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SECTION 1

INTRODUCTION

1-01 GENERAL

This manual is developed to present current Department policy per-
taining to roadway design. It will provide a means of developing uni-
formity and safety in the design and plan preparation of a highway system
consistent with the needs of the motoring public.

It is recognized that situations will occur where gopd engineering
judgement dictates deviations from the normal design policys Any such
deviations from normal design poliey shall be approved by hthe Chief
Engineer, Design.

It is not the intent of this manual to reproduce @&ll"the information
that is adequately covered by textbooks and othér publicationsaiwhich are
readily available to the designer and the technicians,

This manual, when used in conjuction with engineering knowledge of
highway design and good Judgement, should enabui'the designer to perform
his job more efficiently.

Design of roadways on the Federal Aid Secondary System should conform
to the standards as indicated in the *"Seeondary Road Plan, 1979" as
approved by the FHWA.

1-02 POLICY ON USE OF AASHTO STANDARDS

The American Association |of Statel Highway and Transportation Officials
has published policies gomiphighway design practice. These are approved
references to be used in conjunétion with this manual. AASHTO policies
represent nationwide standardsi{which do not always satisfy New Jersey con-
ditions. When standards)differ, the instructions in this manual shall
govern.

1-03 REFERENCE PUBLICATIONS

1. AASHTOWAASEQ) Publications - American Association of State Highway and
Transportationd0fficials

. A Policy on Geometric Design of Rural Highways
(1965)

. A Policy on Design of Urban Highways and Arterial Streets
(1973)

. Highway Definitions (1968)

1-1
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. A bolicy on Design Standards for Stopping Sight Distance

. Guide for Selecting, Locating, and Designing Traffic Barriers
(1977)

Highway Research Board
. Highway Capacity Manual (1965) SR 87
Manual on Uniform Traffic Control Devices

FHWA Federal-Aid Highway Program Manual (FHPM)
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SECTION 2

GENERAL DESIGN CRITERIA

GENERAL

Geometric design is the design of the visible dimensions of a
highway with the objective of forming or shaping the faeility to
the characteristies and behavior of drivers, vehicles and traffiec.
Therefore, geometric design deals with features of location,
alignment, profile, cross section, intersection and highway types.

HIGHWAY CLASSIFICATION

~Highway classifibatioh refers to a process by which reoadways are

classified into a set of sub-systems, described below, ‘based on
the way each roadway 1is used. Central tgf this. process 1is an
understanding that travel rarely invol¥es movemént aleng a single
roadway. Rather each trip or sub-trip initiétes at a land use,
proceeds through a sequence of street$s, roadspand highways, and
terminates at a second land use.

The highway classification process i;\ required by federal law.
Each state must assign roadways|into different classes in accor-
dance with standards and procedures established by the Federal
Highway Administration. Separate “standards and procedures have
been established for rurd) and urban areas. For a futher descrip-
tion of the classificat@on processi ses Highway Functional Classi-~

fication (FHWA, Julyei974,)\Transmittal #155).

Principal Arterial \Highways

Principal arterial' highways form an inter-~-connected network of
continuous, routes serving corridor movements having the highest
traffic volumes)and/ the longest trip lengths. In rural areas,
travel, patterns ‘should be indicative of substantial statewide or
interstate travel. In urban areas, principal arterials should
carry a high proportion of total urban area travel on a minimim of
mileage.

The prificipal arterial highway system 'iIs stratified into the
foldowing two sub-systems:

1. Interstate system -- all presently designated routes of the
Interstate System.

2. Other principal arterials -- all non-Interstate prineipal

arterials.
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expressways or land service highways (see types of highways).
However, because of the function of principal arterial high-
ways, the concept of service to abutting land should be
subordinate to the provision of travel service to major traf-
fic movements. Where permitted, direct access to abutting
property should be carefully regulated by license. No abso-
lute right exists for access to a principal highway, and the
rights of the travelling public to a safe and efficient road-
way must be guaranteed. BHowever, abutting property owners do
have aright of reasonable access to the system of highways,
unless such right has been acquired by the State.

n0ther principal arterial" highways may 3; freeways,

Except for toii fbads, mésf "other principal arterials" are
included in the Federal Consolidated Primary (FAP) highway
system. N

Minor Arterial Highways
- hujh»uw-& ‘

Minor arterial highways interconnectl with)andwaugment the prin-
cipal thigway system. In urban areas, minor arterial highways are
ususally inecluded in the Federal™Adid Urban System (FAUS), and
serve trips of moderate length at a _somewhat lower level of travel
mobility. Access to abutting \property should be minimized to
facilitate traffic flow 4And safetyd In rural areas, minor
arterial highways will usuallf\‘be included in the Federal
Consolidated Primary (FAP) system, and serve trip lengths and tra-
vel densities greater “than thosefserved by collector roads. HRural
minor arterials should provide relatively high overall travel
speeds, with minimum dnterference to through movements. Because
of the high speeds,faccess to abutting property should be either
controlled opfecarefully regulated,

Collectopsy Roads

Collector roads  primarily serve trips of intracounty rather than
statewlde importanee. Travel speeds and volumes are less than on
arterdal wroadways, but are still high relative to local roads.
Thése roads provide for both land access and traffic circulation.
In urban areas, these roads connect neighborhoods or other
distriets with the arterial system, and will usually be part of
the Federal Aid Urban System (FAUS). In rural areas, these roads
may be subelassified into two groups:

Major collectors -~ Serve important Intracounty traffic
corridors and provide service to major county traffic genera-
tors. These roads, will usually be included in the Federal
Aid Secondary (FAS) system.

2-2
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Minor collectors -- Serve smaller places and towns and c¢on-
nect locally important traffie generators. These roads
usually will not be on a federal aid system.

Local Roads

The local street and road system constitutes all roads not
inecluded in the higher classifications. These streets and roads
provide direct access to abutting land and permit access to the
roads of higher classification. They offer the lowest level of
mobility. Service to through traffic movement usually is dell-
berately discouraged, especially in urban areas.<{)The local road
system contains the large wmajority of all roadway ymileage in a
state, but only a small percentage of total traffied™ For example,
in New Jersey local roads include 67% of total road mileage, but
only 20% of total vehicular miles travelled. \

DESIGN CONTROLS3

General

The location and geometric desigmof\highways are affected by
numerous factors and controlling featuress These may be con-
sidered in two broad categoriespas followWs:

N

.  Primary Controls
. Highway Classification
. Topography and Physical Features
. Traffiec

2. Secondary,controls

y Desdgn Speed
: Degdgn Vehicle
. Capacity

Primary Controls

1. Highway Classification

Separate design standards are appropriate for different
classes of roads, since the classes serve different types of
trips and operate under different conditions of both speed
and traffic volume. Tables 2-2 thru 2-4 indicate the values
whieh are intended to be applied to the various classes of
roadways utilized in the State. In specilal cases of restric-
tive or unusual conditions, it may not be practical to meet

2-3
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these guide values. For more detailed descriptins of the
various guide values indicated, reference is e to other
Sections of this Manual.

1
|
Topography and Physical Features'

The location and the geometric features of a highway are
influenced to a large degree by the topography, physical
features, and land use of the area traversed. The character
of the terrain has a pronounced effect upon the longitudinal
features of the highway, and frequently upon: the cross-
sectional features as well. Geological conditions may also

. affect the location and the geometrics of \the highway.

Climatic, soil and drainage conditions may affectthe profile
of a road relative to existing ground.

Man-made features and land use may also ﬁ%ve considerable
effeet upon the location and the design of the highway.
Industrial, commercial, and residential areas/ will each dic-
tate different geometric requirements.

Traffic AN

The traffic characteristies; olume, composition and speed,
indicate the service for wh{sh the highway improvement is
being made and directlyg@ffect® the geometric features of
design.

The traffic volume affects the capacity, and thus the number
of lanes required. For planning and design purposes, the
demand of traffic is generally expressed in terms of the
design-héurlyhvolumel DHV, predicated on the design year.

The gcmpesition of traffic, 1.e., proportion of trucks and
buses, his another characteristic which affects the location
and geometries of highways. Types, sizes and loadpower
characteristies are some of the aspects taken into accoupt.

The| following definitions apply to traffic data elements per-
tinent to design.

ADT Average Daily Traffic., The total volume during a given
time period greater than one day but less than one year
divicded by the number of days actually counted.

AADT Average Annual Daily Traffic. The total yearly volume
in both directions of travel divided by 365 days.

DHVY The design-hourly volunme. Normally estimated as the
30th highest hour two-way traffic volume for the design
year selected.

2-4
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K Ratio of DHV to ADT, expressed as a percent.
D The directional distribution of traffiec during the
design hour. It is the one-way volume in the predomi-

nant direction of travel expressed as a percentage of
DHV.

T The proportion of trucks, exclusive of light delivery
trucks, expressed as a percentage of DHV.

v ?he design speed in miles per hour.

2-03.3 Secondary Contrels ™ .~ . =

1.

Design Speed

"Design Speed" is a speed determined for design, and/ correla-
tion of the physical features of{a highway that"influence
vehicle operation. It is the maximum),safe speed that can be
maintained over a specified sectdon of  highway when con-
ditions are so favorable that the design features of the
highway govern. N

The assumed design speed should e aglogical one with respect
to the character of tegfrain and /the type highway. For
through roads, every effortgshould be made to use as high a
design speed as pragticable tpo attain a desired degres of
safety, mobility an@'efficiency. Once selected, all the per-
tinent features «ofp the highway should be related to it to
obtain a balanged design. Some features, such as curvature,
superelevation,  afdd sight distance are directly related to
and vary appreciably with, -~ <

design. speed. Other features, such as widths of pavements
and shoulders, 4and clearances to walls and rails, are not
directly drelated to design speed, but they affect vehicle
speed, and higher standards should be accorded these features
for the higher design speeds. Thus, nearly all design ‘ele-
flents of the highway are subject to increase or decrease with
a change in design speed.

sfnce design speed 1is predicated on the favorable con-
ditions of climate and little or no traffic on the highway,
it is influenced principally by:

. Character of the terrain;
. Extent of man-made features; )
. economic considerations (as related to construction and

rightf-of-way costs).

2=5
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These three factors apply only to the selection of a specific .
design speed within a logical range pertinent to & particular

system or classification of which the faecllity is. a part.

Generally on new highways or highways on new alignment, the
design speed should be considered as 10 mph greater than the
posted speed or anticipated posted speed on the highway under
design. On existing highways, the design speed should be
5-10 mph greater than the posted speed.

2. Design Vehicle

The physical characteristics of vehicles and the proportions
of' the varicus size vehicles using the highways are positive
controls in geometric design. A design vehiele is‘a selected
motor vehicle, the weight, dimensions and Qeerating charac=-
teristics of which are used to _established™ highway design
controls to accommodate vehicles ‘Of a| designated type. The
symbols and dimensions of design vehicles are/ shown in Table

2-1.
Table 2-1 AN
Design Vehicles

Design Vehicle Dimengicns inyFeet* Qverall Overall

Wheel=- Overhang Length  Width Ve
Type Symbol base Front Rear 7 .
Passenger Car P 11 3 5~ 19 7
Single Unit sU 20 ¥ 6 30 8.5
Truck
Single Unit BUS 25 7 8 40 8.5
Bus
Semitrailer WB=- 40 . 13+27= 4 6 50 8.5
Combination, 40
Intermediate
Semitrailer _ WB-50 20+30= 3 2 55 8.5
Large
Semitrailer- WB-60 §.7+20 2 '3 65 B.5
Full Trailer +9, 4+ Ed
Combination 20.9=

60

Source: A Policy on Design of Urban Highways and Arterial Streets, 1973
¥Design vehicle dimensions are intended for use in the design of road-
ways and do not define the legal vehicle dimensions in the State.

;5“_‘ | _ 2.6 ¢
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3. Cagacitg

da

b.

General

The term "ecapacity" is used to express the maximum number of
vehicles which have a reasonable expectation of passing over
a section of a lane or a roadway during a given time period
under prevailing roadway and traffic conditions. However, in
a broad sense, capacity encompasses the relationship between
highway characteristics and conditions, traffic composition
and flow patterns, and the relative degree of congestion at
various traffic volumes throughout the range from light vol-
umes to those egualing the capacity of the facility as
defined above.

Highway capacity information serves three geng:al purposes:

(1) For transportation planning Studie8 to assess the ade-
quacy or sufficiency of existing  highway networks to
current traffic demand, and 40 estimateswhen, in time,
projected traffic demand, may exceed the capacity of

the existing highway networkﬁ%u* may cause undersiréble
congestion on the highway system.

(2) For identifying and znad¥zing bottleneck locations (both
existing and potential), and for the evaluation of traf-
fic operational improyements projects on the highway
network.

{3) For highway desigfi purposes.

Level of, Service

The level of, service concept places various traffiec flow con-
ditions into & levels of service, These levels of service,
desdgnated A through F, from best to worst, cover the entire

rangeof traffic operations that may occur.

The Ffactors that may be considered in evaluating level of
ser¥ice include the following.

{1) Speed and travel time

(2) Traffie interruptions or restrictions
{3) Freedom to maneuver

(4) Safety

(5) Driving comfort and convenience

(6) Economy
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However, in a practical approach to identifying the level of
service, travel time and the ratio of demand veolumne to capa-
city are commonly used,

In general, the various levels of service would have the
following characteristies.

(N

(2)

(3)

()

(5)

Level of Service A - free flow, with low volumes and
high speeds. Traffic density 1is 1low, with speeds
controlled by driver desires, speed limits, and physical
roadway conditions. There is little or no restriction
in maneuverability due to presence of{ether vehicles,
and drivers can maintain their desired) speeds with
little or no delay. ‘ : -

Level of Service B is in the zone of Qg:ble flow, with
operating speeds beginning to be restricted somewhat by
traffic c¢onditions. Drivers stil)d have reasonable
freedom to select their speed hand! lane/ of cperation.
Reductions in speed are not unreasonable, with a low
probability of traffic flow being restricted. The lower
limit (lowest speed, highest volume) of this level of
f service has been associated With service volumes used
in the design of rural highways.

Level of Service C isg®t111"in the zone of stable flow,
but speeds dnd “maneuyerability are more closely
controlled by the higher volumes, Most of the drivers
are restricted in their freedom to select their own
speed, changedlanes, or pass. A relatively satisfactory
operating \speed is still obtained, with service volumes
perhéaps suitable for urban design practice.

Level of |Service D approaches unstable flow, with
tolerablédoperating speeds being maintained though con-
siderably affected by changes in operating conditions.
Fluctuations in voclume and temporary restrictions to
flow may cause substantial drops in operating speeds.
Drivers have little freedom to maneuver, and comfort and
convenience are low, but conditions can be tolerated for
short pericds of time, '

Level of Service E cannot be described by szpeed alone,
but represents operations at even lower operating speeds
than in Level I, with volumes at or near the capacity of
the highway. At capacity, speeds are typically, but not
always, in the, neighborhood & of 30 mph. flow is
unstable, and there may be stoppages of momentary
duration.

2-8
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. ‘ (6) Level of Service F describes forced flow operation at
. low speeds, where volumes are below capacity. These

conditions usually result from queues of vehicles
backing up from a restriction downstream. The section
under study will be serving as a storage area during
parts or all of the peak hour. Speeds reduced substan-
tially and stoppages may occur:for short or long periods
of time because of the downstream congestion. In the
extreme, both speed and volume can drop to zero.

Reference is made to the 1965 Highway Capacity Manual for a
thorough discussion on the level of service coficept.

c. Service Volumé

For highway design purposes, the service volume is related to
the "Level of Service¥ selected for theée prabosed facility.
(No service volumes are defined “for Level of, Service F.)
Service volume is defined as the maXimumirate /of flow which
may be accommodated under prevailing traffiepand roadway con-
ditions while still maintaining a ‘guality of service
appropriate to the indicated Jsé¥el yof Service. The service
volume varies with a number gf factorsygdncluding:

(1) Level of service selected;
N (2) Width of lanes;
. (3) Number of lanesj

(4) Presence or absence of,shoulders;

(5) Grades;

(6) Horizontal alignment;

(7) Operatingspeed;

(8) Laterdl glearance; .

(9) Side frictien generated by parking, driveways, intersec-

tions, and interchanges;

(10) Volumes,of{trucks, buses, and recreational vehicles;
{(11)s Spaecing @and timing of traffic signals,

The, objective in highway design is to create a highwa& of
appropriate type with dimensional wvalues and alignment
characteristies such that the resulting service volume will
be 4at least as great as the design volume, but not much
greater as to represent extravagance or waste., More detailed
data on service volume are available in the "Highway Capacity
Manual® published by the Highway Research Board in 1965 and
AASHTO "A Policy on Design of Urban Highways and Arterial
Streets, 1973".
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) Table 2-2 .
General Design Controls for Urban Streets and Highways
Highway Type Arterial Collector Local
Design Speed, MPH Urban 25-45 25-35 15=30
Suburban 25-60
Level of Service c e —
Design Vehicle SU; WB-50 50; wWB=50 SU
Design Traffic Projection 20yrs. New Align- 20 yﬁé% New 20 yrs. Align- .
ments 10yrs. Re- Alignment ment £
surfacing 10 yrs/ Re- 10 yrs. -
surfaeing Resurfacing Iz
Number of Lanes 2 to 8 N 2to U 2
Lane Width, Feet 12 Desirable 12 Desirable 10-12
11 Minimum 10 Minimum =
Median Width (If 8' Minimum w/barrier 16" minimm ---—- . #
Appliecable) 32* Hininmumpwithout
barrier
Right Shoulder Width, 12 10 g
Feet Desirable
Left Shoulder Widgh, 5' (4 lanes) 5 ee———
Feet Desirable
{(If Applicable) 10* (6-8 lanes)
Max. Stiperelevation, 6 desirable L
Percent 4 minimum
Curve Radius Fig. 4-C Fig. U4-C Fig. 4-C
Stopping Sight Table U-1 Table Y-1 Table 4=1
Distance
Passing Sight Table 4-1 Table 41 Table U4~1
Distance
Profile Grade, % b Level 7 Level 8 Level
maximum 8 Rolling/Mt. 10 Rolling/Mt. 18 Mt.




