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INTRODUCTION

This document (hereinafter referred to as the “Manual”) supersedes the previously published
1987 Design Manual including subsequent updates and has been prepared to provide its
users with current, uniform procedures and guidelines for the application and design of safe,
convenient and efficient roadways that satisfy optimally the needs of the roadway users
while maintaining the integrity of the environment and aesthetics for New Jersey Turnpike
Authority engineering projects on the Garden State Parkway and New Jersey Turnpike. The
Manual contains current, uniform criteria and guidelines to be used in the performance of
work on Authority projects. Please be aware that this Manual is intended only as an aid
and not as a textbook. Each project is unique and has particular needs and requirements.
This Manual does not attempt to encompass the total scope of important, published
information and literature relative to the formulation of highway design criteria, policies and
procedures. Furthermore during the course of a project, Authority regulations and
applicable statutes may change; different information may be required or different methods
may need to be followed.

When design criteria presented in this Manual differs from criteria presented in other
sources, this Manual shall take precedence. The design criteria and text presented herein
provide guidance to the designer by referencing a recommended range of values for critical
dimensions. Initiative should be exercised to utilize larger values within the given ranges
whenever practicable and within reasonable economic limitations and sound engineering
judgment.

The inclusion of specified design criteria in this Manual does not imply that existing
roadways, which were designed and constructed using different criteria, are either
substandard or must be reconstructed to meet the criteria contained herein. Many existing
facilities which met the design criteria at the time of their construction are adequate to safely
and efficiently accommodate current traffic demands.

Variations from the design criteria may be required for special or unusual conditions where
deviations from a particular criteria may be desirable due to structural restrictions, especially
bridge, roadway and shoulder widths. When the design criteria presented in this Manual
cannot be achieved for new construction or reconstruction, a Design Element Modification
request, discussed in Section 3 of the Procedures Manual, shall be prepared with a full
explanation provided for the retention of these features. The determination to approve a
project design not conforming to the minimum criteria should be made only after due
consideration is given to all conditions such as maximum service and safety benefits,
compatibility with adjacent sections of unimproved roadways and the probable time before
reconstruction of the section due to increased traffic demand or changed conditions.

The Authority has prepared Standard Drawings to provide engineering personnel, designers
and contractors with a catalog of specific design conditions for use in the development of the
design of highways. The Standard Drawings shall be used in conjunction with the Standard
Specifications, Special Provisions and construction plans to provide a uniform design and
construction practice for all projects.

The word “Authority” as it appears in this Manual is intended to be the New Jersey Turnpike

Authority, with its principal office at 1 Turnpike Plaza, Woodbridge, New Jersey, or its duly
authorized representative in cases of projects entrusted to the Authority’'s General
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Consultant or Program Manager, acting on behalf of the Authority and should be given the
requisite respect and deference.

The word “Engineer” as it appears in this Manual is intended to be the Consulting Engineer
that has been issued an Order for Professional Services to complete the design of a project
for the Authority. This term can be further extended for any subconsultants to the prime
consultant that are engaged in certain tasks for the project.

The words “Resident Engineer” as they appear in this Manual are intended to be the field
representative of the Authority, having direct supervision of the administration of the
construction contract.

Updates and revisions to this Manual may occur and will be posted on the Authority’s
website, http://www.njta.com/doing-business/professional-services .
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Section 1 - NEW JERSEY TURNPIKE GEOMETRIC DESIGN

1.1. GENERAL

The geometric design criteria contained herein were developed by the Authority for its own
particular needs. They are intended to equal or exceed standards currently being used for
limited access highways and should be considered minimum criteria and increased wherever
economically feasible. The use of substandard criteria, including absolute minimum / maximum
values listed in this manual, shall require a Design Element Modification Request subject to
approval by the Authority’s Engineering Department. For any items not adequately outlined in
this section, the Engineer should refer to the latest edition of AASHTO A Policy on Geometric
Design of Highways and Streets and AASHTO Roadside Design Guide.

The design criteria presented is intended to be used as an aid toward sound engineering design.
When individual circumstances arise that are not specifically covered, engineering judgment is
to be exercised that represents the intent of the criteria shown. The overall objective should be
an aesthetically pleasing and safe design that is geometrically compatible in all respects.

1.1.1. Design Controls
The following design controls shall be applicable on all Turnpike roadways:

1. Design Vehicle
Design Vehicle WB — 67 (Interstate Semi-trailer) shall control geometric design.
See Exhibit 1-1.

2. Clearances

a. Horizontal - Minimum clear zone width or less with appropriate roadside or
median protection as directed by Section 4 - of this Manual, and as further
directed by Section 3 of this Manual for protection of structures.

b. Vertical - Minimum vertical clearances shall be maintained over all
roadways, including shoulders. Verification of all clearances shall be made
with the controlling agency.

i.  Minimum clearance above Turnpike roadways - As directed by Section 3
of this Manual or existing vertical clearance, whichever is greater. When
resurfacing or widening a Turnpike roadway under an existing crossing
whose vertical clearance is less than the required minimum, the
resulting vertical clearance must not be less than the existing condition.

ii. Minimum clearance below Turnpike roadways - As required by the
agency having jurisdiction, but not less than the required minimum as
directed by Section 3 of this Manual. When resurfacing or widening a
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roadway under an existing Turnpike crossing whose existing vertical
clearance is less than the required minimum, the resulting vertical
clearance must not be less than the existing condition.
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Exhibit 1-1 WB-67 (Interstate Semi-Trailer) Design Vehicle
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4.5' 45.5'

] o
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1
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3. Sight Distances
Horizontal and vertical sight distance shall be investigated to ensure that the

minimum stopping sight distances as shown in Exhibit 1-3 and Exhibit 1-22
(horizontal) and Exhibit 1-8 and Exhibit 1-16 (vertical) are met or exceeded.

a. Horizontal - Sight distance shall be investigated using one or both of the
methods listed below.
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i.  Where obstruction and vehicle are located within the limits of a simple

HSO =R —,/R* = ($%)”

curve:

Where:

S = Stopping sight distance, ft

R = Radius of curve, ft

HSO = Horizontal sightline offset, ft

ii. Where the vehicle, the obstruction, or both are situated beyond the
limits of a simple curve or within the limits of a compound curve, the
design should be checked by utilizing graphical procedures.

b. Vertical - The sight distance for crest curves shall be based on a height of
eye of 3.5 feet to an object 6 inches high. The sight distance for sag curves
shall be based on headlight sight distance using a headlight height of 2.0
feet and a 1-degree upward divergence of the light beam from the
longitudinal axis of the vehicle.

Exhibit 1-2 Components for Determining Horizontal Sight Distance

HIGHWAY
CENTERLINE

CENTERLINE
INSIDE LANE SIGHT OBSTRUCTION

STOPPING SIGHT
DISTANCE (S)
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1.2. MAINLINE ROADWAYS

1.2.1. Roadway Designations

All mainline roadways shall be designated such that the origin and then the
destination of that roadway are given in order, (from the north to the south - NS
roadway, or from the south to the north, inner roadway - SNI). See Subsection 1.4.1
of the Procedures Manual for a complete listing.

1.2.2. Design Speed

The design speed for mainline roadways shall be 70 mph south of Milepost 97.0 and
60 mph north of Milepost 97.0. In areas south of Milepost 97.0 where the vertical
alignment is controlled by the existing Turnpike profile or other restrictions, the
absolute minimum allowable design speed is 60 mph.

1.2.3. 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 6 inches high on
the road. An object height of 2 feet may be used with Authority approval. The
minimum stopping sight distance for mainline design speeds shall be as shown in
Exhibit 1-3, and Exhibit 1-8 for minimum K values.

Exhibit 1-3 Minimum Stopping Sight Distance for Mainline Roadways

Design Speed (mph) Minimum Stopping Sight Distance (ft)
60 570
70 730

1.2.4. Horizontal Alignment

1. Radii
The minimum radius curve shall be 3,500 feet for 70 mph design speed and
3,000 feet for 60 mph. It is desirable to use as large a radius as geometric
controls reasonably permit.

2. Compound Curves
The ratio of the flatter radius to the sharper radius shall not exceed 1.5:1.

3. The desirable minimum length of curve shall be 1,050 feet for 70 mph design
speed, and 900 feet for 60 mph design speed. Absolute minimum length of
curve shall be 600 feet.
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4. The minimum tangent distance between reversed curves shall be 1,000 feet.

1.2.5. Superelevation

1.

The absolute minimum tangent length shall be sufficient to accommodate the

superelevation transitions between the reversing curves.

The desirable minimum tangent distance between broken back (same direction)
curves shall be 2,500 feet. Absolute minimum shall be 1,500 feet.

A standard taper rate of 1:100 shall be used for all lane width reductions and

lane drops.

Mainline superelevation rate shall be determined from Exhibit 1-4 based on a

maximum superelevation rate of 5 percent.

a.

For mainline profile grades less than 0.5 percent, the minimum roadway
cross slope shall be increased from 1.5 to 2 percent. Where median barrier
is present in this situation, the normal median cross slope as shown in
Exhibit 1-11 shall be transitioned between 2 and 5 percent to direct
drainage flow along the barrier and into storm drains at localized low points
along the median. Where profile grades less than 0.5 percent occur in a
superelevated section of the mainline with median barrier, the median cross
slope transition shall be limited by the maximum rollover values indicated in
Exhibit 1-10.

If a design assignment involves modification or resurfacing of an existing
roadway, the rate of superelevation to be used shall normally follow the
current standard, as described in this section. However, if a bridge deck
falls within the horizontal curve and the deck superelevation is not being
upgraded, the rate of superelevation for the entire length of the horizontal

curve shall not exceed that on the existing bridge deck.

Rev. September 2022
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ed V4 = 60 mph V4 =70 mph
(%) Rir) R
3.8 3650 4860
4.0 3390 4550
4.2 3140 4270
4.4 4010
4.6 3770
Rmin = 3000
4.8 3550
5.0 Rmin = 3500

2. Tangent to Curve Transition

a.

The minimum length of superelevation runoff (length of roadway needed to

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

superelevation or vice versa) shall be determined from the following

equation:

_Gwmes

LJ’
A

w)

Where:

L, = Minimum Length of superelevation runoff (ft)

A = Maximum relative gradient (%). See Exhibit 1-5.
n1 = Number of lanes rotated

bw = Adjustment factor for number of lanes rotated. See Exhibit
1-6.

w = width of one traffic lane (ft)

eq = design superelevation rate (%)

The minimum tangent runout length (length of roadway needed to

accomplish the change in outside-lane cross slope from the normal cross

slope to zero or vice versa) required to remove adverse crown shall be

determined from the following equation:

e
L =-Ne|
e,

Where:
L: = Minimum length of tangent runout (ft)

enc = Normal cross slope rate (%)

eq = Design superelevation rate (%)

Rev. September 2022
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L, = Minimum length of superelevation runoff (ft)

Maximum Relative

Design Speed (mph) Gradient %
. 0.45
0 0.40

The location of the superelevation runoff length with respect to the point of
curvature (PC) shall be as shown in Exhibit 1-7 when conditions allow:

Exhibit 1-5 Maximum Relative Gradient (Mainline)

Exhibit 1-6 Adjustment Factor for Number of Lanes Rotated

Number of Lanes Rotated | Adjustment Factor | Length Increase Relative to One Lane Rotated
n; bw (=nibw)
1 1.00 1.0
1.5 0.83 1.25
2 0.75 1.5
2.5 0.70 1.75
3 0.67 2.0
3.5 0.64 2.25
4 0.63 2.50

Exhibit 1-7 Location of Superelevation Runoff (Mainline)

Portion of Runoff Located Prior to the Curve
Design Speed
No. of Lanes Rotated
(mph)
1.0 1.5 2.0-2.5 3.0-3.5
60-70 0.70 0.75 0.80 0.85

If the specific values listed above are not attainable for a given location,
then the portion of superelevation runoff prior to the PC shall fall within the
range of 0.60 to 0.90.

1.2.6. Vertical Alignment
1. Grades

a. Desirable maximum profile grade shall be 3 percent. Absolute maximum
profile grade shall be 5 percent. Desirable minimum profile grade shall be
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0.5 percent. Absolute minimum profile grade shall be 0.3 percent. See

Subsection 1.2.5 for superelevation with less than 0.5 percent profile grade.

b. Desirable minimum length of profile tangent shall be 1,000 feet. Absolute

maximum length of vertical tangent shall be dictated by a maximum

permissible loss in truck speed of 10 mph.

2. Vertical Curves

a. The minimum length of vertical curve shall be determined as follows:

L=AK

Where:

L = Length of vertical curve, in increments of 25 feet where feasible.

A = Algebraic difference in grades entering and leaving vertical curve.

K = Horizontal distance in feet required to effect a 1 percent change in
gradient. See Exhibit 1-8. The minimum value of K shall accommodate
the minimum stopping sight distance along the vertical curve based on
the criteria for investigating vertical sight distance established in

Subsection 1.1.1

b. The PVI (point of vertical intersection of two grades) station shall be located

at an even 25-foot station increment where feasible.

c. For an “A” less than or equal to 0.25 percent, an angle
established, and no vertical curve used.

Exhibit 1-8 Design Controls for Mainline Roadway Vertical Curves

Stopping Sight Distance (ft) | Crest K | Sag K

Design Speed (mph)
Minimum

60 570 245 136

70 730 400 181

1.2.7. Pavement

point shall be

Pavement design shall be in accordance with Subsection 6.7.4 of this Manual.
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1.2.8. Typical Section

1. For typical mainline roadway dimensions and cross slopes for normal and

superelevated sections see Exhibit 1-9 and Exhibit 1-10.

2. Rumble Strips

Rumble strips shall be constructed on all mainline roadway outside shoulders and

on all median shoulders that are 5 feet or greater in width. Placement of rumble

strips along mainline roadways shall be limited as follows:

a.

On approach to mainline toll plazas, the rumble strips shall terminate at the
end of the mainline normal section.

At entrance ramp terminals, rumble strips on outside shoulders shall
terminate at the point of the physical gore and resume at the end of the
acceleration lane taper.

At exit ramp terminals, rumble strips on outside shoulders shall terminate at
the start of the deceleration lane taper and resume at the point of the
physical gore.

On approach to bridges, the rumble strips shall terminate at the abutment
joint.

For rumble strip limitations at U-Turns and Z-Turns, refer to Subsection 1.5.4

and Subsection 1.5.4, respectively.

Rumble strips may be eliminated at other locations at the direction of the
Authority’s Engineering Department.

3. Median Treatment

a.

The median type to be used shall be dictated by the overall design
considerations of a specific situation. The various median types are shown
on Exhibit 1-11 to Exhibit 1-13. Medians other than the standards shown
shall require approval from the Authority’s Engineering Department.

The standard centerline median width (edge of travel way to edge of travel
way) shall be 26 feet. The absolute minimum width shall be 13 feet or 7
feet, depending on the specific situation, to match the existing roadway
section design.

The standard inner-outer median width (edge of travel way to edge of travel
way) shall be 26 feet. Where the outer roadway is 4 lanes, the standard
width shall be 33 feet between same direction roadways. The absolute
minimum width shall be 20 feet or 15 feet, depending on the specific
situation, to match the existing roadway section design.

4. Lateral Bridge Clearances

Rev. September 2022
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For mainline roadways, clearances shall be provided as shown on Exhibit 1-14.

5. For deviations to left shoulder widths on approach roadways to structures, refer
to Subsection 3.2.1.3. Shoulder width shall be tapered at a rate of 1:100.

