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Section 1 - Introduction

1.1 Introduction

This manual presents the current Department guidelines pertaining to roadway design

on the State Highway system ( www.state.nj.us/transportation/refdata/sldiag/ ). It
provides a means of developing uniformity and safety in the design of a highway

system consistent with the needs of the motoring and non -motoring users.

It is recognized that situations occur where good engineering judgment will dictate

deviation from the current Department design guidelines. Any such deviations from

design guidelines relative to the following controlling design elements ( CDEOGs), as
contained in Sections 4 through 7, will require an approved design exception (Except

where Exempted by the NJDOT Design Exception Manual ):

Controlling Design Elements (Roadway)

9 Stopping Sight Distance (vertical curves, horizontal curves, and non -signalized
intersections)

Superelevation (for mainline and ramps)

Minimum Radius of Curve (for mainline and ramps)

Minimum and Maximum Grades

Cross Slope

Lane Width (through and auxiliary)

Shoulder Width

Through Lane Drop Transition Length

Acceleration and Deceleration Lane Length (for ramps)

= =4 =8 8 888999

Design Speed (a design exception for a reduction in the design speed will not be
approved)

Controlling Design Elements (Structural)

1 Bridge Width
9 Vertical Clearance
9 Design Loading

The above Controlling Design Element ( CDE) list is in accordance with the Design
Exception Manual

The guidelines contained in this manual, other
primarily informational or guidance in character and serve to assist the engineer in

attaining good design. Deviations from this information or guidance do not require a

design exception.

It is not the intent of this manual to reproduce all the information that is adequately
covered by textboo ks and other publications which are readily available to designers
and technicians.

This manual, when used in conjunction with engineering knowledge of highway design
and good judgment, should enable the designer to perform their job more efficiently.

The geometric design of streets and highways not on the State Highway system
should conform to the standards as indicated in the current AASHTO i A Policy on

NJDOT Roadway Design Manual 1-1
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Geometric Design of Highways and Streets . The design of traffic barriers and drainage
systems shall co nformtothe NJDOT Roadway Design Manual

1.2 Policy on Use of AASHTO Standards

The American Association of State Highway and Transportation Officials (AASHTO) has
published policies on highway design practice. These are approved references to be
used in ¢ onjunction with this manual. AASHTO policies represent nationwide standards
that do not always satisfy New Jersey conditions. When standards differ, the
instructions in this manual shall govern except on Interstate highways. The geometric
design of the Int  erstate System, as a minimum, shall comply with the standards
presented in the AASHTO publications; but the design of traffic barriers shall conform

to the NJDOT Roadway Design Manual.

1.3 Reference Publications

1 Note : If there is a date given for the publi cation and a revised edition
exists, use the current FHWA approved edition.

>

American Association of State Highway and Transportation Officials (AASHTO),
American Association of State Highway Officials (AASHO)

AASHTO 1 A Policy on Geometric Design of Highways and Streets , 2011
AASHTO 1 A Policy on Design Standards - Interstate System , 2005

AASHTO 1T Roadside Design Guide , 2006

AASHTO 1 A Guide for the Development of Rest Areas on Major

Arterials and Freeways, 2001

AASHTO 1 Guide for the Development of Bicycle Facilities ,2012

AASHTO 1 An Informational Guide for Roadway Lighting , (1984)

AASHTO i Guide for the Planning, Design and Operation of Pedestrian Facilities, 2004
AASHO i Highway Definitions , 1968

AASHO i A Policy on U -Turn Median Openings on  Freeways , 1960

=A =4 =4 =

Transportation Research Board (TRB)
TRB 1 Highway Capacity Manual , (2010)
. Federal Highway Administration (FHWA)

= (O = W =2"=2=a-a=

FHWA i National Transportation Communications for ITS Protocol
http://www.ntcip.org/info/
FHWA 1 Federal - Aid Policy Guide (FAPG), (1991 with Updates)
FHWA i Roundabouts: An Informational Guide, (2000), Publication No. FHWA -RD-
00-067
FHWA 1 Roadway Lighting Handbook , (1978 and Addendums)
FHWA i Pedestrian Facilities Us ers Guide: Providing Safety and Mobility Publication
No. FHWA -RD-01-102 (1999)
1 System Engineering Guidebook for ITS, (2007),
http://www.fhwa.dot.gov/cadiv/segb/
T FHWA i Manual on Uniform Traffic Control De vices, (2009)

=a =4

=a =4

D. Institute of Transportation Engineers (ITE)

1 ITE i Alternative Treatments for At -Grade Pedestrian
Crossings , (2001)

NJDOT Roadway Design Manual 1-2
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E. llluminating Engineering Society North America (IESNA)

1 IESNA i1 Lighting Handbook , 9th (2000)
National Fire Protection Association
91 National Electrical Code (NEC) , (2008)
9 National Electrical Code (NEC) Handbook , (2008)

G. New Jersey Department of Transportation (NJDOT)

1 NJIDOT i Bicycle Compatible Roadways and Bikeways: Planning and Design
Guidelines, (1996)

T NJIDOT i Pedestrian Compatible Planning and Design Guidelines, ( 1996)

1 NJ Statewide ITS Architecture, (2005)

1 2017 State of New Jersey: Complete Streets Design Guide

H. Nati onal Committee on Uniform Traffic Laws and Ordinances (NCUTLO)

T NCUTLO i Uniform Vehicle Code , (2000)

I. United States Access Board

9 ADA Access Board 1 Recommendations for Accessibility Guidelines: Recreational
Facilities and Outdoor Developed Areas , (Published inthe Federal Register July 23,
2004 and as amended through May 7, 2014)

J. Department of Justice

1 2010 Standards for Titles Il and Il Facilities: 2004 ADAAG.

K. Public Rights -of-way Access Advisory Committee

1 Special Report: Accessible Public Rights -of-Way Pla nning and Design for Alterations
(2007)

L. Miscellaneous

1 Chicagoland Bicycle Federation BLOS/BCI Form T
http://rideillinois.org/advocacy/bikeped -level - of - service -measures -and -calculators/
- Calculator for Bicycle Level of Service and Bicycle Compatibility Index

NJDOT Roadway Design Manual 1-3
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Section 2 - General Design Criteria

2.1 General

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

2.2 Highway Classification
221 General
Highway classification refers to a process by which roadways are classified i nto a set

of sub -systems, described below, based on the way each roadway is used. Central to

this process is an understanding that travel rarely involves movement along a single
roadway. Rather each trip or sub -trip initiates at a land use, proceeds throug ha
sequence of streets, roads and highways, and terminates at a second land use.

The highway classification process is required by federal law. Each state must assign
roadways into different classes in accordance with standards and procedures

established by the Federal Highway Administration. Separate standards and

procedures have been  established for rural and urban areas. For a further description
of the classification process, see USDOT, FHWA, Highway Functional Classification:
Concepts, Criteria and Procedures

222 Principal Arterial Highways

Principal arterial highways form an in ter -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, princ ipal arterials should carry a high proportion of
total urban area travel on a minimum of mileage.

The principal arterial highway system is stratified into the following two sub -systems:
1 Interstate system - all presently designated routes of the Interstate System.
1 Other principal arterials - all non -Interstate principal arterials.

"Other principal arterial* highways may be freeways, expressways or land service
highways. However, because of the function of principal arterial highways, the concept
of service to abutting land should be subordinate to the provision of travel service to
major traffic movements. For facilities within the subclass of other principal arterials in
urban areas, mobility is often balanced against the need to provide direct access as
well as the need to accommodate pedestrians, bicyclists, and transit users. Where
permitted, direct access to abutting property should be carefully regulated by license.
No absolute right exists for access to a principal highway, and the rights of the

trave ling public to a safe and efficient roadway must be guaranteed. However,
abutting property owners do have a right of reasonable access to the system of
highways, unless such right has been acquired by the State.

Except for toll roads, most "other principal arterials" are included in the Federal
consolidated primary (FAP) highway system.

NJDOT Roadway Design Manual 2-1
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2.2.3 Minor Arterial Highways

Minor arterial highways interconnect with and augment the principal highway system.

In urban areas, minor arterial highways are usually include d in the Federal -aid 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 and

safety. In rural areas, minor arterial highways will u sually be included in the Federal
consolidated primary (FAP) system, and serve trip lengths and travel densities greater

than those served by collector roads. Rural minor arterials should provide relatively

high overall travel speeds, with minimum interfer ence to through movements
consistent with the context of the project area and considering the range or variety of

users. Because of the high speeds, access to abutting property should be either

controlled or carefully regulated.

2.2.4 Collector Roads

Colle ctor roads primarily serve trips of intracounty rather than statewide importance.
Travel speeds and volumes are less than on arterial roadways, but are still high

relative to local roads. These roads provide for both land access and traffic circulation.
In urban areas, these roads connect neighborhoods or other districts with the arterial
system, and will usually be part of the Federal -aid urban system (FAUS). In rural
areas, these roads may be subclassified into two groups:

1 Major collectors - Serve importa nt intracounty traffic corridors and provide
service to major county traffic generators. These roads will usually be included in
the Federal -aid secondary (FAS) system.

9 Minor collectors - Serve smaller places and towns and connect locally important
traffic generators. These roads usually will not be on a Federal -aid system.
2.25 Local Roads

The local street and road system constitutes all roads not included 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

mobili ty. Service to through traffic movement usually is deliberately discouraged,
especially in urban areas. The local road system contains the large majority of all
roadway mileage in a state, but only a small percentage of total traffic. For example,

in New J ersey local roads include 72 percent of total road mileage, but only 16 percent
of total vehicular miles traveled.

2.3 Design Controls
23.1 General

The location and geometric design of highways are affected by numerous factors and
controlling features. Th ese may be considered in two broad categories as follows:

A. Primary Controls

1 Highway Classification
9 Topography and Physical Features
1 Traffic

NJDOT Roadway Design Manual 2-2
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B. Secondary C ontrols

1 Design Speed

1 Design Vehicle

1 Capacity

2.3.2 Primary Controls

A. 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. The design of streets and highways on the State highway
system should conform to the guidelines as indicated in this manual. In special cases
of restrictive or unusual conditions, it may not be practical to meet these guide

values. For detailed descriptions of the various guide values, please refer to the
appropriate Sectio ns of this Manual.

B. 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 pronounce d 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 affect the pr ofile of a road relative to existing
ground.

Man - made features and land use may also have considerable effect upon the location
and the design of the highway. Industrial, commercial, and residential areas will each
dictate different geometric requirements.

C. Traffic

The traffic characteristics, volume, composition and speed, indicate the service for
which the highway improvement is being made and directly affects 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 -hourly volume (DHV), predicated on the design year. The design year for

new construction and reconstruction is to be 20 years beyond the anticipated date of
Plans, Specifications and Estimate (PS&E), and 10 years beyond the anticipated date

of PS&E for resurfacing, restoration and rehabilitation projects.

The composition of traffic, i.e., proportion of trucks and buses, is another
character istic which affects the location and geometrics of highways. Types, sizes and
load - power characteristics are some of the aspects taken into account.

The following definitions apply to traffic data elements pertinent to design.

ADT Average Daily Traffic - The total volume during a given time period
greater than one day but less than one year divided 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.

NJDOT Roadway Design Manual
General Design Criteria

2-3



BDC16 MR-02

DHV Design -Hourly Volume - Normally estimated as the 30th highest hour
two -way traffic volume for the design year selected.

K Ratio of DHV to ADT, expressed as a percent.

D The directional distribution of traffic during the design hour. It is the one -way
volume inth e predominant 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 Design Speed 1 Expressed in mph.
2.3.3 Secondary Controls
A. Design Speed

"Design Speed" is  a selected speed used to determine the various design features of
the roadway.

The assumed design speed should be a logical one with respect to topography,
anticipated operating speed, the adjacent land use, the presence of bicycle and
pedestrian accommod ations, and the functional classification of the highway. Except
for local streets where speed controls are frequently included intentionally, every

effort should be made to use as high a design speed as practicable to attain a desired
degree of safety, mo  bility and efficiency within the constraints of environmental
guality, economics, aesthetics and social or political impacts. Once the design speed is
selected, all of the pertinent features of the highway should be related to it to obtain a
balanced desig n. Above minimum design values should be used, where practical. On
lower speed facilities, use of above -minimum design criteria may encourage travel at
speeds higher than the design speed. Some design features, such as curvature,
superelevation, and sight distance are directly related to and vary appreciably with
design speed. Other features, such as widths of lanes and shoulders, and clearances
to walls and rails, are not directly related to design speed, but they affect vehicle
speeds. Therefore, widerla  nes, shoulders, and clearances should be considered for
higher design speeds. Thus, when a change is made in design speed, many elements
of the highway design will change accordingly.

Since design speed is predicated on the favorable conditions of climate and little or no
traffic on the highway, it is influenced principally by:

9 Character of the terrain;
1 Extent of man -made features;
1 Economic considerations (as related to construction and right -of-way costs).

These three factors apply only to the selection of a specific design speed within a
logical range pertinent to a particular system or classification of which the facility is a
part.

The design speed (mph) as it relates to the posted speed (mph) is shown below:

NJDOT Roadway Design Manual
General Design Criteria
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Table2 -1
Design Speed vs. Posted Speed
Design Speed *

Posted Existing New Highways
Speed Highways or Alignment
20 mph 25 mph 30 mph
25 mph 30 mph 35 mph
30 mph 35 mph 40 mph
35 mph 40 mph 45 mph
40 mph 45 mph 50 mph
45 mph 50 mph 55 mph
50 mph 55 mph 60 mph
55 mph 60 mph 65 mph

*  Generally, for freeways and the Interstate system, the design speed shall be 70

mph for either column shown in Table 2

-1. But in certain urban areas, the

Interstate highway or freeway was designed at 60 mph. Therefore the design

speed shall be 60 mph in ei

B. Design Vehicle

ther column for these areas.
Calming Section of this manual for speeds used in traffic calming areas.

Refer to the Traffic

The physical characteristics of vehicles and the proportions of the various size vehicles

using the highways are posit

ive controls in geometric design. A design vehicle is a

selected motor vehicle, the weight, dimensions and operating characteristics of which
are used to establish highway design controls to accommodate vehicles of a

designated type. The symbols and dimens

ions of design vehicles are shown in Table

2-2.
Table2 -2
Design Vehicles (Dimensions in feet*)
Design Vehicle Wheel Overhang Overall
Type Symbol Base Front | Rear | Length | Width
Passenger Car P 11.0 3.0 5.0 19.0 7.0
Single Unit Truck SU-30 20.0 4.0 6.0 30.0 8.0
single Unit Truck | g 49 | 250 40 |105 |395 8.0
(three -axle)
Single Unit Bus BUS-40 | 25.3 6.3 9.0 40.5 8.5
Articulated Bus A-BUS 22+194= 414 8.6 10.0 60.0 8.5
semitrailer WB-40 |[125+255= 38 |30 | 45 |455 |80
Intermediate
Semitrailer Large WB-50 14.6+354= 50 3.0 2.0 55 8.5
Semitrailer WB-62 |19.5+41.0= 605 |40 |45 |69.0 8.5
Interstate
NJDOT Roadway Design Manual 2-5
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fi DQ u_ bl e Bo WB-67D 11+23+10+22.5 = 23 3.0 723 8.5
Semitrailer 66.5
Delivery Truck DL 16 3 5 24 7.5

Source: A Policy on Geometric Design of Highways and Streets , AASHTO

*  Design vehicle dimensions are intended for use in the design of roadways
and do not define the legal vehicle dimensions in the State.

*  The delivery truck is based on a typical USPS, UPS or FedEXx truck.
C. Capacity
1. General

The term "capacity" 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, ca  pacity 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 volumes to those equaling the capaci ty of the facility as defined above.

Highway capacity information serves three general purposes:

a. For transportation planning studies to assess the adequacy or sufficiency of
existing highway networks to current traffic demand, and to estimate when,
in time , projected traffic demand, may exceed the capacity of the existing
highway network or may cause undesirable congestion on the highway
system.

b. For identifying and analyzing bottleneck locations (both existing and
potential), and for the evaluation of traff ic operational improvement projects
on the highway network.

c. For highway design purposes.
2. Level of Service (LOS)

The level of service concept places various traffic flow conditions into 6 levels of
service. These levels of service, designated A through F, f rom best to worst,
cover the entire range of traffic operations that may occur.

The factors that may be considered in evaluating level of service include the
following.

Speed and travel time

Traffic interruptions or restrictions
Freedom to maneuver

Safety

Driving comfort and convenience
Economy

=A =4 =444

However, in a practical approach to identifying the level of service, travel time
and the ratio of demand volume to capacity are commonly used.
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In general, the various levels of service would have the following
characteristics:

Level of Service A is free flow, with low volumes and high speeds. Traffic
density is low, with speeds controlled by driver desires, speed limits, and
physical roadway conditions. There is little or no restriction in maneuverability
due to pr esence of other vehicles. Drivers can maintain their desired speed with
little or no delay.

Level of Service B is in the zone of stable flow, with operating speeds

beginning to be restricted somewhat by traffic conditions. Drivers still have
reasonable freedom to select their speed and lane of operation. Reductions in

speed are not unreasonable, with a low probabi lity of traffic flow being
restricted. The lower limit (lowest speed, highest volume) of this level of service

has been associated with service volumes used i n the design of rural highways.