General Design Controls for Rural Roads and Highways

Table 2-3

Highway Type
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Arterial Collector Loecal
Design Speed, MPH' Level 50-65 35«50 20-35
Rolling 45-60
Mount. 25-45
Level of Service C C O e
Design Vehicle SU; WB=50 3U; WB-50 50
Design Traffic Projections 20 yrs, New Align- 20 yrg}'ﬂew 20-yrs.
ment 10 yrs. Re~ Alighment 10 yrs.
surfacing 100 yrs. Resurfacing
Resurfacing
Number of Lanes 2 to 6 2/ to U 2

Lane Width, Feet

Median Width (If
Applicable)

Right Shoulder Width,

Feet Desirable
Left Shoulder Wideth
Feet, Desirable
{If Applicable)

Max. Superelevation,
Percent

Curve Radius

Stopplng Sight
Distance

Passing Sight

Profile Grade, %
Maximum

12 Desirable
11 Minimam

461
Desirable

12

51°(L lanes)
10t (6 lanes)
6

Fig. 4-B

Table 4=1
Table Y4-1
Level 3

Rolling 4
Mount. 6

2-11

12 Desirable
10 Minimum

36!
Desirable

10

5|

Fig. 4-C

Table 4-1
Table 4-1
Level 6

Rolling 9
Mount 12

12 Desirable
10' minimum

ki

Fig. 4-C

Table 4-1
Table L4-1

15 Max.
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General Design Controls Interstate and for Freeways
Loecation Urban Rural
Design Speed, MPH 50-70 70
Level of Service c B
Design Vehicle SU;WB-50 SUs
WB=50
Design Traffic Projections 20 yrs. 0 vyrs.
10 yrs. Resurfacing 10 yrsd Resurfacing
Number of Lanes 4 to 8 4 o b
Lane Width, Feet 12 12

Median Width (If
Applicable

Shoulder Width, Feet
Desirable

Max. Superelevation, ¢

Curve Radius

Stopping Sight Distance

Profile Grade, &
Maximum

N\
46' Desirablle
12 Right?™
5 Left (4 lanes)
10 Leftg{6~8 lanes)
6
Fig. 4-E
Table U-1
3 level

6 for Rolling
or Mount Terrain

2=-12

84 Desirable

12 Right

5 Left (U4 lanes)

10 Left (6-8 lanes)
)

Fig. 4=E

Table 4-1

3 level

8 for ‘
Hilly Terrain

. s ri st s
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z SECTICON 3

DEFINITIONS AND TERMINOLOGY

GENERAL

This section includes general terminology associated with the road
cross section and terms commonly wused in highway design.
Reference is made to "AASHTO Highway Definitions", dated 1968.

CROSS SECTION TERMINOLOGY

The elements of the road eross section are 1llustrated in Figure

3-A and Figure 3-B and defined as follows:

1 Highway

4 general term denoting a public way for purﬁbses agf vehicu-
lar travel, including the entire area withinthe right-of-way
lines. Recommended usage in urban areas, highway or street;
in rural areas, highway or rocad.

2 Highway Section N

The portion of the highway,dincldded fbetween top of slopes in
cut and the toe of slopes in f{&l.

3 Roadway

The portion of thelhighway, including shoulders, for vehicu-
lar use.

y Traveled Way

The pertien of) the roadway provided for the movement of
vehicles, exclusive of shoulders and auxiliary lanes.

5 Median

The portion of a divided highway separating the traveled ways
for traffic in opposite directicns.

6 Shoulder
The portion of the roadway contiguous with the traveled way

for accommodation of stopped vehicles for emergency use, and
for lateral support of the base and surface courses.
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13

14

15

16

17
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Surfaced Right Shoulder

That portlon of the outside paved shoulder to ﬁrovide all-
weather load support.

Surfaced Left Shoulder

The portion of the median shoulder paved to ﬁrovide all=-
weather load support.

Profile Line

The point for control of the vertlical alignment. Also, nor=-
mally the point of rotation for superelevated’iseetions.

Pavement Cross Slope

N

See typical cross sections.

Shoulder Cross Slope

See typical cross sections. AN

Base Course

The layer or layers (of spéaified or selected material of
designed thickness placed on a subbase or subgrade to support

a surface course.

Subbase

The layef orlayersdof specified or selected material placed
on a subgrade to support a base course.

Surfaee, Colirse

Ong) or mere layers of a pavement structure designed to acco-
modate «4he traffic load, the top layer of which resists
skidding, traffic abrasion, and the disintergrating effects
of elimate.

Pavement Structure

The combination of subbase, base course and surface course
placed on a subgrade to support the traffic load and distri-
bute it to the roadbed.

Shoulder Surface Course

Shoulder Base Course
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19
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26
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Subgrade

The top surface of the roadbed upon which the pavement strue-
ture and shoulders are constructed.

Original (Existing) Ground

Embankment (Fill)

Fill Slope

Cut Section

Cut Slope "

Also called cut face.

N
Hinge Point (P.V.I.)

The intersection of shoulder slope planesiywith fill slope
planes. .

. AN
Rounding

A4t the intersection of existing\ground and cut slope,

Median Barrier

A longitudinal baPrierjused to prevent an errant vehicle from
crossing the pdrtiom of'a divided highway separating the tra-
velled ways for traffié|in opposite directions.

Guideraild

A barrier whosel primary function is to prevent penetration
and to safely redirect an errant vehicle away from a roadside
or ‘median \hazard,

Top of Slope

Thed intersection of the cut or fill slope and the original
ground.

Quter Separation

The portion of an arterial highway between the traveled ways
of a roadway for through traffie and a frontage road.

3-5
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30 Frontage Road

Also called marginal road or street., A local road or street
auxiliary to and located on the side of an arterial highway
for service to abutting property and adjacent areas and for
control of acecess.

31 Roadside
The area adjoining the outer edge of the roadway (normally
applies to freeways). The term "border" or "sidewalk area"

is usually referred to street type facilities§

32 Outer Separation Island

The space in the outer edge of roadway shoulder and frontage
roadway shoulder and frontage roazd onf stre which may be
landscaped or paved depending on width.

33 Planting Strip

The space iIn the border area rovided to separate the
sidewalk from the vehicular /fravel faeilities.

34  Sidewalk
- AN

35 Curb or curdb and Gutter

36 Drainage Swale

GENERAL TERMS

Arterial Highway - ‘A)general term denoting a highway primarily for

through traffie, usually a continuous route.

Auxilary Lane = The portion of the roadway adjoining the travelled
way intended for speed change, storage, weaving, climbing lane,
and forgother/purposes supplementary to through traffic movement.

Acceleration Lane - An auxilary lane including tapered areas,
primarily for the acceleration of vehicles entering the
through traffic lanes.

Deceleration Lane - An auxilary lane including tapered areas,
primarily for the deceleration of vehicles 1leaving the
through traffic¢ lanes.

Capacity - The maximum number of vehicles which has a reasonable
expectation of passing over a given section of a lane or a roadway
in one direction or in both directions for a twoe~lane or a three-
lane highway during a given time period under prevailing roadway
and traffic conditions.

3-6
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Cliﬁbing Lane - An auxiliary lane introduced at the beginning of a
sustained positive grade in the direction of traffic flow, to Dbe
used by slow moving vehicles such as trucks and buses.

Collector-Distributor Road, (C-D) - An auxiliary roadway separated
laterally from, but generally parallel to, an expressway which
serves to collect and distribute traffic from several access con-
nections between selected points of ingress to and egress from the
through traffic lanes. Control of access is exercised outside a
C-D Road.

Control of Access - The condition where the rights of owners,
occupants or other persons of land abutting a highway to access,
light, air or view in connection with the highwaygare fully or
partially controlled by a public agency.

Full Control - The condition under whicH thé\)authority to
control access is excercised to give prefefence to through
traffic to a degree, but in addition)to interchange connec=-
tions with selected public roads thére may begScme intersec-
tions at grade.

Partial Control - The condition unaér which the authority to
control access is excercised tof givé preference to through
traffic to a degree that§ in‘addition to access connections
with selected public roads,gthere may be some crossings at
grade and some privaté@ driveway connections.

control accessiis- exergised to give perferemce to through
traffic to a degnée, bt in additien to interchange connec-
tions withgSélected public roads there ma?“BE‘Bumenintegggp-
tions at_ grade. )

Corridor - ADstrip of land between two termini within which traf-
fic, topography, ‘environment and other characteristics are eva-
luated “for transportation purposes.

Cul-dé-Saec - A& local street or road open at only cone end with spe-
eial provisions for turning around.

Dead4Efd Road - 4 local street or road open only at one end
without special provisions for turning around.

Density - The number of vehicles per mile on the traveled way at a
given instant.

Design Year - The year, generally twenty vears or more as deter-

mined, after completion of constuction, whose estimated traffic
volumes are used as a basis for design.

3-7
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Di}ect Connectidn - A one=way turning roadway whic does not
deviate greatly from the intended direction of travel.

Directional Design Hourly Volume, (DDHV) - An hourly volume deter-
nine for use in design, representing traffic expected to use one
direction of travel on a highway. (Unless otherwise stated 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 street or road withd{epposing direc-
tions of travel separated by a median, = T TR T :

Expressway -~ A divided multi-lane arterial highway for ’through
traffic with full or partial control of access and" generally with
grade separations at major intersections, On pare occasions
expressways may alsc include two lane roadways.

Freeway - An expressway with full control "of access and grade

separations at zll intersectins. N\

Frontage Road or Frontage Street'- & local street or road auxi-
liary to and located on thefside of anfarterial highway for ser-

vice to abutting property and adjgbent areas and for control of
access, S

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

Grade Separati®n =»i  erossing of twe highways or a highway and a
railroad at different levels.

Highway Overpassh-. i grade separation where the subject highway
passesgpover appintersecting highway or railroad.

HighwaysUnderpass - A grade separation where the subject highway
passes under an intersecting highway or railroad.

Inside diane - On a multi-lane highway the extreme left hand traf-
fie“Xzne, in the direction of traffie flow, of those lanes
available for traffic moving In one direction. Also referred to
as left lane.

Interchange - A system of interconnecting roadways providing for
the movement of traffic between intersection legs. 7
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Land Service Highway - An arterial or collector highway on which
access to abutting property is permitted. On arterial highways
and major collector roads, such access is usually regulated in
order to protect the public safety and maintain the efficiency of
the highway.

Left Turn Slot -~ A4 speed-change lane within the median to accom=-
modate left turning vehleles..

Loads - Traffic data required for the establishment of geometric
controls for highway design.

Major Street or Major Road - An arterial highway with intersec-
tions at grade and direct access to abutting preperty, and on
which geometric design and traffic control measures arejused to
expedite the safe movement of through traffic.

Separated Roadways -4 ﬁ&ghwaybwith opposing| diréctions of travel
having independent alignment and gradient.

Sight Distance -~ The length of roadway|visibleto the driver of a
vehicle at a given point on the rgedway when the view 1is
unobstructed.

Slip Ramp - An angular conneftion' betwegen an expressway and a
parallel frontage road. N

Stopping Sight Distance <)The distahce required by a driver of a
vehicle, traveling agmalpgiven speed, to bring his vehicle to a
stop before reaching an object, on the roadway after the object has
become visible, (The distdnces used in design are calculated on
the basis of th€ driver's @bility to see a 6-inch high object in
the road ahead when his“eye level is 3 feet - 9 inches above the
roadway surfacel.

Thirtieth Highest Hourly Volume (30HV) - The hourly volume in both
direcﬁbns of travel ‘that is exceeded by 29 hourly volumes during a
designated year.

Through Lane - The lane or lanes signed for through traffic con-
tinuing £hrough an interchange area. '

Through Street, Road or Highway - Any roadway, or portion thereof,
on which vehicular traffic is given preferential right-of.way, and
at the entrances to which vehicles from intersecting highways are
required by law tc either stop or yield.

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

Weaving - The crossing of traffic streams moving in the same
general direction, accomplished by merging and diverging.

3-9
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SECTION 4

. BASIC GEOMETRIC DESIGN ELEMENTS

GENERAL

Geometric highway design pertains to the visible features of the
highway. It may be considered as the tailoring of the highway to
the terrain, to the controls of the land usage, and to the type of
traffic anticipated.

Design parameters covering highway types, design vehicles, and
traffic data are included in Section 2 DESIGN PARAMETERS.

This section covers design criteria and guidélines on the
geometric design elements that must be considered in)the loeation

‘and the design of the various types of highways.g™Tncluded are

criteria and guidelines on sight distances, horizontal and ver-
tical alingment, major cross section elements, anqxgther features
common to the several types of roadways and highways,

In applying these criteria and guidelines, it is/ important to
follow the basic principéi that consisténcy in deésign standards is
of major importance on any section of road.\ Z2The highway should
offer no surprises to the driver infferms of geometrics. Problem
locations are generally at the polint wherefminimum design stan-
dards are introduced on a sectiond of fhighway where otherwise
higher standards should have been \applied. The ideal highway
design is one with uniformly high ‘Standards applied consistently
along a section of highway, panticularly on major highways
designed to serve large volumesgiof traffic at high operating
speeds.

SIGHT DISTANCES

General

Sight distanee “is, the continuous length of highway ahead visible
to theodrivery, “In design, two sight distances are considered:
passing  sight |distahce and stopping sight distance. Stopping
sight distance/is the minimum sight distance to be provided at all
points on multi-lane highways and on two-lane roads when passing
sight distance is not economically obtainable.

Stopping sight distance also is to be provided for all elements of
interchanges and intersections at grade, including private road
connections. ’

The following table shows the standards for passing and stopping

sight distance related to design speed. .

I




¥Not applicable to multi-lane highways.
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Table 4-1

Sight Distances for Design

Design Sight Distance in Feet
Speed Stopping Passing®
MPH Desirable Minimum Minimum
20 120 120 e
25 150 150 e———-
30 200 200 1,100
35 250 225 1,315
ko 300 275 1,500
50 450 350 1,800
60 650 475 2,100
T0 850 600 2,500

Passing Sight Distance

Passing sight distance is the minimum(sight, distznce that must be
available tc enable the drive of ne vehiele to pass another
vehicle, safely and comfortablyg wi{hout interfering with the
speed of an oncoming vehicle traveling aththe design speed, should
it come into view after the owertaking! maneuver is started. The
sight distance available fof passing of any place is the longest
distance at which a driver wliose eves are 3.75 feet above the
pavement surface can sge the top of an object 4.25 feet high on
the road.

Passing sight distancefdis ‘@oensidered only on two-lane roads. At
eritical locations,a dtretch of four-lane construction with
stopping sight distanced is sometimes more economical than two
lanes with passing aight distance.

Stopping Sight Bistance

The” minimum sStopping sight distance is the distance required by
the driver of 'a vehicle, traveling at a given spsed, to bring his
vehiele to“a stop 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 surface, to an
objdeet 0.5 foot high on the road.

The stopping sight distances shown in table 4-1 should be
increased when sustained downgrades are steeper than 3 percent.
Increases In the stopping sight distances on downgrades are indi-
cated in the AASHTO 1965 A Policy on Geometriec Design of Rural
Highways pg. 139.
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Stopping Sight Distance on Vertical Curves

See Section 4-04.4 for discussion on vertical curves.

Stopping Sight Distance on Horizontal Curves

Where an object off the pavement such as a bridge pier, bridge
rail, building, cut slope, or natural growth restricts sight
distance, the minimum radius of curvature is determined by the
stopping sight distance.

Stopping sight distance on horizontal curves 1s obtained from
Figure 4-A. It is assumed that the driver's eyes are 3.75 feet
above the center of the inside lane (inside with respect to curve)
and the object is 0,50 foot high. The line of sightiis assumed to

“intercept the view obstruction at the midpoint of gthe )sight line

4-03

4-03.1

and 2 feet above the center of the inside lane. The clear

distance (m) is measured from the center of the_inside lane to the
obstruction. = N

The general problem is to determine the“eclear distance from the
centerline of inside lane to a retaining wall, bridge pier, abut-
ment, cut slﬁé, or other obstruction| for a' given design speed.
Using radius of curvature and sightgdfistance for the design speed,
Figure 4-A gives the clear distance /M fromdcenterline of inside
lane to the obstruction. .

When the design speed and the‘cleaP\distance to a fixed obstruc=-
tion are known, this figupe also gives the required minimum radius
which satisfies these conditionsa.

HORIZONTAL ALIGNMENT

General

In the design of horizontal curves, 1t is necessary to establish
the proper ‘relationbetween design speed and curvature, and also
their joint rmelationship with superelevation. Horizontal align-
mént must afford)at ileast the minimum stopping sight distance for
the design)speed at all points on the roadway.

The major considerations- in horizontal alignment design are:
safety, 4grade, type of facility, design speed, topography and
construction cost, In design, safety is always considered, either
directly or indirectly. Topography controls both curve rarius and
design speed to a large extent, The design speed, in turn,
controls sight distance, but sight distance must be considered
concurrently with topography because it often demands a larger
radius than the design speed. All these factors must be balanced
to produce an alignment that 1= safest, most economical, in har-
mony with the natural contour of the land and, at the same time,
adquate for the design classification of the roadway or highway.

4-3
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Superelevation

When a vehicle travels on a ecircular curve, it is forced radially
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 bet-
ween the vehicle tires and the surfacing. Safe travel at dif-
ferent 3speeds depends upon the radius of curvature, the side
friction, and the rate of superelevation.

The maximum rates of superelevation used by the Department is 6%
for all expressways and other major rural highways, and 4% on
local roads and urban highways.

Figures 4-B & 4-C give the design values for each rate of supere-

" levation to be used for various design speeds and radii,

1.  Axis of Rotation N

a. Undivided Highways

For undivided highways, the (axis of rotation for supere-
levation 1s usually theenterline/of the traveled way.
However, in special caSes wherepcurves are preceded by
long, relatively level| tafgents, the plane of superele-
vation may be rotaked about the inside edge of the pave~
ment to improve [ percéption of the curve. In flat
terrain, drainage “pockets caused by superelevation may
be avolided by changingd the axis of rotation from the
centerlinegfolthe inside edge of the pavement.

b. Ramps and Freeway¥ Lo Freeway Connections

The| axis“of rotation may be about either edge of pave-
ment), or Gecenterline if multi-lane. Appearance and
drainage <eonsiderations should always be taken into
aceount din selection of the axis rotation.

C. Divided Highwayvs

(1) Freeways

Where the initizl median width is 30 feet or less,
the axis of rotation should be at the centerline of
median.

Where the initial median width is greater than 30
feet and the ultimate median width is 30 feet or
less, the axis of rotation should be at the cen-
terline of median, except where the resulting ini-
tial median slope would be steeper than 10:1. In
the latter case, the axis of rotation should be at
the ultimate median edges of pavement.

45
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\

Where the ultimate median width is greater than 30

feet, the axis of rotation should be at the propo-

sél median edges of pavement.
B
‘ ' To avoid a sawtooth on bridges with decde medians,
the axis of rotation, if not already on centerline
of median, should be shifted to the centerline of
median.

{(2) Other Divided Highways

The axis of rotation should be considered on an
individual projeect basis and the most approprilate
case for the conditions should be sélected.

The selection of the axis of rotatiofn™should always
be considered in eonjunction with the design of the
profile and superelevation transitigp.

Superelevation Transition

The superelevation transition generally leonsists of the
superelevation runoff (length of poadway needed to accomplish
the change in cross slope from @ normal crown section to a
fully superelevated section for vice versa).

The superelevation tranSition_shcould be designed to satisfy
the requirements of _ safety éﬁd comfort and be pleasing in
appearance. The length of superelevation transition should
be based on a desirable distribution rate of 2% per second of
time for the deSign speed. With respect to the beginning or
ending of a cuPfve,ftwo-thirds of the superelevation runoff is
on the tangent approach and one-third within the curve. This
results ifi two-thirds of the full superelevation rate at the
beginning or ending of a curve. This may be altered as
requiced to adjust for flat spots or unsightly sags and humps
when alignmentgis tight.

After a superelevation transition is designed, profiles of
they edges of pavement and shoulder should be plotted and
irregularities removed by introducing smooth curves by the
means of a graph profile. Flat areas which are undesirable
frém a drainage standpoint should be avoided.

