTH OF VERTICAL CURVE-FEET

DESIGN CONTROLS FOR SAG VERTICAL CURVES
FIGURE
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5.05.0 CLIMBING LANE Hues

5.05 * ko vmc\m& wt fhe be?.nnwg o‘f a 5us"lomccl Fof:tge

A climbing 1ane i5 an awbwe lane imthe-upgrade dimeedban for the diversiom 7 :

of slow traffic. Generally, climbing lanes wlll be provided when the require- :

ments of two warrants, speed reduction and design caepacity are satisfied. The ;

requirements of one or the other of these warrants could be waived if, for i

example, slower moving truck traffic was the major contributing factor causing
a high accident rate and could be corrected by addition of a glimbhing lane.

RS e Rt Sriies

A. Speed Reduction - The beginning warrant for a truck climbing)lane shall
‘ be that point where truck opera‘ting speed 15 reduced 10 MPH F:Lgure

ant gt e e ey i | 7YY

g'f ed fo loc‘f,t th:Ls 1nt
néel ‘Eﬁe peint- Ef‘--"b gl . i
abari‘f taper. of‘ 150r shall be used. ( seeFrgu;a—é—-@} howmret 150 paio Aoy b
L7 8
B. Reduction in Capacity - The capaclty warrant for a glimbing lane is met

when the traffic volume is 120% and 130%g0f t{xe design capacity for twe

lane and multilane highways respectivelyy. The gap@icity, level of service

and truck equivalent factors shall be,thosé inffthe Highway Cepacity

Manual. ’ Q

The point'.of ending of a cllmh/ng ldnme ghall be determined from Figure deiekmded
. ~ofthe-Pural Palicy using (3 MPH 1€8s than,tlie normal truck ogeréumg speed,

r"he ending taper beyond this pointlshall be the Plghray speed times
% travel lane width . Desiratlelsiopping sight distance
shalSs ve available at the point of endlof reed (M oo sirh bl
. rehl o

ok ﬂ'qnt\! wid le awn.f.,‘!"f - B "‘M‘ ™ : s-h,‘pprk}
ﬁ gpeed prof e should A& prepared for the area of a climbing larfe. The
profile should start &t the bottom of the first long downgrade prior to the
upgrade being considered for.afelimbing lane, speeds through verticel curves

can be approximetéd by uging 100' cords. gon?
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Figure ITI-3l.-—Critical lengths of grade for design, assumed typical heavy
truck of 300 ib/hp, intial speed 55 mph.
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Figure 1II-27A.--Speed-distance curves for a typical heavy truck of 300 1lb/hp
' for deceleration on ascending upgrades (34).
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Figure 111.. 278.~—Speed-distance curves for a typmal heavy truck of 300 lb/hp
_ for acceleration on descending and ascending grades (34).
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Most h]ghwavs intersect at grade. M
y To
minimize the resulting conflicts and to prov:de ade-

quately for the antieipated crossing and turning
movements, the geometric design of tbe intersection at

grade must be given careful conmdefr’atxou emact -}5 entey T A7 rodd il is G
s the 18 yarving degrees, four A PR DY Y IF S ;
¥ By E S eharaster of an intersection. These Mﬂb ard il po rytcbn/ipdylmpnt grograes spuy-

are traffic, physical, economic and human. Although
intersections have many common factors, they are not
subject to class treatment, and they must be looked
upon as individual problems.

Traffic factors to be considered include: possible
and practica] capacities, turning movements, size and
operating characteristics of vehicles, control of move-
ments at points of intersection, vehicle speeds, pedes-
trian movements, transit operations and accident ex-
perience.

Physical factors vrhlch control intersection design
and the application of channelization are topography,
improvements and physical requirements for highway
and channelization features.

Economice factors, which are important. and often
controlling, include the cost of the improvement and
the economic effect on abutting businesses where chan-
nelization restricts or prohibits- certain vehicular
. movements within the intersectional area.

Human factors such as driving habits, abiléty of
drivers to make decisions, effect of surprisegdecision

; (M warrantthedexpansion of infersec-
1 STk bR reroe.

24

INTERSECTIONS AT GRADE (il
infersechonm—Fypeo-ii=io}) .

and reaction times, and natural paths of mov ement
must be considered.