Exhibit 1-9 Mainline Roadway Typical Sections (Normal Sections)

PGL
]
SEE EXHIBITS (-11 ,_ 12 | 120 , |2 SEE EXHIBIT 1-37
TO I-13 FOR CANE | LANE SHLDR. FOR GRADING
MEDIAN TREATMENT | CRITERIA
|
5. .52 | 1.5% 5%
= =

TWO LANE TRAVELWAY SECTION

PGL
SEE EXHBITS I-11 o, 12° | 20 | 20 | a2 SEE_EXHIBIT 1-37
TO 1-13 FOR LANE | LANE LANE SHLDR. FOR GRADING
MEDIAN TREATMENT | CRITERIA
I
|_5/. 1.5%2 | 1.5% 1.5% 5%
1= =

THREE LANE TRAVELWAY SECTION

PGL
SEE EXHIBITS I-11 ,  12' | 120 20 120 12" | SEE EXHIBIT |-37
TO 1-13 FOR LANE | LANE LANE LANE SHLDR. FOR GRADING
MEDIAN TREATMENT i CRITERIA
|
57 1.5%2 | 1.5% 1.5% 27. 5%

FOUR LANE TRAVELWAY SECTION

NOTES:

|. ROADWAY CROSS SLOPES SHALL BE ADJUSTED AS NEEDED AS PER SECTION 1.2.5.
2. ABSOLUTE MINIMUM SHOULDER WIDTH SHALL BE 10 FEET.
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Exhibit 1-10 Mainline Roadway Typical Sections (Superelevated Sections

SEE EXHIBITS [-11 TRAVELWAY» | |2 (. SEE EXHIBIT 1-37
T TE =3 FORI ] “I" SHLDR. 7 FOR GRADING
MEDIAN TREATMENT

8% MAX. ROLLOVER CRITERIA
VARIES
» 5% MAX. 5%

—

* SEE NOTE |
*= SEE NOTE 2

SUPERELEVATED SECTION - CURVE RIGHT

SEE EXHIBITS |-11 TRAVELWAY= | 12" | SEE EXHIBIT 1-37
TO 1-13 FOR SHLDR. FOR GRADING
MEDIAN TREATMENT 8% MAX. ROLLOVER CRITERIA
VARIES
5% <54 MAX, e

e

== —

= SEE NOTE |
#«¢ SEE NOTE 2

SUPEREI EVATED SECTION = CURVE |LEFT

NOTES:

I. LANE WIDTHS AND PGL LOCATION ARE THE SAME AS SHOWN FOR THE
NORMAL SECTIONS IN EXHIBIT 1-9.

2. FOR SUPERELEVATED CROSS SLOPE < 3%, THE SHOULDER CROSS SLOPE
SHALL BE 5% MAXIMUM. FOR SUPERELEVATED CROSS SLOPE > 3% TO 5%
MAXIMUM, THE SHOULDER CROSS SLOPE SHALL VARY FROM 5% MAXIMUM
TO 3% MINIMUM. ROLLOVER FROM THE ADJACENT LANE TO SHOULDER
SHALL NOT EXCEED 8% MAXIMUM.
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Exhibit 1-11 Center Median Typical Sections

MAINLINE 26" MEDIAN MAINLINE
ROADWAY G MEDIAN & ROADWAY
COMCRETE
BARRIER
' 5
SHLD SHLD

|
i
'

STANDARD

MAINLINE
ROADWAY

13" MEDIAN MAIMLINE

ROADWAY

5
SHLD

g
SHLD

54 Ly

DESIRABLE
WAL T LI

_ MAINLINE T MAIMLINE
ROADWAY  [MEDIAN| ROADWAY

-
2 SHLD
SHLD

« SEE NOTE 2

ABSOLUTE
MINIMUIN

MOTES:

I. TURNPIKE PAVEMENT SHALL BE USED ACROSS ENTIRE
CENTER MEDIAN,

2. MATCH ADJACENT LAME CROSS SLOFE, MIM. 1.5%.

3. MORMAL SHOULDER CROSS SLOPE = 55X, SEE EXHIBIT 1-10
FOR CROSS SLOPE ADJUSTMENTS IM SUPERELEVATED SECTIONS,

4, SEE STANDARD DRAWIMGS FOR UNDERDRAIN DETAILS.
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Exhibit 1-12 Inner-Outer Median Typical Sections (10-12 Lanes)

INNER 26' QOUTER
ROADWAY MEDIAN ROADWAY
[:2 4. BY . Bt
SHLD BER [SHLD
GUIDE
RAIL
| 5% af . ‘ 5% i
TURNPIKE .
PAVEMENT . I! ] 3"BERM SURFACING
(TYP.)
» SEE NOTE 2
STANDARD
INNER VARIES OUTER
ROADWAY ROADWAY
|2' | 6' | I 6‘ 5|
SHLD BERM BERM [SHLD

TURNPIKE
PAVEMENT GUIDE GUIDE
(TYP.) RAIL 3 BERM  RAIL
SURFACING
WIDE MEDIAN

NOTES:

I. NORMAL SHOULDER CROSS SLOPE = 5%. SEE EXHIBIT [-10 FOR CROSS
SLOPE ADJUSTMENTS IN SUPERELEVATED SECTIONS.

2. MATCH SHOULDER CROSS SLOPE OR 10%Z MAX. AS NEEDED TO MEET
THE GRADE OF THE INNER ROADWAY. THE MEDIAN AREA BETWEEN SHOULDERS
SHALL BE GRADED TO LOCATE THE LOW POINT OF THE SECTION AT THE
BACK OF THE INNER ROADWAY SHOULDER AND 2' OFFSET FROM THE FACE
OF GUIDE RAIL AS SHOWN.
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Exhibit 1-13 Inner-Outer Typical Sections (14 Lanes)

IMNER 33 MEDIAN OUTER
ROADWAY ROADWAY
2 o 2
SHLD BERM | SHLD

GUIDE

TURNFIKE
FAVEMENT 3*BERM SURFACING
(TYF.)
STANDARD
INMER 20" MEDIAN OUTER
ROADWAY ROADWAY
12' 5
SHLD SHLD
3
BERM GUIDE
RAIL
TURNFIKE
FAVEMENT I BERM SUREACING
(TYF.)
DESIRABLE
MIMIMLUM
INMNER 15" MEDIAN DUTER
ROADWAT ROADWAY
1o @
SHLD N SHLD
BERM GUIDE
/(_ RAIL
TURNFIKE
FAVEMEMT IVBERM SURFACING
(TYF.)
« SEE NOTE 3
ABSOLUTE
MMM
NOTES:

MORMAL SHOULDER CROSS SLOPE = 5¥. SEE EXHIBIT 1-10 FOR CROSS
SLOPE ADJUSTMENTS IN SUPERELEVATED SECTIONMS.

2. FOR UWDERDRAIN DETAILS, REFER TO THE STAMDARD DRAWINGS.

3. MATCH ADJACENT LAME CROSS SLOPE. MIN. 1.5%.
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Exhibit 1-14 Lateral Bridge Clearances - Mainline

LEFT CLEARANCE RIGHT CLEARANCE

SEE NOTE | SEE NOTE 2

BERM  SHOULDER MAINLINE ROADWAY SHOULDER, BERM

SEE SEE
NOTE 3 NOTE 3

Vi
AN

30" MINIMUM |—L",_
SEE NOTE 2 %é
MAINLINE ROADWAY |SHOULDER, BERM | EE
6' MIN -
|

1
1

TURNPIKE UNDERPASS

NOTES:

. PIERS LOCATED IN THE CENTER MEDIAN OF THE TURNPIKE MAINLINE SHALL BE
PLACED AT THE CENTERLINE OF THE MEDIAN. FOR PIERS LOCATED WITHIN THE
INNER / OUTER MEDIAN OF DUALIZED ROADWAYS, THE PIER SHALL BE PLACED
SUCH THAT THE MINIMUM SHOULDER DIMENSIONS AS SHOWN IN EXHIBITS |-12 AND
I-13 FOR BOTH INNER AND OUTER ROADWAYS ARE MAINTAINED AT ALL TIMES.

2. PROVISION FOR ADDITIONAL LANES SHOULD BE CONSIDERED WHEN DETERMINING
THE PIER OR ABUTMENT LOCATION ALONG THE OUTSIDE OF THE TURNPIKE MAINLINE.

3. ROADSIDE PROTECTION OF PIERS AND ABUTMENTS SHALL BE DESIGNED IN
ACCORDANCE WITH SECTION 4 OF THIS MANUAL.

1.2.9. Detours

1. The minimum design speed shall be 5 mph over regulatory speed limit with no
reduction in the posted speed limit. Absolute minimum reduction in design
speed shall be 10 mph.

2. Horizontal Alighment

a. Desirable minimum radius curve shall be 3,000 feet. Absolute minimum
radius curve shall be 1,800 feet. When back-to-back reverse curves are
necessary, a sufficient tangent distance to effect the superelevation
transitions is to be provided.
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b. Superelevation rates and transition lengths are to be consistent with the
horizontal alignment and shall be reviewed on a case-by-case basis with the
objective of attaining the smoothest ride possible.

Vertical Alignment

Maximum profile grade shall be 3 percent. Minimum profile grade shall be
sufficient to keep pavement free of ponding water.

Detour pavement shall be the same as mainline pavement. Any use of a
substandard pavement section for a short period of time is subject to
Authority’s Engineering Department approval.

Typical detour section shall consist of normal 12-foot lanes and normal left and
right shoulders throughout. Variations to this shall be treated with standard
maintenance and protection of traffic practices.

Clearances shall be the same as for mainline roadways and interchange ramps.
Refer to Subsection 1.1.1.

Refer to Section 10 - of this manual for detour signing.

All detours must be striped as if they were a permanent roadway. Where
necessary, temporary pavement stripes may be used.

Temporary construction measures necessary for the protection of the
environment (e.g. area of construction detours or temporary stream crossings)
shall be adequately shown on plans and permits, and the payment therefore
covered in the plans and specifications.

1.3. INTERCHANGE RAMPS

1.3.1. Roadway Designation

Ramps shall be designated such that the origin and then the destination of that

roadway are given in order (i.e. from the toll plaza to the north — TN Ramp or from

the north inner roadway to the toll plaza — NIT). See Subsection 1.4.1 of the

Procedures Manual for a complete listing.

1.3.2. Design Speed

The design speed for interchange ramps shall vary from 25 mph minimum to 50

mph maximum, with 40 mph desirable minimum for intermediate portions of long

ramps. The central radius of the ramp shall be used for design speed control. Refer
to Exhibit 1-15.
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Exhibit 1-15 Minimum Curve Radii for Ramp Design Speed

Ramp Central Radius in Feet Recommended
for Maximum Superelevation Design Speed
(Emax=6%) (mph)

150 25

235 30

340 35

485 40

650 45

840 50

1.3.3. Stopping Sight Distance

The minimum stopping sight distance for the various interchange ramp design
speeds shall be as shown in Exhibit 1-16.

Exhibit 1-16 Minimum Stopping Sight Distance for Interchange Ramps

Design Speed Minimum Stopping Sight
(mph) Distance (ft)
25 155
30 200
35 250
40 305
45 360
50 425

1.3.4. Horizontal Alignment
1. Ramp Geometry

a. The desirable minimum radius shall be 235 feet. The absolute minimum
radius shall be 150 feet (waiver required from Chief Engineer). It is desirable
to use as large a radius as project conditions will allow.

b. Ramp configuration and transition curves shall be as indicated on Exhibit
1-17.

c. The minimum lengths of curves shall be as indicated on Exhibit 1-17.
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2.

d. The minimum length of tangent between reverse curves shall be sufficient

to accommodate the superelevation transitions between the reversing
curves.

For typical acceleration and deceleration lane treatment, see Subsection
1.4.

Ramp Lane Width

a.

Ramp lane width shall vary with horizontal radii as per Exhibit 1-18. Verify
horizontal sight distance in accordance with Subsection 1.1.1.3

In the area of horizontal transition curves, it is intended that smooth lane
width transitions, controlled by the central radius, be used.

Rev. September 2022
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Exhibit 1-17 Interchange Ramp Geometry

INTERCHANGE RAMP GEOMETRY

12" DECEL. LINE p.c. ?EEEEEEIB”

1-29

12 ACCEL. LINE
= P.T.
H
CURVE 235' RADIUS LOOP 150" RADIUS LOOP
RADIUS(F1) [LENGTHIF 1) | RADIUS(F+) |LENGTHIF+)
FOR RAMF WIDTHS,

. T80 170 T80 I TO SEE EXHIBIT 1-18

B 500 3004 500 300+

C 640 140+ &00 140+

D 320 105t 300 100+

E+ 263 - 179 -

F 235 - 150

G 320 |05+ 300 100+

H &40 140+ 600 1 40+

I 1,000 MIM, 200% 1,000 MIN, 200+

TURNOUTS TO AND FROM ENTRANCE LOOP
SEE EXHIBIT
I-26 OR
|-29
12" DECEL. LINE  P,C,

12' ACCEL. LINE

P.T.
FOR RAMP WIDTHS,
SEE EXHIBIT 1-18 APPROXIMATELY
50" T0 60
CURVE| 235 RADIUS LOOF | 150" RADIUS LOOP
RADIUS(F )| LENGTH71)| RADIUS(F11 | LENGTH(F )
P 750 70 750 70
0 500 140 500 140
R 250 30 250 50
S 235 : 150
T | 26 - 79 :
U | 3e0s 02 3008 | 100+
V| edox | ra0s 640 0%
* INCREASE RADII AS NECESSARY FOR W Sa0r | 200s 220 200t
TWO LANE INNER LOOP RAMP. X 640 | 404 640 140¢
Y 1,000 MIN.| _200% | 1,000 MIN.| 200z

TURNOUTS TO AND FROM EXIT LOOP
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Exhibit 1-18 Minimum Interchange Ramp Lane Widths by Radii

Lane Width for
Radius at Lane Edge One Lane Ramp Width of Two
of Inside Curve Lane Ramp
Des. Min. Abs. Min.

150’ 22 18’ 33’
200’ 20’ 17’ 30’
235’ 20’ 16.5’ 30’
250’ 19’ 16’ 28.5
300’ 18’ 15.5 27’
400’ 18’ 15’ 26’
500’ 18’ 15’ 26’

Tangent 12’ 12’ 24

1.3.5. Superelevation

1.

Interchange ramp superelevation rates shall be determined from Exhibit 1-19

based on a maximum superelevation rate of 6 percent.

a.

For a ramp profile grades less than 0.5 percent, the minimum ramp cross
slope is to be increased from 1.5 to 2 percent. When the section is curbed,
the shoulder cross slope is transitioned between 2 and 5 percent to control
drainage flow along the curb.

If a design assignment involves modification or resurfacing of an existing
interchange ramp, the rate of superelevation to be used shall normally
follow the current standard, as described in this section. However, if a

bridge deck falls within the horizontal curve and the deck superelevation is
not being upgraded, the rate of superelevation for the entire length of the
horizontal curve shall not exceed that on the existing bridge deck.

€d Va=25mph | Vg=30mph | Vg=35mph | Vg=40mph | V4=45mph | V4=50 mph
(%) R(ft) R(ft) R(ft) R(ft) R(ft) R(ft)
1.5 2290 3130 4100 5230 6480 7870
2.0 1630 2240 2950 3770 4680 5700
2.2 1450 2000 2630 3370 4190 5100
24 1300 1790 2360 3030 3770 4600
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eq Vg=25mph | Vg=30mph | V4=35mph | Vq=40 mph | V4q=45mph | V4=50 mph
(%) R(ft) R(ft) R(ft) R(ft) R(ft) R(ft)
2.6 1170 1610 2130 2740 3420 4170
2.8 1050 1460 1930 2490 3110 3800
3.0 944 1320 1760 2270 2840 3480
3.2 850 1200 1600 2080 2600 3200
34 761 1080 1460 1900 2390 2940
3.6 673 972 1320 1740 2190 2710
3.8 583 864 1190 1590 2010 2490
4.0 511 766 1070 1440 1840 2300
4.2 452 684 960 1310 1680 2110
4.4 402 615 868 1190 1540 1940
4.6 360 555 788 1090 1410 1780
4.8 324 502 718 995 1300 1640
5.0 292 456 654 911 1190 1510
5.2 264 413 595 833 1090 1390
5.4 237 373 540 759 995 1280
5.6 212 335 487 687 903 1160
5.8 186 296 431 611 806 1040
6.0 150 235 340 485 650 840

1. Tangent to Curve Transition

a.

Ramp superelevation shall be controlled by the central radius of the ramp.
Full superelevation as indicated by the central radius of a ramp shall not be
attained before that radius is reached. A smooth superelevation transition
shall be provided over the length of the corresponding horizontal transition.

The minimum length of superelevation runoff on interchange ramps shall be
determined from the same methods used on mainline roadways. See
Subsection 1.2.5. The values for maximum relative gradient shall be
determined from Exhibit 1-20 for the various interchange ramp design
speeds.

The minimum tangent runout length required to remove adverse crown on
interchange ramps shall be determined from the same methods used on
mainline roadways. See Subsection 1.2.5.

Rev. September 2022
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d. The location of the superelevation runoff length with respect of the point of
curvature (PC) shall be as shown in Exhibit 1-21.

Exhibit 1-20 Maximum Relative Gradient (Interchange Ramp)

Design Speed Maximum Relative Gradient
(mph) percent
25 0.70
30 0.66
35 0.62
40 0.58
45 0.54
50 0.50
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Exhibit 1-21 Location of Superelevation Runoff (Interchange Ramps)

Portion of Runoff Located Prior to the Curve
Design Speed
&n 5p No. of Lanes Rotated
(mph)
1.0 1.5 2.0-25 3.0-3.5
25-45 0.80 0.85 0.90 0.90
50 0.70 0.75 0.80 0.85

If the specific values listed above are not attainable for a given location, then the
portion of superelevation runoff prior to the PC shall fall within the range of 0.60 to
0.90.

1.3.6. Vertical Alignment

1. Grades

a. Desirable maximum profile upgrade shall be 5 percent. Absolute maximum
profile upgrade shall be 7 percent.

b. Maximum profile downgrade shall be 5 percent.

c. Desirable minimum profile grade shall be 0.5 percent. Absolute minimum
profile grade shall be 0.3 percent. See Subsection 1.3.5 for ramp
superelevation with less than 0.5 percent profile grade.

d. Short tangents (less than 100 ft) between vertical curves should be avoided
if possible. In this case, it is preferable for the location of the PVT and PVC
of successive curves to coincide.

2. Vertical Curves

a. The minimum length of vertical curve shall be determined from the same
methods used on mainline roadways. See Subsection 1.2.6. The minimum
value of K shall be determined from Exhibit 1-22 for the various interchange
ramp design speeds.

b. The PVI (point of vertical intersection of two grades) station shall be located
at an even 25-foot station increment where feasible.

c. For an “A” less than or equal to 0.25 percent, an angle point shall be
established, and no vertical curve used.
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Exhibit 1-22 Design Controls for Interchange Ramp Vertical Curves

Design Speed Slt)c:sptzl:fes(lfgtl;t CrestK Sag K
(mph) —
Minimum
25 155 20 30
30 200 30 40
35 250 47 50
40 305 70 64
45 360 98 79
50 425 136 96

1.3.7. Pavement

The interchange ramp pavement section shall be similar to the mainline section. See
Subsection 1.2.7

1.3.8. Typical Section

1.