Pronounced and unsightly sags may develop on thé low side of
the superelevation. These can be corrected by adjusting the
grades on the two edges of pavement throughout the curve,
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Transition Curves & Superelevation

The use of transition curves on arterial highways is encour-
aged. Figures 4D thru Y4H ‘enclusive indicate the desirable
treatment on highway curves~ ineluding the method of distri-
buting superelevation.

§-03.3 Curvature

1-

General

The changes in direction along a highway are basically
accounted for by simple curves or compound curves. Excessive
curvature or poor combinations of curvaturé, generate acci-
dents, 1limit capacity, cause economic losses, in time and
operating costs, and detract from a pleasingpappearance. To
avoid these evidences of poor design practices, ‘the general
controls in the following paragraphs shouldd be used.

A

Curve Radii for Horizontal Curves

Table 4-2 gives the minimum radius of)a cufves for specific
design speeds. This table is basedhupon a 6% maximum
superelvation; it ignores the’sight distance factor.

Tableg 4-2

Standards (for Curve Radius*

Design Speed Minimum Radius of
Miles Per Hour Curve--Feet
20 mm—msmcas— 125
30 wmpm——mmsm 275
40 &=~ @~~~ 500
50 mwh-—=ho <~ 850
60 ———mm——ma— 1,275
70, ~——wporemes 1,910

¥ PBased on 6% Maximum Superelevation

Every effort should be made to exceed the minimum values, and
such minimum radii should be used only when the cost or other
adverse effects of realizing a higher standard are incon-
sistent with the benefits.

The recommended minimum radii for freeways is 3000 feet in
rural areas and 1600 feet in urban areas.




TRANSITION CURVES
FIGURE 4-D

TANGENT rC.

SUPERELEVATION R
RUNOUT i

For Desicn Speeds 30 thru 70 MPH

1. Determine if radii transition is Heeded forWfadius R using chart '"Transition
Not Essential When Radius (R) is greaterpthanl’.

F

2. 1f required, use standard Transiti®n Curves.
3. At P.C.C. 3 hold maximurE\for radifis ‘R. °
k. Using superelevation/chart, détermine if superelevation is needed for R.

5. If superelevatioh is needed{ for R1, use 2/3 maximum superelevation for R1
at P.C.

6. Distribute superelevation evenly between P.C.C. 3 and P.C.

7. Distribute superelevation at the same rate as in Step 6 on tangent up to
normal segtion.

Cn Existing Roadways Or Where Radii Transitions Can'Not Be Provided

}. Determine maximum superelevation needed for radius (R).
2. Use 2/3 maximum superelevetion at P.C. and P.T. of curve.

3. Distribute superelevation at a maximum rate of 2%/sec.
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i FIBURE 4-E

—~ ] 1000'=T0 ~1600" RADIUS -

{4)ADDT TO X FOR DISTANCE P.C. TO Ri..
T X &Y DECREASE BY THE AMOUNT OF THE R
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. FIGURE 4-F . . ... .. .

= J CONSTANTS - X-—=.03499253 .=

Iy 0008 1242 PR
:Eo 2°00 19.2"

LD

e n FIND XANDY FOR DESlRED RAD!US

(2) ADD. RAD]US R TO'-YT'DlSTANCE

S X &Y DECREASE BY THE AMOUNTOF THE o
CONSTANT PER FOOTINCREASEDIN RAD?US R
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TRANSITION CURVES
FIGURE 4-6

' ' CONSTANTS  X—= 02228650
3500 TO 4500 RADIUS ¥ —= 00024837
' 2 6=1°16'373" .
L 119.995 1 79.990 |
i _
R.C. 1 ~ : 7 :;1
1 v=0817 ——u |
='\!
— Q
- Q _no
352 ges
AL o§r8
L .90
a o oM
@ <-.| - rda
"x"= 121982 T = TON (R+Y)
N |
N |
3000 TOM 3500' RADIUS CONSTANTS X—=02895097
| Y= 00041917 r .
T, 0:1°39'32.4
i 118.995 __L 79.985 1
rC. | : 1 RI. -
Ve e e o f———g— 0.537 2084
“y":0.796
- . = r‘! w..______ R ‘
= e8 * 300, .
85; g g > 8 0 T—
o0 ofe
im0 + -
Q o ﬂ L] L] [}
LI [ 4 |
g J
X" 113,127 T= TON (R+Y)

NOTE: TO LOCATE TRANSITION RC.: ¢ r

(1} FIND X AND Y FOR DESIRED RADIUS

{2) ADD RADIUS R TO Y DISTANCE

{3)FINDTFOR RAY .

{4) ADDT TO X FOR DISTANCE PC. TOPL.
X 8Y DECREASE BY THE AMOUNT OF THE
CONSTANT PER FOOT INCREASED IN RADIUS R.

ti/02/83
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N TRANSITION CURVES

FIGURE 4 -H
| 4500' TO 6000' RADIUS CONSTANTS  X— F
| ’ Ly - ] 5t
l 119. 995 K 79.986 | s 0 =|°05097
P o- 1 | Pi.
i 1 0.643 = A
——————— —0 — —
T o oo \
g ex o N o %N
S0 o N g ~——
o5 8 8% S
=0T 3T s N
o | ;: " :l -
Xz 114,691 T=TON (R*Y)
N\
~N
6000' TO) 8000LFARADIUS "CONSTANTS X—
Y —
T 6=0°58'17.2"
! 119.995 | 79.992
M- |
Y vy zo.71
————— —
o 548 02 3
g'o 5] gz &
m & 85 3
eda o g 2
X - 98.262 Tt TON (R+Y)

NOTE: TO LOCATE TRANSITION RC.:

(1) FINDX AND Y FOR DESIRED RADIUS

(2) ADD RADIUS R TOY DISTANCE

(3)FIND T FOR R&Y

(4) ADDT TOX FOR DISTANCE PC.TO PI
X & Y DECREASE BY THE AMOUNT OF THE
CONSTANT PER FOOT INCREASED IN RADIUSR.

4~ fj" I/02/83
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If a glare screen of any kind or a median barrier is con-
templated, either initially or utimately, adjustments may be
necessary to maintain the required sight distance on curves
on divided highways. In such cases a larger curve radius or
a widened median may be required throughout the length of the
curve.

Alignment Consistency

Sudden reductions in standards introduce the element of
surprise to the driver and should be avoided. Where physical
restrictions on curve radius c¢annot be overcome and it beco-
mes necessary to introduce curvature of a lower standard than
the design speed for the project, the design speed between
successive curves shall change not more than )10 miles per
hour. Introduction of a curve for a design speed lower than
the design speed of the project shall be avoided“at the end
of a long tangent or at other locations where high ‘approach
speeds may be anticipated.

Stopping sight Distance

Horizontal alignment should afford at' least the desirable
stopping sight distance for the de{ign speed at all points of
the highway.

Curve Length and Centralffngle

N .

The following is applicable for freeways and rural arterial
highways. The midimum curvedlength for central angles less
than 5 degreesgshould be 500 feet long, and the minimum
length should/ be Jincreased 100 feet for each 1~ degree
decrease in the £entral angle to avoid the appearance of a
kink. Forigentral angles smaller than 30 minutes, no curve
is reguired. In""no event shall sight distance or other
safety considerations be scrificed to meet the above reguire-
ment. '

Compound Curves

On epmpound curves for arterial highways, the curve treatment
shown in figures UD thru Y4H should be used. For compound
cures at intersections and ramps, the ratio of the flatter
Padius to the sharper radius should not exceed 2.0.

Reversing Curves

Reversing curves without an intervening tangent are not per-
mitted. The minimum tangent distances are shown in Table 4-3
Severe physical restrictions may dictate the use of curves in

opposite directions with a short intervening tangent. In

cases where the design speeds are less than 50 mph the pre-
ferred length of tangent shall be sufficient to accommodate
the superelevation transition.

}-15
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Table 4-3
Design Speed{mph) Min. Tangent{ft.) Min. Des. Tangent{ft.)
50 500 600
60 600 800
70 800 1000

B, Broken Back Curves

A broken back curve consists of two curves in the same direc-
tion Jjoined by a short tangent. Broken back curves are
unsightly and undesirable. A reasonable additional expen-
diture is warranted to avoid such curvature. 4Table 44 indi-
cates the minimum ‘tangent length between “same direction
curves. The minimum tangent distance should besexceeded when
both curves are visible for some distance ahgad.

Table 4-4 AN
Design Speed{mph) Min. Tangenb{fty)
50 1000
60 12??0
70 2500
AN

9. Alignment at Bridges

Superelevation transitions on bridges almost always result in
an unsightly appearance)of the bridge and the bridge railing.
Therefore, if at &ll pésasible, horizontal curves should begin
and end a@Suffieient distance from the bridge so that no part
of the sSuperelevation transition extends onto the bridge.
Alignment \ and safety considerations, however, are paramount
and shall rniet be sacrificed to meet the above criteria.

VERTICAL) ALIGNMENT

General

The profdle line is a reference line by which the elevation of the
pavement and other features of the highway are established. It is
controlled mainly by topography, type of highway, horizontal
alignment, safety, sight distance, censtruction costs, cultural
development, drainage and pleasing appearance. The performance of
heavy vehicles on a grade must also be considered. '

A1) portions of the profile Iine must meet sight distance require-
ments for the design speed classification of the road.
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In flat terrain, the elevation of the profile line is often
controlled by drainage considerations. In rolling terrain, some
undulation in the profile line is often advantageous, both from
the standpoint of truck operation and construction economy. But,
this should be done with appearance in mind; for example, a pro-
file on tangent alingment exhibiting a series of humps visible for
some distance ahead should be avoided whenever possible. In
rolling terrain, however, the profile usually is closely dependent
upon physical controls.

In considering alternative profiles, economic comparisons should
be made. For further details, see the AASHTO publication: A
Policy on Geometric Design of Rural Highways, 1965.

‘Position with Respect to Cross Section

The profile line should generally coincide with_the axis of rota-
tion for superelevation; Its relation to the drossNsection should
be as follows.

1. Undivided Highways

The profile line should coincide wi&h the highway centerline.

2. Ramps and Freeway to Freeway ! Confiections

The profile line may be posdtionéd at either edge of pave-
ment, or centerline of ramp if multi-lane.

3. Divided Highways

The profile lipe Mlay Ye ‘positioned at either the centerline
of the medda@nhor at the median edge of pavement. The former
case is appropriated for paved medians 30 feet wide or less.
The latter\case 1s appropriated when:

a. The median edges of pavement of the two roadways are at
equal elevation.

b. The two roadways are at different elevations.

SeparatedGrade Lines

Separate or independent profile lines are appropriate in some
cases for freeways and divided arterial highways.

They are not normally considered appropriate qﬁ?@ medians are less
than 30 feet wide. Exceptions to this may be minor differences
between opposing grade lines in special situations.
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In addition, appreciable grade differential between roadbeds
shauld be avoided in the vieinity of at-grade intersections. For
traffic entering from the crossroad, confusion and wrong-way move-
ments could result if the pavement of the far roadway is obsured-
due to excessive differential.

Standards for Grade

It is not practical to set maximum or minimum grades for all of
the many types of highways constructed in widely varied terrain.
In general, the maximum grade rate should be 6 percent and the
minimum Q.5 percent for arterial streets and highways. The
desirable maximum for freeways is 3 percent.

‘VYertical Curves

Properly designed vertical curves should provide)adequabe sight
distance, safety, comfortable driving, good drainsie, and pleasing
appearance.

A parabolic vertical curve is used.  Figure N=Ipénd 4-J give the
minimum lengths of crest and sag vertical hcurves for various
design speeds and algebraic diffepénceés in grade.

Flat vertical curves may develop podr drainage at level sections.
Highway drainage must be giveén morq\careful consideration when the
design speed exceeds 55 mph and('65 mph for crest vertical curves
and sag vertical curves pespectively. The minimum length of ver-
tical curve should not be\less than 3 times the design apeed.

On two-lane roads,/extpémely)long crest vertical curves over one-
half mile should be\avoided, since many drivers refuse to pass on
such curves, (lespitepadequate sight distance. It is sometimes
more economical to huse four-lane construction, than to obtain
passing sight distange by the use of a long vertical curve.

Brokensback vertical curves consist of two vertical curves in the

Same direction,” separated by a short grade tangent. A profile
with sueh ecupvature normally should be avoided. '

Heavy Grades

Except in level terrain, often it is not economically feasible to
design a profile that will allow uniform operating speeds for all
classes of vehicles. Sometimes, a long sustained gradient is una-
voidable.




DESIGN CONTROLS FOR CREST VERTICAL CURVES

FIGURE 4 I

= ~~--.,;-.721.;-.-.-‘,_uo-re_ "DRANAGE OF THE ROADWAY ON CREST VERTICAL CURVES MUST 1
—BE MORE CAREFULLY DESIGNED WHEN THE DESIGN SPEED EXCEEDS - -— | <o
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From a truck operation standpeint, a profile with sections of
mayvimum gradient broken by length of flatter grade is preferable
to a long sustained grade only slightly below the maximum
allowable. It is considered good practice to use the steeper
rates at the bottom of the grade, thus developing slack for
lighter gradient at the top or elsewhere on the grade,

Coordination with Horizontal Alignment

A proper balance between curvature and grades should be sought.
When possible, vertical curves should be superimposed on horizon-
tal curves. This reduces the number of sight distance restric-
tions on the project, makes changes in profile less apparent,
particularly in rolling terrain, and results ¢in a pleasing
appearance. For safety reasons, the horizontal curve should lead

" the vertical curve. On the other hand, where thechange in hori-

zontal alignment at a grade summit is slight, At safely may be
concealed by making the vertical curve overlay,the hopizontal
curve. :

When vertical and horizontal curves are)thus superimposed, the
superelevation may cause distortion in the )outengpavement edges.
Profiles of the pavement edge should be plotted and smocoth curves
introduced to remove any irregularitiegi

A sharp horizontal curve should not bef introduced at or near a
pronounced summit or gradel sag. This presents a distorted
appearance and is particularly haZardous at night.

CLIMBING LANE

A climbing lane figure 4-K"i@s an auxiliary lane introduced at the
beginning of a sustained p@sitive grade for the diversion of slow
traffic. Genérally, , climbing lanes will be provided when the
requirements, of twe)warrants, speed reduction and design capacity
are satisfied. The | requirements of one or the other of these
warrants could hbe aaived if, for example, slower moving truek
traffie was the major contributing factor causing a high accident
rate andy,could be ecorrected by addition of a climbing lane.

1. Speed Reduction -~ The beginning warrant for a truck climbing
lane shall be that point where truck operating speed is
reduced by 10 MPH. Figure U4-L shall be used for locating
£his point. The beginning of the climbing lane should be
preceded by a tapered section, desirably 300 feet, however a
150 minimum taper may be used.

2. Reduction in Capacity - The capacity warrant for a climbing
lane is met when the traffic volume is 120% and 130% of the
design capacity for two lane ans multi-lane highways respec-
tively. The capacity, level of service and truck equivalent
factors shall be those in the Highway Capacity Manual.

421




FIGURE 4 K

-END--T‘RUCK CLIMBING LANE BY SPEED .
‘WARRANT.. DESIRABLY AT THIS POINT, -
'PASSING SIGHT DISTANCE SHOULD BE -
~AVAILABLE. & MINIMUM STDPPING’S(GHT
~DlSTANCE MUST BE PROVIDED, .-

"SHOULDERWIDTH — DESIRABLY SAME WIDTH]
"AS APPROACH SHOULDER WIDTHSMINIMUM |-
4. ONMMULTILANE HIGHWAYS A SHOULDER -

jff' LANE WIDTH wn 12" DES -
- 0 MINL

'END TRANSITION, BEGINNING WARRANT

~ FOR TRUCK CLIMBING LANE (10 MPH
SPEED REBUCTION)..
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The point of ending of a climbing lane shall be determined from
Figure 4-M using 10 MPH less than the normal truck operating
speed. The ending taper beyond this point shall be the highway
design speed times the climbing lane width. Desirably passing
sight distance should be available at the point of end of need.
As a minimum, stopping sight shall be available,

A distance-speed profile should be developed for the area of a
climbing 1lane. The profile should start at the bottom of the
first long downgrade prior to the upgrade being considered for a
elimbing lane, speeds through long vertiecal curves can be approxi-
mated by using 100' cords. '

PAVEMENT TRANSITION

‘Design standards of the various features of the transition between

roadways of different widths should be consistent{with“the design
standards of the superior roadway. The transition) should be made
on a tangent section whenever possible and snould “avoid /locations
Wwith  horizontal and vertiecal sight) distanée _restrictlons.
Whenever feasible, the entire transition ‘Should be wisible to the
driver of a vehicle approaching the narrower section.

The design should be such that at—grad& intersections within the
transition are avoided.

Figure 4-N shows the minimumgPequired taper length based upon the
design speed of the roadwayl In al) ©ases, a taper length longer
than the minimum should bg’provided where possible.

In general, when a J@&ne 3Is dropped by tapering, the transition
should be on the right so that traffic merges to the left.

4-25
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SECTION 5.

MAJOR CROSS SECTION ELEMENTS

GENERAL

‘The major cross section elements considered in the design of

streets and highways ineclude the pavement surface type, cross
slope, lane widths, shoulders, curbs, driveways and sidewalks.

PAVEMENT

Surface Type

The type of pavement is determined by the volume and, composition
of- traffic, the soll conditions, the availability of \materials,
the initial cost, and the extent and cost of maintenance, all of
which affect the relationship of cost to traffic service.

Generally, all roadways in the 3tate are)surfaceddwithibituminous
materials or portland cement concrete. These) types)of surfacing
provide good riding qualities, retain thewcrosssection, and ade-
quately support the expected volume/ and ‘weights of vehicles
without failure due tec fatigue. N\

Important characteristics in relationgdto geometric design are the
ability of a surface to retaingits shape /and dimensions, the abi-
lity to drain, and the affect/on drivergbehavior.

Cross Slope

The crossz slope of tHe pavement is the slope of the pavement sur-
face measured transverse togthe centerline of the highway. The
normal cross slopepef the roadway is sometimes called the crown or
the high poingt. Two=lane and wider undivided pavements on
tangents or @n flat “eurves have a crown or high point in the
‘middle of the traveled way and slope downward toward both edges.

Thegiiinimum cross, slepe for concrete pavement and bituminous pave-
mént should, be 1.5%. “'The cross slope shall be uniform across-the
pavement 'sectidn, from the high point to the edge of lane. The
eross slope in each successive lane should be increased by 0.5%.