An intersection may be extremely simple or highly
developed, depending an the proper evalvation of the

foregoing factors.
g . . ehePpris ey 3 *on

stand-

it dZY i terbattighs” T afpifes §#6 bdth £-14 "_;f
o teptlitifse” Te/ik Adbquayd Aor ok fygflime
mévefients? (Sge Figlre §406.1)
nel) Todersechions
Channelized intersections are provided where traffic
volumes, complexity of moxements or other conmdera-
tions jon’’

tion designhbevond the mimimum

Channelization applies to/2-lane and multilane high-
wavs; butfreaches itsphighest degree of development
and is more generally used - under multilane-divided

condmoss :

MMOMM-
Wﬂmm

Tor Basic information. the AASHO publications
entitled, A Policy on Geometric Design of Bural
Hn,ghways and A Policy on Arterial Highwoys in
Urban Areas, should be consulted.

In the redeswn of an ex1st1ng iniersection, stand-
ards sometimes/must beOmipromised due to the high
cost of existing 'devélopmeut or to the necessity of
meeting rigid phvsieal contrels. In the design of a
new intersection, howevergd such controls frequently
can be avoided by a4 hift in line or grade of one or
both of the interseeting highways.

Typréanl ﬁW’e:.hm_ Pesigns

—— fhru-

Fugpantr
Yreatrnerts
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%Mﬁg uSGJ. o ﬂf\t guﬁ ‘h"uqa # sy_;‘)lfM_
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detgrmiyf thg

whieh thf ini
expansig
thf volyme ffr the fesign pear)
The fype of trglig conyrol, if ¥y, to be Ingtalled
st Ye degbrmindd nadfance of Integseftion ddsign,
sthee ft frfquently affedg channelizatiof. If signals
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ISLANDS
General

An island is a defined area between traffic lanes for confrol
of vehicle movements or for pedestrian refuge.

Islands generally are either tridngular or elongated in shape, the
dimension‘depending upon the particular intersection layout. Triangular
corner islands are normally used to separate right turning traffic
from through traffic. Elongated or divisional islands are often
introduced at intersecfions on undivided highways t0 separate
opposing traffic and to regulate traffic at thefintersection,
particularly to provide storage for, and controlfof, left turning
vehicles.

See figures and forx diméhsional controls for tri-

angular and elongated islands.
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INTERCHANGES

General
A traffic interchange is a combination of ramps and grade separations
at the junction of two or more highways for the purpose of reducing or

eliminating traffic conflicts, thereby improving traffic safety and capacity.

Interchange types are characterized by the basic shapes of ramps:
namely; diamond, loop, directional or variations of these types. Many

interchange designs are combinations of these basic types. Schematic

N\

interchange patterns are illustrated in Figure .

The minimum spacing of interchanges for p¥oper signing on the main road
should be at least one mile between urban g&rossreads/and three miles along
rural sections. Too closely spaced ingerchdnges| interfer with free traffic

. .. 8 N\ . o
flow and safety, even with the additiong®f extra lanes, because of insufficient

£ = N W . & N i 3 R [x}
distance for weaving maneuvers. Sn.vg s dacly besgn stage dhe Bureow {

Tt é.‘:ﬂryiﬂwqur.”r shouldd  be &roobedh +c  assure  that proger ggqmius of fhe

- Ramp Capacity i trehe g e pass ki,

There are three elements)ofpafranp which affect the operating
characteristics and €dapacity of the total ramp facility. These are the

(a) exit termimald) (b) ramp proper, (c) entrance terminal.

The capacdity of a ramp is generally controlled by one of its terminals,
Where speeds are significantly affected by curvature, grades, and truck
operations, the ramp proper may determine the capacity. Deficiencies at
either the entrance terminal or the exit terminal can be overcome in
design by the introduction of an aquxilary lane beyond the entrance or in

advance of the exit. Deficiencies in the ramp proper can be accounted for

by providing an additional lane throughout the length of the ramp.




Table gives values for capacity of the ramp proper under various
conditions of curvature, grades and _ % truck.
Weaving
"Weaving'' is created by vehicles entering and leaving the highway
at common points, resulting in vehicle paths crossing each other., Weaving

normally occurs within an interchange or between closely spaced interchanges.

Desirably on cloverleaf interchanges the distance bgsween Ioop ramp
terminals should not exceed 800-1000 ft., Where the| wedving volumes require

separations greater than the desirable, consid@ration shéuld be given to

providing a collector distributor road. N
Table is a guide for the required\}engths of weaving for the
. level of service noted. The '"Highway Capacdty Manual'' should be consulted for

further information on weaving.

Ramp Widths

Table __ illustrates the desired ramp widths for various ramp
curvatures. Single lane ramp’widths will be based on Case II for the
ramp properdand Case I at the entrance terminal. Case III should be used in
determining,ramp widths on two lane ramps. See Chapter , Pigure
for typical singlefand two lane ramp sections.