For typical interchange ramp dimensions and cross slopes for normal and
superelevated sections, see Exhibit 1-23.

Rumble Strips shall not be constructed on interchange ramps. Refer to
Subsection 1.2.8 for the limits of rumble strip construction at interchange areas.

Median treatment between ramps is shown on Exhibit 1-24.
For placement of asphalt lip curb with guide rail, see Section 4.
Lateral Bridge Clearances

For ramps, clearances shall be provided as shown on Exhibit 1-25.
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Exhibit 1-23 Interchange Ramp Typical Sections

2' SHLDR.

2'SHLOR. SEE NOTE zﬁ\‘
SEE NOTE 2 |
l . PGL
- 6 ! LANE i
6, LANE oz 8 BERM |"SHLOR. | BERM
BERM [ | SHLDR. ~[BERM |
' 5% MIN.OR ! X
I MATCH SUPER | 4| 2
1 ! : uaTCH
L 3% ; ; : SUPER o_ _g
8/-. _5% VARIESS | 5% 8% 3 _6% MAX. _SUPER 87
I —
8" UNDERDRAIN —»| , r
AS REQ'D
TURNPIKE
PAVEMENT . .
(TYP.) SUPER = 3% SUPER > 3%
ONE-WAY RAMP - CURVE LEFT
2 2 —
SHLDR. | SHLDR. |
' POL ‘ PGL
.8l LANE 12 1.6 6' 14 LANE ! 28 .. %"
BERM | SHLDR. | BERM BERM I SHLDR. | BERM
I SEE
| I NOTE 2
' i
! i
| 1 5% MIN, OR
pr 5% 15z | 5% 8% 8% _* 67 MAX. | MATCH sup P
: T 5‘%‘%
1'
o
« SEE NOTE |

ONE-WAY RAMP - NORMAL SECTION ONE-WAY RAMP - CURVE RIGHT

NOTES:

I. FOR SUPERELEVATED ROADWAY CROSS SLOPE <37, SHOULDER CROSS
SLOPE = 5%, FOR SUPERELEVATED ROADWAY CROSS SLOPE >3% TO 6%
MAXIMUM, SHOULDER CROSS SLOPE SHALL VARY FROM <57 MAXIMUM
TO 27 MINIMUM. (l.e. 8% MAXIMUM ROLLOVER).

2. WIDEN, IF REQUIRED, FOR HORIZONTAL SIGHT DISTANCE AS NEEDED.

3. BERM AND GRADING CRITERIA FOR RAMPS SHALL BE SIMILAR TO THE
MAINLINE AS SHOWN ON EXHIBIT [-24 AND |-37.
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Exhibit 1-24 Interchange Ramp Curb Sections and Details

SHOULDER | &'

. TYFE A
TURNFIKE cu

FAVEMENT 8" UNDERDRAIN
AS REQ'D.
SEE STAMDARD
DRAWINGS

TYPICAL CURB SECTION

2" SHLDR.

L/ \PoL
4 LANE

PG

LANE |
|

[

i

i

|

MATCH ADJACENT
ROADWAY CROSS

SLOPE
‘IL’JL_’A@\;\‘IL
TURNFIKE
PAVEMENT COMCRETE ISLAND

FAVEMENT

TWO-WAY RAMP DIVIDER

i T
4' MEDIAM DIVIDER RAFFIC

2" SHOULDER

SHOULDER

10" CURE TRAMSITION
4" TO 2", SEE STAMDARD
DRAWIMNGS

?‘%

2' SHOULDER

TWO-WAY RAMP CURB TRANSITION
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Exhibit 1-25 Lateral Bridge Clearances - Ramps

= =
= =z
Ll Lol
= =
= =
s | |
2  6'MIN ~ RAMP W/SHOULDERS | 6'MIN 2
m BERM BERM m
= =
% 2 7
I
|
1 T ] r—

6'MIN ,  RAMP W/SHOULDERS  &'MIN

BERM BERM
SEE SEE
NOTES NOTES
2&3 2&3

i
AN

RAMP UNDERPASS

RAMP W/SHOULDERS
SEE NOTE |

R 3

\ /]

RAMP OVERPASS

NOTES:

[. RAMP SHOULDER WIDTH ON STRUCTURE TO BE WIDENED AS NEEDED TO PROVIDE
MINIMUM STOPPING SIGHT DISTANCES AS PER EXHIBIT |-l6.

2. STOPPING SIGHT DISTANCE ON HORIZONTAL CURVES GOVERNS OFFSET TO PIER
OR ABUTMENT (SEE EXHIBIT [-18).

3. ROADSIDE PROTECTION OF PIERS AND ABUTMENTS SHALL BE DESIGNED IN
ACCORDANCE WITH SECTION 4.
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1.3.9. Detours
1.
2.

10.

The design speed shall be 25 mph minimum.
Horizontal Alignment
a. Minimum radius curve shall be 150 feet.

b. Superelevation rates and transition lengths are to be consistent with the
horizontal alignment and shall be reviewed on a case-by-case basis with
objective of attaining the smoothest ride possible.

Vertical Alignment

Maximum profile grade shall be 7 percent. Minimum profile grade shall be
sufficient to keep pavement free of ponding water.

Detour pavement shall be the same as mainline pavement. Any use of a
substandard pavement section for a short period of time is subject to Authority’s
Engineering Department approval.

Typical detour section shall be similar to the normal ramp section. Variations to this
shall be treated with standard maintenance and protection of traffic procedures.

Clearances shall be the same as for mainline roadways and interchange ramps.
Refer to Subsection 1.1.1.

Refer to Section 10 of this manual for detour signing on ramps.

All detours must be striped as if they were a permanent ramp. Where necessary,
temporary pavement stripes may be used.

All ramp detours shall be lighted; see Section 8 of this manual.

Temporary construction measures necessary for the protection of the environment
(e.g. area of construction detours or temporary stream crossings) shall be
adequately shown on plans and permit applications, and the payment therefore
covered in the plans and specifications.

1.4. AUXILIARY LANES

1.4.1. Entrance Ramp Acceleration Lanes

1.

Single Lane and Two-Lane Entrance ramps:

a. A typical acceleration lane for a single lane entrance ramp is shown in Exhibit
1-26.

b. A two-lane entrance ramp shall consist of the typical ramp acceleration
geometry followed by a single lane drop. A typical two-lane entrance ramp is
shown in Exhibit 1-29.
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2.

If the mainline is curved, the acceleration lane shall be curved to fit the required
lengths and dimensions shown.

Where the acceleration lane falls within a section of roadway with 3 percent or
greater profile (upgrade or downgrade), the acceleration lengths from Exhibit 1-27
shall be adjusted by the ratios indicated in Exhibit 1-28 to determine minimum
acceleration lane lengths.

See PM Standard Drawings for entrance ramp pavement markings.

The continuity of the through (mainline) roadway shall be maintained at all times.

Exhibit 1-26 Single Lane Entrance Ramp

R = 1,000 MIM.

SEE EXH. 1-17

Lg 300"
TAPER

La

NOTFS;

l. "La"SHALL BE OBTAINED FROM EXHIBITS [-27 AND 1-28 FOR

P

ACCELERATION LENGTH AND GRADE ADJUSTMEMT FACTORS.

“Lg" SHALL BE 300' MINIMUM, MEASURED FROM 2' NOSE WIDTH TO
START OF TAPER.

3. THE VALUE OF "Lag" OR "Lg". WHICHEVER RESULTS IN THE GREATER

DISTANCE DOWNSTREAM FROM WHERE THE MNOSE WIDTH EQUALS 2°
SHALL DETERMINE THE LENGTH OF THE RAMP ACCELERATION LANE.

Exhibit 1-27 Minimum Length of Acceleration Lane

Highway Design
Speed, V (mph)

Acceleration Length, La (ft) for
Entrance Curve Design Speed (mph)

25 30 35 40 45 50

60 1020 910 800 550 420 180

70 1420 1350 1230 1000 820 580
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Exhibit 1-28 Acceleration Lane Grade Adjustment Factors

. Acceleration Lanes
Highway
Design Ratio of Length on Grade to Length of Level
Speed for Design Speed of Turning Curve (mph)
(mph) 25 30 40 50 All Speeds
3 to 4 percent upgrade 3 to 4 percent downgrade
60 1.4 1.5 1.5 1.6 0.6
70 1.5 1.6 1.7 1.8 0.6
5 percent upgrade 5 percent downgrade
60 1.7 1.9 2.2 2.5 0.5
70 2.0 2.2 2.6 3.0 0.5

Exhibit 1-29 Two-Lane Entrance Ramp

SEE EXHIBIT 1-26 FOR 600’ 1000 600"
RAMP ACCELERATION GEOMETRY " TAPER TAFER

1.4.2. Exit Ramp Deceleration Lanes
1. Single Lane and Two-Lane Exit Ramps

a. For Single Lane exit ramps there are two types of deceleration lanes as shown in
Exhibit 1-30. The application of these two types is dependent upon the overall
geometry of the situation. The “Parallel Ramp Configuration” is generally used
in conjunction with a dual-dual roadway for exit from the inner roadway.

b. A two-lane exit ramp shall consist of a single lane widening followed by the
typical ramp deceleration. A typical two lane exit ramp is shown in Exhibit 1-33.

2. If the mainline is curved, the deceleration lane shall be curved to fit the required
lengths and dimensions shown.
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3. Where the deceleration lane falls within a section of roadway with 3 percent or
greater profile (upgrade or downgrade), the deceleration lengths from Exhibit 1-31
shall be adjusted by the ratios indicated in Exhibit 1-32 to determine minimum
deceleration lane lengths.

4. See PM Standard Drawings for exit ramp pavement markings.

5. The continuity of the through (mainline) roadway shall be maintained at all times.
Where directed by the Authority, the mainline through lanes may be reduced with a
lane drop that maintains through lanes for 900 feet beyond the exit ramp followed
by a 300-foot taper.
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Exhibit 1-30 Single Lane Exit Ramp
STA. OFFSET TO

INTERSECTION POINT
TO BE SHOWM ON PLANS

SEE EXHIBIT
1-33

W
THROUGH e
LANES
_—=_V_ _ _ _r'z _ _ _ _ [I%_ _ R0 w rR=500" _ _—
i R R f f[_ —
(2 SHOULDER ————___| E.C. PT R=1200 \Y N\ ¢ | 2' SHOULDER
.T. 5 —
-C. R=6 —={ b2 LANE
120" ping P.T. | 22 SHOULDER
R=1800" & 33
180" Ld
 Taper 1
PARALLEL RAMP CONFIGURATION
— THROUGH
ANES /slnf_§3ExH|s|'r
= - - - - - - o'« _ _ - - - - - _jo - . ™
—h- ................................ _P-
12" SHOULDER F.C. 4
W LANE
STA. OFFSET TO INTERSECTION .
POINT TO BE SHOWN ON PLANS 12
SHOULDER
180" Ld R = 750" MIN,
TAPER ' SEE EXHIBIT 1-17 '
* SEE EXHIBIT 1-18
LOOP RAMP CONFIGURATION
MOTES;
1-31 AND 1-32 FOR

l. "Ld" SHALL BE DETERMINED FROM EXHIBITS
DECELERATION LANE LENGTH AND GRADE ADJUSTMENT FACTORS.
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Exhibit 1-31 Minimum Length of Deceleration Lane

Highway Design

Deceleration Length, Ld (ft) for
Exit Curve Design Speed (mph)

Speed, V (mph)

25 30 35 40 45 50
60 460 430 405 350 300 240
70 550 520 490 440 390 340

Exhibit 1-32 Deceleration Lane Grade Adjustment Factors

Deceleration Lanes
Highway Design Ratio of Length on Grade to Length of Level
Speed (mph) for Design Speed of Turning Curve (mph)
All Speeds
3 to 4 percent upgrade 3 to 4 percent downgrade
All Speeds 0.9 1.2
5 percent upgrade 5 percent downgrade
All Speeds 0.8 1.35
Exhibit 1-33 Two-Lane Exit Ramp
THROUGH
LANES
- - - T 2= - -
TRTT oo NN AR PRRTPRI
|80’ 500" MIN. |80 GREATER OF
" TAPER | TAPER T Ld OR 640°
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1.4.3. Major Roadway Merge and Diverge

A merge of two major roadways of three lanes into one major roadway of three
lanes shall require a total minimum length of 3,600 feet for three consecutive lane
drops (each lane drop consisting of a 900-foot continued lane followed by a 300-
foot taper), with the roadway lanes on the left having mainline priority.

A diverge of a major roadway of three lanes into two separate major roadways of
three lanes each shall require a total minimum length of 3,600 feet from the
beginning of the diverge start to the nose of the separated roadways, with the left,
right, and then center lane each expanding consecutively. The expansion of the left
and right lane are each developed by a 180-foot taper followed by a 1,020-foot
continued lane and the expansion of the center lane is developed by a continuous
lane widening over 1,200 feet).

1.4.4. Climbing Lanes

With a maximum of 3 percent grades, the Authority does not use truck climbing
lanes. As indicated in Subsection 1.2.6, the absolute minimum length of vertical
tangent shall be limited by a maximum permissible loss in truck speed of 10 mph.

1.4.5. Nose Grading

Typical nose grading between a mainline roadway and an auxiliary lane(s) is shown
in Exhibit 1-34.

Exhibit 1-34 Typical Nose Grading

IWE PROFILE
NEGATIVE PROY

THRU EDGE OF ROADWAY —5‘

IMLET FLACED AS SHOWM TO COLLECT
RUMOFF FROM RAIN OR MELTING SHOW
IM GORE AREA

EDGE OF AUXILARY LAMNE
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1.5. OTHER ROADWAYS

1.5.1. Crossroads

Where local roads are being replaced, the intent of the Authority with respect to
any work under the jurisdiction of the state, county, municipality, or any other
agency is “replacement in kind”, according to the present standards of that agency.
All such work is subject to the approval of the Authority’s Engineering Department
and must be previously agreed to in writing by the concerned agency, as noted
elsewhere in this manual and the Procedures Manual.

Similarly, all detouring and/or closing of local roads during construction must be
approved by the appropriate agencies in accordance with the Procedures Manual.

1.5.2. Access and Service Roads

Treatment shall be similar to Subsection 1.5.1. Where the Authority has jurisdiction,
the pavement design shall be in accordance with Subsection 6.7.4 of this Manual U-

Turns
1.5.3. U-Turns
1. U-Turns shall be designated by milepost location. Refer to Section 7 for U-Turn
signing.
2. Location

a. Within one mile of and on each side of an interchange.
b. No more than five miles apart between interchanges.
3. Configuration and Alignment

a. All U-Turns shall be grade separated through the end span of a structure when
the mainline passes over a crossroad etc., or on a separate overhead structure
when necessary.

b. Maximum profile grade shall be 5 percent.

c. Rumble strips shall not be placed in the mainline shoulder within 300 feet on
either side of the U-Turn entrance / exit.

d. For all other information, see Exhibit 1-35 and Exhibit 1-36.

4. Pavement design shall be in accordance with Subsection 6.7.4 of this Manual.
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Exhibit 1-35 U-Turn Geometric Criteria

5 IKE
& ENT
£ '/ TRAFFIC—» T ovERReR
o F—=& U-TURN 4 UNDER
/ 2'4'
T
Pt R=200' DESIRABLE AT '
2 R=40'* ENTRANCE, L=50" MIN. ok
@ AT EXIT el
R=52.5' N
MIN.
/ANy ¢
[y7]
R=65' MIN. — ™\ “~ad=-—-- T *— ----- =l“
T | =¥ R=50" MIN.
RAMP WIDENING
GRADE SEPARATED U-TURN NOTES; BASE LINE| MID-CURVE
RADIUS |RAMP WIDTH
I. CONDITIONS SHOWN ARE MINIMUM. il 30"
2. 5% MAXIMUM PROFILE GRADE. ;ggl' %:
3. U-TURN SHOULD BE WIDENED AS INDICATED FOR TIGHTER RADI, S200" g

4. SEE SECTION 7 OF THIS MANUAL FOR SIGNING.

5. LOCATE U-TURNS WITHIN ONE MILE OF AND ON EACH SIDE OF EVERY INTERCHANGE.
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Exhibit 1-36 U-Turn Typical Sections

B 24' & VARIES LB
| BERM BEFRM
5 V.G, FoL 5 V.C

—_—— ! | U-TURN !
2 MAX.| | | PAVEMENT |
=) ! = &) | ey LY '
| _?_..:’._ | ‘5.-': X |.§f: E_-_":'_ |

| "

¥ L

-

U-TUEN NORMAL SECTION

B 24" & VARIES . &
| BER BERM
PGL
5 VLL | 5 V.0
. U-TURN !
| PAVEMENT

-SLMAX & VaRiES

II_IQ%.-.' FIGL -'-I"IG%"
‘ s | sy ‘
1
I

U-TURN STRUCTURAL SECTION

/END SPAN FoL _
i t |
| PIER FAGE—=)
B 24° & VARIES L6l
l BERM T u-ToRN BERM ||
i PAUEMEN;\ I
81 LEY | LS 8 '
s -2t | a2k, %LZ MAX.