Level of Service C is still in the zone of stable flow, but speeds and
maneuverability are more closely controlled by the higher volumes. Most of the
drivers are restricted in their freedom to select their own speed, change lanes,
or pass. A relatively satisfactory operating speed is still obtained, with service
volumes perhaps suitable for urban design practice.

Level of Service D approaches unstable flow, with tolerable operating speeds
being maintained though considerably affected by changes in operating
conditions. Fluctuations in volume 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
periods of time.

Level of Service E cannot be described by speed alone, but repres ents
operations at even lower operating speeds than in Level D, with volumes at or
near the capacity of the highway. At capacity, speeds are typically, but not
always, in the neighborhood of 25 mph; flow is unstable, and there may be
stoppages of momentary duration.

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 st orage area during parts or all of the peak hour. Speeds are
reduced substantially 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.

Referenceismadetot he Transportati on RgswayeCapadity Boar d,
Manual, 6 f or a thorough discussion on the | evel

3. Service Volume

For highway design purposes, the service volume is related to the "Level of

Service" selected for the proposed facility. (No service volumes are defined for
Level of Service F). Service volume is defined as the maximum rate of flow

which may be accommodated under prevailing traffic and roadway conditions

while still maintaining a quality of service appropriate to the indicat ed Level of
Service.
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The service volume varies with a number of factors, including:

ERE R I e e

T
T

Level of service selected;

Width of lanes;

Number of lanes;

Presence or absence of shoulders;

Grades;

Horizontal alignment;

Operating speed;

Lateral clearance;

Side friction generated by parking, driveways, intersections, and
interchanges;

Volumes of trucks, buses, and recreational vehicles;
Spacing and timing of traffic signals.

The objective in highway design is to create a highway of appropriate type with
dimensional values and alignment characteristics such that the resulting service
volume will be at least as great as the design volume, but not much greater as
to represent extravagance or waste. More detailed data on service volume are

availableinthe Tr ansportati on Re sHghway QapaBity Mandal
and AAS HATROlicy ofi Geometric Design of Highways and Streets 0.
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Section 3 - Definitions and Terminology
3.1 General
This section includes general terminology associated with the road cross -section and
terms commonly used in highway design. Ref er ence i sHighwadDefintioms A 0
AASHTO, 1968.
3.2 Cross -Section Terminology
The elements of the road cross -section are illustrated in Figure 3 -A and Figure 3 -B and

defined as follows:

1. Highway - A general term denoting a public way for purposes of vehicular
travel, including the entire area within the right -of-way lines. Recommended
usage in urban areas, highway, or street; in rural areas, highway or road.

2. Highway Section - The portion of the highway included between top of
slopes in cut and the toe of slopes in fill.

Roadway - The portion of the highway, including shoulders, for veh icular use.

Traveled Way - The portion of the roadway provided for the movement of
vehicles, exclusive of shoulders, auxiliary lanes, and bicycle lanes.

5.  Median - The portion of a divided highway separating the traveled ways for
traffic in opposite directio ns.

6. Shoulder - The portion of the roadway contiguous with the traveled way for
accommaodation of stopped vehicles for emergency use, and for lateral support

of the base and surface courses. The shoulder may be used for bicycle travel
where allowed. It may a  Iso be used by pedestrians in the absence of a
sidewalk.

7.  Surfaced Right Shoulder - That portion of the outside paved shoulder to
provide all weather load support.

8.  Surfaced Left Shoulder - The portion of the median shoulder paved to
provide all weather load support.

9. Profile Line - The point for control of the vertical alignment. Also, normally
the point of rotation for superelevated sections.

10. Pavement Cross Slope I Lateral slope across the pavement. See Section
52.2 .

11. Shoulder Cross Slope I Lateral slope across the shoulder.  See Section
54.3.

12. Base Course - The layer or layers of specified or selected material of
designed thickness placed on a subbase or subgrade to support a surface
course.

13. Subbase - The layer or layers of specified or selected material p laced on a

subgrade to support a base course.

NJDOT Roadway Design Manual 3-1
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33.

34.

35.
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Surface Course - One or more layers of a pavement structure designed to
accommodate the traffic load, the top layer of which resists skidding, traffic
abrasion, and the disintegrating effects of climate.

Pave ment Structure - The combination of subbase, base course and surface
course placed on a subgrade to support the traffic load and distribute it to the
roadbed.

Shoulder Surface Course
Shoulder Base Course

Subgrade - The top surface of the roadbed upon which the pavement
structure and shoulders are constructed.

Original (Existing) Ground
Embankment (Fill)

Fill Slope

Cut Section

Cut Slope - Also called cut face.

Hinge Point (P.V.1.) - The intersection of shoulder slope planes with fill or
cut slope planes.

Rou nding - At the intersection of existing ground and cut slope.

Median Barrier - A longitudinal barrier used to prevent an errant vehicle
from crossing the portion of a divided highway separating the traveled ways
for traffic in opposite directions.

Guide Rail - A barrier whose primary function is to prevent penetration and
safely redirect an errant vehicle away from a roadside or median hazard.

Top of Slope - The intersection of the cut slope and the original ground.
Toe of Slope - The intersection ofthe fill slope and the original ground.
Outer Separation - The portion of an arterial highway, between the traveled

ways of a roadway, for through traffic and a frontage road.

Frontage Road - Also called marginal road or street. A local road, or street
auxilia ry, to and located on the side of an arterial highway for service to
abutting property and adjacent areas and for control of access.

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.

Outer Separation Island - The space in the outer edge of roadway shoulder
and frontage roadway shoulder and frontage road or street which may be
landscaped or paved depending on width.

Buffer Strip - The space in the border area provided to separate the sidewalk
from the vehicular travel facilities.

Sidewalk - An exterior pathway with a prepared surface (concrete,
bituminous, brick, stone, etc.) intended for pedestrian use.

NJDOT Roadway Design Manual
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36. Curbor Curb and Gutter
37. Drainage Swale

38. Right -of -Way i A general term denoting land, property, or interest therein,
usually in a strip acquired for or de voted to transportation purposes.

NJDOT Roadway Design Manual 3-3
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FIGURE 3-A:
ROAD CROSS SECTION TERMINOLOGY
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FIGURE 3-B:

ROAD CROSS SECTION TERMINOLOGY
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3.3 Roadway Design Terms

Following are terms utilized by Roadway Designers.

3R Project 1 3R stands for resurfacing, restoration, and rehabilitation.

Arterial Highway I This is a general term, denoting a highway used primarily for

through traffic, usually a continuous route.

Auxiliary Lane - The portion of the roadway adjoining the traveled way intended for

speed change, storage, weaving, climbing lane, and for other p urposes supplementary

to through traffic movement.

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

9 Collector -Distributor Lane - An auxiliary lane approximately 1/ 4 to 1/5 mile
in length, designated to accommodate right turn access to and from the State
highway at more than one location, and normally terminating at an intersection
or an interchange ramp. It is not intended for through traffic, and is not
physically separated from the through lanes. (Reference: N.J.A.C 16:47 -1.1)

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

Buffer space - The space that separates traffic flow from the work activity and
provides recovery space for an errant vehicle. Neither work activity nor storage of
equipment, vehicles, or material should occur in this space. Buffer spaces may be
positioned longitudinally and laterally, with respect to t he direction of traffic flow.

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 foratwo -lane or athree -lane highway during a given t ime period under
prevailing roadway and traffic conditions.

Climbing Lane - An auxiliary lane introduced at the beginning of a sustained positive
grade in the direction of traffic flow, to be 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 connections between selected points of ingress to and egress

from the thro ugh 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
highway are fully  or partially controlled by a public agency.

1 FullControl - The condition under which the authority to control access is
exercised to give preference to through traffic to a degree, but in addition to
interchange connections with selected public roads ther e may be some
intersections at grade.

1 Partial Control - The condition under which the authority to control access is
exercised to give preference to through traffic to a degree that, in addition to
access connections with selected public roads, there may b e some crossings at
grade and some private driveway connections.
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Corridor - A strip of land between two termini within which traffic, topography,
environment, and other characteristics, are evaluated for transportation purposes.

Cul -de -Sac - A local street or road open at only one end with special provisions for
turning around.

Dead -End Road - A 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 design year for new construction and reconstructi on is to be
twenty years beyond the anticipated date of Plans, Specifications and Estimate

(PS&E), and ten years beyond the anticipated date of PS&E for resurfacing, restoration

and rehabilitation projects. The estimated design year traffic volumes are use dasa
basis for design.

Direct Connection - A one -way turning roadway that does not deviate greatly from
the intended direction of travel.

Directional Design Hourly Volume (DDHV) - An hourly volume determined for use
in design, representing traffic expect ed 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, streetor  road with opposing directions of travel
separated by a median.

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 rare occasions, e xpressways may also include two lane roadways.

Freeway - An expressway with full control of access and grade separations at all
intersections.

Frontage Road or Frontage Street - Alocal street or road auxiliary to and located
on the side of an arterial hig hway, for service to abutting property and adjacent areas,
and for control of access.

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

Grade Separation - A crossing of two highways, or a highway and a railroad at
different levels.

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

Highway Underpass - A grade separation, where the subject highway passes under
an intersecting highway or rai Iroad.

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

direction of traffic flow, of those lanes available for traffic moving in one direction. This
is also referred to as the left lane.

Interchange - A system of interconnecting roadways providing for the movement of
traffic between intersection legs.
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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 Lane - A speed -change lane, within the median, to accommodate left
turning vehicles.

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

Local Authorities - County, municipal, and other local boards or bodies, having

authority to enact laws relating to traffic.

Major Street or Major Road - An arterial highway with intersections at grade and
direct access to abutting property, and on which geometric design and traffic control
measures are used to expedite the safe movement of through traffic.

Separated Roadways - A highway with opposing directions of travel having
independent alignment and gra dient.

Shadow Vehicle - A traffic control truck with mounted crash cushions and arrow
board showing arrow pattern positioned at an appropriate distance in advance of
workers or a work vehicle during a multi -lane road moving operation. The shadow
vehicle pr ovides advance information to approaching drivers and shielding of the
workers or work vehicle. The work vehicle may be a paint striping truck, cone retrieval
truck or other operating vehicle.

Sight Distance - The length of roadway visible to the driver of a vehicle at a given
point on the roadway when the view is unobstructed.

Slip Ramp - An angular connection between an expressway and a parallel frontage
road.

Stopping Sight Distance - The distance required by a driver of a vehicle, traveling
ata given s peed, to bring a vehicle to a stop before reaching an object on the
roadway after the object has become visible. The distances used in design are
calculated on the basis of the driver's ability to see a 2 foot high object in the road
ahead when delevelis 3.%feet aboye the roadway surface

TCP - Traffic Control Plan - A plan for maintaining traffic in or around a work zone.

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

Through Lane - The lane or lanes signed for through traffic continuing through 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 to either stop or yield.

Traffic Control Devices - Signs, Signals, markings, and devices placed or erected for
the purpose of regulating, warning, or guiding traffic by authority of a public body or
official having jurisdiction over the roadway.

Traffic Barrier - A device used to prevent a vehicle from striking a more severe
obstacle or feature located on the roadside or in the median. They are also used to
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prevent cr ossover median accidents. Traffic barriers include roadside barriers, median
barriers, bridge railings, and crash cushions.

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

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

Work Area - A location where construction, maintenance, or a utility/permit

operation is being performed.

Work Zone - The work area and the section of highway used for traffic cont rol
devices related to the work area.

3.4 Pedestrian Design Terms

Accessible Pedestrian Signal (APS) T A device that communicates information
about pedestrian signal timing in non -visual format, by using audible tones (or verbal
messages) and vibrating sur  faces.

Americans with Disabilities Act T (ADA) 1990 Federal law establishing the civil

rights of people with disabilities. Prohibits discrimination against people with
disabilities and requires common places used by the public to provide an equal
opportuni ty for access.

Crosswalk 1 A portion of a roadway designated for pedestrian crossing that can be
either marked or unmarked. Definition per NJ Statute Title 39:1 -1: AACrosswal ko
means that part of a highway at an intersection included within the connection s of the

lateral lines of the sidewalks on opposite sides of the highway measured from the
curbs or, in the absence of curbs, from the edges of the shoulder, or, if none, from the
edges of the roadway; also, any portion of the highway at an intersection or
elsewhere distinctly indicated for pedestrian crossing by lines or other marking on the
surface. 0

Curb Ramp T A combined ramp and landing to accomplish a change in level at a
curb, with a running grade steeper than 1:20. This element provides street and
sidewalk access to pedestrians.

Detectable Warning i A standardized surface feature built in or applied to walking
surfaces or other elements to warn people who are blind or visually impaired of
specified hazards.

Leading Pedestrian Interval i Thepedestia n AWALKO phase of a traff]
begins before the green interval serving parallel traffic, rather than at the same time.

Median Refuge I An area within an island or median that is intended for pedestrians

to wait safely for an opportunity to continue crossing the roadway.

Mid - Block Crosswalk i A legally established crosswalk that is not at an intersection.

Pedestrian T A person walking ortra  veling by means of a wheelchair, electric

scooter, crutches or other walking devices or mobility aids. This also includes those
pulling or pushing strollers, carriages, carts and wagons, and those walking bicycles.

Pedestrian Access Route T A continuous, u nobstructed path connecting all
accessible elements of a pedestrian system that meets the requirements of ADAAG
(Americans with Disabilities Act Accessibility Guidelines ).
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Pedestrian Crossing | nterval 1T The combined phases of a traffic signal cycle
provide d for a pedestrian crossing in a crosswalk, after leaving the top of a curb ramp
or flush landing, to travel to the far side of the vehicular way or to a median, usually

consisting of the AWALKO interval plus the pedest
Pedestrian S ignal Indication T The il Il uminated AWALK, 0 ADONO6T W
AWal king Person, 0 or fAHando symbol that communica

traffic signal, and the audible and tactile equivalents.
3.5 Bicycle Design Terms

Bicycle 1 Every vehicle pro pelled solely by human power upon which any person may

ride, having two tandem wheels, except scooters and similar devices. The term

ibicycleo for this publicat i owheeet Bumani 4pavereddes t hr e
vehicles, but not tricycles for children.

Bicycle Accommodations T A general term denoting improvements to increase the
safety and convenience of bicycling including bicycle compatible roadways and bicycle
facilities.

Bicycle Boulevard T A type of shared roadway, designed for bicycle pri ority .
Bi cycle Compatible Roadways I Roadways that provide = accommodations for the
shared use of bicycles and motor vehicles including adequate operating space and

obstacle removal.

Bicycle Facilities T A general term denoting improvements and provisions to
accommod ate and encourage bicycling, including bikeways and bicycle parking and
storage facilities.

Bicycle Lane Or Bike Lane T A portion of a roadway which has been designated by
striping, signing and pavement markings for the preferential or exclusive use of
bic yclists.

Bicycle Pri ority 1 A traffic condition where improvements to accommodate bicycle
traffic take precedence over improvements to increase the operating characteristics of
motor traffic.

Bicycle Route T A roadway segment designated by the jurisdiction having authority,
with appropriate directional and informational markers, with or without a specific
bicycle route number.

Bikeway 1 A generic term for any road, street, path or way which in some manner i S
specifically designated for bicycle travel, regardless of whether such facilities are

designated for the exclusive use of bicycles or are to be shared with other

transportation modes.

Shared Roadway T A roadway which accommodates both bicycle and motor v ehicle
travel. This may be a roadway, street with wide curb lanes, or road with paved

shoulders.

Shared Use Path T A bikeway physically separated from motorized vehicular traffic

by an open space or barrier. It may be within the highway right -of-way or wit hin an
independent right -of-way. Shared use paths may be used by pedestrians, skaters,

wheelchair users, joggers, bicyclists and other non - motorized users.

Unpaved Path I Paths not surfaced with asphalt or concrete.
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Section4 - Basic Geometric Design Elements

4.1 General

Geometric highway design pertains to the visible features of the highway. It may be
considered as the tailoring of the h ighway 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, NnGener al Design Criteria.o

This section covers design ¢ riteria and guidelines on the geometric design elements
that must be considered in the location and the design of the various types of

highways. Included are criteria and guidelines on sight distances, horizontal and

vertical alignment, and other features common to the several types of roadways and
highways.

In applying these criteria and guidelines, it is important to follow the basic principle

that consistency in design standards is of major importance on any section of road.

The highway should offer no s urprises to the driver, bicyclist or pedestrian in terms of
geometrics. Problem locations are generally at the point where minimum design

standards are introduced on a section of highway where otherwise higher standards

should have been applied. The ideal highway design is one with uniformly high

stand ards applied consistently along a section of highway, particularly on major

highways designed to serve large volumes of traffic at high operating speeds.

4.2 Sight Distances
42.1 General

Sight distance is the continuous length of highway ahead visible to the driver. In
design, two sight distances are considered: passing sight distance and stopping sight
distance. Stopping sight distance is the minimum sight distance to be provided at all

points on multi  -lane highways and ontwo  -lane roads when passing sigh  t distance is
not economically obtainable.

Stopping sight distance also is to be provided for all elements of interchanges and
intersections at grade, including driveways

Table 4 -1 shows the standards for passing and stopping sight distance related to
design speed.