On diwided highways, each one~-way pavement may be crowned separa-
tely, as on two-lane highways, or i1t may have a unidirectional
slope across the entire width of pavement, which 1s almost always
downward to the ocuter edge.
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A cross section with each roadway crowned separately, as shown in
Figure 5-A, has an advantage in rapidly draining the pavement
during rainstorms. In addition, the difference between high and
low points in the cross section is kept to a minimum.
Disadvantages are that more inlets and subsurface drainage lines
are required, and treatment of at-grade intersections is more dif=-
ficult because of the several high and low points on the cross
section. Use of such sections preferably should be limited to
regions of high rainfall. Sections having no curbs and a wide
depressed median are particulary well suited for high rainfall
conditions. :

Roadways that slope in only one direction, as shown in Figure 5-B,
are more comfortable to drivers because vehicles tend to be pulled
in the same direction when changing lanes. TRoadways having a uni-
directional slope may drain away from or toward)the median.
Drainage away from the median may effect a savipgS in drainage
structures and simplify treatment of intersecting  )streets.
Advantages of drainage toward the median _are \an economical
drainage system, in that all surface runofffis collected into a
single conduit, and the outer lanes, whieh are aised ¢by most traf-
fic are freer of surface water. A major ‘disadvantage of this
section is that all the pavement drainage), mustli pass over the
inner, higher speed lanes. Where |curbed| medians exist, the
drainage is concentrated next to amd“on higher speed lanes. This
concentration results in the annoyingand- hazardous splashing on
the windshields of opposing tpaffi¢ when the median 1s narrow.

The rate of cross slope on curves as well as on tangent alignment
is an important element 1iIn cross section design. Pavement
superelevation on curves is detérmined by the speed-curvature
relationsips given infSegtion 4, BASIC GEOMETRIC DESIGN ELEMENTS.

LANE WIDTHS

L.ane widths hdave a ‘great influénce on the safety and comfort of
driving. @n high-type highways, the predominant lane width is 12
feet. :

Adthough hlane |widths) of 12 feet are desirable, there are cir-
cumstanees hthat necessitate the use of lanes less than 12 fest
wided  In urban areas, the use of 11 foot wide lanes is accep~
tatle, and even 10 foot wide lanes may be acceptable where right-
of-way and existing development become stringent controls.

Auxiliary lanes at intersections are often provided to facilitate
traffic movements. Such lanes should be not less than 10 feet
wide, and desirably at least equal in width to the through lanes
when constructed adjacent to a shoulder. When there 18 no
shoulder adjacent to the auxiliary lane, the desirable width is
one foot greater than the through lane width.
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Un freeways the desirable auxiliary lane treatment is to provide a
12 foot lane and 10 foot shoulder, the minimum treatment is to
construct a 13 foot lane without a shoulder.

When resurfacing existing highways that have lane widths of 10
feet or less, the existing lanes should be widened to either 11
feet minimum or 12 feet desirable.

SHOULDERS

General

A shoulder is the portion of the roadway contiguous with the tra-
veled way for accommodation of stopped vehicles, for emergency
use, and for lateral support of subbase, base and surface courses.
Scme of the more impeortant advantages of providing shoulders are:

1. Space for the motorist to pull completely cff\ the roadway for
emergencies, or to review a map.

2. An escape hatch to avoid potential aceidents cor reduce their
severity.

3. Contributes to driver comfont wgy creating a sense of
openness; improves highway capacity.

b, Sight distance can be improved in cut sections.

, N
5. Enhances lateral clgarance for the placement of signs or
. guardrails.

6. Space for pedestrian or bicyecle usage.

Width of Shouldefs

Desirably, a “¥ehicle' stopped on the right shoulder should clear
the pavenent edge by at least 1 foot, preferably by 2 feet. This
preference hasled Lo the adoption of 10 feet as the normal usable
shoulder width that“should be provided along high-type facilities.
In difficult terrain“and on low-volume highways, usable shoulders
of this width" may not be feasible. A minimum usable shoulder
width of & feet should be considered for the lowest type highway.
Heavily toaveled and high~speed highways, and those ecarrying large
nunbers of trucks, should have usable shoulders at least 10 feet
and preferably 12 feet wide. Shoulder widths for specific types
of highways are enumerated as parts of the typical sections
illustrated at the end of this section.
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Although it is desirable that a shoulder be wide encugh for a
vehicle to be driven completely off the traveled way, narrower
shoulders are better than none at all. Partial shoulders are
sometimes used when full shoulders are unduly costly, as on long-
span bridges or in mountainous terrain. BRegardless of the width,
a shoulder should be continucus where feasible.

Left shoulders are preferred on all divided highways. The
desirable median shoulder width on UY-lane and 6 to 8 lane highways
is 5 feet and 10 feet respectively. The minimum shoulders widths
are 3 feet and 5 feet respectively. On 6 to 8 - lane nonaccess
control highways where the right-of-way is restricted, the minimum
left shoulder width may be reduced to 3 feet.

Shoulders on structures should have the same width) as the usable
shoulders on the approach roadways, both right and)left. This
design 1s essential on freeways, and is desirable opmall arterials
where shoulders are provided. Long-span, highecost “structures
usually warrant detailed special studies to _determine) feasible
dimensions. Wherever practicable, full shouldeps should be
included, but as has been indicated, €or somecases, it may be
Jjudged proper to use only partial-width shoulders.

On resurfacing projects where wider lanes are to be provided, the
outside shoulder width may be reduced tq\a minimum of 8 feet.

Cross Sections

Shoulders are important lirnks _if®#fhe” lateral drainage systems.
Shoulders should be flush ’with the roadway surface and abut the .
edge of the travel lanés On divided highways with a depressed
median, all shouldersgsShould be sloped to drain away from the tra-
veled way. With a praised narrow median, the median shoulders may
slope in the same direetioh as the traveled way. All shoulders
should be pitched hsufficiently to rapidly drain surface water.
The minimum cross slope should not be less than 4 percent to mini-
mize ponding on\the roadway.

Shoulder slopes, that drain away from the paved surface on the out-
side“of well-superelevated sections should be designed to avoid
too great & cross slope break. The algebraic difference produced
by the pavement superelevation and the shoulder slope should not
exceed 7 percent.

The &houlder on the inside of the curve or the low side of super
should be sloped at the same rate as that of the superelevated
pavement once the superelevated rate equals the normal slope of
the shoulder.
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Intermittent Shoulders or Turnouts

It will not always be economically feasible to provide desirably
wide shoulders continuously along the highway through high cut
areas or along steep mountainsides. 1In such cases, consideration
should be given to the use of intermittent sections of shoulders
or turnouts that can be placed at favorable locations along the
highway. Where intermittent shoulders or turnouts are provided,
transition sectionz of ample length should be provided to
encourage usage and to permit safe entry and exit.

ROADSIDE OR BORDER

General

The area between the roadway and the highway right-of-way is
referred to as the roadside or border. The term) "roadside"
generally applies to freeways and the term "border™ “applies to
land service highways. \

Width

The minimum right-of-way width on rural and wurbangfreeways is 300
ft. and 150 respectively. Depending| upon the median, travelled
way and shoulder widths, the roadsideépwidth is“in the range of 70
ft. for rural freeways and 25 ft./for arbangfreeways.

The desirable border width &n land service highways is 15 ft.
Where right-of-way acquisition cg8tS Or terrain features make the
15 ft. border width impractical a 10 ft. border may be used.
Preferably the width of the borderi should be sufficiently wide to
permit the placement ©&f tilities poles and all fixed obstructions
beyond the clear zone apea.  Normally, an additional 5 feet should
be added to the clearZoneldistance to provide the necessary pla-
~Tement of utilifies,withindthe highway right-of-way yet beyond the
~clear zone recovery area.

See Section )8 “for -the required clear zone distance for various
design speeds.

The bordernwidth on existing highways may be reduced to 8 feet to
accofimodate “the widening of lanes and/or shoulders.

CURBS
General

The type and location of curbs appreciably affect driver behavior
and, in turn, the safety and utility of a highway. Curbs often
serve two or more of the following purposes: drainage control,
pavement edge delineation, aesthetics, delineation of pedestrian
walkways, and assistance in orderly roadside development. To be
considered a curb, some raised aspect or vertical element is
required.

5-6
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Curbs are used extensively on all types of urban highways. Cn
rural highways, caution should be exercised in the use of curbs.
In_ the interest of safety, curbs should be omitted on rural high-
ways when the same objective can be attained by the other accep-
table means.

Types of Curbs

The two general classes of curbs are vertical curbs and sloping
curbs. Each may be designed as a separate unit, or integrally
with the pavement. Vertical and sloping curbs may be designed
with a gutter to form a combination curb and gutter section.

Curbs should not be used on freeways and are considered unde=-
sirable on other high-speed arterials. When accidentally struck
at high speeds, it is difficult for the operator to'retain contrel
of the vehicle. In addition, most vertical curbs ape not adequate
to prevent a vehiecle from leaving the roadway. Where), positive
protection is regquired, such as on long narrow medians on adjacent
to bridge substructures, suitable median barriem)or /guiderail
should be provided.

Generally, vertical curbs should not befprowvided imside the faces
of bridge parapets. A preferred, and more widely used, method is
to design the parapet in the shapegof a slope-faced barrier such
as our concrete barrier curb. 4 verfical /curb may be used on
bridges on urban streets, with a cufb height the same height as
the approach roadway curb. Inlets should be provided in the
gutter or the curb, or both. Generally, it is not practiecal to
design gutter sections té) comtain jall of the runoff, even from
frequent rains, and somehoverflow onto the traveled surface can be
expected. The spreadgof wWater on the traveled way is kept within
tolerable limits by the proper sizing and spacing of inlets.
Grate inlets and depressions “or curb-opening inlets should not be
placed in the travel lane because of their adverse effect on dri-
vers and biecyele ridersiwho veer away from them. Warping of the
gutter for &urb-opening inlets should be limited to the portions
within 4 feet“eof 'the curb to minimize adverse driving effects.
See Section 10, for the proper spacing of inlets.

Placement wf Curbs

Vertical curbs should not be used on freeways or other high-speed
arterials, but if provided in special cases, the curb should
not /pefcloser than the outer edge of shoulder. Curbs introduced
intermittently along streets should be offset 3 feet from the edge
of pavement; where continuous, at least 1 foot.

VYertical Curb Height

When curb is warranted on local streets, land service highways,
freeways and ramps, the height of the vertical curb face shall be
no greater than six (6) inches.
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411 curb on bridge decks and curbs in front of retaining walls
shall be constructed with a vertical curb face no greater than six
(6). inches.

The vertical curb face may be increased when used in continuous
medians or where required due to other special conditions but only
iIf specifically approved by the Chief Engineer, Design.

Vertical curbs and safety walks may be desirable along the faces
of long walls and tunnels, particularly if full shoulders are not
provided.

Sloping curbs are designed so that vehicles can cross them readily
when required. They are low with flat sloping faces. Mountable
curbs can be used at median edges to outline channglizing islands
in intersections areas, or sometimes at the outer)edge of the
shoulder.

When curbs are used for drainage purposes in,econjunction with
guiderail they should be installed directly undeﬁ\or 9 {inches 1in
front of the guiderail. Section 8, TRAEFIC BARRIERS, Guidelines
for Guiderail Design and Median Barriers, discusses j,ourb placement
in conjunction with traffiec barriers. .
. E
When resurfacing adjacent to curbgiit curh ‘should not’removed
unless it is deteriorated or the g¢urb facewill be reduced to less
than 3 inches. A curb face less than 13 inches is permissible,
provided drainage calculations indicate/the depth of flow in the
gutter does not exceed the remainifig elirb reveal.

SIDEWALKS

General

Construction off'new ‘sidewalk will normally be the responsibility
of the property owner)fronting on the highway. The Department may
construct sidewalks when required by local ordinance or to elimi-
nate a known pedestrian vehiecle aceident prone location.

Sidewalk h»will 'be replaced when the existing sidewalk has been
distrubed or removed by an improvement project undertaken by the
Department.

Sidewalkdwidths are usually U4 feet wide and separated from the
roadWway by a planting strip 3 feet in width.
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Curb Ramps for the Handicapped

MEDIANS

Curb ramps for the physically handicapped shall be provided where
curb or sidewalk is being constructed or reconstructed at inter-
sections. However, where there 1s no sidewalk but curb is being
constructed or reconstructed, 1t is not necessary to provide
depressed curb for future ramps. Handicapped ramps may be placed
at midblock crosswalks,

Figures 5-Q and 5-R i1llustrate the design standards for curb ramps
for the physically handicapped.

DRIVEWAYS

Driveway terminals are, in effect, low volume intgrsections. The
number of driveways and thelr location have a definlte effect on
highway capacity, primarily on arterial highways.

Design requirements for driveways are included in\the Depaptment’'s
publication, "Control of Access Driveways",

To determine the adeguacy of the sight distance at drlveways see
SECTION 6 for sight distance at interseétions.

N

A median is a highly desirable elemént ¢n all arterials carrying
four or more lanes. It sepapates‘the traveled ways for traffic in
opposing directions. The médiangWidth is expressed as the dimen-
sion between the through-lane edges and includes the left
shoulders, if any. The ' prinecipadl functions of a median are’to-
provide{ the deslredgfreedom from the interference of opposing
traffiec; a recovery area for out-of-control wvehicles; a stopping
area in case of emergenci@sy for speed changes and storage of
left-turning andiU-turning vehicles; to minimize headlight glare;
and to provide width)for future lanes. Another benefit of medlans
in an urban area is that they add an open green space. For maxi-
mum efficiency, ha median should be highly visible both night and
day and in ‘defInite contrast to the through traffic lanes. A
median ‘may vary din‘scope from a simple traffie¢ stripe to an expan-
sive area) of/varying width between two independently designed
roadways. Medians may be depressed, raised, or flush with the
pavement surface.

Medians" should be as wide as feasible, but of a dimension in
balance with other components of the cross section. The general
range of median widths is from a minimum of 4 feet to a desirable
dimension of B0 feet or more on freeways in rural areas.
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In general, the median should be as wide as can be used advan-
tagecusly. As far as the safety and convenience of motor vehicle
opgration are concerned, the farther the pavements are apart, the
better. However, economic factors limit the width of median that
can be provided. Cost of construction and maintenance increases
generally with an increase in the width of roadbed, but the addi-
tional cost may not be appreciable compared with the cost of the
highway as a whole, and may be justified in view of the benefits
derived. A distinct advantage of the wider medians on roadways
other than freeways 1is to provide adequate shelter for vehicles
crossing at intersections with public rcads and at crossovers
serving commerc¢ial and private drives. However, wide medians are
a disadvantage when the intersection is signalized. The
increased time for vehicles to cross the median may lead to
inefficient signal operation.

If the right-of-way 1is restricted, the mediang’should not be
widened beyond a desirable minimum at the expense of ) narrowed
roadside areas. A reascnable roadside width _ds, required to ade~-
guately serve as a buffer betweem the, private development along
the road and the traveled way, partigcularly’ where zoning is
limited or nonexistent. Space must be provided in the roadside
areas for sidewalks, highway signs, ut@lity )lines, drainage chan=
nels and structures, and for proper slopes and)any retained native
growth. Narrowing these areas may tend to/ develop hazards and
hindrances similar to those that /the mediapmyis designed to avoid.

Raised medians have application on)arterial streets where it is
desirable to regulate left=tuprrd movements. They are also fre-
gueéntly used where the median is to/be planted, particularly where

“the width is relatively marrow.geIt must be pointed out, however,

that planting in narrowhmedians creates hazardous conditions for
maintenance oprations.

Flush median gare hused to some extent on all types of urban
arterials. When "used on freeways, a median barrier may be
required. oThe \median should be slightly crowned or depressed for
drainage. '

Additional discussien on median openings and intersections
including emergency median openings on land service highways and
freefays is discussed in SECTION 6, AT-GRADE INTERSECTIONS.

STANDARD TYPICAL SECTIONS

Typical sections should be developed to provide safe and aestheti-
cally pleasing highway sections within reasonable econcmic limita=-
tions.
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The typical sections shown in the plans should represent con-
ditions that are "typical" or representative of the project. It
is not necessary to show a separate typical section to ¥H& deli-
neate relatively minor variations from the basic typical. The
most common or predominant typical section on the project should
be shown first in the plan sheets followed by sections of lesser
significance.

Figures 5-C through 5-J inclusive illustrate the various control
dimensions for single lane and multi-lane highways.

BRIDGES AND STRUCTURES

General

Designers should make every effort during the early)design phase
to eliminate or minimize certain features such as, horizontal cur-
ves, vertical curves, variable horizontal widths and cross, slopes,
on bridge decks. Locating these features _off )\ the sStructure
simplifies construction, is more economicald and “reduces future
maintenance requirements.

For further information the designerd should  re¥iew Subsection
1.5.2. Geometrics on Bridges in the NJDOT Design Manual - Bridges
and Structures. N

Lateral Clearances

It is desirable that the clear width 'on the bridge be as wide as
the approach pavement plus shoulderss

On underpasses the deSipable treatment is to maintain the entire
roadway section including median, pavements, shoulders and clear
roadside areas throughdthe Structure without change.

Minimum lateral clearances are illustrated in figures 5-K through
5=F inclusive.

On divided highways where the median width is less than 30 feet.

consideration should), be given to eliminating the parapets and
decking the, area between the structures.
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5-11.03 Vertical Clearance

Vertical clearances for bridges and structures shall be in accor- _
dance with Subsection 1.3.1 oéﬁhe NJDOT Design Manual ~ Bridges . ‘
and Structures.

Bridges and Structures Design should be notified of all changes in
bridge clearances.
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"“TRAVEL THE MEDIAN WIDTH SHOULD BE 8.
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.~ THE MINIMUM RAMP WIDTH IS 22 FEET. THE WIDTH SHOULD BE ADJUSTED BASED

ON VARIOUS OPERATING CONDITIONS, DESIGNVEHICLE AND CURVATURE .THE

. REQUIRED WIDTH SHOULD BE BASED ON'THE SMALLEST RADIUS OF THE RAMP PROPER
~ AND IS APPLICABLE THOUGHOUT THE FULL LENGTH OF THE RAMP.(FIGURE 7 B) :

SUPERELEVATION SHOULD BE PROVIDED ON RAMPS

" SIDE SLOPES WHERE#PRACTICAL SHOULD BE FLATTENED TO ELIMINATE
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THE MEDIAN'WIDTH ON OFFPOSING RAMPS MAY BE REDUCED TO 4 WHERE CURB
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LATEF\’AL BRIDGE CLEARANCES

NPIER OR\

See '
Figure 5-F { -

=
Troveled Way | 30" Min. D
‘ % =
| Gee g e
Figure 5-G ] b
,L—Roadway 7 Min._|
1

NOTE g

.. NOTE 2.

NOTE: THESE DIMENSIONS ARE MINIMUMS. DESIGNS

INTERSTATE OR FREEWAY UNDERPASS

WHEN(PRACTICAL,PLACE PIER AT CENTERLINE OF MEDIAN.
PROVISION FOR ADDITIONAL LANES SHOULD BE CONSIDER-
ED WHEN,DETERMINING PIER OR ABUTMENT LOCATION.IF
THERE IS A CONTINOUS MEDIAN BARRIER THE OFFSET SHOULD
BE SUFFICIENT TO CONSTRUCT THE BARRIER IN FRONT

OF THE PIER WITHOUT REDUCING THE SHOULDER WIDTH.

MINIMUM OFFSET TO PIER OR ABUTMENT i1s 8'-0" AND 4'-g"

- RESPECTIVELY.