U-TURN SECTION UNDER STRUCTURE

MOTE;
I. SEE EXHIBIT 1-35 FOR U-TURM GEOMETRY AND RAMP WIDENING.

Rev. September 2022 Table of Contents Page 1-38




New Jersey Turnpike Authority Design Manual
Section 1 - New Jersey Turnpike Geometric Design 1.6 - Grading Criteria

1.5.4. Z-Turns
1. Z-Turns shall be designated by milepost location.
2. Use and Location

a. Z-Turns shall be used on dual-dual roadway between same direction roadways
as a connection between those roadways.

b. Z-Turns shall be used in conjunction with grade separated U-turns and shall be
approximately 2,500 feet on each side of the U-Turns for 70 mph design speed
and approximately 2,000 feet for 60 mph design speeds. The absolute minimum
distance shall be 1,500 feet.

c. Drainage within Z-Turn median shall be maintained.
d. Referto Section 7 for signing.
3. Configuration
a. Z-Turns shall be at-grade crossovers as shown on Exhibit 1-37.

b. Rumble strips shall not be placed within 300 feet of the Z-Turn opening on
either side of the median.

4. Pavement design shall be in accordance with Subsection 6.7.4 of this Manual.
5. See GR Standard Drawings for further details concerning Z-Turn configuration.

Exhibit 1-37 Z-Turn Geometric Criteria

300' DECELERATION LENGTH 75' 300' ACCELERATION LENGTH
TRAFEIC— DUAL FACE
GUIDE RAIL
'SHLD | 144 DUAL FACE | A
12" SHLD:- fGUIDE RAIL | [SHOULDER .
2 23 4 TURNPIKE | '9'#
7 PAVEMENT
I & L
5'SHLD~ o GUIDE RAIL ! END TREATMENT L_5' SHLD.
EDGE OF ANCHORAGE |
SHOULDER ¢ Z-TURN—-= TRAFFIC—#=
300' DECELERATION LENGTH | 300' ACCELERATION LENGTH

Z-TURN GEOMETRIC CRITERIA

1.6. GRADING CRITERIA

The general grading criteria set forth in this section are intended to be used as guidelines to
achieve an economically feasible, safe and aesthetically pleasing design. Variations to the
specified criteria are permissible as long as the design adequately complies with the intent of
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the guidelines. Design side slopes based on slope stability as determined according to
Subsection 6.7. Variations in side slopes should be investigated in order to obtain a favorable
earthwork balance. Every effort is to be made to limit the use of critical slopes where feasible
so as to eliminate the need for guide rail. Consideration shall be given to the impact on right of

way, earthwork, aesthetics, existing trees, utilities, regulated areas, etc.

1.6.1. Grading in Fill Areas

1.

4.

Variable side slopes, depending on the height of fill at the PVI of berm, shall be used
for all ramps and for existing Turnpike roadways. See Exhibit 1-38.

a. 0-5 feet fills—6H:1V slope
b. 5-10 feet fills — 4H:1V slope
c. 10 feet and greater fills — 2H:1V slope maximum

Refer to Section 4 (Guide Rail/Median Barrier/Attenuator Design) of this Manual for
guide rail requirements related to height of fill. Safety grading criteria may be
utilized on mainline roadways as directed by the Authority’s Engineering
Department in order to eliminate guide rail warrants.

Mainline and ramp sections shall have a berm width of 6 feet minimum sloping
away from the roadway at an 8 percent grade.

All roundings shall have 5-foot vertical curves.

1.6.2. Grading in Cut Areas

1.
2.

2:1 maximum side slopes are recommended throughout. See Exhibit 1-38.
Berm widths are the same as for fill sections.
All roundings shall have 5-foot vertical curves.

Cut sections in rock will be subject to Authority’s Engineering Department approval
of the Engineer’s soils recommendations.

In borrow projects, the Engineer shall investigate the possibility of using flatter cut
slopes in an attempt to achieve a more favorable earthwork balance.
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Exhibit 1-38 Turnpike Grading Criteria

SHOULDER &' | .
4" TOPSOLLING SHOULDER _ 6 4" TOPSOILING
& SEEDING

N
PROPOSED
FILL SLOPE
ROADWAY EXISTING
————— FILL SLOPE
3 MlN.—-LL- o
EILLS 5' TO [0 NCHIN Al
PVI
0
SHOULDER €' SLOPE VARIES
VARIES EXISTING GROUND
LEVEL

4" TOPSOILING
& SEEDING

2

t‘— VARIES, 2' MIN.

FILLS GREATER THAN 10! TOE OF SLOPE DITCH

(SEE NOTE *3)

NOTES:
I. HEIGHT OF FILL IS MEASURED FROM PVI OF BERM.

®2. NORMAL SHOULDER CROSS SLOPE IS 5%Z. SEE MAINLINE AND
RAMP TYPICAL SECTIONS FOR CROSS SLOPE ADJUSTMENT IN
SUPERELEVATED SECTIONS.

3.REFER TO SECTION 4 OF THIS MANUAL FOR GUIDE RAIL
WARRANTS AND PLACEMENT.
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1.7. FENCING

1.7.1. General
1. The policy of the Authority is to fence all Turnpike right of way.

2. Chain Link fence shall be used around interchanges, service areas and maintenance
areas; along the right of way adjacent to existing commercial or residential areas or
areas zoned for future commercial or residential development and 1,000 feet either
side of the limits of these areas; along local roads and 500 feet either side of local
roads along the Authority’s right of way; and at all other locations at the direction of
the Authority’s Engineering Department.

3. Chain link fence shall be as per the Standard Drawings.

1.7.2. Configuration

1. Placement of fence with respect to the right of way line shall be as per the Standard
Drawings.

2. Fence intersecting waterways which have a bottom width of 6 feet or greater will be
turned and run parallel to the stream, along the top of bank, to the culvert headwall
through the roadway embankment. Fencing will then be carried up behind the
wingwall, across behind the headblock and back out to the right of way along the far
side of the waterway. The median area crossed by the waterway will not be fenced.
On one selected side of that portion of the fence running perpendicular between
the ROW and roadway embankment, the engineer shall consider placing a single
vehicular gate.

3. Vehicular gate dimensions shall be as shown on the Standard Drawings. These gates
shall be placed on that side of each water course which affords best access for
maintenance. Consideration is to be given to proximity of local road access, the
extent of trees, vegetation and ground contour to determine if a gate is required
and if so where it is to be placed.

4. Aright of way fence is to be carried across streams and ditches having less than a 6-
foot bottom width. Line posts are to be spaced so that no post is erected in the bed
or slopes of the ditch. The bottom of the fence shall provide for one foot freeboard
above the ditch high water elevation. When the profile line of the fence bottom is
greater than one foot above the high water elevation, the fence fabric shall be
extended lower as necessary to maintain the specified freeboard across the width of
the ditch. See Exhibit 1-39 for general fence placement criteria at streams and
ditches.
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Exhibit 1-39 Stream Fencing Criteria

[—REO.W. LINE

X 4

S -/
VEHICULAR GATE

W X
\—FENCE

T
At

3

/—BOTTOM OF FENCE

0
17 | —o" K_
IF NECESSARY EXTEND
‘ DITCH BOTTOM ‘ FABRIC TG MAINTAIN
ELEVATION "A"
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Section 2 - GARDEN STATE PARKWAY GEOMETRIC DESIGN

2.1.

GENERAL

The geometric design criteria contained herein were developed by the Authority for its own
particular needs. They are intended to equal or exceed standards currently being used for
limited access highways and should be considered minimum criteria and increased wherever
economically feasible. The use of substandard criteria, including absolute minimum / maximum
values listed in this manual, shall require a Design Element Modification Request subject to
approval by the Authority’s Engineering Department. For any items not adequately outlined in
this section, the Engineer should refer to the latest edition of AASHTO A Policy on Geometric
Design of Highways and Streets and AASHTO Roadside Design Guide.

The design criteria are intended to be used as an aid toward sound engineering design. When
individual circumstances arise that are not specifically covered, engineering judgment is to be
exercised that represents the intent of the criteria shown. The overall objective should be an
aesthetically pleasing and safe design that is geometrically compatible in all respects.

2.1.1. Design Controls

The following design controls shall be applicable on all Parkway roadways:

1. All types of design vehicles are permitted on the Parkway south of Interchange 105
at Milepost 106.4, while North of Interchange 105, trucks with a gross weight
exceeding 6,999 pounds are prohibited. To be conservative the Design Vehicle WB-
67 will be used to control geometric design for the entire roadway, see Exhibit 2-1.

2. Clearances

a. Horizontal — Minimum clear zone width or less with appropriate roadside or
median protection as directed by Section 4 of this Manual, and as further
directed by Section 3 of this Manual for protection of structures.

b. Vertical — Maintained over all roadways, including shoulders. Verification of all
clearances shall be made with the controlling agency.

i.  Minimum clearance above Parkway roadways - As directed by Section 3
of this Manual or existing vertical clearance, whichever is greater. When
resurfacing or widening a Parkway roadway under an existing crossing
whose vertical clearance is less than the required minimum, the
resulting vertical clearance must not be less than the existing condition.

ii. Minimum clearance below Parkway roadways - As required by the
agency having jurisdiction, but not less than the required minimum as
directed by Section 3 of this Manual. When resurfacing or widening a
roadway under an existing Parkway crossing whose existing vertical
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clearance is less than the required minimum, the resulting vertical
clearance must not be less than the existing condition.
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Exhibit 2-1 Minimum Turning Path for Interstate Semi-Trailer (WB-67) Design Vehicle

PATH OF LEFT
FRONT WHEEL

MIN. TURNING
RADIUS=45"
B
PATH OF RIGHT
REAR WHEEL
85 | |

2.2. BASIC GEOMETRIC DESIGN ELEMENTS

NOTES:

e ASSUMED STEERING ANGLE
IS 28.4°

e ASSUMED TRACTOR/TRAILER
ANGLE IS 68.5°

e CTR=CENTERLINE TURNING
RADIUS AT FRONT AXLE

2.2.1. Sight Distances

1. Stopping Sight Distances
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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 6 inches high on

the road. An object height of 2 feet may be used with Authority approval. See

Exhibit 2-2 for minimum stopping sight distances for a given design speed, and

Subsection 2.2.3 and Exhibit 2-12 for minimum and desirable K values.

Exhibit 2-2 Minimum Stopping Sight Distances

Design Speed (MPH) Stoppgzgt?iﬁ::‘ﬂs::‘nce in
25 155
30 200
35 250
40 305
45 360
50 425
55 495
60 570
65 645
70 730

2. Stopping Sight Distance on Horizontal Curves

The horizontal sightline offsets needed for clear sight areas that satisfy the stopping

sight distance criteria presented in Exhibit 2-2 shall be investigated using one or
both of the methods listed below:

a. Where obstruction and vehicle are located within the limits of a vertical curve,

use Exhibit 2-3.

b. Where the vehicle, the obstruction, or both are situated beyond the limits of a

simple curve or within the limits of a compound curve, the design should be

checked by utilizing graphical procedures.
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Exhibit 2-3 Illustrates Components for Determining Horizontal Sight Distance

HIGHWAY
CENTERLINE

CENTERLINE

INSIDE LANE SIGHT OBSTRUCTION

STOPPING SIGHT
DISTANCE (S)

US Customary

HSO =R —[R*—(54)

Where:

S = Stopping sight distance, feet

R = Radius of curve, feet

HSO = Horizontal sightline offset, feet

2.2.2. Horizontal Alignment

2.2.2.1. Superelevation

If a design assignment involves modification or resurfacing of an existing
roadway, the rate of superelevation to be used shall normally follow the
current standard, as described in this section. However, if a bridge deck
falls within the horizontal curve and the deck superelevation is not being
upgraded, the rate of superelevation for the entire length of the horizontal
curve shall not exceed that on the bridge deck.

A 6 percent maximum superelevation rate shall be used (see Exhibit 2-4), for
the entire length of the Parkway mainline and all interchange ramps.
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The superelevation tables included in this section are based on AASHTO
distribution of “e” Method 5. Superelevation rates based on other AASHTO

methods will be considered in certain cases with written approval from the
Authority.
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Exhibit 2-4 Minimum Radii for Design Superelevation Rates, Design Speeds, and E;;.x=6%

o Vg=25 | V4g=30 | Vg=35 | V4=40 | Vq=45 | V¢=50 | Vg=55 | V4q=60 | V4=65 | V4=70
(%) mph mph mph mph mph mph mph mph mph mph
R(ft) R(ft) R(ft) R(ft) R(ft) R(ft) R(ft) R(ft) R(ft) R(ft)
1.5 2290 3130 4100 5230 6480 7870 9410 11100 | 12600 | 14100
2 1630 2240 2950 3770 4680 5700 6820 8060 9130 10300
2.2 1450 2000 2630 3370 4190 5100 6110 7230 8200 9240
2.4 1300 1790 2360 3030 3770 4600 5520 6540 7430 8380
2.6 1170 1610 2130 2740 3420 4170 5020 5950 6770 7660
2.8 1050 1460 1930 2490 3110 3800 4580 5440 6200 7030
3 944 1320 1760 2270 2840 3480 4200 4990 5710 6490
3.2 850 1200 1600 2080 2600 3200 3860 4600 5280 6010
34 761 1080 1460 1900 2390 2940 3560 4250 4890 5580
3.6 673 972 1320 1740 2190 2710 3290 3940 4540 5210
3.8 583 864 1190 1590 2010 2490 3040 3650 4230 4860
4 511 766 1070 1440 1840 2300 2810 3390 3950 4550
4.2 452 684 960 1310 1680 2110 2590 3140 3680 4270
4.4 402 615 868 1190 1540 1940 2400 2920 3440 4010
4.6 360 555 788 1090 1410 1780 2210 2710 3220 3770
4.8 324 502 718 995 1300 1640 2050 2510 3000 3550
5 292 456 654 911 1190 1510 1890 2330 2800 3330
5.2 264 413 595 833 1090 1390 1750 2160 2610 3120
5.4 237 373 540 759 995 1280 1610 1990 2420 2910
5.6 212 335 487 687 903 1160 1470 1830 2230 2700
5.8 186 296 431 611 806 1040 1320 1650 2020 2460
6 150 235 340 485 650 840 1060 1330 1660 2040

2.2.2.2. Superelevation Transition

The superelevation 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 outside-lane cross slope from

the normal cross slope to zero or vice versa).
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With respect to the beginning or ending of a curve, the amount of runoff on
the tangent should desirably be based on Exhibit 2-7. However, runoff
lengths on the tangent ranging from 60 to 90 percent are acceptable.

Superelevation Runoff Tangent Runout
L, = minimum length of superelevation L = (Ly) (enc)/e
runoff (feet) Where:

A = maximum relative gradient, percent

Lt = minimum length of
(Exhibit 2-5)

tangent runout (feet)

n = number of lanes rotated Lr = minimum length of

b = adjustment factor for number of lanes superelevation runoff (feet)

rotated (Exhibit 2-6) eNC = normal cross slope rate

w = width of one traffic lane (feet), (%)

(typically 12 feet) e = design superelevation rate

e = design superelevation rate (%)

Exhibit 2-5 Maximum Relative Gradient

Design Speed

25 30 35 40 45 50 55 60 65 70
(mph)
Maximum
Relative 0.70 | 0.66 | 0.62 | 0.58 | 0.54 | 0.50 | 0.47 | 0.45 | 0.43 | 0.40
Gradient
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Exhibit 2-6 Adjustment Factor for Number of Lanes Rotated

Number of Lanes Rotated (n) Adjustment Factor (b)
1 1.00
1.5 0.83
2 0.75
2.5 0.70
3 0.67
3.5 0.64

Exhibit 2-7 Percent Runoff on Tangent

Portion of Runoff Located

Design Speed Prior to the Curve

(mph) Number of Lanes Rotated

1.0 15 2.0-2.5 3.0-3.5
25-45 0.80 0.85 0.90 0.90
50-80 0.70 0.75 0.80 0.85

2.2.2.3. General Controls for Horizontal Alignment

1. Curves should be at least 500 feet long for a central angle of 5 degrees,
and the minimum length should be increased 100 feet for each 1-degree
decrease in the central angle.

2. For compound curves, the ratio of the flatter radius to the sharper radius
should not exceed 1.5 for mainline roadways.

3. The tangent distance between reverse curves should, as a minimum, be
sufficient to accommodate the superelevation transition as specified in
Subsection 2.2.2. The desirable tangent lengths are as shown in Exhibit
2-8.

Exhibit 2-8 Desirable Tangent Length Between Reverse Curves

Design Speed (mph) Desirable Tangent (ft)

50 500
60 600
70 800
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The “broken back” arrangement of curves (short tangent between two
curves in the same direction) should be avoided except where very
unusual topographical or right of way conditions make other alternatives
impractical. Exhibit 2-9 indicates the desirable and absolute minimum
tangent lengths between same direction curves.

Exhibit 2-9 Desirable Tangent Length Between Same Direction Curves

Design Speed Desirable Absolute Minimum
(mph) Tangent (ft) Tangent(ft)
50 1000 600
60 1500 900
70 2500 1500
5. Transitions in roadway width should be made on tangent sections

whenever possible and should avoid locations with horizontal and/or
vertical sight distance restrictions. The desirable taper length for the
Parkway mainline is 1,000 feet per lane.