4.2.2 Passing Sight Distance

Passing sight distance is the minimum sight distance that must be available to enable
the driver of one vehicle to pass another vehicle, safely and comfortably, without
interfering with the speed of an oncoming vehicle traveling at the design speed,
should it come into view after the overtaking maneuver is started. The sight distance
available for passing at any place is the longest distance at which a driver whose eyes

are 3.5 feet above the pavement surface can see the top of an object 3.5 feet high on

the road.

Passing sight distance is considered only on two -lane roads. At critical locations, a

stretch of four -lane construction with stopping sight distance is sometimes more

economical than two lanes with passi ng sight distance.
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Table4 -1
Sight Distances for Design

Sight Distance in feet

Design
S&eid Stopping Passing*
P Minimum Minimum
25 155 450
30 200 500
35 250 550
40 305 600
45 360 700
50 425 800
55 495 900
60 570 1000
65 645 1100
70 730 1200

* Not applicable to multi  -lane highways.
4.2.3 Stopping Sight Distance

The minimum stopping sight distance is the distance required by the driver of a
vehicle, traveling at a given speed, to bring his vehicle to a stop after an object on the
road becomes visible. Stopping sight distance is measured from the driver's eyes,
which is 3.5 feet above the pavement surface, to an object 2 feet high on the road.

The stopping sight distances shown in Table 4 -1 should be increased when sustained
downgrades are steep er than 3 percent. Increases in the stopping sight distances on
downgrades are i ndi c AlPolcydoniGaomdtirk Badsign®f Highways and
Streets . 0

424 Stopping  Sight Distance on Vertical Curves
See Section 4. 4.4 i So farmdidcassiohon vertcal cué/esa d e
425 Stopping  Sight Distance on Horizontal Curves

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

Stopping sight distance for passenger vehicles on horizontal curves is obtained from
Figure 4 -A. For sight distance calculations, the driver's eyes are 3.5 feet above the
center of the inside  lane (inside with respect to curve) and the object is 2 feet high.
The line of sight is assumed to intercept the view obstruction at the midpoint of the
sight line and 2.75 feet above the center of the inside lane. Of course, the midpoint
elevation will b e higher or lower than 2.75 feet, if it is located on a sag or crest
vertical curve respectively. The horizontal sightline offset (HSO) is measured from the
center of the inside lane to the obstruction.

The general problem is to determine the clear distance from the centerline of inside

lane to a median barrier, retaining wall, bridge pier, abutment, cut slope, or other
obstruction for a givend  esign speed. Using radius of curvature and sight distance for
the design speed, Figure 4  -Aillustrates the HSO, which is the clear distance from

NJDOT Roadway Design Manual
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centerline of inside lane to the obstruction. When the design speed and the clear
distance to a fixed obstruct ion are known, this figure also gives the required minimum
radius which satisfies these conditions.

When the required stopping sight distance would not be available because of an

obstruction such as a railing or a longitudinal barrier, the following altern atives shall
be considered: increase the offset to the obstruction, increase the horizontal radius, or

do a combination of both. However, any alternative selected should not require the

width of the shoulder on the inside of the curve to exceed 12 feet b ecause the
potential exists that motorists will use the shoulder in excess of that width as a

passing or travel lane. This is especially pertinent where bicyclists can be expected to
operate.

When determining the required HSO distance on ramps, the locatio n of the driver's
eye is assumed to be positioned 6 feet from the inside edge of pavement on horizontal
curves.

The designer is cautioned in using the values from Figure 4 - A since the stopping sight
distances and HSO are based upon passenger vehicles. The average driver's eye
height in large trucks is approximately 120 percent higher than a driver's eye height

in a passenger vehicle. However, the required minimum stopping sight distance can

be as much as 50 percent greater than the distance required for pas senger vehicles.
On routes with high percentages (10 percent or more) of truck traffic, the designer

should consider providing greater horizontal clearances to vertical sight obstructions

to accommodate the greater stopping distances required by large truc ks. The
approximate HSO required for trucks is 2.5 times the value obtained from Figure 4

for passenger vehicles.

In designing the roadway to provide a particular stopping sight distance the designer

is advised to consider alternatives. A wider sidewalk, shoulder or bike lane increases
the sight triangle, see Section 6 .3. Curb extensions and parking restrictions allow the
driver to see pedestrians and cross traffic more easily.

NJDOT Roadway Design Manual
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FIGURE 4-A:

MINIMUM STOPPING SIGHT DISTANCE ON
HORIZONTAL CURVES
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4.3 Horizontal Alignment
43.1 General
In the design of horizontal curves , It is necessary to establish the proper relationship

between design speed, curvature and superelevation. Horizontal alignment must
afford at least the minimum stopping sight distance for the design speed at all points
on the roadway.

The major considerations in horizontal alignment design are: safety, grade, type of
facility, design speed, topography and construction cost. In design, safety is always
considered, either directly or indirectly. Topography controls both curve radius and
design spee d 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 ali gnment that is safe, economical, in harmony with the natural contour of
the land and, at the same time, adequate for the design classification of the roadway
or highway.

4.3.2 Superelevation

When a vehicle travels on a horizontal curve, it is forced radial ly outward by
centrifugal force. This effect becomes more pronounced as the radius of the curve is
shortened. This is counterbalanced by providing roadway superelevation and by the

side friction between the vehicle tires and the surfacing. Safe travel at d ifferent
speeds depends upon the radius of curvature, the side friction, and the rate of
superelevation.

When the standard superelevation for a horizontal curve cannot be met, a design
exception will be required. However, the highest practical superelevati on should be
selected for the horizontal curve design.

Figures 4 -B, 4-C and 4-C1 give the design values for each rate of superelevation to be
used for various design speeds and radii on mainline curves.

A 6 percent maximum superelevation rate shall be used on rural highways and rural

or urban freeways (see Figure 4 -B). A 4 percent maximum superelevation rate may be
used on high speed urban highways to minimize conflicts with adjacent development

and intersecting streets (see Figure 4 -C). Low speed urban str eets can use a 4 percent
(See Figure 4 -C) or 6 percent maximum superelevation rate (see Figure 4 -Cl1)

Figure 4 -C1 should be used in low speed built up areas. Although superelevation is
advantageous for traffic operations, various factors often combine to ma ke its use
impractical in low -speed urban areas. These factors include:

1 Wide pavement areas,

1 The need to meet the grade of adjacent property,

9 Surface drainage considerations,

1 The desire to maintain low -speed operation, and

1 Frequency of crass streets, alley s and driveways

Therefore, horizontal curves on low -speed urban streets are frequently designed
without superelevation, sustaining the lateral force solely with side friction.

The 6 percent maximum superelevation rate for low speed urban streets allows for

NJDOT Roadway Design Manual 4-5
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1. a higher threshold of driver discomfort than the 6 percent superelevation rate in
Figure 4 -B, and

2. application with sharper curvature than the 4 percent maximum superelevation
rate in Figure 4 -C.

In Figures 4 -B, 4-C and 4 -C1, Normal Crown (NC) is the trav eled way cross section
used on curves that are so flat that the elimination of adverse cross slope is not

needed. Therefore the normal cross slope section can be used, which is a minimum

1.5 percent. Remove Adverse Crown (RC) are curves where the adverse ¢ ross slope
should be eliminated by superelevating the entire roadway at the normal cross slope

rate. RC is the minimum radii for a computed superelevation rate of 2.0 percent. For

curve radii falling between NC and RC, a plane slope across the entire pavem ent equal
to the normal cross slope should typically be used. A transition from the normal crown

to a straight -line cross slope will be needed.

On flat radius curves requiring superelevation ranging from 1.5 percent to 2.0

percent, the superelevation shoul d be increased by 0.5 percent in each successive pair
of lanes on the low side of the superelevation when more than two lanes are

superelevated in the same direction.

It may be appropriate to provide adverse crown (normal crown ) on flat radius curves
(less than 2 percent superelevation ) to avoid water buildup on the low side of the
superelevation when there are more than three lane s draining across the pavement.

This design treatment would require a design exception where RC is required . Another
option ist 0 construct a permeable surface course or a high macotexture surface

course since these surfaces appear to have the highest potential for reducing

hydroplaning accidents. Also, grooving the pavement perpendicular to the traveled

way may be considered as a corrective measure for severe localized hydroplaning

problems.
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FIGURE 4-B:
VALUES OF SUPERELEVATION FOR RURAL
HIGHWAYS AND RURAL OR URBAN FREEWAY

Note: Use of e,,,, = 4% should be limted to urban conditions

e Vd Vd Vg Vy4 Vq4 Vd Vd Vd Vy Vg Vy4
(%) 25mph | 30mph | 35mph | 40mph | 45mph | 50mph | 55mph | 60mph | 65mph | 70mph | 75mph
R (ft) R (ft) R (ft) R (ft) R (ft) R (ft) R (ft) R (ft) R (ft) R (ft) R (ft)
N.C. 2290 3130 4100 5230 6480 7870 9410 11100 12600 | 14100 15700
R.C. 1630 2240 2950 3770 4680 5700 6820 8060 9130 10300 11500

2:2 1450 2000 2630 3370 4190 5100 6110 7230 8200 9240 10400

24 1300 1790 2360 3030 3770 4600 5520 6540 7430 8380 9420

2.6 1170 1610 2130 2740 3420 4170 5020 5950 6770 7660 8620

2.8 1050 1460 1930 2490 3110 3800 4580 5440 6200 7030 7630
3.0 944 1320 1760 2270 2840 3480 4200 4990 5710 6490 7330
3.2 850 1200 1600 2080 2600 3200 3860 4600 5280 6010 6810
34 761 1080 1460 1900 2390 2940 3560 4250 4890 5580 6340
3.6 673 972 1320 1740 2190 2710 3290 3940 4540 5210 5930

3.8 583 864 1190 1590 2010 2490 3040 3650 4230 4860 5560
4.0 511 766 1070 1440 1840 2300 2810 3390 3950 4550 5220
4.2 452 684 960 1310 1680 2110 2590 3140 3630 4270 4910
4.4 402 615 868 1190 1540 1940 2400 2920 3440 4010 4630
4.6 360 555 788 1090 1410 1780 2210 2710 3220 3770 4380
4.8 324 502 718 995 1300 1640 2050 2510 3000 3550 4140
5.0 292 4566 654 911 1190 1510 1890 2330 2800 3330 3910
5.2 264 413 595 833 1090 1390 1750 2160 2610 3120 3690

5.4 237 373 540 759 995 1280 1610 1990 2420 2910 3460
5.6 212 335 487 687 903 1160 1470 1830 2230 2700 3230

5.8 186 296 431 611 806 1040 1320 1650 2020 2460 2970
6.0 144 231 340 485 643 833 1060 1330 1660 2040 2500
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FIGURE 4-C:
VALUES OF SUPERELEVATION FOR URBAN HIGHWAYS
Note: Use of ¢, = 4% should be limited to urban conditions
e = = = 4 = = = = =
(%) | 25mph | 30mph | 35mph | 40mph | 45mph | 50mph | 55mph | 60mph
R) | R() [RE) | R [ R | R(H) | R () | R ()
N.C.| 2050 2830 3730 4770 5930 7220 8650 | 10300
R.C. | 1340 1880 2490 3220 4040 4940 5950 7080
2.2 1110 1580 2120 2760 3480 4280 5180 6190
24 838 1270 1760 2340 2980 3690 4500 5410
2.6 650 1000 1420 1930 2490 3130 3870 4700
28 524 817 1170 1620 2100 2660 3310 4060
3.0 433 681 983 1370 1800 2290 2860 3530
3.2 363 576 835 1180 1550 1980 2490 3090
3.4 307 490 714 1010 1340 1720 2170 2700
3.6 259 416 610 865 1150 1480 1880 2350
3.8 215 348 512 730 970 1260 1600 2010
4.0 154 250 37 533 Al 926 1190 1500
TEVTORTES RO 20T
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FIGURE 4-C1:
VALUES OF SUPERELEVATION FOR LOW-SPEED
URBAN STREETS IN BUILT-UP AREAS
e % = % = % = % = % =
(%) 25mph 30mph 35mph 40mph 45mph
R _(ft) R _(ft) R (ft) R (ft) R (ft)
-2.6 204 345 530 796 1089
-2.4 202 341 524 784 1071
-2.2 200 337 517 773 1055
-2.0 198 333 510 762 1039
-1.5 194 324 495 736 1000
0 181 300 454 667 9200
N.C. 170 279 a9 610 818
R.C. 167 273 408 593 794
2.2 165 270 404 586 785
24 164 268 400 580 776
2.6 163 265 396 573 767
2.8 161 263 393 567 758
3.0 160 261 389 561 750
3.2 159 259 385 556 742
3.4 158 256 382 550 734
3.6 157 254 378 544 726
3.8 155 252 375 539 718
4.0 154 250 371 533 Al
4.2 153 248 368 528 703
4.4 152 246 365 523 696
4.6 151 244 361 518 689
4.8 150 242 358 513 682
5.0 149 240 355 508 675
5.2 148 238 352 503 668
5.4 147 236 349 498 662
5.6 146 234 346 494 655
5.8 145 233 343 489 649
6.0 144 231 340 485 643
NOTES:
1. COMPUTED USING SUPERELEVATION DISTRIBUTION METHOD 2.
2. SUPERELEVATION MAY BE OPTIONAL ON LOW-SPEED URBAN STREETS.
3. NEGATIVE SUPERELEVATION VALUES BEYOND - 2.0 % SHOULD BE USED FOR LOW TYPE
SURFACES SUCH AS GRAVEL, CRUSHED STONE, AND EARTH. HOWEVER, AREAS WITH INTENSE
RAINRALL MAY USE NORMAL CROSS SLOPES ON HIGH TYPE SURFACES OF -2.5%.
NJDOT Roadway Design Manual 4-9
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A. Axis of Rotation
1. Undivided Highways

For undivided highways, the axis of rotation for superelevation is usually the
centerline of the traveled way. However, in special cases where curves are
preceded by long, relatively level tangents, the plane of superelevation may be
rotated about the inside edge of the pavement to improv e perception of the
curve. In flat terrain, drainage pockets caused by superelevation may be

avoided by changing the axis of rotation from the centerline to the inside edge

of the pavement.

2. Ramps and Freeway to Freeway Connections

The axis of rotation may be about either edge of pavement or centerline if
multi -lane. Appearance and drainage considerations should always be taken
into account in selection of the axis rotation.

3. Divided Highways
a. Freeways

Where the initial median width is 30 feet or less, the axi s of rotation should
be at the median centerline.

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

median centerline, except where the resulting initial median sl ope would be
steeper than 10H:1V. In the latter case, the axis of rotation should be at

the ultimate median edges of pavement.

Where the ultimate median width is greater than 30 feet, the axis of
rotation should be at the proposed median edges of pavement.

To avoid a sawtooth on bridges with decked medians, the axis of rotation,
if not already on the median centerline, should be shifted to the median
centerline.

b. Other Divided Highways

The axis of rotation should be considered on an individual project basis and
the most appropriate case for the conditions should be selected.

The selection of the axis of rotation should always be considered in
conjunction with the design of the profile and superelevation transition.

B. Superelevation Transition

The superelevat ion transition consists of the superelevation runoff (length of

roadway needed to accomplish the change in outside -lane cross slope from zero to

full superelevation or vice versa) and tangent runout (length of roadway needed to

accomplish the change in out  side -lane cross slope from the normal cross slope to

zero or vice versa). The definition of and method of deriving superelevation runoff

and runout in this manual is the ARolwgonas descrick
Geometric Design of Highways and Streets . 0

The superelevation transition should be designed to satisfy the requirements of
safety and comfort and be pleasing in appearance. The minimum length of
superelevation runoff and runout should be based on the following formula:

NJDOT Roadway Design Manual 4-10
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Superelevation Runoff Tangent Runout

L = (w)(n)(e)b)y D L = (L »)l(enc)le]

Where: Where

Lr = minimum length of Lc = minimum length of tangent
superelevation runoff, ft; runout, ft.

D = maximum relative gradient, enc = normal cross slope rate,
percent (Table 4 -2); percent

n = number of lanes rotated e = design superelevation rate

b = adjustment factor for Lr = minimum length of
number of lanes rotated superelevation runoff, ft.
(Table 4 -3)

w = width of one traffic lane, ft.
e = design superelevation rate,
percent

Table4 -2
Maximum Relative Gradient

Design 25 30 35 40 45 50 55 60 65 70
Speed
(mph)
Maximum | 0.70 | 0.66 | 0.62 |0.58 [0.54 |0.50 |0.47 |0.45 043 | 04
Relative 0
Gradient
Table4 -3
Adjustment Factor for Number of Lanes Rotated
Number of Lanes Rotated (n) Adjustment Factor (b)

1 1.00

15 0.83

2 0.75

2.5 0.70

3 0.67

3.5 0.64

On 3R projects where  the existing runoff and runout lengths are shorter than

calculated from the formula, the existing runoff and runout lengths may be
maintained.