Ramp Terminals

The ramp terminal is the portion of the ramp adjacent to the through
lanes and includes the speed change lanes, tapers, gore areas, and merging ends.
Figures through illustrate the various ramp terminal treatments.

/" Ranp Design Speeds

. Ramp design speeds should not be less than 25 mph. On cloverleaf

interchanges the outer connection should desirably be designed for 35 mph.

Where right-of-way or physical restrictions are not conducive to a




35 mph design speed, a minimum design speed of 25 mph may be used.

Minimum ramp design speeds for various ramp configurations are as
follows: Loop ramps, 25 mph; semidirect, 30 mph; and direct comnections
40 mph.

Ramp Grades

Ramp grades should be as flat as feasible to minimize driving effort

required in maneuvering from one road to another., The following guidelines

N

should be used in designing ramp profiles:
1. Ramp gradients should be limited to a maximum upgrade of

7% (desirable maximum of 5%) and 5% on downgrades.

N

2. Minimum ramp grades should notgbe,dess than 0,.5%.
N

<+ 3, When the ramp is to be used by predominant truck traffic (many

heavy trucks), upgrades should be limited to 4%.

#
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FIGURE~
] DATE:8/79

|

ARRANGEMENTS FOR SUCCESSIVE RAMP TERMINALS
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SUCCESSIVE EXIT TERMINALS ENTRANCE FERMINALS

i, R 1778
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EXIT TERMINAL ENTRANCE TERMINAL
FOLLOWED BY , FOLLOWED BY

'ENTRANCE TERMINAL / EXIT TERMINAL - o

!L_ as in table_bu,not Jess than length required for ‘accel. or decsl, ianes.

“‘L' as.in _tdble but not less than length required for weaving.

 DISTANCE BETWEEN SUCCESSIVE RAMP TERMINALS

Design speed,mph |300rless | 401050 | 601070 80
Av.running speed,mph| 23t0 28 | 36 to44 | B2 1058 54

Distance L-Feet
_ Minimum 200 | 400 800 900
‘ Desirable 400 700 | 900 1200

Adapled From "A. Policy orn Geomelric Desiyn of Rural HWihways® AASHTO 1965
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Form AD-40
New Jeraey Depariment of Transportition

MEMORANDUM
@ __ossievwurs erou Mr. Frank S. Parker
. — Chief Engineer
‘ - Design _
SUBJECT — Guide Rail Design . oate ._October 13, 1976 .

Enclosed are guidelines to be used for the design
of guide rail. These guidelines should bé used
on all future projects.

\% L/ f/o/é g

Frank S. Parker
Chief Engineer, Design

A

Attachments

. FSP:CT:icn
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GUIDELINES
FOR
GUIDE RAIL DESIGN

I. INTRODUCTION

This is not intended to be a statement of policy_on guide rail
design but rather is intended to serve as guidelines which will assist
the designer in determining conditions which warrant the installation
of guide rail as well as the dimensional characteristics of the
installations.

It cannot be overemphasized that guidesTail ‘should be installed
discriminately. Every effort should be mgde to eliminate the
obstruction which warrants the guide rail, \Guide rail should be installed
only when it is not feasible to elimipnate ?he warranting obstrucrtign,

The recommendations presentedihérein have been kept general
where possible so that the designer has\theé flexibility needed to
. deal with the many different sitelgonditions that will be encountered,
Therefore, it is important that application of these guidelines be
made in conjunction with engineering judgement and a thor-ugh evalua-
tion of site conditions go that a proper solution is arrived at.

In some cases, another type of traffic barrier, might be a
better choice than guide iraily’ For example, obstructions in the
median, such as bfidge piers, can often be effectively shielded
with a crash cufhion.. The designer should consider such alternatives
and choose the most, suit@ble solution based on safety requirements,
economiciliritations) maintenance, and gesthetic considerations,




II.

GUIDE RAIL WARRANTS

A,

How Warrants are Determined

The nature of the obstruction and its distance from the edge
of the trdveled way are the basic factors to be considered in
determining if an obstrucrion warrants guide raily

Although a wide range of roadside obstructions aregcovered below,
special cases will probably aqrise for which therelis no &lear
choice as to whether or not guide rail is warranted. Such cases
should be evaluated on an individual basis, dnd, 3m)the final
analysis must usually be resclved by dngineering judgement.