The minimum required taper length when reducing the roadway width is
shown in Exhibit 2-10 In general, when a lane is dropped by tapering, the
transition should be on the right so that traffic merges to the left.

Rev. September 2022
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Exhibit 2-10 Minimum Taper Length when Reducing Roadway Width

LANE | ———3— LANE

LANE

FOR DESIGN SPEEDS GREATER THAN V= DESIGN SPEED (MPH)

40 MPH, L=VW. W= LANE WIDTH REDUCTION (FT.)
L= TAPER LENGTH (FT.)

FOR DESIGN SPEEDS EQUAL TO OR LESS

2
THAN 40 MPH, L= %‘!’.

2.2.3. Vertical Alignment
1. Grades for Mainline Roadway

a. Desirable minimum profile grade shall be 0.5 percent. Absolute minimum
profile grade shall be 0.3 percent.

b. Desirable maximum profile grade shall be 3.0 percent. Absolute maximum
profile grade shall be 5.0 percent.

2. Vertical Curves

a. Minimum vertical curve length determined by L = AK, see Exhibit 2-12 for
desirable and minimum K values.

Where:

L = Length of Curve

A = Algebraic difference in tangent grades, percent.
K = Length of vertical curve per percent change in A.

b. Special attention to drainage should be exercised where values in excess of
K=167 are used.
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C.

The PVI station should be located at even 5 or 10-foot station increments, or 25

feet where feasible.

Length of vertical curves to be in 10-foot increments where feasible.

Short tangents (less than 100 feet) between vertical curves should be avoided if

possible. In this case, it is preferable for the location of the PVT and PVC of

successive curves to coincide.

No vertical curve is necessary and angle points can be used in accordance with

Exhibit 2-11.

Refer to Exhibit 2-2 for minimum stopping sight distances for a given speed.

Exhibit 2-11 Use of a Profile Angle Point

Desi(ir:pshp;eed Ao %
25 .70
30 .55
35 .50
40 40
45 40
50 .35
55 .30
60 .30
65 .25
70 .25
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Exhibit 2-12 Design Controls for Vertical Curves

Desirable Minimum
Design Speed (6-inch Object Height) (2-foot Object Height)
(mph) Crest K Sag K Crest K Sag K
(minimum) (minimum) (minimum) (minimum)
25 20 30 12 26
30 30 40 19 37
35 47 50 29 49
40 70 64 44 64
45 98 79 61 79
50 136 96 84 96
55 185 114 114 115
60 245 136 151 136
65 313 157 193 157
70 400 181 247 181

2.3. MAINLINE ROADWAY

2.3.1. Design Speed

A design speed of 70 miles per hour is to be used on the Parkway mainline, except
where existing alignment and sight distance restrictions occur or restrictions are

caused by existing physical constraints.
require written approval from the Authority and in any case shall be a minimum of 5

MPH greater than the posted speed limit.

2.3.2. Pavement

Design speeds of less than 70 MPH will

Pavement design shall be in accordance with Subsection 6.7.4 of this Manual.

2.3.3. Typical Sections

Refer to Exhibit 2-13 for typical shoulder and lane widths and cross slopes. Also

refer to the following notes.

1. Alllane widths shall be 12 feet with an absolute minimum of 11 feet.

Rev. September 2022
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2.

Shoulders on the high side of a superelevated section should drain away from the
adjacent traffic lanes with a desirable rollover of 7 percent (max rollover 8 percent)
and a minimum shoulder cross slope of 2 percent. See Exhibit 2-14.

Rumble strips shall be constructed on all mainline roadway outside shoulders and
on all median shoulders that are 5 feet or greater in width. Placement of rumble
strips along mainline roadways shall be limited as follows:

a. On approach to mainline toll plazas, the rumble strips shall terminate at the end
of the mainline normal section.

b. At entrance ramp terminals, rumble strips on outside shoulders shall terminate
at the point of the physical gore and resume at the end of the acceleration lane
taper.

c. At exit ramp terminals, rumble strips on outside shoulders shall terminate at the
start of the deceleration lane taper and resume at the point of the physical gore.

d. Rumble strips may be eliminated at other locations at the direction of the
Authority’s Engineering Department.

e. On approaches to bridges, rumble strips shall terminate at the abutment joint.

f.  Rumble strips shall not be placed within 400 feet of Z-Turn and U-Turn openings
on either side of the median.

New installations of concrete vertical curb shall not be constructed on mainline
roadway. However, if surface drainage control is required, asphalt lip curb shall be
provided under the face of guide rail.

Medians must have barrier or guide rail as warranted by Section 4.3.1.2 of this
Manual.

Lateral bridge clearances for ramps and mainline roadways shall be provided as
shown on Exhibit 2-16 and Exhibit 2-17.

For deviations to left shoulder widths on approach roadways to structures, refer to
Subsection 3.2.1.3. Shoulder width shall be reduced in accordance with Subsection
3.2.2.
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Exhibit 2-13 Typical Normal Sections

PGL
7' DES. | 12' DES.
«| |5'MIN. 12 12 IO'MIN. | =
SHLOR.|  LANE | LANE SHLDR.
i
47 DES. oo . 4% DES.
2ZMIN.] 1.5%2 | 1.5% 27% MIN.

TWO LANE TRAVELWAY (ONE DIRECTION) - SECTION

PGL

|

12* DES. l 12' DES.
.l TMIN. 120l a2 a2t | 10'MIN. | sl

SHLDR. CANE | LANE LANE SHLOR.

i
4% DES. i 47 DES.
27 MIN. 1.5%2 | 1.5% 2.0% 2.57% MIN.
— - ——

THREE LANE TRAVELWAY (ONE DIRECTION) - SECTION

PGL
12' DES. ! 12' DES.
| | T'MIN. | |2 | 12" | 12 | |2 | 10" MIN. «
SHLDR. LANE i LANE LANE LANE SHLDR.
]
I
4% DES. i 4% DES.
27 MIN, 1.5% | 1.5% 2.0% 2.5% 3% MIN.
FOUR LANE TRAVELWAY (ONE DIRECTION) - SECTION
PGL
12" DES. | 12' DES.
el | T'MIN. | 12! | 12 [ 12' | 12' | 12' | 10" MIN. .|
SHLDR. LANE LANE i LANE LANE LANE SHLDR.
|
47 DES. Lo . 47 DES.
2.5% MIN, 2.0% 1.52 | 1.5% 2.0% 2.5% 3% MIN.
—— — e ——

FIVE LANE TRAVELWAY (ONE DIRECTION) - SECTION

= |.SEE EXHIBIT 2-15 FOR GRADING CRITERIA.

2. PGL AND CROWN LINE CAN BE ADJUSTED
TO MATCH SPECIFIC SIGHT CONDITIONS.
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Exhibit 2-14 Typical Superelevated Section

SHOULDER,  TRAVEL WAY SHOULDER

f
¥

74 DES. ROLLOVER

'/_/ 8% MAX.

27 MIN 67 MAX ;

47 TYP & VAR B
—_— sig. 64 MAX |
NOTES:

|. PGL LOCATION, LANE AND SHOULDER WIDTHS SAME AS NORMAL
SECTION (SEE EXHIBIT 2-13).

2. SHOULDER CROSS SLOPE ON LOW SIDE OF SUPERELEVATED

SECTION SHOULD BE 4.04 OR MATCH THE TRAVEL WAY
SUPERELEVATION, WHICHEVER IS GREATER.
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Exhibit 2-15 Desirable Grading Criteria - Mainline and Ramps

SHOULDER g | SHOULDER 8'

FILLS LESS THAN 5' FILLS GREATER THAN [0

NOTES:

I, HEIGHT OF FILL IS MEASURED FROM P.V.l. OF BERM.
2. SEE SECTION 4 FOR GUIDE RAIL PLACEMENT.

P.V.I.
]
SHOULDER, 8' | P.

SHOULDER 8'

4" TOPSOILING
& SEEDING

4" TOPSOILING
& SEEDING

FILLS 5'TO 10' TYPICAL CUT SECTION
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Exhibit 2-16 Lateral Bridge Clearances - Ramps

= —
=z =
w L
= =
- =
=2 =
B 8 MIN RAMP_WIDTH (8 MIN G
o BERM | SEE EXHIBIT 2-19 | BERM .
- | =
o 2 o

]

I——! T T !.——l
\ 7 L /
\'5 8' MIN | RAMP WIDTH (8" MIN (5 /
§£ BERM | SEE EXHIBIT 2-19 | BERM |2 ?

o | ZEE SEE
NS |NOTE 2 NOTE 2[S 7~
o o
\ L Ll /
o I ] o
RAMP UNDERPASS
SEE NOTE | , APPROACH RAMP WIDTH , SEE NOTE |
EXHIBIT 2-19) OR 26 FT.,
WHICHEVER IS GREATER
RAMP OVERPASS
NOTES:

. STOPPING SIGHT DISTANCE ON HORIZONTAL CURVES GOVERNS WIDTH OF RAMP
(SEE EXHIBIT 2-3)

2. STOPPING SIGHT DISTANCE ON HORIZONTAL CURVES GOVERNS OFFSET TO PIER
OR ABUTMENT.

3. THE CONTROLLING WIDTH OF 26 FEET ON THE RAMP OVERPASS IS TO ALLOW
FOR FUTURE LANE CLOSINGS FOR MAINTENANCE SUCH AS DECK PATCHING OR
REPLACEMENT.
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Exhibit 2-17 Lateral Bridge Clearances - Mainline

LEFT CLEARANCE RIGHT CLEARANCE

SEE NOTE |

BERM | SHOULDER MAINLINE ROADWAY  SHOULDER, BERM

i
AN

SEE SEE
NOTE 2 NOTE 2
= | =
30" MINIMUM =
oL
MAINLINE ROADWAY |SHOULDER, BERM | E
8' MIN <
/
/I

PARKWAY UNDERPASS

NOTES:

. WHEN PRACTICAL, PLACE PIER AT CENTERLINE OF MEDIAN. PROVISION FOR
ADDITIONAL LANES SHOULD BE CONSIDERED WHEN DETERMINING PIER OR
ABUTMENT LOCATION. IF THERE IS A CONTINUOUS MEDIAN BARRIER THE
OFFSET SHOULD BE SUFFICIENT TO CONSTRUCT THE BARRIER IN FRONT OF
THE PIER WITHOUT REDUCING THE SHOULDER WIDTH.

2. ROADSIDE PROTECTION OF PIERS AND ABUTMENTS SHALL BE DESIGNED IN
ACCORDANCE WITH SECTION 4 OF THIS MANUAL.

2.4. INTERCHANGE RAMPS

2.4.1. Roadway Designation

See Section 1 of the Procedures Manual for ramp naming convention.

2.4.2. Design Speed
1. Loop ramps =30 MPH; Absolute minimum =25 MPH
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2. Semi-direct connections = 30 MPH
3. Outer cloverleaf connections = 35 MPH

4. Direct connections =40 MPH

2.4.3. Horizontal Alignment
For minimum radii see
1. Exhibit 2-18.

a. The desirable minimum radius shall be 235 feet. The absolute minimum radius
shall be 150 feet (waiver required from Chief Engineer). It is desirable to use as
large a radius as project conditions will allow.

b. For compound curves, the ratio of the flatter radius to the sharper radius should
not exceed 2.0.

2. For pavement widths, see Exhibit 2-19.

3. Loop ramp configuration and transition curves shall be as indicated on Exhibit
2-20.

4. The minimum length of tangent between reverse curves shall be sufficient to
accommodate the superelevation transition.

5. For typical Exit and Entrance Terminal treatments, see Subsection Error! Reference s
ource not found.

Exhibit 2-18 Minimum Curve Radii for Ramp Design Speeds

Ramp Central Radius in Recommended Design Speed
feet (minimum) (mph)
150 25
235 30
340 35
485 40
650 45
840 50
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Exhibit 2-19 Design Width of Pavement for Ramps

Radius at Lane edge One Lane Entrance Ramp Proper Width Ramp Proper Width
. . . for One Lane Ramp for Two Lane Ramp
of Inside Curve Terminal Width (W1)

(W) (W)

150’ 18’ 22’ 32’

235’ 18’ 22’ 31

300’ 17 22’ 30’

400 17 22’ 30’

500’ 17 22’ 30’

Tangent 17’ 22 29’

Rev. September 2022
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Exhibit 2-20 Typical Loop Ramp Geometry

INTERCHANGE RAMP GEOMETRY

12' DECEL. LINE p,i, SEE EXHIBIT
2-25 OR
2-28
. ACCEL. LINE
P, AT
i P.T.
CURVE | 235' RADIUS LOOP 150" RADIUS LOOP
RADIUSIFHILENGTHIFH)|RADIUSIF+I|LEMGTHIF ) FOR RAMP WIDTHS.
A 750 170 750 170 SEE EXHIBIT 2-19
B 500 300+ 500 300
C &40 140+ G600 140+
i} 320 105 300 1002
Ee 263 - 179 -
F 235 = 150 -
G 320 105% 300 100+
H 640 140+ 600 140+
i [1,000 min] 200+ [1.000 MmN 200+
TURNOUTS TO AND FROM ENTRANCE LOOP
SEE EXHIBIT
2-25 OR
12" DECEL.LINE  p.c, 2-28
| 2* ACCEL. LINE
¥ P.T.
FOR RAMP WIDTHS,
SEE EXHIBIT 2-19 APPROXIMATELY
50° TO 60°
235' RADIUS LOOP 150" RADIUS LOOP
RADIUSIFH)LENGTHOF T RADIUS(F ) [LENGTHUF 1)
F T80 1TO TR0 170
0 500 140 500 140
R 250 90 250 30
5 235 - 150 -
T= 263 = 179 =
u 350+ NES 300+ 100+
v 640z 140+ 640 140z
INCREASE RADII AS NECESSARY FOR " Jeor 2004 529 2002
TWO LANE INNER LOOP RAMP. X 640 140+ 640 1404
Yy 1,000 MmN 200+ |1,000 MIN] 200+

TURNOUTS TO AND FROM EXIT LOOP
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2.4.4. Superelevation
1. Cross slope on tangent sections are typically sloped one-way at 2.0 percent.
2. Minimum cross slope of 1.5 percent.
3. Maximum cross slope of 6.0 percent.

4. The desirable length of superelevation transition should be in accordance with
Subsection 2.2.2 and in no case should be less than the rate of two percent per
second of time for the associated design speed.

5. Exhibit 2-21 provides a suggested range of superelevation rates from minimum to
desirable for various interchange ramp radii.

6. Exhibit 2-22 indicates the maximum algebraic difference between ramp and
mainline pavement.
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Exhibit 2-21 Interchange Ramp Superelevation

Design Speed Radius (ft)
(mph) 150 | 230 | 340 | 485 | 650 | 1000 | 1500 | 2000 | 3000
25 4-6 | 3-6|3-6|3-5|2-4|2-3| 2 2 2
30 - 6 | 56| 4-6|3-5]|3-4|2-3| 2 2
35 - - 6 6 |5-6|4-5|3-4]2- 2
40 - - - 6 6 | 5-6|4-5]|3-4]2-3

Exhibit 2-22 Maximum Difference in Cross Slope Rates at Crossover Crown Line

Ramp Design Speed Max. A in Cross Slope
(mph) at Crossover Line (%)

V <35 mph 6

V> 35 mph 5

2.4.5. Vertical Alignment

1. Desirable maximum profile upgrade shall be 5.0 percent. Absolute maximum profile
upgrade shall be 7.0 percent.

2. Maximum profile downgrade shall be 5.0 percent.

3. Desirable minimum profile grade shall be 0.5 percent. Absolute minimum profile
grade shall be 0.3 percent.

4. See Subsection 2.2.3 for Vertical Curve requirements.

2.4.6. Pavement Sections and Details
The interchange ramp pavement section shall be the same as the mainline section.
See Subsection 2.3.2.

2.4.7. Typical Sections

1. Refer to Exhibit 2-19 and Exhibit 2-23 for typical interchange ramp and berm widths
and cross slopes.

2. Ramps should be designed without curbs whenever possible. However, if surface
drainage control is required, curb can be specified as shown in Exhibit 2-24.

Rev. September 2022 Table of Contents Page 2-24




New Jersey Turnpike Authority Design Manual
Section 2 - Garden State Parkway Geometric Design 2.4 - Interchange Ramps

Exhibit 2-23 Typical Section - Ramps

PGL

|
SEE NOTE | 8' 22| M|N / 32! MAX I 8' SEE NOTE |
e T BERM | RAMP WIDTH AS PER R s

EXHIBIT 2-19 |

|

|

i

[.5% MIN |

Y - |

27. 6% MAX gy
H e | i
NOTES:

. SIDE SLOPE GRADING (SEE EXHIBIT 2-15).

2. CROSS SLOPE AND SIDE SLOPES APPLY TO BOTH CURBED
AND NON-CURBED SECTIONS.

3. PGL AND CROSS SLOPE AS SHOWN ARE TYPICAL FOR A
RIGHT LANE EXIT OR ENTRANCE RAMP AND CAN BE ADJUSTED
AS NECESSARY.
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Exhibit 2-24 Interchange Ramps - Curb Section Detail

Fvl
SHOULDER . 8' | 4" TOPSOILING
M :
BE I & SEEDING
V.C.
I
TYFE A
CURE

e

FARKWAY —f --Il:
FAVEMENT I

8" UNDERDRAIN AS REG'D.
SEE STANWDARD DRAWINGS

TYPICAL CURB SECTION

=] BERM TO BE SLOPED AS INDICATED
IN EXHIBIT 2-23.