— . .. .. R . -

WHICH ELIMINATE THE NEED FOR A LONGI-
TUDINAL BARRIER ARE PREFERRED WHEN

PRACTICAL.
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LATERAL BRIDGE CLEARANCES

© FIGURE  5-L_

Ap prouéﬁ%

NOTE 1. . 28T, OFFSET TO. THE RIGHT SIDE PARAPET IS '";;.,.f e
 ACGEPTABLE ON PROJECTS UNDER DESIGN PRIOR -
TO JANUARY 1,1984. ,

11723783




~ LATERAL BRIDGE C

oo Ramp Width - {-7'Min:
— |- See- Figure BJ oo

7 'Min.| . . Romp™Width 7' Min.
Note2 | < See FiguregS-J -~ | Note2

V0075,

/)
'RlERﬂ)R/ABUTM!ENT
IER OR ABUTMENT '

AT

RAMP_UNDERPASS -~

I '(Netel&2)] | Romp Width

l t7 See Figure 5-9 | |

| “RAMP_OVERPASS :

| NOTE i. ~ A 2FT. BARRIER OFFSET 1S ACCEPTABLE ON PROJECTS
: -~ WHICH WERE UNDER DESIGN PRIOR TO JANUARY 1,1984.

2. STOPPING SIGHT DISTANCE ON HORIZONTAL CURVES GOVE~
- RNS(SEE FIGURE 4-A) ..
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LATERAL BRIDGE CLEARANCES

' F!GURE 5 N S

NG
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- N\, Roodway ' . 15'Des-iOMin.

W

A
Roadway . AW\ iIS'Des.-IO'Mm

\\ Note |

yaa |

PIER OR ‘ABUTMENT

\

R

 STATE WIGHWAY UNDERPASS

- [NOTE Um

STOPPlNG SIGHT DISTANCE ON HOR{ZONTAL CURVES
GOVERNS. (SEE FIGURE 4- A ) :
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LATERAL BRIDGE CLEARANCE

FIGURE 5 0

.Rocdey'rr-' T A — "y

4.STATE MIGHWAYS AND LOCAL ROAD OVERPASS

. NOTEf. SIDEWALKS SHOULD BE PROVIDED ON BOTH SIDES
OF AN OVERPASS STRUCTURE

BARRIER CURB 'PARAPET SHOULD BE USED ONLY
“ WHEN A SIDEWALK CANNOT BE JUSTIFIED ON BOTH.

SIDES OF A ROADWAY- -
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NJDOT
SECTION 6. 11/16/83

AT-GRADE INTERSECTICNS

GENERAL

Most highways intersect at grade. To minimize the resulting
confliets and to provide adequately for the anticipated crossings
and turning movements, the geometric design of the intersection at
grade must be given careful consideration.

Although intersections have many common factors, they are not sub-
jeet to a set treatment, and must be looked upon as individual
problems.

In varying degrees, four basic factors enter intogthe design of an
intersection. These factors are traffic, physical), economic and
human. '

Traffic factors to be considered include: possible and practical
capacities, turning movements, size and operating, eharacteristics
of vehicles, control of movements @t pointsd of “intersection,
vehicle speeds, pedestrian movements, transit ogperations, and
accident experience.

Physical factors which control intersection design and application
of channelization are: topography, abutting land use, geometriec
features of the intersecting roadways,s traffie control devices,
and safety features.
N

Economic factors, whicl) aré important and often controlling,
include the cost. of {improvements and the economie effect on
abutting businesses gwhere channelization restricts or prohibits
certain vehicular movementahwithin the intersection area.

Human factorsStueh as driving habits, ability of drivers to make
decisions, effect of ‘surprise, decision and reaction times, and
natural paths of movements must be considered.

An intersection may be extremely simple or highly developed,
depending on ‘the proper evaluation of the foregoing factors. In
the redesign of an existing intersection, standards sometimes must
be compromiSed due to the high cost of existing development or to
the necessity of meeting rigid physical controls. In the design
of a neéw intersection, however, such controls frequently can be
avgidéd by a shift in line or grade of one or both of the inter-
secting highways.

GENERAL DESIGN CONSIDERATIONS

Capaclity Analysis

Capacity analysis 1is one of the most important considerations in
the design of intesections. This is especially true in the design
of at-grade intersections on urban streets and highways. Optimum
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capacities can be obtained when intersections ineclude auxiliary
lanes, proper use of channelization, and traffic control devices.
Reference is made to the 1965 Highway Capacity Manual and to
Transportation Research Board Circular HNumber 212, Interim
Materials on Highway Capacity, January 1980, for procedures in
performing capacity computations.

Spacing

The spacing of intersections on major arterials is important to
the capacity and safety of the roadway. In urban areas, the capa-
city of the arterial is determined by the capacity of the signa-
lized intersections along the roadway. Ideally, signalized
intersections should be located no closer than 1200 feet apart.
In rural areas, the minimum spacing of intersections should be
one~half mile.

Alignment and Profile

N

Intersections are points of conflict between (vehitles, “&nd between
vehicles and pedestrians and, hence, are)poténtially hazardous.
The alignment and grade of the intersécting, roads’ should permit
drivers to discern and perform readily the maneuvers necessary to
pass through the intersection safelyfand \with minimum interference
between wvehicles. To these ends, (thedalignment should be as
straight as possible and gradient asdflatfas practical. The sight
distance should be equal to of greater than the minimum values for
the specific intersection conditionss PSight distance is discussed
later in this section.

1. Alignment

Regardless of thedtypefof intersection, intersecting highways
should meet athor nearly at right angles. Roads interseeting
at acute| angles, require extensive turning roadway areas.
Intersection angles less than 60 degrees normally warrant
realignment leloser to 90 degree. Intersections on sharp cur-
ves should) be avoided wherever possible because the superele-
vation and )widening of pavements on curves complicate the
intersection design. ‘

2 Profile

Combinations of profile lines that make vehicle control dif-
ficult should be avoided. Substantial grade changes should
be avoided at intersections, although it is not always
feasible to do so. Adequate sight distance should be pro-
vided along both highways and across corners, even where one
or both intersecting highways are on vertieal curves.

The grades of intersecting highways should be as flat as
practical on those sections that are to be used for storage
space for stopped vehicles. A minimum storage space for 2
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vehicles, approximately 50 feet, should be provided for minor

. streets where stop sign control is employed and the approach
grade is up towards the intersection. Such slopes should
desirably be less than one percent and no more than 3 per-
cent.

The profile lines and cross sections on the intersection legs
should be adjusted for a distance back from the intersection
proper %to provide a smooth Jjunction and proper drainage.
Normally, the profile line of the major highway should be
carried through the intersection, and that of the cross road
adjusted to it. Intersections with a minor rcad cressing a
multi-lane divided highway with narrow median and superele-~
vated curve should be avoided whenever possible because of
the difficulty in adjusting grades to provide a suitable
erossing. Profile lines of separate turning wpoadways should
be designed to fit the cross slopes and longitudinal grades
of the intersection legs. N

As a rule, the horizontal and vertical)alignmeAt are subject to
greater restrictions at or near interseg¢ting(rcads than on the
open road. Their combination at or giear  the jintersection must
produce traffic lanes that are clearly visible to the vehicle
operators at all times and definitely understandable for any
desired direction of travel, freelfrom  sudden appearance of poten-
tial hazards, and consistent with thé portions of the highway just
traveled. 2

Cross Section

The cross section ofgthe pavement surface within an intersection
should be reviewed/on a c¢ase-by-case basis. The development of
the centerline profiles and edge of pavement profiles should flow
smoothly through the intersection.

SIGHT DISTANCE

General

There mus®) be unobstructed sight along both roads at an intersec-
tiondand across their included corner for distances sufficient to
allow the operators of vehicles approaching the Intersection or
stopped At the intersection to carry out whatever manuevers may be
requifed to negotiate the intersection.

Any object within the sight triangle high enough above the eleva-
tion of the adjacent roadways to constitute a sight obstruction
should be removed or lowered. Such objects include but are not
limited to cut slopes, hedges, bushes, tall e¢rops, signs,
buildings, parked vehicles, etc.
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Stop Control on Cross Street

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

Figure 6-A indicates the required sight distance along the major
roadway for various design vehicles to c¢ross safely. Where the
median width on a divided highway is equal .to or greater than the
vehicle length, the crossing can be accomplished in 2 steps. The
vehicle c¢crosses the first pavement, stops within the median
opening, and proceeds when a safe gap in traffic occurs to cross
the second pavement. However, when the median width 12 less than
that of a vehicle, the crossing must be made in one)step and the
median must be included as part of the roadway width=(w).

Figure 6-B indicates the sight distance requirement to) permit
passenger vehicles to turn left or right ordto a\2-lane highway
from a stopped position. -

Yield Control

When an intersection 1is controlledmbya yield sign, the sight
triangle is governed by the design speed 'onfthe main highway and
that of the approach highway or_rampd

 Suggested approach speeds on theg¥#iéld controlled approach are 15

mph for urban conditionsfand“20 to! 25 mph for rural conditions.
Where two major highwayshintersectdand one leg is controlled by a
yield sign, the designWspeed on both highways should be used in
determining the minimum sight) triangle.

Figure 6~C illustpates thé method for establishing the minimum
sight trianglel for yield controlled intersections.

Sight Distanee at,.Signalized Intersections

Intersections ‘eontrelled by traffie signals presumably do not
pequire_sight distance between intersecting traffic flows because
the flows move at separate times. However, drivers should be pro=-
vided with some view of the intersecting approaches in case a
crossingd vehicle violates the signal indieation. In addition,
sightidistance reguirements for vehicles permitted to turn right
on red signal indications must be considered. Llne-ofusight
signal should consider the effect of parked veghicles. As a mini-
mum, stopping sight distance should be provided.

TURNING MOVEMENTS

General

One of the primary concerns of intersection design is to provide
adequately for left and right turning movements. The pavement and
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roadway widths of turning roadways at intersections are governed
by. the volumes of turning traffic and the types of vehicles to be
accommodated.

Design Vehicles

The overall dimensions of the design wvehicles considered in
geometric design are shown in Table 2-1 of SECTION 2, DESIGN
PARAMETERS. The minimum turning radius of these design vehicles
is shown in Figures 6-D through 6-I.

These figures should be used as guides in determining the turning
radii at intersections and the widths of turning roadways. The
principal  dimensions affecting design are the {minimum turning
radius and those affecting the path of the inner rear tire, tread
width and wheel base.

Vehicle turning path templates are included _atp'the back’of this
Manual and should be used on all intersection designs( to assure
that encroachments into opposing lanes) are eliminated or mini-
mized.

Minimum Edge of Pavement Design for Turns

Where it is necessary to provide/for t:;ning vehicles within mini-
mum space and slow speeds (less,thafi 10fmph), as at unchannelized
intersectiona, the minimum turning\paths of the design vehicles
apply.

For most simple interséctions with angle of turn of 90 degrees or
less, a single circularare Jjoining the tangent edges of pavement
provides an adequate désign., Generally, radii of 15 to 25 feet
are adequate for pasSenger vehicles. Radii of 30 feet or more
should be provided ‘to aldow =zn occasional truck or bus to turn
without much, | encroachment. Radii of 50 feet or more should be
provided where)large| truck combinations and buses turn fregquently,

When provisions must be made for the larger truck units, and the
angle of) turn exceeds 90 degrees, a 3-centered compound curve may
be usedpinmylieu of a single circular arec with a large radius.

Figure 6-J indicates the wminimum treatment at unchannelized
interseé¢tions.

CHANNELIZATION

General

Where the inner edges of pavement for right turns at intersections
are designed to accommodate semitrailer combinations, or where the
design permits passenger vehicles to turn at speeds of 15 mph or
more, the pavement area at the intersection may become excessively
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large for proper control of traffic. To avoid this condition, =&
corner island, curbed or painted, should be provided to form a
separate turning roadway.

At-grade intersections having large paved areas, such as those
with large corner radii and those at oblique angle c¢rossings, per-
mit and encourage hazardous, uncontrolled vehicle movements,
require long pedestrian crossings, and have unused pavement areas.
Even at a simple intersection, appreciable areas may exist on
which some vehicles can wander from natural and expected paths.
Conflicts may be reduced in extent and intensity by a layout
designed to¢ ineclude islands.

Islands

An island is a defined area between traffic lanesgfor control of
vehicle movements. Islands also provide an area for ‘pedestrian
refuge and traffic contrcl devices. Within _an interseefion, a
median or an outer separation is considered an islghd. This defi-
nition makes evident that an island is no)singledphysical type, it
may range from an area delineated by curbs ‘to a/pavement area
marked by paint.

Islands generally are included in integpection design for one or
more of the following purposes:

1. Separation of conflicts; N

2. Control of angle of ¢onflict;
3. Reduction in eicessive pavement areas;

.. Regulation of traffic Jand indication of proper use of inter-
section;

5. Arrangements to favor a predominant turning movement,;

6. Protection, of pedestrians;

7. Proteétion and storage of turning and crossing vehicles;
8.7 Location of traffic control devices.

Islands generally are either elongated or triangular in shape, and
are situated in areas normally unused as vehiecle paths. The
dimensions depend on the particular intersection design. Islands
should be located and designed to offeer little hazard to vehicles,
be relatively inexpensive to build and maintaln, and occupy a
minimum of roadway space but yet be commanding enough that
motorists will not drive over them., Island details depend on par-
ticular conditions and should be designed to conform to the
general principles that follow.
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Curbed islands are sometimes difficult to see at night because of
the glare from oncoming headlights or from distant luminaires or
roadside businesses. Accordingly, where curbed islands are used,
the intersection should have fixed~source lighting.

When various intersections are involved in a given project and the
warrants are sufficiently similar, a common geometric design
for each intersection should be used. This design approach will
enchance driver expectancy. The designer should also refer to
Part V of the Manual on Uniform Traffic Control Devices for
Streets and Highways (MUTCD) for guidance.

Painted, flush medians and islands may be preferred to the curbed
type under certain conditions including the following: in lightly
developed areas; at intersections where approach speeds are rela-
tively high; where there is 1little pedestriangtraffic; where
fixed-source lighting is not provided; and where signals, signs,
or lighting standards are not needed on the median\sr island.
Islands may be grouped inte 3 major functional classes: (1) chan-
nelizing islands designed to control and direet traffic movement,
usually turning, (2) divisional islands ) designed to divide
opposing or same-direction traffic streams, uswally through moves-
ments, and (3) refuge islands to grovide refuge for pedestrians.
Most islands combine 2 or all of ftheseffTunctions.

1. Size N
Island sizes and shapes vary materially from one intersection
to another. Islands shouldypbé large enough to command atten-
tion. The smadlest ecurbed island that normally should be
consldered is one that ‘has an area of approximately 50 square
Feet for urban streets, and 75 square feet for rural inter-
section. However, 100 square feet is the minimum desirable
size fomislands)\used in both urban and rural areas.

2. Approach-EndyTreatment

The )approach end, of a curbed island should be consipicuous to
approaching drivers and should be definitely clear of vehiele
paths, physieally and visually, so that drivers will not veer
from/ the island.

The nose offset should be 3 feet from the normal edge of
through pavement and 2 to 3 feet from the pavement edge of
the turning roadway. Figure Gfﬁ}shows the recommended design
details of curbed triangular Islands under conditions of no
shoulder on the approach roadways. .. &
On highways with auxiliary lanes or shoulders, the corner
islands should be offset the full auxiliary lane or shoulder
width on both the main highway and the cross road,fFigure 6-L.
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3. Divisional Islands

The most common type of elongated divisional island is the
median island, for which a design guiderillustrated on Figure
G-HI ’ ’

A

Auxilary Lanes

Auxilary lanes at intersections serve a wide range of purposes
ineluding space for deceleration and acceleration, bus stops, and
storage for turning vehicles.

Deceleration lanes are always advantageous, particularly on
high speed roads, because the driver of a vehiele leaving the
highway has no choice but to slow down on the through-traffie lane
iff a deceleration lane were not provided. On _the other hand,
acceleration lanes are not always necessary at stop' eontrolled
intersections where entering drivers can wait for an opportunity
to merge without disrupting through traffief” Aceeleration lanes
are advantagecus on roads with yield eontroldandqon all high-
volume roads even with stop control™ where openings between
vehicles in the peak-hour traffic Streams “arel infrequent and
short.

An auxilary lane should be of suff;Eient width and length to
enable a driver to maneuver a_ vehitle ©nto 1t properly and once
onto it, to make the necessary change between the speed of opera-
tion on the highway or street afid the lower speed on the turning
roadway. See Figure 6-N(for“desirable lengths of auxilary lanes.

Median Openings

Median openings on Adivided rocadways are provided to permit
intended moveménts, ‘only./ Figure 6-0 shows application of median
openings to control the various types of movements along a divided
roadway.

The length (L) of, the median opening desirably should equal the
full readway of )the eross road, shoulder to shoulder plus 5 feet on
both sides. (The control radius (R1) is determined by the design
vehdilele as follows:

P &and 30 - 40 feet
SU, BUS, WB-40 - 50 feet
WB=50 - 75 feet

On urban divided roadways, median openings for U-turns should not
be provided. U~turn movements may be permitted at signalized
intersections where there is sufficient pavement width to accom-
modate the movement. Provisions for U-turns should be made on
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rural divided roadways where intersections are spaced in excess of
one-half mile apart. Median widths in such cases should be at
least 20 feet and desirably 30 feet to provide adequate protection
for the vehiecle executing the U-turn movement from the median.

Median Openings For Emergency Vehicles

Although it is desirable to reguire all U-turns by offiecial
vehicles be accomplishd at intersections or interchanges,
experience demonstrates that some emergency median openings are
necessary for proper law enforcement, fire-fighting apparatus,
ambulances and maintenance actlvatgs. Where median openings are
provided for use by official vehicles only, they shall be limited
in number and carefully located.

On freeways and Interstate highways where _the ) spacing of
interchanges 1s greater than approximately 3/ miles,, a U-turn
median opening may be provided at a favorable location halfway
between the interchanges. Where the spacing o?\interchanges is
greater than about 6 miles, U-turn median openings may be provided
so that the distance between such openingstor interchange is not
greater than about 3 miles.

U-turn median openings in generalgShould not be provided on urban
freeways due to the close spacing ofsinterchanges. Generally due
to the close proximity of _intersection on divided arterials
emergency U-turn median opefiings' are not provided. However when
emergency facilities are located” between intersections there may
be a need for direct accgess “to the/highway.

See figures 6-P & 6<Q0for)typical emergency median opening treat-
ments.

MEDIAN LEFT~TURN DANE

General

A median lane)is provided at an intersection as a deceleration and
gtorage) lane| for  wehicles turning left to leave the highway.
Median.lanes/{ may be provided at intersections and other median
opefiings where there is a high volume of left turns, or where
vehicular speeds are high on the main roadway. Median lanes may
be operatad with traffic signal contrel, with stop signs, eor
without either, as traffic conditions warrant.

Figure 6~R shows a typical median left turn lane,

Lane Width

Left«turn lane should be 11 feet wide and desirably 14 feet wide.
The lane width is measured from the curb face to the edge of thru
lane.
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&=mTrattle

. 4

ﬁgﬁl | - ‘10
——*, !

Median
Var,

over 70'

Tr&fficu@

Notes I.) Ponding of run—~off is to be eliminated by conventional means, o

2.) The median opening is to be located where adequate stopping .

sight distance may be previded.