With respect to the beginning or ending of a curve, the amount of runoff on the
tangent should desirably be based on Table 4 -4. However, runoff lengths on the
tangent ranging from 60 to 90 percent are acceptable.
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Table4 -4
Percent of Runoff on Tangent

Design Portion of runoff located prior to the curve
Speed Number of lanes rotated

Mph 1.0 15 2.0-25 3.0-35
25-45 0.80 0.85 0.90 0.90
50-80 0.70 0.75 0.80 0.85

After a superelevation transition is designed, profiles of the edges of pavement and
shoulder should be plotted and irregularities removed by introducing smooth

curves by the means of a graphic profile. Flat areas which are undesirable from a
drainage standpoint should be avoided.

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

C. Transition Curves and Superelevation

The use of transition curves on arterial highways designed for 50 mph or greater is
encouraged. Figures 4D through 4H inclusive indicate the desirable treatment on
highway curves including the method of di stributing superelevation.

NJDOT Roadway Design Manual 4-12
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FIGURE 4-D:
TRANSITION CURVES

TANGENT __ P.C.

SUPERELEVATION |
RUNOUT

For Design Speeds 30 thru 70 MPH

1. Determine if radii transition is needed for radius R using chart below.
Transition curves not essential when radius is greater than:

- 30 | 35 | 40 | 45 | 50 | 55 | 60 | 70
Superelevation MPH | MPH | MPH | MPH | MPH | MPH | MPH | MPH

1400 | 2100 | 2900 | 3300 | 3800 | 4800 | 5700 | 7600

6% Superelevation for rural
hwys & rural or urban fwys
4% Superelevation for
urban highways

1000 | 1300 | 1600 | 2300 | 2900 | 3300 | 3800 | NA

2. If required, use standard Transition Curves.
3. AtP.C.C.ghold maximum E for radius R.
4. Using superelevation chart, determine if superelevation is needed for R ;.

5. If superelevation is needed for R 1, use 23 maximum
superelevation for R at P.C.

6. Distribute superelevation evenly between P.C.C.5 and P.C.

7. Distribute superelevation at the same rate as in siep 6 on tangent up to
normal section. However, this superelevation transition may be reduced to
2%/sec. in certain locations, such as on short tangents between reverse curves
or on a crest or sag vertical curve.

On_Existing Roadways Or Where Radii Transitions Can Not Be Provided

1. Determine maximum superelevation needed for radius (R).
2. Use 23 maximum superelevation at P.C. and P.T. of curve.

3. Distribute superelevation at a maximum rate of 2%/ sec.
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FIGURE 4-E:
TRANSITION CURVES

1,000 TO 1,600’ RADIUS
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X=? T=(R+Y)TAN 12 ©
X=349.5413 - 0.1097783008 R
Y=13.6127 - 0.0060439020 R
1,600’ TO 1,800’ RADIUS
99.998’ 79.983' 119.788" A il P.l
PO sew T 2100 e
Y=2 N
8 8
b 5 «Q
o ) o
. ND n X
[- - . S
8338 228 858
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o Y59 [T
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X=? T=(R+Y) TAN 12 0
X=299.7694 - 0.0844447697 R
Y=8.9680 - 0.0035718386 R
NOTE: To Locate Transition P.C.:
(1) Find X and Y for desired radius
(2) Add radius R to Y distance
(3) Find TforR and Y
(4) Add T to X for distance P.C.to P.l
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FIGURE 4-F:
TRANSITION CURVES
1,800’ TO 2,200’ RADIUS
99.998" 49.993' 99.907" > A=3°29'34.27
P.l.
{ ” TGO
P.C 0.500" P — 1.313 B
- —————— —— — — A= — 5.484"
© Y=, 3 ‘\ T =
N3 = 2
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= = A <] _". & <l
X=? T=(R+Y)TAN 12 0
X=249.8982 - 0.0609237868 R
Y=5.4841 - 0.0018575792 R
2,200’ TO 3,000’ RADIUS
99.998’ » 99.972" 2., L= 192"
=< Pl
P-C_0.500" — = Y=? ¢
)
S . %
558 b
S& 8 58
°~ o © g ™~ .
- ﬁ = <=9
J [ T5
o <] - o
X=7? T=(R+Y) TAN 12 0
X=199.9704 - 0.0349928546 R
Y=2.7497 - 0.0006124375 R
NOTE: To Locate Transition P.C.:
(1) Find X and Y for desired radius
(2) Add radius R to Y distance
(3) Find TforR and Y
(4) Add T 1o X for distance P.C.1o0 P.I
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FIGURE 4-G:
TRANSITION CURVES
3,500° TO 4,500’ RADIUS
119.998’ 79.990" Z SRR P.l
FC__ Yer——f— 0% ~é
-] o
Q o0 7o IS
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35§ 898
4l 238
=
« <L
X=2 T=(R+Y) TAN 12 0
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Y=1.7870 - 0.0002483796 R
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R & L
X=? T=(R+Y) TAN 12 ©
X=199.9827 - 0.0289511780 R
Y=2.0536 - 0.0004191732 R
NOTE: To Locate Transition P.C.:
(1) Find X and Y for desired radius
(2) Add radius R to Y distance
(3) Find TforR and Y
(4) Add T to X for distance P.C.10 P.l.
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FIGURE 4-H:
TRANSITION CURVES
4,500' TO 6,000’ RADIUS
119.998’ 79.992° | 2. L=TE0ronTr=
PC.  Y=7——— | — 0537
8 8
= © S
S5 §
858 ¥ 8
e © 8%sqo
Beo N 308
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X="? T=(R+Y)TAN 12 ©
X=199.9903 - 0.0189540888 R
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6,000’ TO 8,000’ RADIUS
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X=1? T=(R+Y) TAN 12 0
X=199.9915 - 0.0169544115 R
Y=1.5737 - 0.0001437364 R
NOTE: To Locate Transition P.C.:
(1) Find X and Y for desired radius
(2) Add radius R to Y distance
(3) Find T forR and Y
(4) Add T to X for distance P.C.to P.I.
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4.3.3 Curvature
A General

The changes in direction along a highway are basically accounted for by simple curves
or compound curves. Excessive curvature or poor combinations of curvature generate
accidents, limit capacity, cause economic losses in time and operating costs, and
detract from a pleasing appearance. To avoid these poor design practices, the
following general controls should be used.

B. Curve Radii for Horizontal Curves

Table 4 -5 gives the minimum radius of open highway curves for specific design
speeds. This table is based upon a 6 percent and 4 percent maximum superelevation;
it ignores the horizontal stopping sight distance factor.

Table4 -5
Standards for Curve Radius

Minimum Minimum Minimum
Radius of Radius of Radius of
Curve for Rural Curve for Curve for Low
Design Highways and Urban Speed Urban
Speed Rural or  Urban Highways Highways
(mph) Freeways Based on Based on
Based on 4% e max 6% € max
6% € max
(ft) (ft) (ft)
25 144 154 144
30 231 250 231
35 340 371 340
40 485 533 485
45 643 711
50 833 926
55 1060 1190
60 1330 1500
65 1660
70 2040

Every effort should be made to exceed the minimum values. Minimum radii should be
used only when the cost or other adverse effects of realizing a higher standard are
inconsistent with the benefits. Where a longitudinal barrier is provided in the median,

the above minimum radii may need to be increased or the adjacent shoulder widened

to provide adequate horizontal stopping sight dist ance.

The suggested minimum radius for a freeway is 3000 feet in rural areas and 1600 feet
and 2400 feet for design speeds of 60 mph and 70 mph respectively in urban areas.
For a land service highway, the preferred minimum radius is 1600 feet and 1000 feet
for design speeds of 60 mph and 50 mph respectively.
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Due to the higher center of gravity on large trucks, sharp curves on open highways

may contribute to truck overturning. Overturning becomes critical on radii below
approximately 700 feet. Where new or reconstructed curves on open highways with
radii less than 700 feet must be provided, the design of these radii shall be based

upon a design speed of at least 10 mph greater than the anticipated posted speed.

C. Alignment Consistency

Sudden reductions in  standards introduce the element of surprise to the driver and
should be avoided. Where physical restrictions on curve radius cannot be overcome

and it becomes necessary to introduce curvature of a lower standard than the design
speed for the project, the d esign speed between successive curves shall change not
more than 10 mph. 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 ma y be anticipated.

D. Stopping Sight Distance

Horizontal alignment should afford at least the desirable stopping sight distance for

the design speed at all points of the highway. Where social, environmental or

economic impacts do not permit the use of desir able values, lesser stopping sight
distances may be used, but shall not be less than the minimum values.

E. Curve Length and Central Angle

Desirably, the minimum curve length for central angles less than 5 degrees should be
500 feet long, and the minimum | ength should be increased 100 feet for each 1
degree decrease in the central angle to avoid the appearance of a kink. For central
angles smaller than 30 minutes, no curve is required. In no event shall sight distance
or other safety considerations be sacri ficed to meet the above requirement.

F. Compound Curves

On compound curves for arterial highways, the curve treatment shown in Figures 4D
through 4H should be used. For compound curves at intersections and ramps, the
ratio of the flatter radius to the shar per radius should not exceed 2.0.

G. Reversing Curves

The intervening tangent distance between reverse curves should, as a minimum, be
sufficient to accommodate the superelevation transition as specified in Section 4.3.2,
iSuper el evat i on spgeds ofsd mphdedgreagen longer tangent lengths

are desirable. A range of desirable tangent lengths are shown in Table 4 -6 for high
design speeds.
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Table4 -6
Desirable Tangent Length
Between Reversing Curves

Design Speed Desirable
(mph) Tangent
(ft)
50 500 -600
60 600 -800
70 800 -1000

H. Broken Back Curves

A broken back curve consists of two curves in the same direction joined by a short
tangent. Broken back curves are unsightly and violate driver expectancy. A reasonable
additional expenditure may be warranted to avoid such curvature.

The intervening tangent distance between broken back curves should, as a minimum,

be sufficient to accommodate the superelevation transition as specified in Section

4.3.2. For design speeds of 50 mph and greater, longer tangent lengths are desirable.
Table 4 -7 indicates the desirable tangent length between same direction curves. The
desirable tangent distance should be exceeded when both curves are visible for some
distance ahead.

Table4 -7
Desirable Tangent Length
Between Same Direction Curves

Des irable
Design Speed Tangent
(mph) (ft)
50 1000
60 1500
70 2500

I. Alignment at Bridges

Superelevation transitions on bridges almost always result in an unsightly appearance
of the bridge and the bridge railing. Therefore, if at all possible, horizontal curves
should begin and end a sufficient distance from the bridge so that no part of the
superelevation transition extends onto the bridge. Alignment and safety

considerations, however, are paramount and shall not be sacrificed to meet the above
criteria.

4.4 Vertical Alignment

441 General

The profile 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
hig hway, horizontal alignment, safety, sight distance, construction costs, cultural
development, drainage and pleasing appearance. The performance of heavy vehicles
on a grade must also be considered.
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All portions of the profile line must meet sight distance requirements for the design
speed of the road.

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 tru ck operation and construction economy.
But, this should be done with appearance in mind; for example, a profile on tangent
alignment exhibiting a series of humps visible for some distance ahead should be

avoided whenever possible. In rolling terrain, howev er, the profile usually is closely
dependent upon physical controls.

In considering alternative profiles, economic comparisons should be made. For further
det ai | s, s e eAPaligydimGe@metridiDesign of Highways and Streets . 0

4.4.2 Position with Resp ect to Cross Section

The profile line should generally coincide with the axis of rotation for superelevation.
The relation to the cross section should be as follows:

A. Undivided Highways
The profile line should coincide with the highway centerline.
B. Ramps and Freeway to Freeway Connections

The profile line may be positioned at either edge of pavement, or centerline of
ramp if multi  -lane.

C. Divided Highways

The profile line may be positioned at either the centerline of the median or at the
median edge of pavement. The former case is appropriate for paved medians 30
feet wide or less. The latter case is appropriate when:

1. The median edges of pavement of the two roadways are at equal elevation.
2. The two roadways are at different elevations.
443 Separa te Grade Lines

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

They are not normally considered appropriate where medians are less than 30 feet.
Exceptions to this may be minor differences bet ween opposing grade lines in special
situations.

In addition, appreciable grade differentials between roadbeds should be avoided in the
vicinity of at -grade intersections. For traffic entering from the crossroad, confusion
and wrong -way movements could res  ult if the pavement of the far roadway is
obscured due to an excessive differential.

444 Standards for Grade

The minimum grade rate for freeways and land service highways with a curbed or

bermed section is 0.3 percent. On highways with an umbrella section, grades flatter
than 0.3 percent may be used where the shoulder width is 8 feet or greater and the

shoulder cross slope is 4 percent or greater. For maximum grades for urban and rural

land service highways and freeways, see Table 4 -8.
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Table4 -8
Ma ximum Grades (%)

Rural Land Service Highways

Design Speed (mph)

Type of 30 40 45 50 55 60 65
Terrain
Level 5 5 4 4 3 3
Rolling 6 6 5 5 4 4
Mountainous 8 7 7 6 6 5

Urban Land Service Highways

Design Speed (mph)

Type of 30 40 45 50 55 60 65
Terrain
Level 8 7 6 6 5 5
Rolling 9 8 7 7 6 6
Mountainous 11 10 9 9 8 8

Freeways *

Design Speed (mph)

Type of 40 45 50 55 60 65 70
Terrain
Level 4 4 3 3 3
Rolling 5 5 4 4 4
Mountainous 6 6 6 5 5
* Grades 1% steeper than the value shown may be provided in
mountainous terrain or in urban areas with crucial right -of 1 way
controls.
445 Vertical Curves

Properly designed vertical curves should provide adequate sight distance, safety,
comfortable driving, good drainage, and pleasing appearance. On new alignments or
major reconstruction projects on existing highways, the designer should, where
practical, pr ovide the desirable vertical curve lengths. The use of minimum vertical
curve lengths should be limited to existing highways and those locations where the
desirable values or values greater than the minimum would involve significant social,

environmental 0 r economic impacts.

A parabolic vertical curve is used to provide a smooth transition between different

tangent grades. Figures4  -1and 4 -J give the length of crest and sag vertical curves for
various design speeds and algebraic differences in grade. The s topping sight distance
for these curves are based upon a height of eye of 3.5 feet, and a height of object of 2

feet. The minimum length of vertical curve shall be determined by the formulas in
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Figures 4l and 4J. The minimum desirable length of vertical cu rve may also be
obtained by multiplying the K value (Fig. 4 -1 or 4 -J) by the algebraic difference in
grade. The vertical lines in Figure 4 -land 4 -J are equivalent to 3 times the design
speed. To determine the length of crest vertical curves on highways de signed with
two -way left -turn lanes (see Section 6.7.1).

Flat vertical curves may develop poor drainage at level sections. Highway drainage
must be given more careful consideration when the design speed exceeds 60 and 65

mph for crest vertical curves and s ag vertical curves respectively. The length of sag
vertical curves for riding comfort should desirably be approximately equal to:
L=AV 2/46.5.

L = Le ngth of sag vertical curve, ft.
A = Algebraic difference in grades, percent.
V = Design speed, mph.

When t he difference between the P.V.I. elevation and the vertical curve elevation at
the P.V.I. station (E) is 0.0625 feet (3/4 inch), a vertical curve is not required. The

use of a profile angle point is permitted. The maximum algebraic difference in tangent
grades (A) that an angle point is permitted for various design speeds is shown in
Table 4 -9. This table is based on a length of vertical curve of 3 times the design
speed.

Table4 -9
Use of a Profile Angle Point
Design Speed Awmax
(mph) %
25 .70
30 .55
35 .50
40 .40
45 .40
50 .35
55 .30
60 .30
65 .25
70 .25

All umbrella section low points in cut and fill sections on freeways and Interstate

highways shall be provided with slope protection at each low point in the mainline or

ramp vertical geometry as s hown i rStandéwdRodidway Construction Details . 0
purpose of this treatment is to minimize maintenance requirements in addressing the

gradual buildup of a berm which may eventually contribute to water ponding on the

roadway surface and/or erosion o f the side slope. The following are some

recommended low point treatments:
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A. Low Point at Edge of Ramp or Outside Edge of Mainline Pavement

Where practical, an "E" inlet should be provided in the outside edge of pavement at
the low point to catch and di vert the surface runoff. Provide outlet protection where
needed at the pipe outfall.

As an alternative, provide slope protection which shall consist of the following:
1. Fill Section

Slope protection shall consist of a 20 feet long bituminous concrete pave d area
between the edge of pavement and the hinge point (PVI) together with a riprap

stone flume on the fill slope and a riprap stone apron at the bottom of the

slope. The riprap shall only be provided where the fill slope is steeper than

4H:1V. Where ther e is an inlet in a swale at the low point, center the riprap

stone apron around the inlet. Where guide rail exists at the low point, the 10

foot long paved area shall be constructed instead of the non -vegetative surface
treatment under the guide rail.

2. Cut Section

Slope protection shall consist of a 20 foot long bituminous concrete paved area
between the edge of pavement and the toe of slope.

3. Low Point at Median Edge of Mainline Pavement

Provide slope protection which shall consist of a 20 foot long by 5 foot wide
strip of bituminous concrete pavement adjacent to the inside edge of shoulder.

If the fill slope is steeper than 4H:1V, provide riprap stone slope protection as
described in "Low Point at Edge of Ramp or Outside Edge of Mainline

Pavement".