2.5. AUXILIARY LANES

2.5.1. Entrance Ramp Acceleration Lanes

1. Single Lane and Two-Lane Entrance ramps:

a. A typical acceleration lane for a single lane entrance ramp is shown in Exhibit
2-25.

b. A two-lane entrance ramp shall consist of the typical ramp acceleration
geometry followed by a single lane drop. A typical two-lane entrance ramp is
shown in Exhibit 2-28.

2. If the mainline is curved, the acceleration lane shall be curved to fit the required
lengths and dimensions shown.

3. Where the acceleration lane falls within a section of roadway with 3 percent or
greater profile (upgrade or downgrade), the acceleration lengths from Exhibit 2-26
shall be adjusted by the ratios indicated in Exhibit 2-27 to determine minimum
acceleration lane lengths.
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4. See PM Standard Drawings for entrance ramp pavement markings.

5. The continuity of the through (mainline) roadway shall be maintained at all times.

Exhibit 2-25 Single Lane Entrance Ramp

~2' NOSE_WIDTH

R = 1,000" MIN,

SEE EXH. 2-20

Lg

300"

La

TAPER

MOTES;

I. "La"SHALL BE OBTAINED FROM EXHIBITS 2-26 AND 2-27 FOR

ACCELERATION LENGTH AND GRADE ADJUSTMENT

FACTORS.

2. "Lg" SHALL BE 300" MINIMUM, MEASURED FROM 2'NOSE WIDTH TO
START OF TAPER.

3. THE VALUE OF "La" OR “Lg", WHICHEVER RESULTS IN THE GREATER

DISTANCE DOWNSTREAM
SHALL DETERMINE THE LENGTH OF

FROM WHERE THE NOSE WIDTH EQUALS 2'
THE RAMP ACCELERATION LANE.
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Exhibit 2-26 Minimum Length of Acceleration Lane

Highway Design
Speed, V (mph)

Acceleration Length, La (ft) for

Entrance Curve Design Speed (mph)

25 30 35 40 45 50
60 1020 910 800 550 420 180
70 1420 1350 1230 1000 820 580
Exhibit 2-27 Acceleration Lane Grade Adjustment Factors
Highway Acceleration Lanes
Design Ratio of Length on Grade to Length of Level
Speed for Design Speed of Turning Curve (mph)
(mph) 25 30 40 50 All Speeds
3 to 4 percent upgrade 3 to 4 percent downgrade
60 1.4 1.5 1.5 1.6 0.6
70 1.5 1.6 1.7 1.8 0.6
5 percent upgrade 5 percent downgrade
60 1.7 1.9 2.2 2.5 0.5
70 2.0 2.2 2.6 3.0 0.5

Exhibit 2-28 Two-Lane Entrance Ramp

— =
- . . T
- = e
SEE EXHIBIT 2-25 FOR E00" 1 000" &00!
RAMP ACCELERATION GEOMETRY ™ TAPER TAPER

2.5.2. Exit Ramp Deceleration Lanes

1. Single Lane and Two-Lane Exit Ramps

Rev. September 2022
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a. For Single Lane exit ramps there are two types of deceleration lanes as shown in
Exhibit 2-29. The application of these two types is dependent upon the overall
geometry of the situation. The “Parallel Ramp Configuration” is generally used
in conjunction with a dual-dual roadway for exit from the inner roadway.

b. A two-lane exit ramp shall consist of a single lane widening followed by the
typical ramp deceleration. A typical two lane exit ramp is shown in Exhibit
2-32.

2. If the mainline is curved, the deceleration lane shall be curved to fit the required
lengths and dimensions shown.

3. Where the deceleration lane falls within a section of roadway with 3 percent or
greater profile (upgrade or downgrade), the deceleration lengths from Exhibit 2-30
shall be adjusted by the ratios indicated in Exhibit 2-31 to determine minimum
deceleration lane lengths.

4. See PM Standard Drawings for exit ramp pavement markings.

5. The continuity of the through (mainline) roadway shall be maintained at all times.
Where directed by the Authority, the mainline through lanes may be reduced with a
lane drop that maintains through lanes for 900 feet beyond the exit ramp followed
by a 300-foot taper.
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Exhibit 2-29 - Single Lane Exit Ramp

STA. OFFSET TO
INTERSECTION POINT
TO BE SHOWN ON PLANS

SEE_EXHIBIT
2933

0
THROUGH ©
LANES
— — 2 15* R=600' v —R=500" ——
e el TR il 11 | el = L
2' SHOULDER P.C. P.T R=1200" \MA 1 2' SHOULDER
T =
= €.\ 4" TR=6 —{ §I12°LANE
, .. 12 SHOULDER
120" My, i C>
— R=1800' = 33
180" Ld
" TAPER | !
PARALLEL RAMP CONFIGURATION
— THROUGH
LANES /§g§3sxmsn
T e aTe e e e m T L L L e m e e e m -
- . -
12' SHOULDER P.C. /f_ @}y 12" SHOULDER
: 58
| R=1000"
2
W LANE
STA. OFFSET TO INTERSECTION ,
POINT TO BE SHOWN ON PLANS 2
SHOULDER
180" Ld | R = 750" MIN.
TAPER ' SEE EXHIBIT 2-20 '
* SEE EXHIBIT 2-19
LOOP RAMP CONFIGURATION
NOTES:
FOR

I. "Ld" SHALL BE DETERMINED FROM EXHIBITS 2-30 AND 2-31
DECELERATION LANE LENGTH AND GRADE ADJUSTMENT FACTORS.
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Exhibit 2-30 Minimum Length of Deceleration Lane

Deceleration Length, Ld (ft) for

Highway Design Exit Curve Design Speed (mph)
Speed, V (mph)
25 30 35 40 45 50
60 460 430 405 350 300 240
70 550 520 490 440 390 340

Exhibit 2-31 Deceleration Lane Grade Adjustment Factors

Deceleration Lanes
Highway Design Ratio of Length on Grade to Length of Level
Speed (mph) for Design Speed of Turning Curve (mph)
All Speeds
3 to 4 percent upgrade 3 to 4 percent downgrade
All Speeds 0.9 1.2
5 percent upgrade 5 percent downgrade
All Speeds 0.8 1.35

Exhibit 2-32 Two-Lane Exit Ramp

THROLGH THROUGH
LANES LANES\
- . T Z=_ _ o _ _  _
i
T Ry S
l2 SHOULBER 24— - —
_‘_‘-‘_‘-‘_‘_‘_‘_""‘-—-._
180" 1500° MIN, 180" GREATER OF
FTAPER | ™ TAPER | Ld OR 640" |

2.5.3. Nose Grading

Typical nose grading between a mainline roadway and an aukxiliary lane(s) is shown
in Exhibit 2-33.

Rev. September 2022 Table of Contents Page 2-31




New Jersey Turnpike Authority Design Manual
Section 2 - Garden State Parkway Geometric Design 2.6 - Other Roadways

Exhibit 2-33 Typical Nose Grading

IVE PROFILE
NEGATIVE PROF

THRU EDGE OF ROADWAY —1

IMLET FLACED AS SHOWW TO COLLECT
RUMOFF FROM RA&IN OR MELTING SNOW
IM GORE AREA

EDGE OF AUXILARY LAME

2.6. OTHER RoADWAYS

2.6.1. Crossroads

Where local roads are being replaced, the intent of the Authority with respect to
any work under the jurisdiction of the state, county, municipality, or any other
agency is “replacement in kind”, according to present standards of that agency. All
such work is subject to the approval of the Authority’s Engineering Department and
must be previously agreed to in writing by the concerned agency, as noted
elsewhere in this manual and the Procedures Manual.

Similarly, all detouring and / or closing of local roads during construction must be
approved by the appropriate agencies in accordance with the Procedures Manual.

2.6.2. Access and Service Roads

Treatment similar to “Crossroads” above.

2.6.3. U-Turns and Z-Turns

1. U-Turns and Z-Turns shall be designated by milepost location. Refer to Section 7 for
signing.

2. Use and Location - Consult the Authority for location criteria.
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Exhibit 2-34 U-Turn Geometric Criteria

,400"' ACCELERATION

,400' DECELERATION

¥ LENGTH ¥ LENGTH
~«—TRAFFIC |
i
1
SHOULDERs | SHOULDERs
] ! L
5! |
|
oy 40 [ (MIN.) »
|
8% |
— i -
SHOULDER® | R=1/2W SHOULDER®
| TRAFFIC—=
: |
€ U-TURN—=
400’ DECELERATION 400" ACCELERATION

N LENGTH

N LENGTH

U-TURN GEOMETRIC CRITERIA

NOTES:

|« MAINTAIN DRAINAGE WITHIN U-TURN MEDIAN.
2. RUMBLE STRIPS SHALL NOT BE PLACED WITHIN 400 FEET
OF ACCELERATION/DECELERATION LENGTH.

* | 0" MINIMUM
|12' DESIRABLE
14' WHEN GUIDE RAIL IS PRESENT OR
CONSTRAINING GEOMETRY DICTATES

Exhibit 2-35 Z-Turn Geometric Criteria

. 400' DECELERATION LENGTH 75 400' ACCELERATION LENGTH _,
Ll DUAL FACE
DUAL FACE | GUIDE RAIL ——
12' MIN. — [GUlDE RAIL | [ [SHOULDER
1
—] } 1 PARKWAY Y :
s 7 PAVEMENT  —
J T L
|2' MIN. - END I END TREATMENT
EHEE 6 TREATMENT |
SHOULDER ¢ Z-TURN—= TRAFFIC—=

400' DECELERATION LENGTH |
f 1

400' ACCELERATION LENGTH

Z-TURN GEOMETRIC CRITERIA

NOTES:

|. MAINTAIN DRAINAGE WITHIN Z-TURN MEDIAN.
2. RUMBLE STRIPS SHALL NOT BE PLACED WITHIN
ACCELERATION/DECELERATION LANES.
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2.7. GRADING CRITERIA

The general grading criteria set forth in this section are intended to be used as guidelines to

achieve an economically feasible, safe, and aesthetically pleasing design. Variations to the

specified criteria are permissible as long as the design adequately complies with the intent of

the guidelines. Design side slopes based on slope stability as determined according to

Subsection 6.7. Variations in side slopes should be investigated in order to obtain a favorable

earthwork balance. Every effort is to be made to limit the use of critical slopes where feasible so

as to eliminate the need for guide rail. Consideration shall be given to the impact on right of

way, earthwork, aesthetics, existing trees, utilities, regulated areas, etc.

2.7.1. Grading in Fill Areas

1.

4.

Variable side slopes, depending on the height of fill at the PVI of berm, shall be used
for all ramps and for existing Parkway roadways. See Exhibit 2-15.

a. 0-5feet fills—6H:1V slope
b. 5-10 feet fills — 4H:1V slope
c. 10 feet and greater fills — 2H:1V slope maximum

Refer to Section 4 (Guide Rail/Median Barrier/Attenuator Design) of this Manual for
guide rail requirements related to height of fill. Safety grading criteria may be
utilized on mainline roadways as directed by the Authority’s Engineering
Department in order to eliminate guide rail warrants.

Mainline and ramp sections shall have a berm width of 8 feet minimum sloping
away from the roadway at an 8 percent grade with the exception of the berm on the
high side of a superelevated ramp which will slope away at a 2 percent grade as
indicated on Exhibit 2-23.

All roundings shall have 5-foot vertical curves.

2.7.2. Grading in Cut Areas

1.
2.

2:1 maximum side slopes are recommended throughout. See Exhibit 2-15.
Berm widths are the same as for fill sections.
All roundings shall have 5-foot vertical curves.

Cut sections in rock will be subject to Authority’s Engineering Department approval
of the Engineer’s soils recommendations.

In borrow projects, the Engineer shall investigate the possibility of using flatter cut
slopes in an attempt to achieve a more favorable earthwork balance.
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2.8. FENCING

2.8.1. General Policy

1.
2.

3.

The policy of the Authority is to fence all of their right of way.

Chain Link fence shall be used around interchanges, service areas and maintenance
areas; along the right of way adjacent to existing commercial or residential areas or
areas zoned for future commercial or residential development and 1,000 feet either
side of the limits of these areas; along local roads and 500 feet either side of local
roads along the Authority’s right of way; and at all other locations at the direction of
the Authority.

Chain link fence shall be as per the Standard Details.

2.8.2. Configuration

The following criteria will be followed in placing ROW fence at or across waterway
openings:

Fence intersecting waterways which have a bottom width of 6 feet or greater will be
turned and run parallel to the stream, and along the top of bank, to the culvert
headwall through the roadway embankment. Fencing will then be carried up
behind the wingwall, across behind the headblock and back out to the right of way
along the far side of the waterway. The median area crossed by the waterway will
not be fenced. On one selected side of that portion of the fence running
perpendicular between the ROW and roadway embankment, the engineer shall
consider placing a single vehicular gate.

Vehicular gate dimensions shall be as shown on the Standard Details. These gates
shall be placed on that side of each water course which affords best access for
maintenance. Consideration is to be given to proximity of local road access, the
extent of trees, vegetation and ground contour to determine if a gate is required
and if so where it is to be placed.

A right of way fence is to be carried across streams and ditches having less than a 6-
foot bottom width. Line posts are to be spaced so that no post is erected in the bed
or slopes of the ditch. The bottom of the fence shall provide for one foot freeboard
above the ditch high water elevation. When the profile line of the fence bottom is
greater than one foot above the high-water elevation, the fence fabric shall be
extended lower as necessary to maintain the specified freeboard across the width of
the ditch. See Exhibit 2-36 for general fence placement criteria at streams and
ditches.

Rev. September 2022 Table of Contents Page 2-35




New Jersey Turnpike Authority

Design Manual
Section 2 - Garden State Parkway Geometric Design

2.8 - Fencing

Exhibit 2-36 Stream Fencing Criteria

[—REO.W. LINE

X 4

S -/
VEHICULAR GATE

W X
\—FENCE

T
At

3

/—BOTTOM OF FENCE

0
¥ | ’ |/ i
X
IF NECESSARY EXTEND
‘ DITCH BOTTOM ‘ FABRIC TG MAINTAIN
[ LESS THAN &'-0" WIDE 1 |'-0" CLEARAMNCE
ELEVATION "A"
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Section 3 - STRUCTURES DESIGN

3.0. DEFINITIONS

Definitions as provided below supersede definitions located elsewhere within the NITA
document library and are for the purpose of this Section only. Defined terms where shown in
this Section, will have only the first letter capitalized. Where capitalized terms are noted
throughout the text but not below, the reader is implicitly directed to either the NITA
Procedures Manual or the NJTA Standard Specifications for the definition of those terms. Terms
that are defined below but are not shown with the first letter capitalized in this Section, are
provided for general information and for the purposes of enabling uniform nomenclature.

AUTHORITY: The New Jersey Turnpike Authority (NJTA), with its principal office in Woodbridge,
New lJersey, or its duly authorized representative in cases of Projects entrusted to the
Authority’s General Consultant or Program Manager, acting on behalf of the Authority.

BRIDGE MAINTENANCE WORK: Work intended to preserve a structure, which typically includes
local area repairs to the concrete deck and / or riding surface (or overlay), resetting of bearings,
joint repair, drainage cleaning, bridge seat cleaning, crack sealing, and miscellaneous repairs to
the superstructure and substructure with spot painting, as required. Also included is
select/localized concrete deck panel replacement.

BRIDGE REHABILITATION: Rehabilitation of any existing bridge which generally includes
replacement of a large portion or all of the concrete deck and joints, zone painting of the bridge
superstructure, and/or miscellaneous superstructure and substructure repairs. Bridge
Rehabilitation Projects are generally intended to extend the service life of a bridge for 25 to 35
years. In special instances, a Bridge Rehabilitation may include repair of designated critical items
to extend the useful service life of bridges which are considered in poor condition and are
scheduled for replacement within 10 to 15 years.

COMPREHENSIVE BRIDGE REHABILITATION: Rehabilitation of any existing bridge (Major or
Routine) which generally includes, but is not limited to, complete replacement of the concrete
deck and joints, extensive superstructure repairs (including strengthening), full/zone repainting,
bearing replacement, seismic retrofit, bridge widening, and/or miscellaneous substructure
repairs. Complete/ or partial superstructure replacement may also be considered.
Comprehensive Bridge Rehabilitation projects generally are intended to extend the service life
of a bridge for an additional 60 to 75 years.

CONTRACT DOCUMENTS: Advertisement for Proposal, Proposal Guarantee, Contract
Agreement, Contract Bond, Power of Execution, Standard Specifications, Supplementary
Specifications, Plans, Addenda, and other transmitted documents to the prospective bidders
prior to the receipt of bids, Change Orders, Field Orders, and Supplementary Agreements, all of
which are to be treated as one instrument whether or not set forth at length in the written
Contract Agreement.
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CONSULTANT: An engineering consulting firm retained by the Authority to perform engineering
and plan preparation work.

CONTRACT PLANS: The standard drawings, the official approved drawings specially prepared for
the Project, profiles, cross-sections, and any supplemental drawings, or exact reproductions
thereof, and that are current on the date the bids are received, and were furnished by the
Authority, that indicate the location, character, dimensions, and details of the Work to be done.