3.} The medion opening should be locoted 1/2 mile from any freewaoy
under pass and at least one mile from any romp ferminal.
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Median widths of 20 to 25 feet or more are desirable at intersec-

tions with single left-turning lane, but widths of 15 feet to 18
feet are acceptable.

Length

The total length of the left-turn lane is the sum of storage
length and entering taper.

1. Storage Length

The median left-turn lane should be sufficiently long to
store the number of vehicles likely to accumulate during a
eritical period. The storage length should), be liberal to
avoid the possibility of left-turning vehicles stopping in
the through lanes.

2. Taper N\
The entering taper treatment is illustrated(in figure 6-R

CONTINUQUS TWO-WAY LEFT-TURN MEDIAN LANE

General AN

A continuous two-way left=-turn median lane provides a common space
for speed changes and storage for ‘left-turn vehicles travelling in
either direction and allows turnihg movements at any locations
along a two-way roadway.

Continuous two-way léft=turn median lanes are an effective means
of providing an [incréased) level of service on many urban
arterials. They aredespegially effective in locations of strip
commercial development, and frequent driveway openings experiencing
moderate lefi-turn demands.

Figure 6~8 showsha t¥ypical two-way left-turn median lane.
Kane Width

Lanel widths“ for continuous two-way left turn median lanes range
from 10 to 16 feet. The wider pavement width should be used only
when radised islands are provided at major intersection with high
left=turn demands. 4 median lane width of 12 feet is desirable
where raised islands are not provided at major intersections.

Cross Slope

Generally the crown line should be located in the center of the
median turn lane. The slope of pavement from the crown line
should be the same as the cross slope on the thru lane adjacent to
the median lane.
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INTERSECTION

-~ TWO=WAY_ LEFT=TURN LANE=""

l e e —

TRAFFIC axp

: DIVISIONAL ISLAND USED ONLY WHEN MEDIAN WIDTH IS I5 MAX.

, - , LEF T-TURN:
{SHLD.| LANE ; LANE | ASANE' } LANE , LANE , SHLD.,

DESIGN GUIDELINES

PASSING SIGHT DISTANCE SHOULD BE AVAILABLE THROUGHOUT
LENGTH OF TWO-WAY LEFT-TURN LANE.

- FORGPROPER SIGNING AND PAINT STRIPING CONSULT THE
MANUAL ON UNIFORM TRAFFIC CONTROL DEVICES" SECTIONS
3B~12 AND 2B-I9, '

. TWO-WAY LEFT-TURN LANE MAY BE PROVIDED WHERE THERE
IS ONLY ONE THRU LANE IN EACH DIRECTION.IT IS NOT RE-
COMMENDED WHERE THE NUMSER OF THRU LANES EXCEEDS
TWO LANES IN EACH DIRECTION.

TWO-WAY LEFT-TURN LANE

FIGURE 6-§

NOT TO SCALE

2.8 1713783
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JUGHANDLES
Geﬁeral

A4 "jughandle®™ is an at grade ramp provided at or between intersec-
tion to permit the motorists to make indirect left-turns or U=
turns.

These ramps exit from the right lane of the highway in advance of
the intersection, or past the intersection and convey traffie
across the main highway under traffic signal control. This move=-
ment eliminates all turns within active traffic lanes and, in
addition ¢to providing greater safety, reduces delays to the
through traffic that left turns usually create.

Ramp Width

Ramp widths are based on figure T-B in SECTION 7. The minimum
width for a one lane ramp should not be less thanh22 feet. Ramps
may have more than one lane when required to aceomcdate the anti-
cipated traffic volumes.

Standard Jughandle Designs

Figures 6-T through 6-V illustrate \Ehe three basic Jjughandle
designs.

OTHER CONSIDERATIONS N

Parking Restricticns At(Intersegtidns

Vehicular parking /should not be permitted within the immediate
limits of at-grade \intersegtions.

Lighting At Intersections

Lighting affects, thé safety of highway and street intersections
and. the easehand) comfort of traffic operations. In urban and
shiburban) areas where there are concentrations of pedestrians and
roadside and dintersectional interferences, fixed-source lighting
tends to reduce accidents. Whether or not rural at-grade inter-
sections /should be lighted depends on the planned geometries and
the turning traffic volumes involved. Intersections that
genérally do not require channelization are seldom lighted.
However, for the benefit of non-local highway users, lighting at
rural intersections is desirable to aid the driver in ascertaining
sign messages during non-daylight period.

Intersections with channelization, particularly with multiple-road
goemetrics, should include lighting. Large channelized intersec-
tions especially need illumination because of the higher range of
turning radii that are not within the lateral range of vehicular

6-26
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headlight beams. Vehicles approaching the intersection also must
reduce speed. The indication of this need should be definite and
visible at a distance from the interssction that may be beyond the

range of headlights. Illumination of at-grade intersections with .
fixed-source lighting accomplishes this need.
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SECTION 7 NJDOT
- 12/02/83
INTERCHANGES

GENERAL

The capacity of arterial highways, particularly in urban areas, to
handle high volumes of traffie safely and efficiently depends, to
a considerable extent, upon their abllity to accommodate crossing
and turning movements at intersecting highways. The greatest
efficiency, safety and capacity are attained when the intersecting
through traffic lanes are grade separated.

An interchange is a system of interconnecting roalways in conjunc-
tion with one or more grade separations, providing) for the move-
ment of traffic between two or more roadways on didfferent levels,
Safety and traffic capacity are increased by the prevision of
traffic interchange. Crossing conflicts aregeliminated by grade
separations. Turning conflicts are either elfﬂinated or mini-
mized, depending upon the type of interchange design.

WARRANTS FOR INTERCHANGES

Freeways & Interstate Highways N

Interchanges should be proxided’ onf Interstate highways and
freeways at all intersectifons where @ccess is to be permitted.
Other intersecting roads lor stPeets are either grade separated,
terminated, or rerouted§ ’

Qther Highwavs

On highways with\ondy partial control or no control of access,
definite warpénts, eannot{ be specified as they may differ at each
location. ,The following factors should be considered in analyzing
a particular situation:

1. Elimirnationwf Congestion

Insuffigcient capacity at the intersection of heavily traveled
highways results in intolerable delays and congestion in one
or/) all approaches, The inability to provide the essential
cdpacity with an intersection at grade provides the warrant
for an interchange.

2. Elimination of Hazard

Scme Intersections at grade have a high accident rate even
though serving light traffic volumes. Other more heavily
traveled intersections have a history of serious accidents.
If the safety at such intersections cannot be improved by
more inexpensive methods, construetion of an interchange
facility may be warranted.
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3.. Site Topography

At some sites, the topographic conditions may be such that
the provisions of an interchange facility may entall no more
cost than an at-grade intersection.

4, Traffic Volume

For a new intersection under design, an interchange would be
warranted where a capacity analysis indicates that an at-
grade design cannot satisfactorily serve, without undue delay
and congestion, the traffic volumes and turning movements
expected.

INTERCHANGE TYPES

General

N

The selection of an interchange type and)its desdgn are influenced
by many factors, including the followingt), the speed, volume and
composition of traffie to be served, /the “numbeérfof intersecting
legs, the standards and arrangement (of the| local street system
including traffic control devices,\‘topography, right-of-way
controls, local planning, proximity of ‘adjagent interchanges, com-
nunity impact consideration and) cost. Even though interchanges
are, of necessity, designéd to \fit 'specific conditions and
controls, it is desirable that tHE‘pattern of interchange ramps
along a freeway follow @ome degree of consistency. |It is fre-
quently desirable to rearrange ponfions of the local street system
in connection with «freeway construction in order to| effect the
most desirable ovenall plan of traffic service and community deve-
lopment.

The use ofglisolated ramps or partial interchanges should be
avoided beeause wrong-way movements are more prevalent at isolated
off-ramps and, theredis less confusion to motorists where all traf-
fiec. movements) are provided at an interchange. In general,
interchanges with all ramps connecting with a single c¢ross street
are preferredd

Tnterchange types are characterized by the basic shapes of ramps:
namely;ddiamond, loop, directional or variations of these types.
Many interchange designs are combinations of these basls types.

INTERCHANGE DESIGN ELEMENTS

General

Geometric design for all interchange roadways should follow the
design guides as covered in SECTION 4, BASIC GEOMETRIC DESIGHN
ELEMENTS.
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Spacing

The minimum spacing of interchanges for proper signing on the main
road should be at least one mile between urban crossroads and
three miles along rural sections. Closely spaced interchanges
interfere with free traffic flow and safety, even with the addi-~
tion of extra lanes, because of insufficient distance for weaving
maneuvers. During the early design stage, the Bureau of Traffic
Engineering should be consulted to assure that proper signing of
the interchange is possible.

Sight Distance

Sight distance aleng the through roadways and all ramps should be
at least equal to the minimum safe stopping sight™distance and
preferrably longer for the applicable design speed. See Section L
& 6 for sight distance requirements. \

Alignment, Profile and Cross Section

Traffic passing through an interchange @&hould) belprovided the same
degree of utility and safety as on the approaching highways. The
standards for design speed, alignmentp\profile and cross section
for the main lanes through the interchangeparea should be as high
as on the approach legs. Desirably, thefalignment and profile of
the through highways at an ifiterchange Should be relatively flat
with high wvisibility. The (fulk raadway cross section should be
continued through the idterchange /area and -adequate clearances
provided at structures.

Ramps

1. General

The term Mramp includes all types, arrangements, and sizes of
turning ) roadways that connect two or more legs at an
interchange.  \The components of a ramp are a terminal at each
end hand a @onnécting road, usually with some curvature, and
chnga gracde. Ramps are one way roadways.

24 Ramp/Capacity

The cepacity of a ramp is generally controlled by one of its
terminals. Occasionally the ramp proper determines the capaw-
city, particularly where speeds may be significantly affected
by curvature, grades, and truck operations. Figure 7-A shows
the basle values (Service Volumes) for the ramp proper on
single lane ramps. c

7-3
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FIGURE

CAPACITY OF RAMP PROPER
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Design Speed

It 1s not practical to provide design speeds on ramps that
are comparable to those on the through roadways. Ramp design
speeds however should not be less than 25 mph. On cloverleaf
interchanges, the outer connections should desirably be
designed for 35 mph.

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

Grades

Ramp grades should be as flat as feasible togminimize driving
effort required in maneuvering from one road tc amnether. The
following guldelines should be used iQ\ designing ramp
profiles:

1. Ramp gradients should be limited t0 a maxXimum upgrade of
7% (desirable maximum of 5%) and 5% enfdowngrades.

2. Minimum ramp grades sho@ldingt be /leéss than 0.5%.

3. When the ramp is togbe wsed predominately by truck traf-
fic (many heavy trucksL{ upgrades should be limited to
Lz, ‘

Sight Distance

On ramps, no plardtinghof vegetation that would restrict the
sight distan¢edto less than the minimum for the applicable
design speed)shall be permitted.

RampapWidths

Table 7=B ‘@llustrates the desired ramp widths for wvarious
ramp curvatures. Single lane ramp widths will be based on
Gasenh Il for the ramp proper and Case I a2t the entrance ter-
minal. Case III should be used in determining ramp widths on
two lane ramps. See SECTION 5, Figure 5-J for typlecal single
and two lane ramp sections.

Location of Ramp Intersection on Cross Road

Factors which influence the location of ramp intersections on
the cross road include sight distance, construcetion and
right-of-way costs, circuity of travel for left turn move-
ments, cross road gradient at ramp intersections, storage
requirements for left turn movements off the cross road, and
the proximity of other local road intersections.
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For left maneuvers from an off ramp at an unsignalized inter-
section, the length of cross road open to view should be
greater than the product of the prevailing speed of vehicles
on the cross road and the time required for a stopped vehicle
on the ramp to safely execute a left turn maneuver. See
SECTION 6 for sight distance at intersections.

Where design controls prevent locating the ramp terminal a
sufficient distance from the structure to achieve the
required sight distance, +the sight distance should be
obtained by flaring the end of the overcrossing structures or
setting back the piers or end slopes of an undercrossing
structure.

Sharp curves at an off ramp terminal (at the imtérsection with
the local street) should be avolded, even if (Such an intent is
to provide an acceleration lane for merging \into the loecal
street traffic. It is often better o pfé&ide a2 near 90
degree intersection with stop sign“control4

Slip ramps from the freeway tofl a loeal Wparallel two-way
street should alsc be discouraged because of limited sight
distance usuvally encountereddatiNthe merge with the local
street traffic.

SUPERELEVATION FOR RAMPS

N

The factors controlling (superelevation rates for main line con-
ditions discussed in SECTION UYpdpply also to ramps. Standard
superelevation with giaximum, rate of 6% should be provided on ramp
curves. Ramp alignmenthichyprecludes the attainment of standard
superelevation withinda reasonable transition distance should be
avoided.

Exceptionsgtol the use of the full superelevation are at street
intersections, whéne @ stop or reduced speed condition is ‘in effect
andy, under some conditicns, at ramp Junctions. Edge of pavement
profiles )shouldbe  drawn at ramp Jjunctions to assure a smooth
transition.

FREEWAY ENTRANCES AND EXITS

Basie Policy

Desirably all interchange entrances and exits should connect at
the right of through traffiec. Freeway entrances and exits should
be located on tangent sections where possible in order to provide
maximun sight distance and optimum traffie operation.
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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 7-C through 7-F illustrate the
various ramp terminal treatments.

Distance Between Successive Exits

At interchanges there are frequently two or more ramp terminals in
close proximity along the through lanes. In some interchange
designs, ramps split into two separate ramps or combine inte one
ramp. Minimum and desirable distances between {8uccessive ramp
terminals are shown in Figure 7-H.

Speed Change Lanes

The minimum 1length of speed change lanes og‘ Freeways and
Interstate highways are shown in Figures 7-C and 7-D4 The lengths
should be increased when the upgrade exceeds 2% on accelleration
lanes and on decelleration lanes wherd the downgrade exceeds 3%.
The 1965 AASHTO publication "A Poliey and\ Geometric Design of
Rural Highways"™ lists the ratio offlength of /speed-change lane on
grade to length on level.

Curbs ~

Curbs should not be uSed on ramps except in the following
locations:

Te Curbs may be uSed where necessary at the ramp connection with
the local streetdfor the protection of pedestrians, for chan-
nelization "and ‘to, provide continuity. of construction at the
loecal faeility.

2. Curbs may bepused where necessary to control drainage.

ADDITIONAL LANES

Ingorder | to ensure satisfactory operating conditions, additional
lznes may be added to the basic width of traveled way.

Where“an entrance ramp of one interchange is closely followed by
an exit ramp of another interchange, the acceleration and dece-
leration lanes may be Jjoined. This should be the general practice
where the weaving distance 1is 1less than 2000 feet. Where
interchanges are more widely spaced and ramp volumes are high, the
need for an additional lane between the interchanges should be
determined by an across-freeway-lane volume check. This check
should include consideration of freeway grade and volume of
trucks.
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LANT REDUCTION

Lane reduction below the basic number of lanes is not permissible
through an interchange. Where the reduction in traffic volumes is
sufficient to warrant a decrease in the basie number of lanes, a
preferred location for the lane drop is beyond the influence of an
interchange and preferably at least one half mile from the nearest
exit or entrance. It is desirable to locate lane drops on tangent
alignment with a straight or sag profile so that there is maximum
visibility to the pavement markings in the merge area.

ROUTE CONTINUITY

Route continuity refers to the provision of a direetional path
along and throughout the length of a designated™Troute. The
designation pertains to a route number or a name (6f a major high-
way. N\

Ideally, the driver continuing on the designateddrouge should tra-
vél smoothly and naturally in his lane without being confronted
with points of deecision. This means s#he chosenwthrough lane(s)
should neither terminate nor exit. It is desirable, therefore,
that each exit from the designated *gpute or entrance to the
designated route be on the right,/i.e.q vehigular operation on the
through route occurs on the left,of 411 other traffic.

WEAVING SECTIONS .

Weaving is created by véhicles entéring and. leaving the highway at
common points, resulfing In vehicle paths c¢rossing each other.
Weaving normally odeursdwithin an interchange or between closely
spaced interchanges.

Desirably ongcloverleaf interchanges the distance between loop
ramp terminals )should not exceed 800-1000 ft. Where the weaving
volumes redUire hseparations greater than the desirable, con-
sideration sheuld be given to providing a collector distributor
road.

Thes "Highway Capzcity Manual"™ should be ccnsulted for further
information on weaving.

ACCESS CONTROL

Access rights should be acquired along interchange ramps to their
junction with the nearest existing public road. At such Jjune-
tions, access control should desirably extend to the end of the
ramp taper, or as a minimum 100 feet in urban areas and about 300
feet or more in rural areas beyond the end of the curb return or
ramp radius, as the case may be.

7=15
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Sipce site conditions are too varied, the distances suggested are
to be used as general guides rather than specific maximum or mini-
mum values.




8-01

8-02

§-02.1

8"'02 . 2

NJDOT
12/09/83

SECTION 8
GUIDELINES

FOR
GUIDE RAIL DESIGN AND MEDIAN BARRIERS

INTRODUCTION

These guidelines are based on the 1377 AASHTO Guide for Selecting,
Locating and Designing Traffic Barriers.

They are 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 charaéteristics of the
installations.

N

It is important that application of these[guidelines be made in
conjunction with engineering judgement and €horough evaluation of
site conditions so that a proper solutden is arrived at.

It should be emphasized that guidempail should not be installed
indiscriminately. Every effortfshould begmade to eliminate the
obstruetion for which the guide, raill'is eing conaidered.

In some cases,another type(of traffic barriery; might be a better
choice than guide rail, (For example, ocbstructions in gores can
often be more effectively shielded with a c¢rash cushion. The
designer should considér 'such alternatives and choose the most

" suitable solution based on safety requirements, economic limita-

tions, maintenance, and aesthetic considerations.

GUIDE RAIL WARRANTS

General

guide rail is ‘econsidered a longitudinal barrier whose primary
functiocfis lare to prevent penetration and to safely redirect an
err@nt vehicle away from a roadside or median hazard.

How Japrants are Determined

The physical characteristics of the obstruction and its distance
from the edge of the traveled way are the basic factors to be con-
sidered in determining if guide rail is warranted.

8-1
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Although a wide range of roadside conditions are covered below,
special cases will arise for which there is no clear choice as to
whether or not guide rail is warranted. Such cases must be eval-
uated on an individual basis, and, in the final analysis must
usually be solved by engineering Jjudgement. In the absence of
pertinent criteria, a cost effective analysis could be used to
evaluate guide rail needs.

Definition of Warranting Obstruction

A warranting obstruction is defined as a fixed object or nontra-
versable hazard vwhose physical characteristies are such that
injuries resulting from an impact with the obstruction would pro-
bably be more severe than injuries resulting from@an impact with
guide rail.

1. Fixed Objects

Examnples of fixed objects which may warrant gﬁide rail are:

signs, traffic signals and luminaire)supporis ofg nonbreakaway
design; concrete pedestals extending mere than 4 inches above
the ground; bridge piers, abutmentsd and endsyof parapets and
railings; trees, 6 inches or more(in diameter; wood poles or

posts with a cross-sectional garea greater than 50 square
inches.

a. Trees
—_ N
From a safety viewpolint, there should not be any trees

within the clear zone, gFor discussion on clear zone see
B-02.4.