On two -lane roads, extremely long crest vertical curves over one half mile should be
avoided, since many drivers refuse to pass on such curves, despite adequate sight
distance. It is sometimes more economical to use four -lane construction, than to
obtain pass ing sight distance by the use of a long vertical curve.

Vertical curves affect intersection sight distance, therefore, utilizing the distances in
Figure 6 -A, an eye height of 3.5 feet and an object height of 3.5 feet; check for
vertical sight distance at t he intersection.

Broken back vertical curves consist of two vertical curves in the same direction,
separated by a short grade tangent. A profile with such curvature normally should be
avoided.

4.4.6 Heavy Grades

Except on level terrain, often it is not eco nomically feasible to design a profile that will
allow uniform operating speeds for all classes of vehicles. Sometimes, a long
sustained gradient is unavoidable.

From a truck operation standpoint, a profile with sections of maximum gradient
broken by lengt h 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.
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4.4.7 Coordination with Horizontal Alignment

A proper balance between curvature and grades should be sought. When possible,
vertical curves should be superimposed on horizontal curves. This reduces the number
of sight distance restrictions on the project, makes changes in profile less apparent,
particularly in rolling terrain, and results in a pleasing appearance. For safety reasons,
th e horizontal curve should lead the vertical curve. On the other hand, where the
change in horizontal alignment at a grade summit is slight, it safely may be concealed
by making the vertical curve overlay the horizontal curve.

When vertical and horizontal ¢ urves are thus superimposed, the superelevation may
cause distortion in the outer pavement edges. Profiles of the pavement edge should
be plotted and smooth curves introduced to remove any irregularities.

A sharp horizontal curve should not be introduced a t or near a pronounced summit or
grade sag. This presents a distorted appearance and is particularly hazardous at night.
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FIGURE 4-I:
DESIGN CONTROLS FOR CREST VERTICAL CURVES
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NOTE: Drainage of the Roadway on CREST Vertical Curves
must be more carefully designed when
the Design Speed exceeds 60 MPH.

When S is greater than L, L=2§ - 21:8
as 2

When S is less than L, L= e

V=Design Speed
S=Stopping Sight Distance, Feet
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FIGURE 4-J:
DESIGN CONTROLS FOR SAG VERTICAL CURVES
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4.5 Climbing Lane

A climbing lane, as shown in Figure 4 -K, is an auxiliary lane introduced at the
beginning of a sustained po  sitive grade for the diversion of slow traffic.

Generally, climbing lanes will be provided when the following conditions are satisfied.
These conditions could be waived if slower moving truck traffic was the major

contributing factor causing a high acciden t rate and could be corrected by addition of
a climbing lane.

A. Two-Lane Highways
The following three conditions should be satisfied to justify a climbing lane:
1. Upgrade traffic flow rate in excess of 200 vehicles per hour.
Upgrade truck flow rate in excess of 20 vehicles per hour.
3. One of the following conditions exists:
a. A 10 mph or greater speed reduction is expected for a typical heavy truck.
b. Level of Service E or F exists on the grade.

c. Areduction of two or more levels of service is experienced when moving
from the approach segment of the grade.

A complete explanation and a sample calculation on how to check for these

conditions are shown in the section on "Climbing Lanes" contained in

Chapter 3, NAEl ements of @eAHRolgyoh Geomwdtrict he
Design of Highways and Streets . 0

B. Freeways and Multi -lane Highways
Both of the following conditions should be satisfied to justify a climbing lane:
1. A 10 mph or greater speed reduction is expected for a typical heavy truck.

2. The service volume on an individual grade should not exceed that attained by
using the next poorer level of service from that used for the basic design. The
one exception is that the service volume derived from employing Level of
Service D should notb e exceeded.

If the analysis indicates that a climbing lane is required, an additional check must be
made to determine if the number of lanes required on the grade are sufficient even
with a climbing lane.

A complete explanation and a sample calculation on how to check for these conditions
are shown in the section on "Climbing Lanes
Design", of t MAdoli¢eyarSGedmetric Digsign of Highways and Streets . 0

The beginning warrant for a truck climbing lane shall be tha t point where truck
operating speed is reduced by 10 mph. To locate this point, use Figure 3 -28 or
Figure 3 -29 of the aforementioned AASHTO Policy, depending on the
weight/horsepower ratio of the appropriate truck. The beginning of the climbing lane

shou Id be preceded by a tapered section, desirably 300 feet, however, a 150 feet
minimum taper may be used.

Desirably, the point of ending of a climbing lane would be to a point beyond the crest,

where a typical truck could attain a speed that is about 10 mph below the operating
speed of the highway. This point can be determined from Figure 3 -29 of the
NJDOT Roadway Design Manual 4-28
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aforementioned AASHTO Policy. If it is not practical to end the climbing lane as per
Figure 3 -29, end the climbing lane at a point where the truck has proper si ght
distance to safely merge into the normal lane, or preferably, 200 feet beyond this

point. For two lane highways, passing sight distance should be available. For freeways
and multi -lane highways, passing sight distance need not be considered. For all
highways, as a minimum, stopping sight distance shall be available. The ending taper
beyond this point shall be according to Figure 4 -L.

A distance -speed profile should be developed for the area of a climbing lane. The
profile should start at the bottom of t he first long downgrade prior to the upgrade
being considered for a climbing lane, speeds through long vertical curves can be
approximated by considering 25 percent of the vertical curve length (chord) as part of
the grade under question.

NJDOT Roadway Design Manual
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FIGURE 4-K:
CLIMBING LANE
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4.6 Through Lane Transition

Design standards of the various features of the transition between roadways of

different widths should be consistent with the desi gn standards of the superior
roadway. The transition for a lane drop or lane width reduction should be made on a

tangent section whenever possible and should avoid locations with horizontal and

vertical sight distance restrictions. Whenever feasible, the e ntire transition should be
visible to the driver of a vehicle approaching the narrower section.

The design should be such that at -grade intersections within the transition are
avoided.
Figure 4 -L shows the minimum required taper length based upon the desig n speed of

the roadway. In all cases, a taper length longer than the minimum should be provided
where possible. In general, when a lane is dropped by tapering, the transition should
be on the right so that traffic merges to the left.
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FIGURE 4-L:
THROUGH LANE TRANSITION
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Section 5 - Major Cross Section Elements

51 General

The major cross section elements considered in the design of streets and highways
incl ude the pavement surface type, cross slope, lane widths, shoulders, roadside or
border, curbs, sidewalks, driveways, and medians. Due consideration should be given
to the motoring and non  -motoring users in designing the cross section.

5.2 Pavement
5.2.1 Surface Type

Pavement surface type is determined by soil conditions, traffic volume, traffic
composition, material availability, initial cost, and the extent and cost of maintenance.
All of these affect the relationship of cost to traffic service.

Generall y, all roadways in the State are surfaced with hot mix asphalt materials or
Portland cement concrete. These pavements provide good riding qualities, help to
maintain the cross section, and adequately support the expected volume and weights
of vehicles with out failure due to fatigue. In considering cyclists and pedestrian traffic,
other roadway surfaces include textured and colored asphalt, textured and colored
concrete, and brick and other unit pavers. As part of urban design, landscape or
streetscape treatments, these are used in crosswalks, bike lanes, shoulders, and
traffic calming devices.

Important characteristics in relation to geometric design are the ability of a surface to
sustain its shape and dimensions, the ability to drain, and the effect o n driver,
bicyclist, and pedestrian behavior.

5.2.2 Cross Slope

The cross slope of the pavement is the slope of the pavement surface measured
transverse to the centerline of the highway. The high point of a normal cross slope of

a roadway is known as the ¢ rown. Undivided pavements on tangents or on flat curves
have a high point (crown) in the middle of the traveled way and slope downward

toward both edges.

The minimum cross slope for concrete pavement and hot mix asphalt pavement

should be 1.5 percent. The cross slope shall be uniform across the pavement section,
from the high point to the edge of lane. The cross slope in each successive lane should
be increased by 0.5 percent. However, it may be increased on each successive pair of
lanes by 0.5 to 1 percent in order to cause the least disturbance to the existing border
area, to limit the amount of resurfacing weight on a structure, or to minimize the

cross slope in the outer lane when more than three lanes are sloped in the same
direction.

In addition, if th e cross slope of the left ~ -turn lane is in the same direction as the
adjacent lane, the adjacent lane cross slope may be used.

NJDOT Roadway Design Manual 5-1
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On a divided highway, each one way pavement may be crowned separately, as on a
two lane highway, or it may have a unidirectional s lope across the entire width of
pavement, which is almost always downward to the outer edge.

A cross section where each roadway has a separate high point (crown) has an
advantage of rapidly draining the pavement as shown in the top two drawings of

Figure 5 -A. In addition, the difference between high and low points in the cross

section is kept to a minimum. The disadvantage is, additional drainage inlets and
subsurface drainage lines are required. In addition, treatments of at grade
intersections are more di  fficult because of the creation of several high and low points
on the cross section. Preferably, use of such sections should be limited to regions of
high rainfall. A cross section having no curbing and a wide depressed median are
particularly well suited for high rainfall conditions.

Roadways that slope only in one direction provide more comfort to drivers because

vehicles tend to be pulled in the same direction when changing lanes (As shown in the
bottom four drawings of Figure 5 -A). Roadways with a unidi  rectional slope may drain
away from or toward the median. Providing drainage away from the median may

affect a savings in drainage structures and simplify treatment of intersecting streets.
Advantages of drainage toward the median are:

1. Aneconomical dra inage system, in that all surface runoff is collected into a
single conduit.

2. Outer lanes, used by most traffic, are freer of surface water.

A major disadvantage of drainage toward the median is all the pavement drainage
must pass over the inner, higher speed lanes. Where curbed medians exist, the
drainage is concentrated next to and on higher speed lanes. This concentration of
drainage, when the median is narrow, results in annoying and undesirable splashing
onto the windshields of opposing traffic.

The rate of cross slope on curves as well as on tangent alignment is an important
el ement in cross section design. See Section
for speed curvature relationships to determine pavement superelevation on curves.

53 Lane Widt hs

Lane widths have a great influence on driving safety and comfort. The predominant
lane width on freeways and land service highways is 12 feet.

While lane widths of 12 feet are desirable on land service highways, circumstances

may necessitate the use of lanes less than 12 feet. Lane widths of 11 feet in urban
areas are acceptable. Existing lane widths of 10 feet have been provided in certain
locations where right of way and existing development became stringent controls and
where truck volumes were limite d. However, new or reconstructed 10 foot wide lanes
would not be proposed today, except in traffic calming areas.

On land service highways, where it is not practical to provide a shoulder adjacent to
the outside lane  (design exception required) , the outsi de lane width shall be 15 feet to
accommodate bicyclists. Where alternate bike access is provided, the outside lane

NJDOT Roadway Design Manual 5-2
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width should be 1 foot wider than the adjacent through lane width. The designer
should strive to accommodate the bicyclist and pedestrian on all projects.

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

Auxiliary lanes at intersections are often provided to facilitate traffic movem ents. Such
lanes should be equal in width to the through lanes but not less than 10 foot wide

when constructed adjacent to a shoulder. When there is no right shoulder adjacent to

a new or reconstructed auxiliary lane, the width of the auxiliary lane shall be designed
to accommodate the bicyclist (no design exception required) . Where alternate bike
access is provided, the auxiliary lane width should be 1 foot wider than the adjacent

through lane width. The criteria in this paragraph shall also apply to auxil iary lanes at
interchanges on land service highways.

On Interstates and freeways, the width of the auxiliary lane shall be 12 feet. Lane
widths for specific types of highways are enumerated as part of the typical sections
illustrated at the end of this sec tion.

For the width of climbing lanes and left -turn | anes, see Section 4, i B
Design Elementsod an@r Scketli mnemwseditAitons, 0 respect i

54 Shoulders
54.1 General

A shoulder is the portion of the roadway contiguous with the traveled way for
accommodation of stopped vehicles, for emergency use, and for lateral support of
subbase, base and surface courses.

Some of the more important advantages of providing shoulders are:
1. Space for the motorist to pull completely off the road way for emergencies.

2. An escape zone to allow motorists to avoid potential accidents or reduce
accident severity.

3. An aid to driver comforts by creating a sense of openness; improves highway
capacity.

4. An improvement in sight distance in cut sections

5. A provision to enhance lateral clearance for the placement of signs, guide rails,
or other roadside appurtenances.

6. Space for pedestrians where there is no sidewalk and for bicycle usage.

New Jersey shoulder pavement design is based on the following engineering
considerations.

A. The New Jersey state highway system constitute
surface transportation network. As a corridor state, the New Jersey highway
system is subjected to the highest traffic count and loading in the nation.

NJDOT Roadway Design Manual 5-3
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B. New Jersey highways continue to be faced with a serious backlog of deficient
pavements in poor to fair condition. As such, many of the pavements are in the
process of or will eventually be rehabilitated or reconstructed.

C. Due to frequent traffic encr oachment over the longitudinal joints next to the
shoulder and the need to stage traffic on shoulders during rehabilitation,
progressive shoulder deterioration will result if adequate shoulder pavement
strength is not provided in the original construction.

D. Shoulders of adequate pavement strength will carry traffic during the future
construction of additional lanes, and the widening, resurfacing, rehabilitation
and recycling of the existing lanes. The shoulders will also be used as an
additional riding la  ne during peak hours relieving traffic congestion, such as in
the case of fAbus/shouldero | anes.

The following shoulder pavement design policy is based on the above consideration.

The term AFul | Pavement Shouldero is a shoulder p
mainline pavement.

Full pavement shou Iders shall be used as follows:

Full pavement shoulders shall be used for all new construction, reconstruction and
widening on all portions of the NJ highway system.

For mainline pavement rehabilitation projects, shoul der pavement shall be designed to
carry mainline traffic for a minimum period of 2 years or the following minimum
section (whichever is greater):

20 Hot Mix Asphalt _ = Surface Course
30 Hot Mix Asphalt _ I ntermediate Course
80 Dense Grade®Basta@Gaumse gat e

5.4.2 Width of Shoulders

Desirably, a vehicle stopped on the right shoulder should clear the pavement edge by

at least 1 foot, preferably by 2 feet. On land service highways, in difficult terrain, or in

areas where right of way is restricted du e to roadside development or environmental
factors, a minimum 8 foot wide shoulder may be provided. On 3R projects, the

existing shoulder width may be reduced to 8 feet to provide wider lanes. New or
reconstructed shoulders on heavily traveled and high spe ed land service highways,
especially those carrying large numbers of trucks (250 DHV), where turning volumes

are high or dualization is anticipated, should have usable shoulders at least 10 feet

and preferably 12 feet wide. Shoulders should be provided ad] acent to all new
acceleration and deceleration lanes at interchanges, where practical, in major new
construction or reconstruction projects along major land service highways having an

AADT of 10,500 per lane (DHV of 1,500 per lane) or greater, for the proj ect design
year. "Practical" is defined as given consideration to social, economic, and

environmental impacts in concert with safe and overall efficient traffic operations.

Shoulder widths on freeways and Interstate highways shall be 10 feet minimum.
Howev er, where truck traffic exceeds 250 DDHV, a 12 foot shoulder should be
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provided. A 10 foot shoulder shall be provided adjacent to all new or reconstructed
auxiliary lanes. Where no right shoulder exists, the existing auxiliary lane width may
be maintained on Interstate and freeway resurfacing, restoration and rehabilitation
(3R) projects. However, whenever practical, a 10 foot desirable or a 6 foot minimum
shoulder should be provided on Inte rstate and freeway 3R projects.

Shoulder widths for specific types of highways are enumerated as part of the typical
sections illustrated at the end of this section.

Although it is desirable that a shoulder be wide enough for a vehicle to be driven
completely off the traveled way, narrower shoulders are better than none a tall.
Partial shoulders are sometimes used when full shoulders are unduly costly, as on

long span bridges or in mountainous terrain. Regardless of the width, a shoulder

should be continuous where feasible.

Left shoulders are preferred on all divided highw ays. The desirable median shoulder
width on a 4 lane and 6 to 8 lane highway is 5 feet and 10 feet respectively. The

minimum left shoulder width on land service highways is 3 feet and on a freeway is 4

feet.

Shoulders on structures should have the same wi dth as the usable shoulders on the
approach roadways, both right and left. This design is essential on freeways, and is
desirable on all arterials where shoulders are provided. Long span, high cost

structures usually warrant detailed special studies to det ermine feasible dimensions.
Wherever practicable, full shoulders should be included, but as has been indicated, for
some cases, it may be judged proper to use only partial width shoulders.

5.4.3 Cross Slope

Shoulders are important links in the lateral drai nage systems. A shoulder should be
flush with the roadway surface and abut the edge of the through lane/auxiliary lane.

On a divided highway with a depressed median, all shoulders should be sloped to

drain away from the traveled way. With a raised narrow m edian, the median shoulder
may slope in the same direction as the traveled way. All shoulders should be pitched
sufficiently to rapidly drain surface water.

Desirably, a shoulder cross slope should not be less than 4 percent to minimize

ponding on the road way. As a minimum, a shoulder cross slope should not be less

than 2 percent. However, when a left shoulder is less than 5 feet in width and the

median slopes away from the roadway or where the median and adjacent lane both

slope toward the median gutter, t he shoulder cross slope may be at the same rate and
direction as the adjacent lane for ease of construction.