CROSS-BEAM: A Closed-box or open-shape steel pier cap, either free spanning or cantilevering
out, for the purposes of supporting Girders or Stringers. Cross-Beams are always considered
Fracture Critical Members.

CROSS-FRAME: A Fabricated open truss member that acts as bracing that spans between
deeper Stringers of a bridge and assists in the distribution of loads. Cross-Frames shall be
considered as primary members in curved structures.

CULVERT: A structure including supports erected over a depression, drainage path, or waterway
having an opening measured perpendicular to the flow of water (or equivalent measure) of 5’ to
20’ between faces of abutments or spring lines of arches, or extreme ends of openings for
multiple boxes. It may also include multiple pipes where the clear distance between openings is
less than half of the smaller contiguous opening.

DESIGN ENGINEER: The Design Engineer is an authorized representative of the Engineer of
Record, with at least 10 years of direct bridge structural engineering design experience and at
least 5 years working as a structural engineer in New Jersey, who is licensed to practice in New
Jersey. Design Engineers shall have practical experience with all the design and construction
issues required for the Project including, but not limited to, steel fabrication including welding
and field erection, basic metallurgical understanding of common construction materials, basic
concrete mix design and chemistry, and an understanding of current trends in construction
methods and materials related to heavy bridge work. The Design Engineer may or may not be
the Engineer of Record. However, the Design Engineer’s initials shall always be the Supervisor in
the “supervised box” lower left-hand corner of the Plans related to the structural design aspects
of the Project.

DIAPHRAGM: A solid body member such as a C-channel, W-shape, fabricated welded plate, or
concrete beam element that acts as bracing and assists in load distribution spans between the
Stringers of a bridge. Diaphragms shall be considered as primary members in curved structures
and heavily skewed structures.

ENGINEER: The Chief Engineer of the Authority or his/her duly authorized representative acting
within the scope of the authority vested in him/her.

ENGINEER OF RECORD (EOR): Professional Engineer licensed to practice in New Jersey,
responsible for the preparation of the Contract Documents. All communications with the
Authority shall be through the EOR.
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FAILURE CRITICAL MEMBER: A bridge member whose failure would be expected to result in a
partial or full collapse of the bridge. Failure Critical Members may be constructed of any
material designed to withstand loads including non-tensile loads. An example of a Failure Critical
Member is a truss chord compression member or non-redundant pier column. This definition is
meant to identify bridge members which may not be subjected to significant tension or flexure
(such as pier columns), but their loss would still adversely affect the functionality and safe use of
the structure. Non-redundant pier columns meeting the impact provisions of Subsection 3.2.2 of
this Manual are exempt from this definition.

FLOORBEAM: Horizontal members that span transversely to, and are supported on, Girders or
trusses and are used to support the Stringers or deck.

FRACTURE CRITICAL MEMBER: A bridge member subjected to tension or flexure that lacks
redundancy. i.e., in the event of failure of just that element, the collapse of an entire span or
bridge is likely to occur. Fracture critical members are noted as (FCM) for the purposes of
identifying Fracture Critical Members in the Contract Plans. This definition is expanded beyond
current FHWA guidance to include members other than steel components, such as non-
redundant free spanning pier caps under direct flexure load from the superstructure. Two
column concrete pier bents are exempted from this provision where they meet the impact
resistance design provisions of Subsection 3.2.2

GIRDER: A horizontal structural member carrying vertical loads by resisting bending. A Girder is
comprised of multiple plates and/or angles which are riveted or welded together and is usually
interconnected by a system of Floorbeams, which in turn support a floor system that is typically
comprised of Stringers, that directly supports a concrete bridge deck. In certain rare instances
within the Authority, some Girder bridges may have decks supported solely on the Floorbeams
or the deck may be supported directly on the Girder. These details are not to be reproduced in
New Bridges. Girder ends are supported directly on abutments and/or piers. Girders may simply
be referred to as “beams” in this section.

MAIJOR BRIDGE: A bridge carrying Turnpike or Parkway roadways which merits additional
consideration for design, maintenance, or rehabilitation effort. The minimum criteria for
qualifying as a Major Bridge is that the bridge must support mainline traffic, must feature at
least one span longer than 180 feet, or is designated by the Authority to be considered a Major
Bridge.

NEW BRIDGE: A complete replacement of an existing bridge or an additional bridge added to
the inventory. For the purposes of this Section, the limits of this work include all aspects of the
construction from the level of the light standard mounts on the parapet to the bottom of the
substructure components (piles / drilled shafts), and the full length of the bridge from the outer
limits of the bridge approach slabs (or abutment back walls), including the wingwalls. Also
included is the design of all permanent materials left in place and consideration of all temporary
works and staging required to construct the New Bridge.
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3.1.

PROJECT: The entire Work to be performed under the Contract, including the furnishing and
execution of all things necessary or proper therefore or incidental thereto for completion of the
Work.

REFERENCE DRAWING: Any Plan sheet from a previous contract, a concurrent contract, or a
future contract, included with the Contract Documents which will aid the Contractor in
performing the work of the Project. Absolutely no changes are to be made to any Reference
Drawings.

ROUTINE BRIDGE: Any bridge which is not a Major Bridge that is 20’ or longer. A Culvert with a
clear span of 20 feet or longer is also considered to be a Routine Bridge.

SERVICE LIFE: The period of time that the bridge is expected to be in operation.

SPECIFICATIONS: The Standard Specifications, the Supplementary Specifications and Addenda, if
issued, pertaining to the method or manner of performing the Project and to the qualities of the
materials to be furnished for the Project.

STRINGER: A horizontal structural member carrying the vertical loads which supports the bridge
deck by resisting bending. Stringer ends may be supported directly on abutments and piers, or
may be supported only by a Floorbeam system of a Girder or truss bridge. Stringers may simply
be referred to as “beams” in this section.

SUBSTANTIAL MODIFICATION: A Substantial Modification shall be defined as the alteration of
any primary load carrying member within a bridge superstructure, including, but not limited to,
Girders, Floorbeams, or Stringers, where the incurred load upon, or load capacity of, these
members is changed by more than 10% of the existing condition.

PURPOSE AND INTENT

Section 3 of the Authority’s Design Manual provides guidance, policies, standard practice and
procedures for the development of bridge and/or structure Projects. The primary goal of this
Section is to provide direction to Design Engineers to ensure that bridges constructed for the
Authority are, in descending order of priority: (1) highly durable, (2) constructible, and (3)
economical.

The instructions found within Section 3 constitute the minimum required level of effort on the
part of the EOR. The EOR is encouraged to exceed the minimum required level of effort when
best practices dictate. The Authority desires the “best value” structural solution, not the “lowest
cost” structural solution, in cases when these two conditions conflict.

Section 3 of the Design Manual shall be used with other Design Manual sections (e.g.
Geotechnical-Section 6) and shall be supplemented by current versions of the Authority’s
Procedures Manual, Load Rating Manual, Construction Manual, Manual for Traffic Control in
Work Zones, Standard Specifications, and Standard Supplementary Specifications.

Although this Section provides guidance on design and analysis procedures, it does not preclude
the need for additional engineering analysis and design procedures to produce a safe,
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economical and maintainable structure. Often special conditions will require engineering
judgment to be applied and shall be assessed by the EOR and approved by the Authority on a
Project specific basis.

3.2. BRIDGES

3.2.1. Design Specifications

3.2.1.1. Design
Standard Design Criteria

Except as modified within this Section, the design of all New Bridges and
superstructures shall be governed by the latest edition of the American
Association of State Highway and Transportation Officials (AASHTO)
Load and Resistance Factor Design Bridge Design Specifications (LRFD
BDS), with current Interims and as modified by Subsection 3.2.2 of this
Manual at the time the design contract is awarded.

Project Specific Design Criteria

The Design Engineer is responsible for preparing a Project Specific
Design Criteria outlining the date and version of the LRFD BDS used for
the design of the Project at the time of Notice to Proceed. Project
specific criteria may differ from the guidance within this section of the
Manual, where warranted. Large design projects often require multi-
year design durations which may span multiple interims to the LRFD
BDS. Some of these interims may contain specific items that are
relevant and necessary to complete the design. Where changes to the
Design Criteria occur either through recommendation of the Design
Engineer or at the direction of the Authority, these changes should be
documented in the Project Specific Design Criteria throughout the
design process.

In addition, the Design Engineer shall also include in this document all
design assumptions, external referenced research, and accepted third
party design guidance used to progress the design. No design guidance
document is all-encompassing and the Design Engineer is ultimately
responsible for interpreting guidance documents and exercising good
engineering judgment in the execution of the work. Where these
interpretations and judgments may affect the ability of future Design
Engineers to review the Project work, they shall be published in the
Project Specific Design Criteria.

The Project Specific Design Criteria shall be published and submitted as
a part of the Phase A submission as described in the Procedures
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Manual. The Design Engineer is encouraged to consult the Authority
Engineer for concurrence when changes or additions are made to this
document as the project progresses. Updates made during the course of
design of the Project Specific Design Criteria shall again be submitted as
a part of the Phase C submission and as a part of the final calculations
package submitted with the Phase D submission.

Service Life

The Design Engineer shall ensure components are designed, detailed,
and constructed with general durability considerations in mind. In
general, the Design Engineer shall consider a 75-year service life for
Routine Bridges and a 150-year service life for Major Bridges. The
minimum anticipated replacement interval of bridge components and
ancillary structures shall be as follows:

. . Anticipated Replacement
Bridge Component / Ancillary Structure Interval
Routine Bridge Decks (Cast-In-Place) 50 years

Major Bridge Decks (Cast-In-Place) 75 years
Superstructure Steel 75 years
Elastomeric Bearings 35 years

HLMR Bearings 60 years

Latex Modified Concrete Overlay 20 years
Asphaltic Overlay 10 years

Joint Sealers 10 years

Deck / Concrete Seal Coats 5 years
Substructure Elements — Routine Bridges 75 years
Substructure Elements — Major Bridges 150 years
Culverts over 20 feet in Span 75 years
Concrete Culverts 50 years

Sign Structures 50 years

Light Standards 20 years

The Design Engineer shall recommend longer replacement intervals for
bridge components where feasible and applicable. For any component
or structure not listed above, the Design Engineer shall consult with the
Authority for guidance.

Foundation Design

The Authority does not permit the use of shallow bridge foundations
without prior approval of the Supervising Engineer, Structures. Driven
pile or drilled shaft foundations are the Authority’s preferred
foundation for all bridge piers, abutments and wingwalls. Deep
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3.2.1.2. Load Rating

3.2.1.3. Geometry

foundation supported bridge elements need not consider differential
settlement. Refer to Section 6 of this Manual for additional guidance.

As-designed load ratings shall be performed by the Design Engineer in
parallel with all designs for New Bridges, or where an existing bridge is
subjected to a Substantial Modification.

Load ratings of new structures or structures subject to substantial
rehabilitation or modification shall be performed and published in
accordance with the Authority’s Load Rating Manual Subsection 4.4.

In addition, the Design Engineer shall review and update the load rating
analysis when changes are made during construction that may affect
the previously calculated As-Designed load ratings. The updated load
rating analysis shall be considered an As-Built load rating and it shall be
published and submitted within the specified timeline as per the
Authority’s Load Rating Manual Subsection 4.4 following the bridge
being fully opened to public traffic. When updated load ratings are
required, the Design Engineer shall modify the General Notes sheet of
the Contract Plans as part of the relevant Change of Plan submission to
include the updated (As-Built) load ratings. When updated load ratings
are not required, the load rating report shall be updated in accordance
with the Authority’s Load Rating Manual Subsection 4.4 to indicate that
the As-Designed and As-Built load ratings are identical.

Shoulder Widths
Shoulder widths shall be established as shown in the following Exhibits

at the end of this Section:
e Turnpike Bridges: Exhibits 3-100 to 3-107
e Parkway Bridges: Exhibits 3-108 to 3-111

It is desirable for the shoulder widths on a structure to match the
shoulder widths of the approaching roadway for Turnpike and Parkway
bridges. However, under certain conditions, it may be acceptable for
shoulder widths on a structure to differ from the approach roadways.
For bridges carrying local roadways over Turnpike or Parkway roadways,
shoulder widths shall be as required by that roadway owner.

Shoulder widths for New Bridges which are less than the shoulder
widths of the approach roadways may be permissible in situations
where a physical or environmental obstruction beyond the fascias of the
bridge prevents widening of the bridge. Approval of substandard

Rev. March 2025

Table of Contents Page 3-7




New Jersey Turnpike Authority
Section 3 - Structures Design

Design Manual
3.2 - Bridges

shoulder widths shall be only via accepted Design Element Modification
Request. Consult with the Authority Engineer where it is anticipated
that reduced shoulder widths may be warranted.

The use of a reduced width shoulder will not exempt the Design
Engineer from considering future bridge re-decking efforts per
Subsection 3.2.4.1 of this Design Manual. Consideration of future re-
decking of the structure may still require the use of over-wide shoulders
in order to maintain all lanes of traffic during deck replacement or
rehabilitation operations.

In the event that the shoulder widths on the structure are less than the
shoulder widths on the approach roadway, the approach roadway shall
be tapered such that it is tangent a minimum of 100’ from the begin /
end bridge stations. This will allow the structure cross-section to be
considered as matching the approach roadway section, effectively
preventing the structure from being categorized as “functionally
obsolete” in the NBIS bridge rating system. Refer to Sections 1 and 2
(Turnpike and Parkway Geometric Design) of this Manual for guidelines
on tapering the approach roadway.

For bridge replacement Projects, Consultants shall be required to
ensure bridge cross sections meet or exceed the NBIS requirements,
effectively preventing the structure from being categorized as
“functionally obsolete”.

For Major Bridge Rehabilitation Projects, the existing bridge geometry
shall be evaluated per the NBIS requirements. The Consultant shall
make recommendations to the Authority for improving the bridge
geometrics to prevent “functionally obsolete” NBIS categorization as a
part of the Phase A submission. No geometric improvements shall
proceed without approval from the Authority.

For Bridge Replacement Projects, Consultants shall be required to
confirm that new substructure locations meet the applicable sight
distance and lateral clearance requirements for roadways passing under
the New Bridge.

For bridge replacement Projects and for Major Bridge Rehabilitation
Projects, the bridge cross section and the substructure locations shall be
assessed for future roadway capacity requirements of the roadways
below the structure and above, as dictated by the Authority’s current
accepted Capital Plan. Consult with the Authority Engineer for guidance.
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3.2.1.4. Railroad Bridges

Bridges constructed to carry railways shall conform to the latest edition
of the Manual for Railway Engineering published by the American
Railway Engineering and Maintenance-of-Way Association (AREMA),
subject to the requirements of the railroad agency concerned. Where
railroad bridges are constructed for separate governing entities (New
Jersey Transit, Norfolk-Southern, Conrail, etc.) those bridges shall be
designed in accordance with their respective design standards. The New
Jersey Turnpike Authority does not assume ownership of or
maintenance for rail structures except as determined through an
executed agreement. Refer to Subsection 3.2.2 of this Manual regarding
modifications to AASHTO Subsection 3.6.5 for railroad impact loading.
Consultants are advised that new rail bridges will become the property
of the carried rail owner after completion of construction. Consult with
the Authority Engineer prior to engaging with rail entities for bridge
rehabilitation work.

3.2.1.5. Local and State Highway Bridges

For bridges carrying local roads and State highways over Authority
roadways that fall under the Authority’s maintenance jurisdiction, this
Design Manual shall be followed for the bridge’s structural design.
However, the above roadway geometric requirements as well as the
details for sidewalks, parapets, fencing, etc. shall conform to the
requirements of the applicable agencies (i.e. NJDOT, local counties).

3.2.1.6. Accelerated Bridge Construction (ABC)

ABC is an emerging form of bridge construction which uses alternative
methods of Project planning, design and construction. These alternative
methods are geared towards reducing the onsite construction, reducing
traffic delays for the duration of a bridge replacement or rehabilitation
Project and reducing lane closures and impacts to traffic and local
communities. This can be accomplished through use of prefabricated
bridge elements to drastically reduce or eliminate time-consuming field
operations such as forming and curing of structural concrete. Innovative
construction methods such as utilizing slide-out/slide-in techniques
which allow a bridge to be built off-line and then quickly moved into
place are also effective ABC methods to minimize traffic impacts.

All New Bridge, bridge replacement, superstructure replacement, and
bridge deck replacement Projects shall consider the use of ABC.

It is generally understood that ABC Projects will be of a higher initial
construction cost than traditionally built Projects. This additional cost
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may be acceptable when compared to the advantages provided by ABC,
including traffic, shortened on-site
construction duration, reduction or elimination of winter cessation of

shortened disruptions to
concrete placement via use of precast elements, and increased quality
control for complex aspects of bridge construction. ABC can also be
beneficial where extremely tight construction work zones may preclude
or complicate the use of traditional construction operations.

In addition, intangible benefits such as increased worker and public
safety, decreased environmental impact, and reduced disruption to
densely populated areas should be weighed, where appropriate.

The use of ABC is strongly encouraged for bridge work on the Garden
State Parkway between Milepost 120 and Milepost 163 where limited
shoulder widths, high traffic congestion, and limited work staging areas
complicate construction operations.