On freeways afnd interstate routes, it would be difficult
to justifyhexeeptions to such a poliey. In some cases
it may be appropriate to begin planting of replacement
tr@es back from the highway so that the ultimate removal
of “Ereespwdin close proximity to the roadway may be
accompbished without severe public criticism. However,
on land service roads, it is likely that situations will
be hericountered where removal of trees within the clear
zone cannot be accomplished. For instance, the aesthe-
£ic appeal of the trees may cause local opposition to
their removal, the trees may not be within the ROW, or
removal of the trees may nct be environmentally accep-
table.

Factors such as accident experience, traffic velume,
speed, clearance to the traveled way and roadway
geometry should be evaluated when determining whether it
is appropriate to leave trees within the clear zone or
install guide rail if the trees are to remain.

8-2
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b. Utility poles -

Although utility poles have a cross-sectional area
greater than 50 square inches, they should not be
nandled the same as other warranting obstructions. It
is questionable whether a safer roadside would result
from installing ‘quide rail for utility poles within the
clear zone. The expected increase in severity must be
carefully weighed including consideration of such fac-
tors as accident experience, traffic volume, operating
speed, clearance to the traveled way, and roadway
geometry. Ordinarily, an acceptable solution 1is to
locate the poles as far from the traveled way as
possible without guide rail. TIn no case, shall utility
poles on new guide rail installations remain in front of
the guide rail.

Where utility poles are placed behind guide, rail,
desirably they should be four (4} feetiop, gr=ater from
the face of rail. However as @ ninimumglthelpole should
be no closer than nine (9) inches, from the [face of rail.

Nontraversable Hazards

AN

Examples of nontraversable hazards whidh may warrant guide
rail are: rough rock cutsj \lapge bgulders; streams or per-
manent bodies of water mbre than 2/ feet In depth; roadside
ditches with slopes steeper than™:1 and depths greater than
2 feet; and embankment” slepes as described below.

a. Embankment (Fill) Slopes Maximum Height
12:1 31-0
21 6'-0
2x:1 g1-0
321
and flabter Guide rail not

required unless
obstructions are
within the

¢lear zone. See
Figure 8«A for
clear distance.

Return maneuvers can not be accomplished on 3:1 slopes. A
vehicle can be expected to travel to the bottom of the slope
before steering recovery can be obtained. The designer
should, therefore, evaluate each site before providing 3:1
slopes without guide rail.

" When flattening existing slopes to remove guide rail, the

proposed side slopes should be 4:1 or flatter. Rounding

8-3
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should be provided at slope breaks, See Figures 5-C, 5-H and
5-I.

b. Slopes in Cut Sections

Slopes in cut sections should not ordinarily be shielded with
guide rail. However, their potential hazard should be rec-
ognized.

Slopes in cut section of 2:1 or flatter may be considered
traversable and, as the cut slopes steepens, the chance of
rollover increases., Where feasible, slopes steeper than 2:1
should be flattened. If there is a warranting obstruction on
the cut slope, the following apply:

(1) GCGuide rail should be installed if the, warranting
obstruction is on a slocpe flatter than 0.F%:1 and is
within the clear zone width specified in sectiom 8-02.4

{2} GCuide rail should be installed [if 4he sarranting ob-
struction is on a slope of 0.T7:l on' steeper and is less
than 6 feet {measured alongdthe slopeysffrom the toe of
slope and is within the clear zone, width specified in
section 8-02.4 N

(3) Guide rail is not reguired if fEhe warranting obstruction
is on a slope of QL7:1 ‘or, steeper and is 6 feet or more
{(measured along, the slopg\from the toe of slope.

See Figures 8<G and 8~H for an example of a guide rail
installati®n din & cut section.

Ce Ditches

Digches should be designed to be traversable, Where
feasible, existing ditches should be reconstructed so as
tebe tratersable.

The 1977 AASHTO Guide for Selecting, Locating and De-
Sigfiin= Traffic Barriers shows criteria for preferred
ditch cross sections.

Cleap Zene

Clear zone is defined as the roadside or border area, starting at
the edgze of the travelled way, available for safe use by errant
vehicles.

The width of the clear zone (Lc) varies with the speed and road-
side slope. Desirably the design speed should be used when deter-
mining the clear zone on either new or existing highways. As a
minimum, the pested speed plus 5 mph may be used when determining
the clear zone width on existing highways.

8-4
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Figure 8-A indicates the clear zone widths for wvarious speeds and
roadside slopes. Figure 8-B illustrates the methods by which the
clear zone should be adjusted for volumes less than 6000 ADT
and/or for speeds other than those shown in figure B~A.

Borizontal alignment does affect the clear zone width. Clear zone
widths on the outside of horizontal curves can be determined as
shown in figure 8-B.

DIMENSTONAL CHARACTERISTICS

Approach Length of Need

The length of "approach" guide rail should be detepmined in accor-
dance with Figures 8-C, 8-D or 8-E. On a two-way, undivided high-
way or on a divided highway with a narrow traversable median, an
“approach end" treatment may be required for both dirmections of
traffic (See Figure 8-E). However the designers fipst con-
sideration should be to remove or relocate ghe roadside obstacle
so that a longitudinal barrier is unnecessary.

See figure 8-G for an example of detepmining length of need in a
cut section.

N

End Treatments

1. Beam Guide Rail Anchorage

N

On a one-way roadway or a divided roadway with a nontraver-
sable median, trailing end§ of guide rail installations
should be anchorfed“with a Beam Guide Rail Anchorage, Type I,
Figure 8-I.

In cut -sdetions,mthé approach ends of guide rail instal-
lations@should ‘be anchored with a Beam Guide Rail In Line
Anchorggze,nType II and buried in the slops as shown on Figure
B—J -

In special case®, where the end of a guide rail installation
;&locasdd o that an end hit is unlikely, the end should be
anchored with a Beam Guide Rail In Line Anchorage, Type II.

2. abBréakaway Cable Terminal (BCT)

Breakaway Cable Terminals should be used at ends of beam
guide rail installations terminating within the clear zone,
unless covered by conditions noted in 8-03.2.1 above. A BCT
shall not be installed behind curb greater than 6 inches in
height unless it is located beyond the clear distance.
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{?“CLEAR ZONE (L FOR LOW VOLUHES;~

‘where L_; increage. ln;clear

: Therefore L ;;T6”¥:301

When L is. requxred on:the. outSIde ofwa ‘curve whe
" use the above formula- but
—~zone width- for a” s1oped;." s i

| FIGURE: 8- 8 |

DATE n/s3'

CLEAR ZONE ADJUSTMENTS

CLEAR ZONE (L_) FOR SPEEDS OTHER THAN 40, 50 or 60 1T'TT{;"M'“"

L (60 mph) = 30 ft. from Figure 8-A for a 10:1 or

LT (60 mph) = 400 ft. from Table 1, Figure 8-C"
L. (70 mph) = 480 ft. from Table 1, Figure 8-C -

L (70 mph) = 480 x 30

c = 36 ft.
ESHW”_" o

L

c can be determlned as foliows:

L. (40 mph) = 15 ft. from Figure 8-A, for a'IO oF flatter: road51de‘e_r |

LT (40 mph, ADT = 6000) = 240 ft. FromF i gPE Q. ki
L. (4O mph, ADT = 500) = 180 ft. from Flgure 8- C WLabl
L. (1}0 mph, ADT of 500) = 180 x 15 = 1\25 Ft.‘
| zho .
CLEAR ZONE (L_) FOR HORIZONTAL CURVES - et

The clear zone widths cbtalned from- Figure B-A- shou]d be~ increased on thezlrlw;:L::
outside of curves. The amount of |ncrease can be determlned by the Fo]lowtng
formula: w & e e ,

57 3Lr "
Lei = (1 - cos’ ——1;——~ )

curve’ rad:us

5000 [1 - cos(S? 3 x hoo

flat road51de

For example, |F in the prev:ous ‘example ‘the roadside was: not;IO
a h:1: s]ope, the clear zone‘w1dth can~be~ determlned as”fo iows

'.Le (aeveT area. Stralght roadway)

30'ft (from Flgure 8-A)
L. (4'] slope, stfaight roadway )

47 ft. (from thure 8 A)

© Wz xle=25ft. 7 Therefore L. = 25 + 30 55 ft.
30 _
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NC CTIONS
e REQUIR_EE).__ CLEAR ZONE IN CUT SECTIONS ijAT.E- 75,
@F

(l) From flgure 8 A se]ect cIear zone ror the cut slope'_m“-wwmm"'

.The clear zone |n cut sections is determlned as fol‘ows

(2 ) If the total dlstance between the,PVt and the edge of lane cs greater than:IZ
_,_,“ft o . LT
L 7(a)r'Subtract 12 ft from the clear zone selected ln Step l

(3);{If the d:stance between the PV and edge of lane lS !2 f'
_%Q;clear zone w:ll be determined-directly fronm F:gure -

: EXAMPLE

__’ ’ '
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FIGURE: 8-G B

His, the-length- of gulderaIlM{LJ)~para;|e] G =
‘he foilowrng example shows hOw’t o~

eLON is_..

i
3
1

“Use 13 post ¢ 6.250 = T LT
~-Therefore L = B1. 25' S - L e L
S 1) e -(19 16). 13/1 =39 ft. . .

_Flare Length = (L

L.O.N, 812'—1ft+

II.'

16 Ft.

30 ft.

LOO (From Flgure 8 C Table l)

=27 ft. (From Example Figure 8-F)

> L
LH c use LC

=_LR__-_ (LT q/L ) - a/b (LT _2)

hoo "7(l9xﬁ00/27) - 13/1 (19 15)
81, 25 ft"

3§ ft., = 120.25 ft.

NOTE: L, shall not be less than 12' - &%,

19 fit. ; ﬁf;'; f, S ‘”*?ff'”
| Flare (from Figure 8-C Table 1)

9.5':
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Where BCT's must be constructed within the clear zone behind
8 inch vertical curb, fifty (50) feet of curb immediately in
advance of the BCT shall be removed and replaced with 9" x
16" (4" face) white concrete vertical curb,

A clear area should be provided behind BCT installations when
practical. The desired clear area is shown cross-hatched on
figure 8-K.

In addition, rub rail, reduced post spacings, and double rail
elements should not be used in the first 50 feet from an
"approach" end using the BCT treatment. i

Median Breakaway Cable Terminal (MBCT)

A Median Breakaway Cable Terminal should begmséd when ter-
minating dual face beam guide rail within the clear distance
of travel from the approach direction, Figure\8-L.

The MBCT should be installed onrelativély fTat surfaces
(10:1 max. slope). Use on railsed islands or behind curbs
is not recommended.

When the offset to the end oﬁ\'guide rail =shielding an
obstruction from the approach gdireetion, 1is equal to or
greater than the clear distance, the dual BCT end treatment
shown in Figure B8-M shoyld be<&§ed.

8-03.3 Clearance

1.

From Traveled Way

A highly desirabde characteristic of any roadway 1is a uni-
form cleafanceh from the traveled way to the guide rail,
If possible, guide rail should be placed at a distance beyond
which@it“will not be persceived as a threat by the driver,
Figure 8-D, p®a@ble-I Shy Line Offset. In general, the
fodlowing effisets should be used:

a. Tonthe ‘extent possibls, guide rail should be located as
fare as possible away from the traveled way.

be On interstate highwavys and freeways, the front face of
the guide rail should be a minimum of 4 feet from the
cutside edge of shoulder except as provided in paragraph
8"03-7-

e On land service highways the front face of the guidé
rail should be a minimum of 7 feet from the outside edge
of shoulder.
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2. At Fixed Objects

Where guide rail is used to shield an isolated obstruction it
is more important that the guide rail be located as far from
the traveled way as possible so as to minimize the provabi-
lity of impact. The distance from the face of the rail esle-
ment to the face of obstruction should desirably be a minimunm.
of 4 feet, Figure 8-N. If less than & feet must be used, the
guide rail system must be modified (See Figures 8-0 thru 8-P.,

3. On Bridges

8. On existing freeway and interstate structures with
safety walks equal to or greater tham 1'-6" and not
feasible to remove, and¢provide a concrete barrier

shaped parapet, the gulde rail should be_egarried through
‘the structure.

b. When the roadway approaching a sgfuctire is/ curbed or
bermed, the guiderail mounting heightf on.“the structure
should be measured frcm the tophofi eurb. /On long struc-
tures, however, the guideradil “mounting height may be
measured from the gutterline provided the face of guide
rail is flush with the curb {ece.

The guiderzil mounting height® should be measured from
the gutterline ongthose structures where the approach
roadway is an umbreli@ Seftion and the face of guide
rail is set flush with the curb face on the structure.

C. When theregisla difference in the offset to the approach
guide raildl and theoffset to the bridge parapet, a tran-
sition_flarefof 15:1 should be used. .. - ‘

Whene guide rail is set flush with the curb face and the
mounting height 1s measured from the gutter line, rub
radl may. be omitted.

d. Attachment yof guiderail to btridges and structures shall
be_4dn -accordance with the Departments's Standard De-
tails.

Flzre Offset

Although it is desirable to introduce the end of guiderail as far
from the travelled way as possible, it is gquestionable whether a
flared offset beyond the clear =zone 1is beneficial. Providing
flzred offsets of this magnitude increases the length of the
guiderail installation and may require additional earthwork and/or
right-of-way. As a nminimum, a flare offset of at least four (1)
feet should be provided.

8-} 29
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CONTINUOUS GUIDE RAIL AT OBSTRUCTION
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FIGURE~-8-R

CONTINUQUS GUIDE RAIL AT OBSTRUCTION
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§-03.6

8-03.7

NJDOT
12/09/83

Flare

A 37'-6" parabolic flare shall be used with all BCT end treatments
terminating within the clear =zone. A straight flare should be
used on all guide rail installations when the guide rail is buried
in a side slope or when the BCT is beyond the clear zope. Table-1
of Figure 8-D shows the straight flare rate allowable for various
speeds.

Guide rail on Embankment (f1ll) Slopes

1. Guide rail may be placed on slopes 10:1 or flatter provided
the rollover between the shoulder slope and the embankment
slope is not greater than 10%.

2. On slopes steeper than 10:1 (10%) but flatterthan or equal
to 6:1 (16.7%), gulde rail may be placed/on the)slope but
should be located 12 feet or more from the QQP of the slope.

3. Guide rail should not be placed onislopesSteeper than 6:1.

b, Where guide rall 1is located atl the)topw®f an embankment
slope, the posts should be a mipimum of)2 feet from the PVI
to the center of the post. gWheq,less than 2 feet is pro-
vided, the following post length® sheuld be used:

Slopes 5 Additional Post
Length (feet)

Flatter than 641 No Change

6:1 to 4:1 ' 1

3:1 to 2:1 2!

Steeper than“2:1 L

5. Figurie, 8<8, illustrates the guiderail treatment for embankment
slopes. )

Curb or Raised Bermiin Front of Guide Rail

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

On pewfcorstruction, a design without curb or raised berm in front
of guide rail should be provided wnere possible.

8-26
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On projects which involve upgrading existing roadways, where there
is curb or a raised berm in front of guide rail, removal or modi-
Fication of the curb or raised berm should be thg first con-
sideration.

If curb is present which cannot be removed, the following apply:

8-03.8

£-03.9

Rub Rail

1. Hichways With a Posted Speed of More than 40 MPH:

On freeways and interstate highways where sufficient roadside
width is available, guide rail should be placed 10 feet or
more behind the gutter line. 4 minimum offset of 7 feet
should be provided on landservice roadways wherk there is a
sidewalle or sidewalk area used by pedestrains,.

Where the above offsets are not pessible andpthére is a ver-
tical curb or berm 6" or greater, the face of )guide rail
should be set flush with the gutter line. \

2. On Roadways With a Posted Speed ofhU0 MPHOr Less:

Guide rail may be placed any disfance behind the gutter line,
but usually an offset of 4 or 7 \feet should be used.

N

When the posted speed is gmore ‘than A0 mph and guide rail is
constructed less than three (3Jffeet from a curb or raised berm 4"
or greater in height, a Pub rail i8 required.

On all projects imvolving, new guide rail or the upgrading of
existing guide rail, every effort should be given to the elimina-
tion or reducticn ingdthe use of rub rail.

Acceptable dethods \for reducing or eliminating the need for rub
rail incldde; wproviding sufficient offsets, removing or revising
earth berms) providing designs without curb, and eliminating
exdsting curb where economically feasible,

GuidedRail Wbétails

The dimensions and other characteristies of beam guide rail posts,
raila«@lements, fasteners, ete. are shown in the Standard
Construction Uetails.

General Comments

1. Guide rail should not restrict sight distance. Sight distan-
ces should be checked when guide rail is to be installed at
intersections, ramp terminals, driveways, along -sharply
curving roadways, ete. If the sight distance is determined
to be inadequate, the guide rail placement shall be adjusted.

8-28
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2. Gaps of 200 feet or less Dbetween individual guide rail
installations should be avoided where possible.

3. GCuide rail should not be installed beyond the right-of-way
unless easements or necessary rights-of-way are acquired.

4, Figures 8-T and 8-U show the guide rail treatment at drive~
ways and adjacent bridges respectively.

5. Fire Hydrants

Sinece fire hydrants do not meet the current AASHTC definition
for breakway design, they fall into the category of fixed
objects that may warrant guide rail. The gsame reasoning
applies here as was applicable to utility poles. The ag-
ceptable solution is to locate the hydrants as far from the
traveled way as possible. In no case, shall/fire hydrants be
located in front of the guide rail. However, the ‘hydrants
must be located so as to be readily accdSsiblenat all times.
Where guide rail is recquired for ‘Seme [@thef reason and will
be in front of a hydrant, the preferred ‘trieatment is to raise
the hydrant so as to permit connéction, togbe made over the
guide rail. Usually, the connection may e a maximum of 36"
above grade. It is the reSPonsibility of the designer to
confirm with the local Fire Depaptmonggfhat such a treatment

is acceptable. A less desireble treatment is to provide a
short opening in the giide rail ab the hydrant. Where an
opening is provided, BCTL's or\ﬁn Anchorage must be provided
in accordance with section 8-03.2.

6. Thrie Beam

Thrie beam shouldfnot be substituted for W~beam with rub rail
unless thére are exsehtating circumstances and then only with
the approval of \the Chief Engineer, Design.

7. All B.COWT.'Speshall be located on the construction plans by
st@tion ang offset. The applicable flare rate shall alsoc be
indigated.

MEDIAY BARRIER

A wmedidh barrier is a longitudinal system used to prevent an
errant venicle from aerossing that portion of a divided highway
separating travelled ways for traffic in opposite directions.

Warrants for Median Barriers

Figure 8-V presents the warrants for median barriers on high
speed, highways with traversabls slopes 10:1 or flatter.