On 3R and reconstruction projects, shoulder cross slope may be increased to 6

percent to minimize impacts on existing curb, drainage, adjacent prop erties, access,
etc. But, shoulder cross slope should not exceed 5 percent where a curb ramp is

present since the angle of incidence between a mobility device descending a curb

ramp and the counter slope of the gutter must be limited to avoid catching the

mobility device, e.g. wheelchair footrest.

Shoulder on the high side of a superelevated section should be designed to drain away
from the adjacent traffic lanes. A shoulder cross slope that drains away from the
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paved surface on the high side of a superelev ated section should be designed to avoid
too great a cross slope break. The cross slope of the shoulder shall be as follows:

1. The shoulder cross slope should be 4 percent where the superelevation rate is 3
percent or less.

2. For superelevation rates gre  ater than 3 percent and less than 5 percent, a
maximum rollover rate of 7 percent will be used to establish the shoulder cross
slope.

3. When superelevation rates range from 5 percent to 6 percent, the shoulder
cross slope will be 2 percent.

On an existing superelevated curve where there is a history of run off the road
accidents, the location should be evaluated for proper clear zone, sight distance,
superelevation, and signing. The shoulder cross slope on the outside of the curve may
be constructed inthe  same direction as the adjacent lane. However, consideration
should be given to snow storage in border area (snow melting in border area then
draining and refreezing on roadway surface) by sloping the border away from roadway
or by providing slotted draina ge along shoulder.

The shoulder on the inside of a curve or on the low side of a superelevated section
should be sloped at 4 percent, or equal to the superelevation of the adjacent lane,
whichever is greater.

544 Intermittent Shoulders or Turnouts

It wil I not always be economically feasible to provide desirably wide shoulders
continuously along the highway through high cut areas or along steep mountainsides.
In such cases, consideration should be given to the use of intermittent sections of
shoulders ort urnouts that can be placed at favorable locations along the highway.
Where intermittent shoulders or turnouts are provided, the length of the transition
section should be approximately 50 feet to encourage usage and to permit safe entry
and exit.

55 Roads ide or Border
55.1 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. The distance between t he outside edge of
roadway and the hinge point may be less than the width of the roadside or border

area.

5.5.2 Width

The right -of-way width on rural and urban freeways is typically 300 feet and 150 feet
respectively. Depending upon the median, traveled wa y and shoulder widths, the
roadside width is in the range of 70 feet for rural freeways and 25 feet for urban
freeways .
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Desirably, the width of the border should be sufficient to permit the placement of

utility poles and all fixed obstructions beyond the clear zone area. Normally an
additional 5 feet should be added to the clear zone distance to provide the necessary
placem ent of the utilities within the highway right -of-way yet beyond the clear zone
recovery area. The acquisition of additional right -of-way should be considered if it is
economically and socially feasible. If right -of-way is acquired, it should accommodate
all current project needs and any foreseeable future widening.

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

When it is not practical to provide for the clear zone width, a border width on land

service highways of 15 feetis p referred. The designer should determine the practical
border width by taking into account pedestrian needs, bicyclist needs and the proper
placement of roadside appurtenances such as longitudinal barriers, longitudinal barrier

end treatments, utility poles , signal pole foundations, signs and foundations, existing
and/or future sidewalks, underground utilities, etc. A border width would typically
range from 10 feet to 15 feet on land service highways. The border can be adjusted
more or less on a property by property basis.  In order to avoid obstacles and preclude
unnecessary right -of-way acquisitions, the border width may be reduced at spot
locations or random length sections. For example, you may want to reduce the 15 feet
proposed border on one property to a 12 feet border in order to avoid a parking lot or
a building. These reduced border areas will need to provide for safe and feasible
accommodations of all roadside appurtenances.

The goal should be to provide the optimum border width considering all proje ct costs,
such as construction, utilities, permits, design, right -of-way, etc.

5.5.3 Fencing

For freeways, interstates and expressways continuous fencing should be included in

order to effectively preserve access control. Chain link fence as per the Standa rd
Construction Details and Standard Specifications should be used. If another type of

fence is required, it should be the most cost - effective type suited to the specific
adjacent land use.  Fencing should be located on either the right -of-way or access -
control line, unless it has been established that such fencing is not necessary in order

to effectively preserve access control. Engineering judgment should dictate exceptions
in areas of precipitous slopes or natural barriers. However, in addition to vehicular

access control, pedestrian or animal movements should also be considered. For
additional fence design criteria, refer to Subsection 5.9.3, Median Fencing on Land
Service Highways, Subsection 10.8.9, Fence Positioning at Culverts and Head Walls
and Subsection 10.11.4E, Stormwater Management Facility Design Features (basin
fencing policy).

5.6 Curbing
5.6.1 General

The type and location of curbing appreciably affects driver behavior, which affects the

safety and utility of a highway. Curbing may be used to separate pedestrian walkways
from the roadway, to control drainage and to control ingress and egress from roadside
development. Where required, curbing may be permitted at intersections for
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channelization or for sustaining the integrity of pavem ent (ex: curb at intersection
radius returns). To fit the definition of Acurb, o
is required. Curbing is not a substitute for pavement markings.

Curb is used extensively on urban land service highways. However, on rura I land
service highways, caution should be exercised in the use of curb. In the interest of

safety, new installations of vertical curb shall not be constructed on freeways and

Interstate highways; however, sloping curb may be used for drainage control.

5.6 .2 Types of Curb

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

Sloping curb is designed to allow an errant vehicle to cross it readily without further

loss of vehicular control. It is low with a flat sloping face. On a land service highway,

sloping curb can be used at the median edge to discourage a vehicle from illegally
crossing a grass median or to outline channelizing islands in intersection areas.

Sloping curb may also be provided at the outer edge of the shoulder. It is the

preferred treatment for left -turn slots. Sloping curb permits a vehicle with large o ff-
tracking to have a less damaging effect to both vehicle and curb. However, vertical

curb may be used on left  -turn slots where there is existing vertical curb in the median.

Vertical curb and a safety walk may be desirable along the faces of long walls,
bridges, and tunnels, particularly if full shoulders are not provided.

New installation of vertical curb shall not be constructed on freeways and Interstate
highways; and are considered undesirable on other high speed arterials. When
accidentally struck at  high speeds, it is difficult for the operator to retain control of the
vehicle. In addition, most vertical curbs are not adequate to prevent a vehicle from
leaving the roadway. Where positive protection is required such as along a long

narrow median or ad  jacent to a bridge substructure, suitable median barrier or guide
rail should be provided.

Generally, vertical curb should not be provided inside the face of bridge parapets. A

preferred and more widely used method is to design the parapet in the shape of the
Departmentdéds concrete barrier curb. On an urban s
bridges with the same curb height as the approach roadway curb. Inlets should be

provided in the gutter or the curb, or both.

Generally, it is not practical to design a gutter section to contain all of the runoff, even
from frequent rains, and some overflow onto the traveled surface can be expected.

The spread of water on the traveled way is kept within tolerable limits by the proper
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 drivers and bicycle riders

who veer away from them. Warping of the gutter for curb opening inlets should be

limited to the portions within 4 feet of the curb to minimize adverse driving effects.
See NJDOT Drainage Design Manual for the proper spacing of inlets.

NJDOT Roadway Design Manual 5-8
Major Cross Section Elements



BDC15 MR-01
5.6.3 Placement of Curb

Curb introduced intermittently along a street should be offset 3 feet from the edge of
lane if there is no shoulde r: where the curb is continuous, the offset should be at least
1 foot. See Figure 6 -D for offsets of curbs for islands with and without shoulders.

5.6.4 Curb Height
For new installations of sloping curb, the overall curb height shall not exceed 4 inches.

For new installations of vertical curb, the curb height (face) shall conform to the
following:

1. For posted speeds greater than 40 mph, the curb height shall not exceed a 4
inch face.

2. For posted speeds less than or equal to 40 mph, the desirable curb he ight is 4
inches. Where sidewalks are to be constructed, a 6 inch face may be used.

3. For traffic calming areas a 6 inch face may be used.

4. For curb on bridges with sidewalk, the desirable curb height should be 6 inches
to accommodate future resurfacing and/or conduits through the sidewalk.

When curb is used in conjunction with guide

and Median Barriers,o0o for the placement of guide

Where posted speeds are 40 mph or less and no guide rail exists, an 8 inch fac e
vertical curb may be used to discourage parking of vehicles in the border area of the
highway.

When resurfacing adjacent to curb, the curb should not be removed unless it is

deteriorated or the curb face will be reduced to less than 3 inches. A curb face less
than 3 inches is permissible, provided drainage calculations indicate the depth of flow

in the gutter does not exceed the remaining curb reveal.

When replacing short sections of existing curb or installing short sections of new curb,

the curb face sh ould match the adjacent existing curb face. A short section of curb is
approximately less than 100 feet long at each location. When there are closely spaced
short sections of curb to be replaced, install the entire run of curb at the standard

curb height a nd type as specified above.

5.7 Sidewalk
57.1 General

The Americans with Disabilities Act (ADA) of 1990 is a civil rights statute that prohibits
discrimination against people with disabilities. Designing and constructing pedestrian
facilities in the publi  c right -of-way that are usable by people with disabilities is an
important component of highway design.

ADA accessibility provisions apply to the entire transportation project development
process including planning, design, constructi on, and maintenance ac tivities.

The requirements of ADA include:

A New construction must be accessible and usable by persons with disabilities.
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A Alterations to existing facilities, within the scope or limits of a project, must
provide usability to the extent feasible.

On new roadway construction, roadway rehabilitation, roadway reconstruction, new
bridge construction, bridge replacement and bridge widening projects, sidewalk,
where feasible, should be provided on both sides of land service highways and
structures in urban area  s. All of these projects should have some type of walking
facility out of the traveled way. A shoulder will provide a safer environment for a
pedestrian than walking in the live lane.

Generally, sidewalks will not be provided in rural areas. However, sidew alks shall be
considered where there is evidence of heavy pedestrian usage. Sidewalks may be
provided to close short gaps in existing sidewalk and where there are major

pedestrian traffic generators such as churches, schools, hospitals, public

transportati on facilities, etc., adjacent to the highway or where there is a worn

pedestrian path. A worn path is an indicator of pedestrian traffic that requires a

sidewalk. Individuals tend to walk in locations where continuous sidewalk connections

are provided. A lack of pedestrian activity in a location with discontinuous sidewalks is
therefore not necessarily an indication of a lack of pedestrian demand. Future
development should also be considered for possible major traffic generators. Sidewalk
should not be cons tructed along undeveloped land, unless a maintenance jurisdiction
agreement or a resolution of support with th € municipality can be obtained.

A sidewalk may be omitted from a project where there is insufficient border width or
there is no anticipated pedes trian traffic due to the land use adjacent to the roadway.

In order to ensure that sidewalk installations provide satisfactory linkages and
contribute to system connectivity, all designers should take the following actions:

1. When project limits are estab lished, continuity of pedestrian travel should be a
consideration relating to the ends of the project including addressing arrival and
departure curb ramps at pedestrian street crossings. For example: Where
resurfacing only the northbound side of a divided highway, and the
intersections(s) have sidewalk on both bounds, then curb ramps will be
addressed on the entire intersection.

2. Sidewalks should extend to common destinations and logical terminal points.

Sufficient clear zone width, drainage patterns and infrastructure, grade issues,
and the presence or future likelihood of bus transit stops are all key

considerations of where to install sidewalks. The location of drainage ditches,
buildings, retaining walls, utility poles, bus stops, vegetation, and sign ificant
roadside grade changes should be carefully coordinated with sidewalk alignment
where possible to provide adequate sight distance and separation between
pedestrians and vehicular traffic.

In general, sidewalks should be placed within the highway rig ht of way. However, the
exact alignment can vary throughout the section and practical considerations should
be given to:

A maintaining adequate storm water runoff
A following the 2010 Standards for Titles Il and Ill Facilities: 2004 ADAAG
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A designing around ro  adside features that ¢ annot or should not be removed or
relocated. At times, providing for adequate pedestrian and traffic safety and/or
pedestrian continuity may warrant locating sidewalks outside of the highway
right of way, and within easements.

Note: Where sidewalks are not warranted by existing or latent demand, or cannot be
constructed due to right of way, utility, environmental or other considerations,
roadway shoulders designed to NJDO T standards should be provided.

On a bridge project in urban and rural areas where there is no existing or proposed
sidewalk at the approaches to a structure and the structure is to be replaced or
widened, sidewalk may be provided on the new structure where additional width

would be required to maintain traffic during future bridge deck reconstruction.

Urban and rural areas shall be those identified in the current State Highway Straight
Line Diagrams.

A Complete Street is defined as means to provide safe access for all users by

designing and operating a comprehensive, i ntegrated, connected multi -model network
of transportation options, such as sidewalks, bike lanes, paved shoulders, safe

crossings and transit amenities. The NJDOT Policy No. 703 implemented a Complete
Street policy through the planning, design, constructi on, maintenance and operation

of new and reconstructed transportation facilities enabling safe access and mobility of
pedestrians, bicyclists, and transit users, of all ages and abilities. Limited Scope
projects are not required to comply with the Complete Streets policy. See Policy No.
703 for more information on how to address Complete Streets on new and

reconstruction projects and what qualifies for an exemption.

5.7.2 Pedestrian Needs

Walking is a fundamental form of transportation that should be accomm odated on
streets and land service highways in New Jersey. The capacity of roadways to

accommodate pedestrians safely and efficiently, particularly in urban and developing

suburban areas, depends on the availability of sidewalks, intersection and mid -block
crossing provisions, and other general characteristics such as roadway width and
design speed.

When a sidewalk will be provided only along one side of the highway, the designer
should include provisions to accommodate pedestrian crossing of the highway to
access the sidewalk if there is a substantiated existing or future need. Such provisions
should include one or more of the following: signing, painted cross walks, at grade
pedestrian signals, pedestrian overpasses, etc.

Sidewalks should provide a continuous system of safe, accessible pathways for
pedestrians. Sidewalks on both sides are desirable for pedestrian -compatible
roadways.
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5.7.3 Sidewalk Design
Sidewalk Width

The following widths apply in situations of pedestri an traffic typical in suburban, or
rural areas, or traditional residential neighborhoods. In urbanized areas, especially
downtowns and commercial districts, sidewalk width should be increased to
accommodate higher volumes of users. Refer to the Highway Cap acity Manual to
calculate the desirable sidewalk width given current or projected pedestrian volumes.

The designer should consider local input prior to any installation of new sidewalk.

The desirable width of a sidewalk should be 5 feet (4 feet minimum) wh en separated
by a buffer strip.  If a sidewalk width less than 5 feet is used, consideration of 5 feet

by 5 feet passing areas at 200 feet intervals should be given during the planning and

design of the project. The 5 foot width accommodates continuous, two -way pedestrian
traffic. Where the border width is 10 feet, the width of the buffer strip should be a

minimum of three feet with a 4 feet wide sidewalk. However, where the border width

is 15 feet, the minimum width of the buffer strip should desirably be 5 feetwitha b
feet wide sidewalk or 6 feet with a 4 feet wide sidewalk. If the border widths are other
than 10 or 15 feet, look at the conditions out in the field to determine the widths of

the sidewalk and buffer strip. Where no buffer strip is provided, the desirable width of
the sidewalk should be 7 feet (6 feet minimum), especially where there is no shoulder

(aids in preventing truck overhangs or side view mirrors from hitting pedestrians). The
sidewalk width should be clear of trees, signs, utility po les, raised junction boxes,
hydrants, parking meters and other similar appurtenances. Where utility poles, sign
supports, fire hydrants, etc., are provided in the sidewalk, the minimum useable width

of sidewalk shall be 3 feet to allow for mobility device passage.

On rehabilitation or reconstruction projects where improvements are constrained by
the existing border and right -of-way areas, the desirable sidewalk width would be
implemented where feasible.

It is recognized that on rehabilitation or reconstruct ion projects existing roadway
elements such as beam guide rail, signs, utility poles, slopes, etc. may become
problematic in implementing the desirable width.

When the improvements would be considered technically infeasible or environmentally
sensitive, th e use of 4 feet minimum sidewalk widths would be acceptable.

Sidewalk Border Design

Where sidewalks are adjacent to swales, ditches or other vertical drop offs, there
should be a minimum of two feet of clear space between the edge of the sidewalk and
the t op of the slope. This clear space should be graded flush with the sidewalk.

Sidewalk Buffer Design

Designers should strive for a desirable quality of service for pedestrians. The width

and quality of buffer between the sidewalk and the roadway influence th e pedestriand
sense of protection from adjacent roadway traffic. Physical barriers between the

sidewalk and roadway such as trees and other landscaping, parked cars, and concrete

NJDOT Roadway Design Manual 5-12
Major Cross Section Elements



BDC15MR-01

barriers and guide rail may increase pedestrian safety and comfort, and t herefore
encourage higher levels of walking.

The minimum width of a buffer strip is 3 feet (measured from the face of curb to the
nearest edge of the sidewalk). The desirable width should be increased up to 6 feet
when feasible.