Definition of Obstruction

An obstruction is defined as any fixed object Or nontraversable
hazard. —_— N

1. Zxamples of fixed objectsfwhich may warrant guide rail are:
sign, traffic signal and luminaire supports of non-breakaway
design; bridge piers @and gbutmants; ends of bridge parapets;
retaining walls; culwerts; conerete pedestals extending more
than 6 inches above,the ground; trees, § inches or more in °
digmetar, or likely to grow to 6 inches or more in diameter;
wood poles or pastsiwith a cross-sectional area greater than
50 square inches, except utility poles (See paragraph III.B.7
for requirements) regarding utility poles).

2. Nontraversable Hazards

Exafiples of mnontraversadle hazards which may warrant guide
rail“@re: /rough rock cuts; streams or permanent bodies of
watér more than 2 feet in depth; vertical drop-ocffs of more
than 2| feet; ditches with a nontraversable cross section;
and embankment (£fill) slopes as designated below.

Embankment Slopes Maximum Height Without
- Guide Rqil
11/2:1 3'-0
2:1 ' 6120
2 1/2:1 N 91.0
3:1 and flatter gquide rail not required

¢

L
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Slopes in cut sections do not require guide rail unless there
is a warranting obstruction on the slope, in which case the
following applies:

a. Guide rail should be installed if the warranting obstruct-
ion is on a slope flatter than 0.7:1 and is within the
clear distance specified in paragraph II.C.

b. Guide rail should be installed if the warranting cbstruct-
ion is on slope of 0.7:1 or steeper and is legs than
6 feet (measured along the slope) from the toe of slope
and is within the clear distance spegified,in paragrapn
II.C.

ec. Guide raqil is not required if the warranting cbstruction
is on a slope of 0.7:1 or steeper and is 6 feet or nore
(measured along the slope) froe‘the toe of slope.

Definition of Clear Distance

Clear Distancé is defined as fhe mindmum’lateral distance from the

‘edge of the traveled way neededsBy driver of an errant vehicle to

either regain control andgbegin a refurn to the roadway or to slow
the vehicle to a safe speed.

Clear Distance varied with the)operating speed and roadside slope.

Figure 1l shows fthe clear distance required for operating speeds
of 60, 50, and<{40 MPH. .

Operating Speed)is the highest speed at which reasenably prudent
driversyc@n be expected to drive on a section of highway under low
traffic densities dand good weather conditions. This speed may be
higher orfllowexfthan posted or legiglated speed limits or nominal
design speeds where alignment, surface, roadside development, or
other features affect vehicle operation.

wWhen unable to determine the cperating speed, it may be considered
tc be 5 MFH more than the spead limit but in no case less than
40 MPH. )
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DIMENSIONAL CHARACTERISTICS

A.

The length of ""approach''guide rail should be determined in
accordance with Figure 1.

1., On a two-way, undivided roadway or on a divided roadway with
a traversable median, an ''approach'!' treatmentgmay be
required for both directions of traffic (see Figure 2).

Placement Details

1, See Figures 2 thru 1O, AN

2., End Treatments

a. Beam Guide Rail Anchorage

In cut sections the ends of guiﬁe rail installations
should be anchored with a| Beam Guide Rail Anchorage and
buried in the slope asfshown in Figure 9.

N .
On a divided roadwdy with a nontraversable medien, trailing
ends of guide rail installations should be anchored with .
! . e
a Beam Guide Radd Anchorage. o

In gpecial cases| where the end of a guide rail installation
is locatedpsc fhat an end hit is unlikely, the end should
be anchored withid Beam Guide Rail Anchorage.

b. Breckaway\Cable Terminal (BCT)

Breakaway) Cable ferminqls should be used at ends of beam
quide rail installations, nct covered in paragraph IIIL B.2.a.

Qffset

Guide raid should be located as far from the edge of the trqveled

way as possible,

a. On interstate routes and freeways, the front face of the guide
rail should be a minimum of 4 feet from the outside edge of
shoulder except as provided in paragraph.III.B.S.

b, On land service roads with a sidewalk or o sidewalk area used
by pedestrians, the front face of the guide rail should ke a
minimum of 7 feet from the outside edge of shoulder.
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c. At Obstructions:

On Roadways With an Qperating Speed of More Than 40 MPH:

The distance from the back of the vail element to
the obstruction should be a minimum of 4 feet. If
legs than 4 feet must be used, the, guide rail system
must be modified (see Figures 4 and)3).