8-29
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At low ADT's the probability of a vehicle crossing the median is
relatively small. Thus, for ADT's less than 20,000 and madian
Wwi4ths less than 20 feet, the medians barrier is optional. Like-
wise, for relatively wide meamdians, the probility of a vehicle
crossings the median is also relatively small. Thusj for median
widths greater than 30 feet with ADT's below the warrant curve,
and for widths greater than 50 feet, regardless of the ADT, the
use of median barriers is optional, unless there is history of
across-the-median accidents.

Figure 8-V also indicate the suggested type of median barrier as
related to median width.

When the median barrier terminates within the clear 2zone area, a
crashworthy end treatment is warranted. Acceppable methods of
developing a crashworthy end treatment would be) to use crash
cushions or a Median Breakaway Cable Terminal withpguide rail.

CONSTRUCTION PROCEDURES

N

In an effort to provide z safe roadside area d@ring construction,
the following procedures are a guide to installing guide rail on
existing highways. Consideration shpuld "be givén to placing the
following procedures in the supplemental specifications of each
individual project: AN

4. During the installation gof gudde pail, the approach terminal
end shall be the firstfitenm Q{\WOPK.

B. Posts and rails shall be constructed in the direction of
traffic.

C. At the end of thé wor® shift, all posts that have been in-
stalled shall ‘hdve the rail elements attachad.

2 1
¥

D. New guiderail should be installed prior to the removal of the
exisfing Jsystem to the maximum extent possible te¢ provide

some degreel®ef protection for the warranting obstruction at
all times.

§-32
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FIGURE: 8-V

Warrants For Median Barrier
- CATE:11/83

i Traveted Way .

e T T e P 7 rurrr, BRI

MEDIAN WIDTH (Feet):

AVEBAGE. DAILY TRAFFIC™
{Thousand)

Rl S g [ Jwarranted
Doy Optlenal

Maodlan Barrler Warrante -

Seurcs 1977 ASSHTO Guide For Selecting, Lacating,ond Designing Traffic Barriers.

NMEDIAN BARRIER TYPE ,WHEN WARRANTED, AS RELATED TO MEDIAN WIDTH

Medlen Width Median Barrier Type

UP TO (2 FEET CONCRETE BARRIER

13 FEET TO 26 FEET CONCRETE BARRIER (PREFERRED
TREATMENT)
DUAL FACE BEAM GUIDE RAIL

b ABOVE 26 FEET DUAL FACE BEAM GUIDE RAIL

N T,

g-3%2
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SECTION 9
GUIDELINES
for the
SELECTION and DESIGN
of

CRASH CUSHIONS

INTRODUCTION

Fixed objects within the clear distance should be removed, relo-
cated or modified so as to be breakaway. WhenUthis is/ not prac-
tical, the obstruction should be shielded/ so &5 "t prevent an
impact of the obstruction by an errant vehicled

A detalled discussion on warranting obstructions and clear
distance can be found in Section 8 ‘= Guideldnes for Guide Rail
Design and Median Barriers.

4 crash cushion is a type offtraffic barrier that can be used to
shield warranting obstructions _suchyg@s overhead sign supports,
bridge piers, bridge abutments, ‘and ends of retaining walls,
bridge parapets and bridge rallings, etc.

The most common usg of @ ‘@rash cushion is to shield a warranting
obstruction in a gored  However, warranting obstructions 1in the
median and along,th€ rocadside can also be shlelded with a ecrash
cushion. (Seé Figure 9=A).

SELECTION<GUIDELINES

Oncey it has been ‘determined that a crash cushion is to be used to
shield a3 warranting obstruction, a choice must be made as to which
crashfeushien is best for the particular loecation under consider-
ation. The crash cushions presently approved for use are:

1. pEdfeh Inertial Barrier

2. Energite Inertial Barrier

3. Hi-Dro Cell Sandwich

4, Hi-Dro Cell Cluster

5. Hi-Dri Cell Sandwich

6. Guard Rall Energy Absorbing Terminal (G.R.E.A.T.)

91
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Several factors must be evaluated when determining which of the
approved crash cuons should be used. The number and type of the
factors to be evaluated precludes the development of a simple,
systematic selection procedure.

The factors which normally should be considered are briefly
discussed below. In many cases, evaluation of the first few items
will establish the type of crash cushion to be used. Figure 9-B
should be used as a check list to assist in the selection process.
It is recommended that this check list be used for each location
where a crash cushion is required.

DIMENSIONS OF THE OBSTRUCTION

Inertial barriers can be designed to shield obstruetions of prac-
tically any width. The Hi-Dro Cell Sandwieh/and Hi-Dri Cell
Sandwich are limited tec a maximum width of obstruetion) of 7.5
feet. Hi-Dro Cell Clusters are not usudlly Mised /to shield
obstructions wider than 3 to 4 feetd) The magimum width of an
obstruction that may be shielded by “the  GL(R.E.A.T. system is
approximately 3 feet.

Crash cushions are not ordinarilymused zlong the length of an
obstruection. Usually other typeées of "traffic barriers are used.

' Figure 9-A shows typical installatdionsgwhere a e¢rash cushion is

used in conjunction with a barrier curbi
N
SPACE REQUIREMENTS

Area occupied by thegerash cushion:

The Hi-Dro Cell Clustér ocrupies the least amount of space. The
G.R.E.A.T., Hi“Dro “Cell Sandwich and Hi-Dri Cell Sandwich will
usually require zbout 25 percent more length than an inertial
barrier. To, meet| the requirements of Figure 9-C, ipertial
barriers will“have/a minimum width of 6 feet. The Hi-Dro Cell
sandwich and Hi-Dri Cell Sandwich have a minimum width of about 4
feet’ ‘and vary Mo a maximum of about 8.5 feet., The G.R.E.A.T.
occupies 'a minimum “width of 2 feet. Figures 9-D, 9-E, and 9%-.F
indi€ate ‘the 1lengths of the Hi-Dro Cell, Hi-Dri Cell and
G.R.E.A.T. system required to satisfy the allowable deceleration
forces roted in 9-02.7.

Clearance from traveled way to crash cushion:

Figure 9-G shows showed dimensions for an impact attenuator
reserve area., Where possible, the e¢learances recommended therein
should be adhered to. However, it is recognized that often it
will not be possible to provide the recommended eclearances, par-
ticularly on existing roadways, in which case, the crash cushion
should be designed so as not to eneroach into the shoulder. In
extreme cases, where the crash cushion must enercach into the

§-3
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shoulder, a reusable crash cushion should be given serious con-
sideration since a higher than normal frequency of impacts could
reasonably be expected when the crash cushion i1s s0 close to the
traveled way.

GEQOMETRICS OF THE SITE

The vertical and horizontal alignment, especially curvature of the
road and sight distance, are important factors to be considered.
Adverse geometrics could contribute to a higher than normal fre-
gquency of impacts.

PHYSTCAL CONDITIONS OF THE SITE

The presence of a curb can seriously reduce the effeetiveness of a
crash cushion. While new curbs should not be built where crash
cushions are to be installed, it 1is not essential to) remove
existing curbs less than 4 inches in height4 Curbs. from 4 to 6
inches in height should be removed ufiless|condideration of the
curb shape, site geometry, imminency of overlays that would reduce
the curb height, and cost of removal indicates ‘thegappropriateness
of allowing the curb to remain. Curbs over 6, inches high should
be removed hefore installing a crashmeushion. | When a curb is ter~
minated behind a crash cushion,/ the:s ferminal should be gently
flared and/or ramped. Flares of |15 &0 1l¢and ramps of 20 to 1 are
appropriate on high speed facilities.

N
All crash cushions should{be“placed/on a concrete or asphalt sur-
face. The concrete sholild have,_adminimum thickness of ¥ inches.
The asphalt should heg@apable of supporting 5 psi.

Longitudinal and transvers€@ slopes in excess of 5 percent could
adversely affectl the performance of a crash cushion and should be
avoided.

Joints, espeeially expansion Jjoints, in the ecrash cushion area may
require, special ‘design accommodations for those crash cushions
that require anchorage.

REDIRECTION CHARACTERISTICS

The G.R.E.A.T., Hi~Dro Cell Sandwich and the Hi~Dri Cell Sandwich
havellredirection capabilities.

Since sandfilled plastic barrels and Hi-Dro Cell Clusters have no
redirection capabilities, it 1is dimportant that the recommended
placement details shown in Figure 9-C be adhered to so as to mini-
mize the danger of a vehicle penetrating the barrier from the side
and hitting the obstructing.
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MAXTIMUM IMPACT SPEED

The Hi-Dro Cell Cluster should not be used where speeds will
exceed 45 mph. The other approved crash cushions can be designed
for any reasonable speed.

ALLOWABLE DECELERATION FORCE

Where practiecal, crash cushions should be designed for an average
deceleration force of 6 g's. Where space is limited, a ecrash
cushion may be designed for a maximum of 12 g's.

BACK-UP STRUCTURE REQUIREMENTS

e R

The G.R.E.A.T.*Cell Sandwich, Hi-Dro Cell Cluster and Hi-Dri Cell

_Sandwich require a -back-up structure that is capable yof with-

standing the forces of an impact. Figures 9-D, 9-E and|9=F show
the load on the. Dback~up structure for vafiousSmodels of the
Hi=Dro Cell Sandwich and Hi-Dri Cell Sandwich. I# the“obstruction
is not capable of withstanding these for¢es; it must be modified
or a separate back-up structure added.

ANCHORAGE REQUIREMENTS

N

The G.R.E.A.T., Hi-Dro Cell Sandwich amd Hi-Dri Cell Sandwich
require an anchorage which 4 capable ©f restraining the crash
cushion during an impact. [The nanufaeturers’ standard designs of
these crash cushions include the necessary anchorage.

FLYING DEBRIS CHARACTERISTICS

Impact with an inentiad barrier will produce some flying debris.
However, this lsfnot considered a serious drawback.

INITIAL COST

The inertial “barriers have the lowest initial cost. Compared to
inértial \barriers, ‘Hi-Dro Cell Clusters have a moderate initial
gost, the WG.R4E.A.T. and Hi-Dro Cell Sandwich and Hi-Dri Cell
Sandwieh have a high initial cost. Assuming that about the same
site preparations are required, the initial cost of a Hi-Dro Cell
Sandwichr a Hi-Dri Cell Sandwich will usually be 5 to 6 times as
an igertial barrier.

MAINTENANCE CO3T

Very 1little routine maintenance is required for any of the
approved crash cushions. _Restitution costs for damage from minor

- impaets and vandalism vayfes. Inertial barriers are particularly

susceptable to damage from .minor impacts. The G.R.E.A.T. and the
Hi-Dri Cell Sandwich are the least susceptible to vandalism.
Restitution cost for major impacts will usually be substantially

S Yoxd
/




5 DESIGN DATA TABLE
Hi- DRO CUSHION
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" DESIGN DATA TABLE - |FiGURE: 9-E |
 HI-DRI CUSHION.- - [pAaTE: /831
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G.R.EAT. SYSTEM
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IMPACT ATTENUATOR RESERVE AREA

IMPACT ATTENUATOR RESERVE
AREA DETAILS

FIGURE: 9-G
DATE:

Troffic ———— ’ - 70 Mind PR
| = —
= E}:}-{t{‘lr—[g— End of. raflyor égiivalent fixed object.
hY — kgl
/ —
~ Shoulder Troffic — = L"| ﬁv
Foce of roilor parapet
L
D!MENSIONS FOR IMPACT ATTENUATOR RESERVE
DESIG N SPEED AREA ON NEW comsmucnon (FEE"!')_-- :
ON
MAINLINE M1 NIMUM ,
(M.PLH.) - PREFERRED
RESTRICTED UNRESTRICTED
COND | TIONS CONDITIONS
N.| L F N L |F N | oL F
30 6 8 2 8 1|3 2| 17| 4
50 6 7 | 2 8 25| 3 t2 | 33] 4
70 3 28 | 2 8 %5 | 3 2| 55| 4
80 6 35 | 2 8 55| 3 2| 70| 4

11/83
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higher for inertial barriers. Energlte and Fiteh inertial barrels
are interchangeable in any array.

DESIGN PROCEDURE

FITCH INERTIAL BARRIER AND ENERGITE INERTIAL BARRIER

The design of an inertial barrier is based on the law of conser=-
vation of momentum. It can be shown that:

V= Vo ( W ) Equatidn 1
( W+ Ws )
V = velocity of vehicle after impact with Ws in fps
Vo = veloecity of vehicle prior to impact with Wa in fps
W = welght of vehiecle in lbs.
Ws = weight of sand actually impacted by a 6 ft. wide’ vehicle

in 1bs.

This equation is used to calculate the veleocit® of a vehicle as it
penetrates the inertial barrier. VWhenlz wvehicleghas been slowed
to 10 mph' + 5 mph (14.7 fps + 7.3 fps) per)Equation 1, it will
actually have been stopped because c(L deceleration foreces that
have been neglected in Equation 14

Slowing of the vehicle mustl take place gradually so that the
average deceleration force( is _6g Ndésirable, 12g maximum. The
average deceleration forde Is'calculated using Equation 2. Note:
Velocity is in f.p.s.

G average = (Vs2 - ¥f2)/64.UD Equation 2

G average = theg@verage deceleration force in g's

Vs = design ‘speed (fps)

Vf = final speed (fps)

D = distanee traveled in decelerating from Vs to Vf
Example of inertial barrier design:
Stephln Find minimum stopping distance:

Rearranging Equation 2 gives

= (Vs2 - V£2)/64,4G

for Vs = 88 fps (60 mph), Vf = 0, G = 6, then D = 20
feet. - |
\

D can also be obtained directly from Figure 9-H.

8-12
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Step 2. Assume a configuration:
See Figure 9-I & 9-J for typical configuratidns .

A miniwum of 2 modules are required in the last 3 rows to meet the
2'-6" criteria shown in Figure 9-C. The last row should be 1400
1b. modules to reduce the chances of a vehicle penetrating to the
obstruction. When a wide obstruction is being shielded, the modu-
les may be spaced up to 3 feet apart. However, this sSpacing must
be accounted for in the design. Ws in Equation 1 is the weight of
sand impacted by a 6 ft. wide vehicle. Therefore, if the above
1400 1lb., modules were spaced 2 ft. apart, Ws would equal 1867 1bs.

Step 3. Check configuration for 1900 1b. vehicle:
Assume design speed of 60 mph for this illusgration.

ROW Ws Vo L

0 G®
1 200 88 79.6 7.3
2 200 79.6 T240 6.0
3 400 72.0 59.5 8.5
y 700 59.5 4335 8.5
5 1400 43.5 N 25,0 6.6
6 1400 25.0 14.4 2.2
7 2800 14,4 5.82 0.9
—
*Y and G are calculated using@Bguations 1 & 2.V*% ¢ can be :
obtained directly from Figlires 9-X. ) AN .

Figure 9-F shows V afdpG \for various configurations and design
speeds.

f/"_*,;It is desirablelto limit G for each row to a maximum of 6.
“However, since 200 ‘pounds is the lightest module recommended for
use, the 7.6 ‘eannot be decreased.. :

Step 4., Cheek configuration for 4500 1b. vehicle:

ROW Ws Vo v G
‘ 1 200 88.0 84.3 3.3
;o 2 200 84.3 80.7 3.1
‘ 3 koo 80.7 ©Th 5.3
4 700 T4, 1 64.1 7.2
5 1400 64 .1 48.9 8.9
6 1400 48.9 37.3 5.2
7 2800 37.3. 23.0 4.5
8 2800 23.0 14,2 1.7

B T




FIGURE: 9-I
TYPICAL SAND BARREL CONFIGURATION --
. DATE: 11/83
l
50 MPH DESIGN - 1800 LB. VEWICLE- - - :iiffﬁ"ffﬂﬁfﬂéﬁfﬁﬁs{sﬁ:~ZASOQTC§;'#Eﬁ{ﬁfgfi f
Row  Weight (1b)°vs v & kow wefghe W v ¢ |
i 400 58.7 L8.0 5.9 ! 400N, 58.7 53.8 2.3
2 800 48.0  33.2 6.2 2 800 53.8 45.8  L.2
3 1400 33.2  18.7 3.9 3 1400 45.8 3h.9 4.5
k 4200 18.7 5.6 1.6 M 1200 34.9 18.9 L.k
~
'50 MPH DESIGNms 4800 LEURVEMICLE 50 MPH DESIGN - 4500 LB. VEHICLE
ROW Weight {dbs. ) V& v G- ROW  Weight Vs v G
| 200 73.3  66.0 5.3 b 200 73.3 70.2 2.3
2 200 66.0 59.4 .2 2 200 70.2 67.2 2.1
3 400 59.4  48.6 6.0 3 40 67.2 61.7 3.7 -
4 200 48.6 35.0 5.9 4 700 61.7 53.4 4.9 i
5 1400 35.0  19.7 4.3 5 1400  53.4 40.7 6.2 o
6 2800 19.7 7.7 1.7 6 2800 k0.7 25.1 5.3
7 4200 peemm - 7 4200 25.1 13.0 2.k i
e ea— .______.____..._......_......____.._.........___..._..........j };

9-15




.60 HPH DESIGN 1800 LB.: VERICLE - L 60 MPH DESYEN 4500, L8. VEHICLE
| . TN |
ROW  Ws Vo v & v [(ws g Vo v G
i 200 88.0 79.2 7.6 = P 200,.488.0 843 3.3
2 200 79.2 71.3 6.2 3 200 84,3 89,7 3.1 l
3 200 71.3 64.2 5.0 3 200 80.7 77.2 2.9 “
b Loo 64.2 52.5 7.1 ~ & koo 77.2  70.9 4.8
5 - 400  52.5  47.3 2.7 5. 400 709 65.1 4.1 .
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CHANGE IN VELOCITY
FOR SAND-FILLED CONTAINERS
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Step 5. Since the assumed configuration meets all the require-
N ments specified, no changes are necessary.

Manufacturers of inertial barriers have developed designs for
various obstructions. Most of these designs are based on a2 maxi~
mum average deceleratlion force of 6g's. However, the space
required for a 6g design will not always be available, especially
in gore areas, In which case, a design for higher deceleration
forces (1l2g's maximum) may be used.

BI-DRO CELL SANDWICH, HI DRI CELL SANDWICH AND THE G.R.E.A.T.

Because of the complex reaction of these crash, cushion to an
impact, a simple design procedure i1s not possible.) The manufac-
turer has developed several standard arrangementse ‘Eigures 9-D,
8-E and 9-F show the dimensions and operational g¢haracteristies of
the standard models. Custom models can be designed but the costs
thereof are very high., Standard designs fér baek-up/structures
are available from the manufacturer.

HI-DRO CELL CLUSTER

The Hi-Dro Cell Cluster occupies the {gast amount of space of any
of the approved crash cushions. / Howevery,the Hi-Dro Cell Cluster
is only approved for vehicle speedsqup &6 45 mph., The Cluster may
be arranged to suilt the objeet being shielded. Standard designs
for back-up structures are availablelfrom the manufacturer.

Example of Hi-Dro Cell Cluster design:

design speed = 30 mph (44 fps)

minimum stoppingndisfance V2 = 4y2 = 5,01
64 .4(G) 6L, U(G)

Each cell is)6"™, therefore, use 10 rows. Usually a minimum of 5
c€lls“should beyused in each row, however, the number of cells per
row will vary/depending on the dimensions of the obstruetion.