Grades and Cross Slopes

The maximum sidewalk cross slope is 2%. The maximum grade is 12:1 (8.33%),

however, the longitudinal grade of the sidewalk should be consistent with the grade of

the adjacent roadway. If the 12:1 grade is not feasible due to topography and other

physical cons traints, then the grade should be developed to the extent feasible. When
sidewalk grades steeper than 12:1 for a maximum distance of 30 feet are

unavoidable, a level 4 foot long landing should be included if feasible (or at a distance

that is practicable).

Surface Treatments

The sidewalk should have a firm, stable slip resistant surface. A concrete surface is
preferred; brick or concrete pavers may be used if they are constructed to avoid

settling or shifting of bricks. Hot mix asphalt sidewalks may also be used. Itis
important to avoid ponding on sidewalks.

5.7.4 Public Sidewalk Curb Ramp
General

The ADA Law under 28 CFR Part 35.151(e) provides general direction for the
placement of curb ramps:

A Crosswalks can be marked or unmarked but where crosswalks are marked curb
ramps should be wholly contained within marked pedestrian crosswalks to
enable ramp use to be incorporated as part of the established pedestrian
control at the intersection.

A Curb ramps are not limited to intersections and marked crosswalks but should
also be considered at other appropriate points of pedestrian concentration or
access such as refuge medians/islands, mid -block crossings, parking areas and
other traffic separation islands.

A Adequate visibility is required to ensure safe pedestrian m ovement. A sight
distance evaluation is recommended to ensure that curb ramps are not placed
at locations where motorists cannot see the low profile of people using mobility
devices. For vehicles parking at intersections see Title 39 for parking
restrictio ns. Parking should also be eliminated at midblock crossings to provide
access from the curb ramp and to increase the visibility of the pedestrian.

Sidewalks curb ramps and roadway drainage features must be designed and
constructed to prevent surface drainage from ponding at the bottom of the curb ramp.
Edge of road elevations at the gutter line must be graded to ensure positive drainage.
For new cons truction, additional inlets may be required to prevent drainage issues.

Public sidewalk curb ramps shall be provided where sidewalks permit pedestrian to
cross curbs such as at:
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Intersections

Painted crosswalks at mid  -block locations

Crosswalks at exit 0 r entrance ramps

Driveways, alleys, passenger loading zones, handicapped parking stalls
Channelized islands, divisional islands or medians served by crosswalks
Trail crossings

To T o To o To

Existing substandard curb ramps shall be replaced with curb ramps designed in
compliance with this section. Designers are to perform field investigation and
evaluation of existing curb ramps to determine whe ther the ramps are substandard.

All new construction, reconstruction, major rehabilitation, widening, resurfacing (open

T graded s urface course, hotin  -place recycling, microsurfacing/thin lift overlay,
structural overlays, and mill and fill), cape seals, signal installation, and pedestrian
signal installation and major upgrades, and projects of similar scale and effect are
subjectt o the ADAAG contained in this Sidewalks subsection which includes providing
curb ramps. In alterations to existing facilities where full compliance with the ADAAG
is technically infeasible the alteration shall comply with these standards to the

maximum ext ent feasible. Designers shall document the basis for their determination

using Form TIF -1 (ADA Technically Infeasible Form). This form shall be submitted as
part of the Final Design Submission (FDS). Form TIF -1 and its instructions are
availableontheDep art ment 6 s website in the AENngineeringo

Technically Infeasible means, with respect to an alteration of a building or a facility,
something that has little likelihood of being accomplished because existing structural
conditions would require removin g or altering a load -bearing member that is an
essential part of the structural frame; or because other existing physical or site
constraints prohibit modification or addition of elements, spaces, or features that are

in full and strict compliance with the minimum requirements.

Providing accessibility to the maximum extent feasible applies to the occasional case

where the nature of an existing facility makes it virtually impossible to comply fully

with applicable accessibility standards through a planned al teration. In these
circumstances, the alteration shall provide the maximum physical accessibility

feasible. This applies to alterations to an existing facility that cannot fully meet the

standards because of existing site conditions. Existing site constrai nts such as existing
utilities, existing structures, environmental/historic impacts or other site constraints

may prohibit modification or addition of elements, spaces, or facilities from being in

full and strict compliance with the standards. Reasons for providing accessibility to the
maximum extent feasible may include the following constraints:

Existing utilities

Existing buildings, walls or vaults
Environmental impacts

Historic impacts

Safety

Roadway profile slope (Terrain)

To T To o To Do

For less extensive projects, limited improvements to accessibility would generally be
expected. For example, if an existing portion of sidewalk along a residential block
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were rebuilt or replaced, at a minimum the new portion of sidewalk would be subject

to ADA compliance including curb ramps, among other things.

However, compliance

with these guidelines would not extend to untouched sections of sidewalk o utside the

planned alterations.

Based on FHWA Office of Civil Rights and the US Department of Transportation
General Counsel approval, there are a number of roadway preservation and
preventative maintenance projects that do not require curb ramps to be con structed.

These projects may involve, but are not limited to:

Bridge deck patching
Demolition

Fencing

Fender repair

Fiber optics

Guide rall

Landscape

Raised pavement markers
Signing and striping in  -kind
Lighting

Utility work that does not alter pedestrian facilities
Seismic retrofit

Pavement patching

Shoulder repair

Restoration of drainage systems

Crack sealing

Bridge painting

Scour countermeasures

Other roadway preservation and preventative maintena
following are some examples of such projects.

To T o T o T o Do o Do To Do o Do T Do T Do I o

Pavement repair

Joint replacement or repair

Bridge deck restoration and component patching
Chip seals

Diamond Grinding

Fog Seals

Joint Crack Seals

Scrub Sealing

© © N o o K~ w0 b oE

Slurry Seals
10. Spot High -Friction Treatments

11. Surface Sealing

NJDOT Roadway Design Manual
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In most cases, the unique projects mentioned previously will not modify a pedestrian
route. However, the designer should consider every project as an opportunity to

further the accessibilit  y of its pedestrian network and should not unnecessarily restrict
the scope of work so as to avoid the requirements for new curb ramps.

The sight distance should be checked to ensure curb ramps are not placed in such a
location that a motorist will find it difficult to perceive the low profile of a mobility
device occupant crossing the roadway.

Curb ramps shall be designed to accommodate all users, thus, transitions from the

sidewalk to the curb ramp or to the turning space shall be gradual. Relocation of t he
sidewalk at an intersection is permissible, and in some cases necessary in order to

obtain the required sidewalk and curb ramp slope.

Gutters & Counter Slopes

Gutters require a counter slope at the point at which a curb ramp meets the street.

This counter slope shall not exceed 5%. The change in angle must be flush, without a
lip, raised joint or gap. Lips or gaps between the curb ramp slope and counter slope
can arrest forward motion by catching caster wheels or crutch tips.

Turning and Clear Space S

A curb ramp with a turning space is required wherever a public sidewalk crosses a

curb or other change in level. Turning spaces are required anywhere a turning
maneuver is required by a user of a mobility device. Turning spaces shall provide a
nearly lev el area (2% cross slope or less) for mobility device users to wait, maneuver

into or out of a curb ramp, or to bypass the ramp altogether. A turning space of 4 feet
minimum by 4 feet minimum is required. This accommodates the length and

wheelbase of mobili ty devices (standard wheelchairs and scooters). When one curb
ramp at the center of the corner radius (corner type curb ramp) is used, the bottom of

the curb ramp shal/l have a clear space 406 mini mum
roadway. The clear sp  ace should be wholly within the crosswalks. See Figure 5 -Q for
illustration.

Landings or a level cut through should also be provided at raised medians or crossing
islands.

Running Slope

The curb ramp shall have a running slope of 12:1 maximum. It may be ne cessary to
limit the running slope of a parallel or perpendicular curb ramp in order to avoid

chasing grade indefinitely. The curb ramp length should not exceed 15 feet. Adjust the

curb ramp slope as needed to provide access to the maximum extent feasible.

Flares

Where a pedestrian circulation path crosses the curb ramp, the ramp is required to

have side flares; sharp returns present tripping hazards. This typically occurs where

the sidewalk is next to the curb (no grass buffer). Curb ramp flares are grade  d
transitions from a curb ramp to the surrounding sidewalk. Flares are not intended to

be mobility device routes, and are typically steeper than the curb ramp (10:1 max)

with significant cross  -slopes. If curb ramp is situated in such a way that a pedestria n
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cannot walk perpendicular across the ramp (ie: blocked by utility pole), flares may be
replaced with a 1.5 foot transition or returned curb adjacent to the ramp.

Flares are only needed in locations where the ramp edge abuts pavement. A 1.5 foot
transitio n or returned curb  is used where the ramp edge abuts grass or other

landscaping. Straight returned curbs are a useful orientation cue to provide direction

for visually impaired pedestrians. (See the Construction Details)

Curb Ramp - Types and Placement

The appropriate type of curb ramp to be used is a function of sidewalk and border
width, curb height, curb radius and topography of the street corner. There are seven
curb ramp types used in street corner designs as shown in the Construction Details. In
all c ases, the curb ramp should be located entirely within the marked crosswalks

(where they exist). Drainage grates or inlets should not be located in the area at the
base of the curb ramp. Grates are a problem for mobility devices, strollers and those
who us e walkers. Wheelchair safe grates should be used where relocation is
impracticable.

Two curb ramps are required at each corner, one on each highway within the
crosswalk area. If the curb ramp cannot be constructed within the existing crosswalk,
the crosswalk shall be modified to include the ramp. The preferred location for a curb
ramp is usually parallel to the sidewalk and out of the normal pedestrian path. Where
field conditions prohibit the placement of two curb ramps, one ramp at the center of

th e corner radius is acceptable. Where the travel lane is next to the curb, use a curb
ramp at the center of the corner radius in order to provide for a clear space, or a Type
7 curb ramp may be used where needed to ensure that the clear space remains

outsid e the travel way.  Curb ramp designs which result in wide painted cross walks
greater than 10 feet should be avoided.

The Standard Roadway Construction Detail illustrates the design criteria for public
sidewalk curb ramps.  The designer should take into cons ideration the existing
conditions at a curb ramp location when evaluating project impacts. These impacts
may include constructability issues, quantities and cost.

At a curb ramp location where the sidewalk is greater than 6 feet in width and there is
no gr ass buffer strip, the approach sidewalk transition shall be as shown for Curb
Ramp Type 1 and 3 in the Standard Roadway Construction Details. However, where a
grass buffer strip exists between the curb and the sidewalk at a curb ramp location,

the flared s ide slope and approach sidewalk transition should be altered as shown for
Type 2 and 4 in the Standar d Roadway Construction Details.

The designer may want to guide pedestrians away from crossing the mainline of a

high volume and/or high speed section of hi ghway except at signalized intersections
or at a pedestrian overpass. Therefore, at unsignalized intersections along such

highways a curb ramp would be required on the side street corner but not on the

mainline corner.  In these cases, prohibition for pedes trian crossing signage needs to
be provided. Curb Ramp Type 5 and 6 in the Standard Roadway Construction Details

are examples of curb ramp locations for crossing the side street. The preferred
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treatment for Curb Ramp Type 5 and 6 is out of the normal pe destrian path, but not
necessary where right of way width cannot accommodate the offset.

Where there is limited right of way (ROW) at a curb ramp location, the approach
sidewalk transition should be altered and the turning space made flush with the gutter
line as shown for Curb Ramp Type 7 in the Standard Roadway Construction Details.
These limited ROW locations are where the distance from the gutter line to the outside
edge of sidewalk is 6 feet or less.

There are also several design solutions that a desig ner can utilize in order to solve
"Limited ROW" constraints without actually acquiring ROW. They are contained in the
Special report: Accessible Public Rights -of-Way Planning and Designing for Alterations,
Public Rights -of-Way Access Advisory Committee (AC CESS Board), July, 2007, which
include but are not limited to:

A Use Curb Ramp Type 3, 4 or 7 where there is not enough room for th e landing
behind the curb ramp:
This is basically done by employing a Type 3 or 4 type curb ramp. If there still
is not enough  room, try using a Type 7 curb ramp. If the side street has a high
curb, try lowering the curb around the intersection corner radius. For example,

if the side street has existing 8 inch curb and it also continues along the corner

radius, replace this high ¢ urb along the corner radius with 4 inch or less curb

and then transition to the 8 inch curb on the side street. This will mak e your
12:1 ramps much shorter.

A Reduce street width and pr  ovide curb ramp type 3, 4 or 7:

Check design vehicle types for turning ra dius requirements for the particular
intersection corner. If a smaller design vehicle can be used at that corner,

reduce the corner radius and provide the appropriate curb ramp. By reducing
the corner radius, the new gutter line will be moved further into the street
creating more room to provi de the sidewalk and curb ramps.

A Lower sidewalk to street su  rface using blended transition:

Lower the sidewalk grade at the intersection to make the sidewalk elevation

flush with the gutter elevation. Then provide 12:1 ramps at the radius returns
to bring sidewalk up to existing elevation. In other words, make a Curb Ramp
type 7 turning space encompass the entire intersection radius.

A Corner Curb extension:

It may be used where posted speeds are 35 MPH or below, see Section 15,
ATraffic Calming. o

A Elevate intersection to sidewalk level:

A vertical raised intersection may be used where posted speeds are 35 MPH or

bel ow, see Section 15, ATraffic Calming. o
Intersections may have unique characteristics that can make the proper
placement of curb ramps difficult, particularly in alteration projects. However,
there are some fundamental guidelines that should be followed.
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A Their full width at the gutter line (exclusive of flares) must be within the
crosswalk. Aligning the ramptoth e crosswalk, if possible, will enable the
visually impaired pedestrian to more safely navigate across the intersection and
exit the roadway on the adjoining curb ramp.

A Curb ramps should avoid storm drain inlets, which can catch mobility device
casters or ¢ ane tips.

A Curb ramps should be adequately drained. A puddle of water at the base of a
ramp can hide pavement discontinuities. Puddles can also freeze and cause the
user to slip and fall.

A Curb ramps must be situated so that they are adequately separated fro m

parking lanes.
Curb Ramps at Intersections
The clear width of a curb ramp should be a minimum of 4 feet, excluding flares.
The following criteria shall apply to providing curb ramps at intersections:

1. Where all the corners of an intersection have existing or proposed sidewalk,
curb ramps shall be provided at each corner.

2. Where all the corners of an intersection do not have existing or proposed
sidewalk, the following provisions shall

apply:

a. Where si dewalk exists or is
proposed at only one corner, A

only, B only, C only or D only; no
curb ramp is required. If the curb A B
at the corner with sidewalk is to be

constructed or reconstructed, it is

optional to provide depressed curb D C
for future curb ramps for
compatibility with other corners.

b. Where there is existing or proposed
sidewalk at two adjacent corners
only, such as A and B, curb ramps
shall be constructed at corners A
and B only.

c. Where there is existing or proposed sidewalk at two diagonally oppos ite
corners only, such as A and C, curb ramps shall be constructed at corners A
and C together with a curb ramp at one of the other corners (B or D).

d. Where sidewalk exists or is proposed at three corners, curb ramps shall be
constructed at each corner w here existing sidewalk is to remain or where
new sidewalk is proposed.

Where a corner at an intersection is without existing or proposed sidewalk, but with
curb to be constructed or replaced or with existing curb to remain as is; it is optional
to provide depressed curb for future curb ramps.
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Where islands exist or are proposed at intersections with curb ramps, the following
provisions shall apply:

1. Where a small channelizing island (50 to 75 square feet) is encountered at an
intersection, itis not nec  essary to provide for a curb ramp or walkway opening
for the island, but crosswalks shall be adjusted to safely accommodate a person
with disabilities without encroaching into the adjacent traveled way.

2. Where a channelizing island is greater than 75 squ are feet, provide a 5 foot
wide walkway opening level with the street in the part of the island intersected
by the crosswalk. Where the walkway opening would be long or would create
drainage problems, an alternate design is to place curb ramps at both side s of
the island where it is intersected by the crosswalks and have a level area of at
least 4 feet between the curb ramps.

3. Atintersections where a left turn island or divisional island is encountered and
the island cannot be moved back so that the nose is out of the crosswalk,
provide a 5 foot wide walkway opening level with the street in the part of the
island intersected by the crosswalk. See the Standard Roadway Construction
Details.

At a location where a curb ramp is not presently required, the curb ramp area should
be kept clear of obstructions such as light standards, traffic signals, meter boxes,
controller boxes, junction boxes, utility poles, inlets, fire hydrants, guide rail, signs,

planters, etc. which would interfere with future curb ramp con struction.
The Departmentds or | ocal public agencybés transit
determine where future curb ramps are needed. It may be economical to include

those improvements with current projects instead of through separate pedestrian
improve ment projects.

The surface of a public sidewalk curb ramp shall be stable, firm and slip -resistant. The
surface of a concrete curb ramp (excluding turning space and flared sides) shall have
a detectable warning surface. Detectable warnings shall consist of raised truncated

domes and shall be the color red where the adjoining public sidewalk surface is also

concrete. Where the adjoining public sidewalk surface is not concrete, the surface of a

public sidewalk curb ramp shall contrast visually with adjoining public sidewalk
surfaces, either light -on-dark or dark -on-light. Curb ramp surfaces shall be covered
with a detectable warning surface per the Standard Construction Details and

Specifications. Detectable warning surfaces are also required at pedestrian rai Iroad
crossings.