On Roadways With an Qperating Speed of 40 MPEH or Less:

The distance from the back of the\rail element to
the obstruction should e a @inimtm ofl'2 feet. If
less than 2 feet must be used, the Quide rail system
should be modifidd as follows:ijuse a reduced post
spacing as shown in Figure 4 except when the guide

- rail is attached togth obstruetion in which case
‘ the modificationsShown®in Figure 5 should be used.
Flaze '
N
A straight flare of @571 ghould be used whenever possible.
A straight flare flatter than!{15:1 may be used when necessary.

Guide Rail on Embankment (£fidl) Slopes

—

a. Guide z@il ‘may be placed on slopes 10:1 or flatter.

b. On. slopes steeper than 10:1 but flatter than or equal
ta 6:1 ) guide rail may be placed on the slope but should
be located 12 feet or more from the top of the slcpe.

c. Guide/rail ‘should not be placed on slopes steeper than
6:1.

Curb or Raised Berm in Front of Guide Rail

Curb or a raised berm in front of guide rail should be avoided.

On new construction, a design without curb or raised berm in
front of quide rail should he provided where possible.

On projects which involve upgrading existing roadways, where
there is curb or a raised berm in front of guide rail, removal
or modification of the curb or raised berm should be considered.

L
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On land service roads where curb is required because of a side-
walk or sidewalk area used by pedestrians see paragraph III.B.3.Db.

a. Roadways With an Operating Speed of More Than 40 MPH:

At locations where there is curb or a raised Herm in frent
of the guide rail and it is not practical to remove or |
modify the curb or raised berm, the followingg@pplies: :

Wwhere sufficient roadside width is availigble,) guide rail
could be placed 10 feet or more behind the gutter Jline.
Where this is not possible, the faca)of (the guide rail
should be sat no more than 9 inches behind the /gutter line,
except that the 9 inch offset may be nodifiedlas required
to provide a flared end treatment, or to dvoid underground
utilities and electrical instadlations.

Whenever an offset of 3 feetpordess|is used, a rub rail
is required. Howaever, a pub rail, should not be used in
the first 37' -6 at an “upprodah” end.

b. On Roadways With an OperatingsSpeed of 40 MPH or Less: Ty

Guide rail may be pldced @nydistance behind the gutterv
line, but usually,dn offset of 4 or 7 feet should be used.

7. Utility Poles

Although utildty poles have a cross sectional area greater than

50 squaze inches, they should not be handlad the same as other
warrcnting)obstruetions. It is questionable whether a safer
‘rbadside-wonild Fesult from installing guide rail for utility poles
within the clear distance. The .expected increase in accident
frequency versus a reduction in accident severity must be carefully
weighed idcluding consideration of such factors as accident
experience and roadway geometry. grdinarily, an acceptable solution
i{s to locate the poles as far from the traveled way as possible
without guide rail. However, if guide rail is used, see Pigqures 2,
'3,4,5, and 10 for placement detagils.

C, Guide Roil Details b

The dimensions and other characteristics of beam guide rail posts,
rail elements, fasteners, etc. are shown in the Standard Details.
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D, General Comments

1.

2.

@
e

Gaps of 200 feet or less between individual guide rail
installations should be avoided where possible.

The clearance from the edge of the traveled way tg, the face
of the guide raeil should be uniform.

Guide rail should not be installed beyond the right-of=way
unless easements are provided. N

Guide rail posts should preferably be Kept 2 fest from the PVI
at the top of an embankment slope. If less thant 2 feet is used,

. post embedment should be inereased by 2/feet (SeefPigure 8).

N




T
—_] M
[
wjo
=l
-
2=
o]
D-
w}
w
=4
w
o
I
-
O
4
w
-4

L,£-9G*'NO"1 235N ,€-,9 10
*Buimbig wolsy buynosg eidiliny IsaabapN
Ag £j#29010 "N'O°71 UIDIQO PUY 3|D3S oL ,€'ESSTOIIUL ] asupis1g S0a19 )
0l inokp moiQ ‘paning s Aompooy §i LES='NO 3qasn¢21H7 i1
310N 08% Gl -
ee | _— J § oM O
06 | 4ool ol 021 sz -ee |8ftviod Si
i L B A . Gl_o ‘0s 8.
o8] 002 0E.2 0%Z ov T g [|PYePINDIIO=g
obve 092 oce Oz¢ 0%
0o0¢ 333 0ot 4 oov 09 (19i1q01 Eo._...:.omw_.m._ . .mu. 0
0SE 00t obb (o)1 04 2e=m I
- A7 P35d5 | | e, SN0
] Rl Hy oA uijpsadp] - ,91=¢7 TI-71
008 79pUN[000<-008]0009-0002j0009 4340 _
LJV) SWNjoA J144041 /
> w I 3719vdi ANdNWVYX 3
..::E...O . .
_ S ADM_Pa|aAby) 1@,26p3
Bo_zo;mV
./|. 27
paoN 1108 2ping'Jo PuI [0d3l4asoau] {
ﬂ ¥ | 1 X 1 I 3 H4
mﬂ.m.lwm 3 2 In.hn,\l.m“n_a >
. l@l-N—‘ “
. — A
‘N0 1=P33N JO U IBUIT GOTISAIIS G0

(1-21904 33s5) y-

J




FIGURE-2

+

£ w\.. PR
2
0 -y)6ua7) 21q0IISAQ WNUHUI 3YL S) UDTUM
N 92928 H1IMM 108V buipnioul O0-Si =4bua saAlo ...m.;.m...._ snid
2 wbuaq ayy 1bUL 05,06 ="N'01350 .9-,29=N'0"13sn
L oov, Gl 00%,S!
- R N TR T, : 61T oA
e (9dupisiq 10317 =27) R4 N¢..¢N|omu N'O1 B9 ? N O
qonmwiaiag ueym .
papnjau| ag Pinoys 4 00b =Y¥7 00 = (1 2190 wols)¥q
YIPIM UDIDaW au) e H -H
"UDIPOW 3|GOSIIASUDI] 0f 271 23sn i€ N._ - 61 N._
v Ag pajoiodag aly F2=c . 2l=<n
ameaI N 27z Bid 14 NOT - BMI04 N0
>~ }1 pannbayioN 8°3 / 000L = 1Qa'v
< Jo4 yibua yavoiddy, / . “"Hd'W09=paadg 6ujjpiadp :
W JioN . TTdNYX 3 :
o S — T T T T T T T T T 8 T T T T - T
& _.m
a - ]
Mm @ a3 |2
= :
Q \ .
z '8 iﬂv 2t
- . *
m (2toN 33g) p2-1 e Jap|hoys
; I *
. ”hcah— —n 1 PR ﬂ.—q .
M .rlu\@l_a\lu_xw\j\ﬂid\\h\u\\ﬂ\ﬂ!hn o AT W s uuf 8
L R aw = S
’ | uo142n44s40 _ . .
£ -9 bujdods isod - w




FIGURE - 3

DATEIO-I3-76

USE WHEN BACK OF RAIL ELEMENT
IS 4 FEET FROM THE OBSTRUCTION
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USE WHEN BACK OF RAIL ELEMENT 1S LESS THAN 4 |FIGURE -4
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CONTINUQUS GUIDE RAIL AT OBSTRUCTION
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GUIDE LINES AND SPECIFICATIONS FOR

CURB CUT RAMPS T'OR THE PHYSICALLY HAMDICAPPED

. | | | B

The requirements shown on the attached sketch are the desirable and

the acceptable minimum dimensions for the barrier free ramps. The designer
should keep in mind that existing conditions at an intersection may present
special problems. It is not our intent to dictate specifie ldcations for

the ramps, since each situation is different, but to insure a design that

N

will provide the best service to its usersQ- The ‘agency having jurisdiction

-~

in each case should maoke e#ery effort to insure a safe Wsable facility.

AN

‘A sight distance study is recommendedg@nd utilities should be relocated,
if possible,-fo insure that curbfcuts)are not placed in such a location

that motorists find it diffiewlt \to perceive the low profile of wheelchair
oduway, Dtilities shou er

of the curb gut areaptopgdve moximum visibility of and for ramp users. .
‘Romps must be designed to accommodate everyone, thus, transitions

o

from the sidewalk to the ramp or to the landing area must be gradual. Curb

cut ramps will be placed at all intersections. The best location is

- . —— <L e U

“"gdjacént TS the notmal sidewalk (at the P.C. of the curb). : -

Two ramps will be constructed on each cornar, one on each street
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within the crosswalk area. However, where field—conditionsiprohibit this
design, one ramp at the center of the curb return or ramping the sidewalk

itself is acceptable.

Relocation of the sidewalk at the intersection is permisgible and in

some cases necessary, in order to obtain the required slope‘

The ramp surface shall be constructed in acéordange with New Jersey

N

Department of Transportation specifications) exédept. that a stiff broom, -

' o N . N
approved by the engineer, shall be substituted for the wet soft hair brush,
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