The curb ramp area (curb ramp, turning space, and approach sidewalk transition)

shall be kept clear of existing and proposed obstructions such as light standards,

traffic signals, meter boxes, controller boxes, utility poles, inlets, fire hydrants, guide
rail, signs, planters, etc. Existing obstructions should be relocated as necessary, so as

to provide maximum visibility of and for the curb ramp user. The preferred treatment

for existing manholes, junction boxes, and valve boxes is to loca te them outside of the
limits of the curb ramp. However, as an alternate treatment, these items may remain

in the curb ramp area and be reset to the slope of the curb ramp. If they are within

the area of the detectable warning surface, provide more detecta ble warning surface
NJDOT Roadway Design Manual 5-20
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to compensate for the loss of area. Wherever possible, curb ramps should be located
to avoid drainage low points in the gutter grade. Gratings or similar access covers
shall not be located in the area at the base of the public sidewalk curb ramp.

Accessible Pedestrian Signa Is, Push Buttons and Curb Ramps

If pedestrian pushbuttons are provided, they should be capable of easy activation and

conveniently located near each end of the crosswalk. Curb ramps with a turning space

shall allow mobility device users to access existing or proposed pedestrian

pushbuttons. Where pedestrian pushbuttons have been provided at intersections with

no sidewalk, curb ramps with landing areas shall be provided at both ends of the

crosswalk associated with th e pedestrian pushbuttons (i.e., Pedestrian pushbuttons

may have only been provided to cross the wide state highway and not the narrow side

street). See ASection 4E. 08 Pedestrian Detectorso of
Traffic Control Devices for guidan ce on locating pedestrian pushbuttons at curb ramps.

5.8 Driveways

Driveway terminals are, in effect, low volume intersections. The number of driveways
and their location has a definite effect on highway capacity, primarily on arterial
highways.

Design req uirements for driveways and the process under which the Department of
Transportation will handle an access permit request are contained in the Department's
publication, New Jersey State Highway Access Management Code and the Access
Design Guidelines , 2012 .

To determine the adequacy of the sight distance at driveways, see Section 6 for sight
distance at intersections.

Sidewalks across driveways shall have a 2% maximum cross slope where placing new
sidewalk at driveways or reconstructing driveway aprons.

58. 1 Pedestrian Accommodations at Driveways

In commercial areas, conventional driveways (i.e. where there is a change in grade

between the street and abutting property and the driveway entrance is connected to

the street via a sloped concrete apron) are prefe rred over access points that resemble
at-grade street intersections where there is no grade change. In the design of

conventional driveways, the pedestrian right of way is established more clearly and

vehicles must turn more slowly into and out of the driv eway. If anintersection -style
driveway is used, vehicle turns can be slowed by using a small curb radius. In
addition, driveway width should be made no wider than necessary. Wide driveways
allow faster turns and more exposure for pedestrians. The sidewalk at driveways

should remain at grade and may have the same surface material or crosswalk
delineation across the driveway so motorists know they are crossing a pedestrian
access route.

The intersection of driveways and sidewalks are the most common location s for severe
cross slopes for sidewalk users. Sloped driveway entrances can cause mobility device

users to lose directional control, veer downhill toward the street and potentially tip

over. Therefore, the following solutions are recommended:
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A Atlocations with a buffer between the sidewalk and the street, provide a level
path of pedestrian travel (as an extension of the regular sidewalk) through the
driveway cut, and resume the driveway slope within the buffer.

A On narrow sidewalks against the curb, achieve a similar level landing area by
moving the sidewalk back away from the highway as it crosses the driveway,
where possible.

A Lower the driveway crossing to the grade of the street similar to a curb ramp

type 7 as per the Standard Roadway Construction Details . (Note, although this

solution is preferable to a severe cross slope, it can create steep grades on both

sides of the driveway and can cause drain age problems on the landing.)
Sidewalk crossings of residential driveways and most commercial driveways shoul d

not generally be provided with detectable warning surfaces, since the pedestrian right -
of-way continues across most driveway aprons and the overuse of detectable warning

surfaces diminishes message clarity. However, where commercial driveways are

provide d with traffic control devices or otherwise are permitted to operate like public

streets, detectable warnings should be provided at the junction between the

pedestrian route and the street.

5.9 Medians
5.9.1 General
A median is a highly desirable element o n all arterials carrying four or more lanes. It

separates the traveled ways for traffic in opposing directions. The median width is
expressed as the dimension between the through lane edges and includes the left
shoulders, if any. The principal functions o f a median are to:

=

Provide the desired freedom from the interference of opposing traffic.

Provide a refuge area for pedestrians and bicyclists.

Provide a recovery area for out of control vehicles.

Provide a stopping area in case of emergencies.

Provide for speed changes and storage of left turning and U turning vehicles.
Minimize headlight glare.

Provide width for future lanes.

Add open green space in an urban area.

Serve as traffic calming devices on low speed roadways.

© NN

For maximum efficiency, a median should be highly visible both night and day and in
definite contrast to the through traffic lanes. A median may vary in scope from

pavement markings to an expansive grass area of varying width between two
independently designed roadways. Medians may be dep ressed, raised, or flush with
the pavement surface.

5.9.2 Islands, Medians, and Pedestrian Refuges

Along with their function of controlling and directing traffic movement (usually turns),

and dividing traffic streams, islands serve to increase the safety a nd comfort of
pedestrians crossing at intersections and midblock locations by providing a refuge.
When channelizing islands are designed for this purpose, they are often termed

Afpedestrian crossing islandso or ieaeé.bfarn desgf uges.
guidance.
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The effective width of a median used as a pedestrian refuge and for traffic calming

purposes is the width of the raised portion. In order for a median to function as a

refuge, the raised portion of the median must be at least 6 feet wide. Medians should
be as wide as feasible, but of a dimension in balance with other components of the

cross section. The general range of med  ian widths is from a minimum of 6 feet, to a

desirable dimension of 84 feet or more on freeways and rural areas. When not utilized
as a refuge or for traffic calming, medians can be as narrow as 4 feet, in which case
the detectable warning surface (DWS) sh ould be omitted.

Desirable median width without a barrier for urban land service highways should be

32 feet to accommodate future widening (a future 12 foot lane, 3 foot shoulder in

each direction with a 2 foot median concrete barrier curb) and 16 feet whe re no future
widening is anticipated. Desirable and minimum median widths without a barrier for

rural land service highways should be 46 feet (to accommodate future 12 foot lane

and 5 foot wide shoulder in each direction with a 12 foot grass median) and 36 feet
(to accommodate a future 12 foot lane and 5 foot shoulder in each direction with a 2

foot median concrete barrier curb), respectively grass median may have sloping curb

on both sides. For minimum median widths with barrier and for median widths for

freeways, see the typical sections illustrated at the end of this section.

Medians 5 feet or less in width will be paved, except where the special nature of an
area might warrant the higher cost and risk involved in maintaining grass. Special
areas might be  parks or refined areas in towns or cities where a narrow grass strip
would be in harmony with the surroundings or where shrubbery is planted to reduce
oncoming headlight glare.

Where practical, nose areas shall be paved back to a point where the distance is 5 feet
between curblines.

In general, the median should be as wide as can be used advantageously. As far as

the safety and convenience of motor vehicle operation are concerned, the farther the
pavements are apart, the better. However, economic factors | imit the width of median
that can be provided. Construction and maintenance costs increase generally with an

increase in the width of roadbed, but the additional cost may not be appreciable

compared with the cost of the highway as a whole and may be justif ied in view of the
benefits derived. A distinct advantage of wider medians on roadways, other than

freeways, is to provide adequate shelter for vehicles crossing at intersections with

public roads and at crossovers serving commercial and private drives. Ho wever, 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 is restricted, the median should not be widened beyond a desirable
minimum at the expense of narrowed roadside areas. A reasonable roadside width is
required to adequately serve as a buffer between the private development along the
road and the traveled way, particularly where zoning is limited or nonexistent. Space
must be provided in the roadside areas for sidewalks, highway signs, utility lines,
drainage channels and structures, and for proper slopes and any retained native
growth. Narrowing these areas may tend to develop hazards and hindrances similar to
those thatt he median is designed to avoid.
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Raised medians have application on arterial streets where it is desirable to regulate

left turn movements. They are also frequently used where the median is to be

planted, particularly where the width is relatively narrow. It must be pointed out,
however, that planting in narrow medians creates hazardous conditions for

maintenance operations.

Flush medians are used to some extent on all types of urban arterials. When used on
freeways, a median barrier may be required. The m edian should be slightly crowned
or depressed for drainage.

Additional discussion on median openings and intersections including emergency
median openings on land service highways and freeways is discussed in Section 6,
NfnAGrade I ntersections. o

5.9.3 Median Fencing on Land Service Highways

This section pertains to the installation of fence on top of median barrier curb or in

grass medians along our State land service highways. The purpose of the fence is to

prohibit the unlawful and potentially dangero us crossing of the highway by pedestrians
where barrier curb or a grass median exists. It is the Department's policy to provide

median fencing on a case by case basis only.

Fencing in the median may be considered when there is a known pedestrian/vehicle
crash history, or the Department has been requested by the local municipality to
eliminate an illegal pedestrian crossing of the median. Upon notification of such a
problem or when requested by the local municipality; the local municipality (township
enginee r, police, etc.) should be contacted for their input, accident reports should be
requested and analyzed and a field review of the site should be conducted in order to
determine the exact location and reason for the illegal pedestrian crossings. An
example of a reason for an illegal pedestrian crossing may be that pedestrians at a
bus stop are crossing the highway to get to and from their vehicles parked on the
opposite side of the highway.

If the pedestrian crossing is an isolated incident, fencing or other countermeasures
are not warranted. If the pedestrian crossing is an ongoing patterned problem,

evaluate the following safety countermeasures for use before installing fence in the

median. They can be used by themselves or in combination with each other:

A Relocate the midblock bus stop and/or crossing closer to the signalized
intersection.

A Provide mid -block crossing location(s) as per Section 14 -12.1

A Coordinate the adjacent pedestrian network with safe crossing locations. For
example, a pathway may be re-oriented so that it leads directly to an
intersection, overpass or midblock crosswalk. The site may be graded to
naturally direct pedestrians.

A Contact the local police department and request that they step up policing of
jaywalkers.

A Encourage safe use o f crosswalks at signalized intersections by providing clearly
defined crosswalks, pedestrian actuated signals and signs. Provide proper traffic
signal signs for the instruction of pedestrians and drivers, see "Section 2B 37"
of the current Manual on Unifor m Traffic Control Devices for Streets and

NJDOT Roadway Design Manual 5-24
Major Cross Section Elements



BDC15MR-01

Highways (MUTCD). Provide pedestrian crossing signs to selectively aid in
limiting pedestrian crossing to safe places. For proper placement of these signs,
see "Section 2B 36" of the MUTCD.

A Provide a pedestrian o verpass if intersection/ interchange spacing exceeds one
mile and if a user benefit cost analysis warrants an overpass. A pedestrian
overpass is very effective when accompanied by median fencing.

A Provide roadway lighting.

Only after the previous countermea sures are evaluated and implemented should the
engineer consider providing fencing in medians. That is, fencing should be used as a

last resort. Fencing in medians should stop approximately 90 percent of the

pedestrian crossings; however, it has its drawba cks. If the decision is made to install
median fencing, the following issues should be recognized:

A Difficulty in maintaining fence on median barrier curb.

A Potential to reduce horizontal sight distance when installed on median barrier
curb.

A Litter can be a  problem along fence located in grass medians adjacent to high
litter generators such as shopping malls.

Median fencing should be installed in well -lighted areas so that pedestrians can see

the fence prior to attempting to cross the highway at night. Where existing roadway
lighting is inadequate, provide additional roadway lighting in accordance with Section

11, ARoadway Lighting Systems. 0

Adequate sight distance at intersections and emergency U turns should be provided
when designing limits of fencing. Ther efore, fencing on barrier curb shall stop a
minimum of 300 feet from the median barrier curb terminal, and fencing in grass
medians shall terminate a minimum of 200 feet from the end of the grassed island.
Fencing shall not be installed in medians where th ere is substandard horizontal
stopping sight distance.

When installed on median barrier curb, chain link fabric shall be 4 feet high, with 3
inches diamond mesh.

When installed in grass medians, the chain link fabric shall be 6 feet high, with 3
inches dia mond mesh. All chain link fence posts within the clear zone shall be made
breakaway (i.e., breakaway coupling).

5.10 Standard Typical Sections

Typical sections should be developed to provide safe and aesthetically pleasing
highway sections within reasonabl e economic limitations.

The typical sections shown in the plans should represent conditions that are "typical”

or representative of the project. It is not necessary to show a separate typical section

to delineate 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 B through 5 J inclusive illustrate the various control dimensions for single
lane and mul ti-lane highways.
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5.11 Bridges and Structures
5.11.1 General

Designers should make every effort during the early design phase to eliminate or
minimize certain features on bridge decks such as, horizontal curves, vertical curves,
variable horizontal widths and cross slopes. Locating these features off the structure
simplifies construction, is more economical and reduces future maintenance
requirements.

For further information, the designer should review S ection 5.2., "Geometrics on
Bridges" in the Design Man  ual Bridges and Structures.

5.11.2 Lateral Clearances

It is desirable that the clear width on the bridge be as wide as the approach pavement
plus shoulders.

On underpasses, the desirable treatment is to maintain the entire roadway section
including median, pavements, shoulders and clear roadside areas through the
structure without change.

Minimum lateral clearances are illustrated in Figures 5 K through 5 P inclusive.

On divided highways where the median width is less than 30 feet consideration should
be gi ven to eliminating the parapets and decking the area between the structures.

5.11.3 Vertical Clearance

Vertical clearances for bridges and structures shall be in accordance with Section 3.2,
Vehicular Bridge Structures, of the Design Manual Bridges and Str uctures.

Bridges and Structures Design should be notified of all changes in bridge clearances.
5.12 Rumble  Strips
5.12.1 General

One method of making roadways safer is by constructing longitudinal rumble strips.

The audible warning and vibration made when vehicle tires pass over rumble strips
alert motorists that their vehicles have drifted out of their intended travel lane

adjacent to a shoulder or the centerline, and that the driver needs to take corrective

action to possibly avoid an accident. Rumble str ips are constructed on the shoulders of
divided highways and freeways; and on undivided roadways, rumble strips are

constructed on the centerline and/or the outside shoulder of the pavement.

Rumble strips shall not be constructed on bridge decks or on brid ge approaches, but
may be constructed on HMA overlays over bridge approaches. Do not construct
rumble strips on concrete pavement.

See the Standard Roadway Construction Details for rumble strip layouts and
dimensions.

5.12.2 Shoulder Rumble Strips

Along th e mainline on all Interstate highways, freeways, and other limited access
highways, shoulder rumble strips shall be constructed on inside shoulders that are 3
feet or greater in width and outside shoulders that are 6 feet or greater in width.

NJDOT Roadway Design Manual 5-26
Major Cross Section Elements



BDC15MR-01

Along the mai nline of land service highways, shoulder rumble strips shall be
constructed on inside shoulders that are 3 feet or greater in width and outside
shoulders that are 6 feet or greater in width at locations where:

A Crash data indicates an overrepresentation o f roadway departure crashes as
compared to the statewide average for the most recent 3 year period.

A The shoulder approaching a bridge overpass or underpass is reduced or
eliminated. (In this instance, the rumble strips shall be provided a minimum of
500 feet in advance of the bridge.)

The use of shoulder rumble strips may still prove to be beneficial along the mainline of

land service highways where these warrants are not met. For example, when roadside

or median obstructions exist that cannot be eliminat ed or mitigated (refer to Section
8). These cases must be evaluated on an individual basis, and engineering judgment

shall be employed in the solution.

Shoulder rumble strips shall not be constructed 100 feet in advance of and beyond all
street intersections and commercial driveways. The minimum length of rumble strips
measured longitudinally along the shoulder shall be 100 feet.

In order to maintain the integrity of the hot mix asphalt (HMA) pavements, the
pavement box under the rumble strips mu st have a minimum thickness of four inches
of hot mix asphalt material.

5.12. 3 Centerline  Rumble Strips

Centerline rumble strips shall be constructed at the yellow centerline stripe location in
rural and urban areas on two -lane roads and multilane undivide d highways. Roadway
characteristics that warrant centerline rumble strips are:

A Roads with posted speed limits of 35 mph or higher
A Minimum lane width of 10 feet

A HMA pavement must be in good condition with a surface distress index (SDI)
greater than 3.  Consult with the Pavement Management Unit.

Centerline rumble strips should be specified regardless of the presence of passing
zones.

Centerline rumble strips shall be constructed to the end of the centerline stripe at all
street intersections.

Centerline rumble strips shall not be constructed along left turn slots and continuous
two -way left -turn median lanes.

The minimum length of rumble strips measured longitudinally along the centerline
shall be 100 feet.

Fog seal surface treatment shall be applied afte r construction of the centerline rumble
strips. Wait for fog seal treatment to cure based on manufacturers recommendation
before application of permanent traffic stripes.
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FIGURE 5-A:
PAVEMENT CROSS SLOPES
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