The Authority has evaluated ABC techniques and details utilized by
various agencies and has prepared a reference document titled ‘Policy
and Guidelines for Accelerated Bridge Construction, Final Report’,
summarizing preferred methodology and tools to evaluate ABC
feasibility for a project. The ABC Screening Spreadsheet tool in this
reference document shall be utilized in the Phase A investigation to
determine if ABC is to be evaluated further for the bridges in the
project.

The following ABC candidate evaluation categories were identified as a
part of the report. The categories shown below are considered the most
critical for the purposes of using the ABC Screening Spreadsheet tool.
These categories are discussed in greater depth in the above referenced
report.

o Initial Construction Cost

e  Road User Cost

e  Toll Revenue Impact

o Project Type

o Bridge Type

o Complexity of Geometry

o Maximum Span Dimensions
e  Anticipated Detour Route

o Repetition / Economy of Scale
e Public / Road Worker Safety
e Durability / Life Cycle Costs
e  Constructability

e  Ease of Inspection
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e Adherence to the Authority’s Standards
o Environmental Impacts

e  Utility and Railroad Impacts

e  Right-of-Way Impacts

Where Project specific category considerations in addition to the above
are identified during the screening process, they shall be brought to the
attention of the Authority via the Phase A report.

ABC candidate bridges shall be identified and investigated as a part of
the Phase A evaluation. At a minimum, the Phase A report will include:

e A narrative describing how the above considerations affect
the recommendation to use ABC for a bridge Project.

o General Plan, Elevation, Bridge Section, and staging
sketches for both the traditional and ABC options.

e  Cost estimate for both the traditional and ABC options
including toll revenue impacts, where relevant.

e  Preliminary simplified Gantt style construction schedule in
Excel for both the traditional and ABC options.

Certain high cost / high construction duration elements of all bridges,
regardless of location, shall consider precast construction methods.
These elements include items such as cap beams for bent concrete piers
and open bent pier columns for very tall piers.

When considering ABC superstructure replacements, the Design
Engineer shall investigate substructure elements for remaining life span
per guidance given in Section 6 of the Design Manual prior to
recommending them for extended service.

Precast deck panels shall not be used on roadways subject to heavy
truck traffic including the Turnpike roadways north of Interchange 15E
and the entirety of the Newark Bay Hudson County Extension without
the express permission of the Chief Engineer.

The Authority will determine whether a candidate bridge is to be
advanced with traditional or ABC type construction as a part of the
Phase A review process.

3.2.1.7. Utilities on Structures

Utilities on structures are strongly discouraged. It is the policy of the
Authority to prevent the placement of utilities on structures. The Design
Engineer shall make every effort to provide alternate roadway crossing
options for utilities that would otherwise be supported on a bridge. The
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alternate options may include directional boring under the roadway or
aerial wires spanning over the road. New Bridges are prohibited from
having utilities placed upon them without express written permission
from the Authority. Comprehensive Bridge Rehabilitation Projects shall
investigate the possibility of removing utilities from subject bridges
where practical. Refer to Section 8 of the Procedures Manual for
additional utility guidance.

3.2.2. Modifications to Current Codes

The following modifications to the current AASHTO LRFD Bridge Design
Specifications shall apply:

1.3.5 Operational Importance (AASHTO)

The Operational Importance strength limit state shall classify all Turnpike and
Parkway mainline and ramp bridges as “important”, therefore: ni= 1.05.

2.3.3 Clearances (AASHTO)

The minimum vertical clearances for new or replacement bridges shall be limited to
16’-0” to the lowest projection of the underside of the bridge where it crosses over
a roadway or roadway shoulder.

The minimum vertical clearance for widened or rehabilitated bridges shall be equal
to or greater than the existing bridge clearance. Where existing bridge clearance is
less than 14’-6”, consideration shall be given to the following to achieve the
minimum bridge replacement clearance noted above.

e Replacing the superstructure
e Raising the superstructure
e Lowering the roadway below.

In instances where this is not practical, the Authority may approve a reduced
minimum under clearance of 15’-0”. Consult with the Authority Engineer should this
occur.

2524 Rideability (AASHTO)

For design purposes, the top 1/2” of the concrete deck slab thickness shall be
considered as dead load only and shall not be considered effective in carrying
secondary dead loads, live load or impact.

Also note that corrective grinding or micro-milling of the concrete deck has become
standard practice for the Authority’s bridge Projects to improve rideability and
overall deck durability. An additional 1/4” of concrete shall be provided in the
Contract Plans for construction, but shall not be considered for dead load as it is
assumed that it will be removed during the micro-milling work. Direction should be
given in the Contract Plans for the Contractor to set drainage inlets lower to allow
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for the final micro-milling. Joints should be set in specific end-of-deck and headblock
closure pours after the completion of micro-milling to allow for best possible flush
fit. However, in instances where this is not practicable, the joint armor may be set to
account for the final micro-milling. The Design Engineer is referred to the NJTA
Standard and/or Supplementary Specifications for guidance.

2.5.2.6.2  Criteria for Deflection (AASHTO)

Traditionally, bridges have been designed for stress limits using allowable stress
design (ASD) or load factor design (LFD) provisions published in the AASHO or
AASHTO codes from the first to seventeenth editions. These publications included
language limiting deflections due to live load via the limit relationship of span length
‘L’ divided by a factor of 800 for pure vehicular traffic, or ‘L’ divided by 1000 for
vehicular plus pedestrian traffic. The anecdotal history of these provisions was
ostensibly to mitigate driver and pedestrian discomfort with additional concerns
noted for durability of bridges and decks subjected to “excessive” flexure. Many
bridge owners still maintain this criterion in their own design guidelines, often
without a complete understanding of the need of this provision or its effects on
their bridges.

In evaluating the validity of the provision, both the above noted concerns were
researched and no conclusive documentation was found to support either
supposition. If anything, it is worth pointing out that the inverse may in actuality be
true for driver and pedestrian discomfort; consider that no physical sense in the
human range is capable of easily detecting so slight a movement as 1/800th of even
a relatively modest span length of 100’ (1%4”) simply by standing on that span. That
being said, the human inner ear does have the ability to detect changes in the
ambient rate of acceleration, which is actually how one senses the vertical motion
of a bridge while standing on it. Higher rate of acceleration therefore may cause
more discomfort than lower rates of acceleration. High rates of acceleration
stemming from higher bridge first resonant frequencies with small deflections are
more likely to cause more discomfort than lower rates of acceleration stemming
from lower bridge first resonant frequencies with large deflections. Regardless, it is
often difficult to calculate the first resonant frequency of even a Routine Bridge.

In actual design, deflection can still be a concern. Beams with large cambers can be
difficult to erect and correctly align where field splices are concerned, as the
erecting contractor must ‘follow the curve’ of the Girder and cannot rely on a
straight line view of the side profile of the girder. Shallow Girders may have large
cambers that approach or even exceed the depth of the Girder web, creating
concerns regarding stability, particularly during plastic concrete deck placement.

After factoring these constructability restrictions, it was determined that minimum
practical limits on at least dead load deflection camber must be observed. To that
end, the following principles shall apply to deflections:
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e When investigating the maximum absolute deflection in tangent (straight
beams) bridges, all design lanes should be loaded and all supporting
components should be assumed to deflect equally.

e When investigating the maximum absolute deflection in bridges with
horizontally curved stringers, all design lanes should be loaded and
supporting components should be assumed to deflect unequally. The
deflection limit is applied to each individual beam.

e When investigating maximum absolute deflection in transverse members
such as closed steel box Cross-Beam pier caps, design lane positions should
be loaded as appropriate to create the maximum deflection.

e The live load shall be taken from Article 3.6.1.3.2 and shall not be increased
to reflect TP-16 live loading as described in NJTA Design Manual Subsection
3.2.2 (modifications to AASHTO Section 3.6).

e The live load multiple presence provisions of Article 3.6.1.1.2 shall apply.

Deflections of all Turnpike and Parkway bridges shall use the following values as
general performance goals. Achieving the actual deflection goals shown below is not
required, but encouraged.

e Vehicular load (longitudinal and transverse members) .......... Span / 800
e Vehicular load on cantilever arms........cccccoeviveeeiiiiieeeeiiiienn, Span / 400
The following additional criteria shall also be followed:

e The gross composite section properties in both the negative and positive
moment regions of the span shall be used when calculating live load
deflections (i.e. uncracked deck slab in negative moment region).

e The span length shall be defined as the distance between the centerlines of
supports.

3.5.1 Dead Loads: DC, DW and EV (AASHTO)

Future Wearing Surface

An additional 25 psf of dead load allowance for a future wearing surface shall be
applied to New Bridges or replacement bridge deck Projects with one course
construction. The 25 psf provision accounts for the difference in weight due to the
additional thickness of overlay.

Stay in Place Forms

The dead load for bridges with new or replacement reinforced concrete deck slabs
supported by Stringers shall include a provisional 5 psf applied over the deck slab
between Stringers to provide for the weight of corrugated metal stay in place (SIP)
deck forms. All SIPs shall have their corrugations filled with foam and be oriented
such that the minimum clearance to the reinforcing bar is maintained.
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3.6 Live Loads (AASHTO)

3.6.1.2 Design Vehicular Live Load

Turnpike Bridges

Except for the design of modular bridge expansion joints, the design vehicular
live load (Strength 1) to be used for all new Turnpike mainline and ramp bridges
shall be TP-16 design live load unless otherwise directed by the Authority.
Design live load on U-Turns shall be HL-93 unless otherwise directed by the
Authority. Design live load on New Bridges carrying non-Turnpike traffic shall be
in accordance with the requirements below.

TP-16 design vehicular live load shall be in accordance with HL-93 loading except
as modified below:

e The first sentence of Article 3.6.1.2.3 is changed to:

0 The design tandem shall consist of a pair of 50 kip axles spaced
4’ apart.

e The first sentence of Article 3.6.1.2.4 is changed to:

0 The design lane load shall consist of a load of 0.700 klIf uniformly
distributed in the longitudinal direction.

e The third bullet of Article 3.6.1.3.1 is changed to:

0 For negative moment between points of contraflexure under a
uniform load on all spans, and reaction at interior piers only,
100 percent of the effect of two design tandems spaced a
minimum of 50.0 ft between the lead axle of one tandem and
the rear axle of the other tandem, combined with 100 percent
of the effect of the design lane load. The two design tandems
shall be placed in adjacent spans to produce maximum force
effects.

e Wherever a wheel load is specified, a 25 kip load shall be used.

TP-16 design vehicular live load shall be in accordance with HL-93 loading except
as modified below:

e The first sentence of Article 3.6.1.2.3 is changed to:

0 The design tandem shall consist of a pair of 50 kip axles spaced
4’ apart.

e The first sentence of Article 3.6.1.2.4 is changed to:
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0 The design lane load shall consist of a load of 0.700 kIf uniformly
distributed in the longitudinal direction.

e The third bullet of Article 3.6.1.3.1, is changed to:

0 For negative moment between points of contraflexure under a
uniform load on all spans, and reaction at interior piers only,
100 percent of the effect of two design tandems spaced a
minimum of 50.0 ft between the lead axle of one tandem and
the rear axle of the other tandem, combined with 100 percent
of the effect of the design lane load. The two design tandems
shall be placed in adjacent spans to produce maximum force
effects.

e Wherever a wheel load is specified, a 25 kip load shall be used.

Refer to the NJTA Load Rating Manual for figures depicting the TP-16 live load
model.

The generation of TP-16 loading is based on review of Weigh In Motion (WIM)
studies performed at critical points along the Hudson County Extension and the
Westerly Alignment. Results have shown that heavy and frequent traffic are
common on the Turnpike roadway, which serves as an industrial / commercial /
shipping artery for the region. TP-16 was derived to capture the increasingly
frequent heavy trucks with tightly spaced axles.

For negative moment regions TP-16 generates peak live loads that are
approximately 10% higher for spans under 60’ in length and decreases in
variance down to parity at spans lengths up to 200’, based on parametric
analysis.

Parkway Bridges

Except for the design of modular bridge expansion joints, the design vehicular
live load to be used for all new Parkway mainline and ramp bridges, including
Comprehensive Bridge Rehabilitation projects, shall be TP-16 as described
above, unless otherwise directed by the Authority. The design live load to be
used for all new members in Substantial Modifications to existing Parkway
bridges shall be HL-93. For Substantial Modifications, wherever a wheel load is
specified, a 20 kip load shall be used. Design live load on New Bridges carrying
non-Parkway traffic shall be in accordance with the requirements below.

Bridges Carrying Non-Turnpike and Non-Parkway Traffic

Unless directed otherwise by the Authority, the design vehicular live load on
New Bridges carrying non-Turnpike or non-Parkway traffic on local roads shall
be as specified by the owner or governing agency. The minimum design live load
shall be HL-93.
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For interchange projects or other projects requiring extensive coordination with
another owner or governing agency, the Design Engineer shall consult with the
Authority regarding the design vehicular live load to be used for New Bridges
carrying non-Turnpike or non-Parkway traffic over Authority roadways. Live load
and other design criteria may be dictated by memorandum of agreement,
jurisdictional agreements, or other legally binding agreements between the
Authority and other parties.

3.6.1.4 Fatigue Load

3.6.1.4.1 Magnitude and Configuration

The first and second paragraphs are changed to:

e The fatigue load shall be one design truck or axles thereof specified
in Article 3.6.1.2.2. The weights of the axle loads shown in Figure
3.6.1.2.2-1 shall be increased by multiplying by a Dynamic Load
Allowance factor of 1.33. A constant spacing of 30.0 ft. shall be used
between the 32 kip axles.

3.6.1.4.2 Frequency

The following is added to the first paragraph of Article 3.6.1.4.2:

e For computation of fatigue resistance in accordance with Article
6.6.1.2.5, one way ADTT traffic counts may be taken from Section
3.1.3 of the NJTA Load Rating Manual, current edition.

3.6.5 Vehicular Collision Force: CT (AASHTO)

3.6.5.1 Protection of Structures

The following is added:

Superstructure Impact

Review of historical collision damage at spans of Authority owned structures
has shown that the majority of impacts have occurred at the fascia Stringer
of the bridge and have been almost exclusively due to over-height vehicles
with variable reach features, such as lifted dump bodies, or improperly
secured bucket arms of excavators loaded on trailers.

These incidents are difficult to prevent due to the transient height nature of
the vehicles. The resulting impact energy of the collision is likewise difficult
to evaluate as it varies with vehicle weight, speed, and concentration of the
impact area.

Therefore, in lieu of a more refined analysis, spans of Authority owned
structures that have less than a 20’ clearance over any roadway shall
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include fascia Stringers that have a minimum bottom flange thickness of 2”
with a web plate of minimum 3/4” thickness. Diaphragms or Cross Frames
for fascia beams (if present) shall be of a depth that is as close to the full-
height of the web plate as is practicable and shall include stiffeners /
connection plates with bolted connections to the bottom flange.

This provision may be waived for bridge superstructures built using ABC
methods due to prefabricated element weight lifting concerns, as approved
by the Authority.

Substructure Impact

Vehicular collision at traditional solid concrete abutments is not anticipated
to be a controlling design load, given the consideration of the following:

e Embankments at stub abutments
e Passive pressure resistance of soil behind the full-height abutment
walls

Abutments and piers located within a distance of 25’ to the centerline of a
railroad track shall be designed for an equivalent static force of 600 kips or
shall be protected by a structurally independent crash wall or embankment
that extends not less than 7’ above the top of rail. This provides an
allowance of 1’ for future ballasting of the railroad tracks and for potential
encroachment during construction or maintenance operations.

Regardless of ADT, all bridges shall consider collision load.

Individual pier columns and wall stems with more than 42 sf of cross-
sectional area at the impact height are exempt from impact consideration.

3.10 Earthquake Effects: EQ (AASHTO)

This section shall not be considered in the design of new structures or the
rehabilitation of existing structures. Refer to Subsection 3.2.6 of this Design Manual
for seismic design and retrofit criteria.

3.11 Earth Pressure: EH, ES, LS and DD (AASHTO)

Geotechnical force effects for walls and abutments including lateral earth pressures
shall be computed in accordance with Subsection 6.6.2 of this Design Manual.

3.12 Force Effects Due to Superimposed Deformations: TU, TG, SH, CR, SE, PS
(AASHTO)

Design thermal force effects, deformations, and displacements shall be determined
per the AASHTO LRFD Bridge Design Specifications, current ed., Article 3.12.2 using
Procedure A for Moderate Climate conditions. The load factor for all thermal force

effects, deformations, and displacements shall be 1.20 for all applicable limit states.
When considering thermal force effects between substructures and superstructures,
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only the gross moment of inertia of concrete columns or piers shall be considered
unless a more detailed analysis is performed, as described below, to verify that the
partially cracked moment of inertia can be mobilized.

Forces from thermal effects, such as superstructure expansion between adjacent
fixed piers, can cause large moments on pier elements. These moments are carried
by the un-cracked gross moment of inertia of the concrete element until internal
stress in the bare concrete exceeds the modulus of rupture (fr). After the stresses
exceed this limit, the cracked moment of inertia may be used for stiffness and
thermal force effect computation. The cracked moment of inertia may be
conservatively assumed at 50% of the gross moment of inertia unless a more
detailed analysis is performed. Before a partially cracked moment of inertia may be
utilized for design, the Design Engineer shall verify that thermal force effects are
adequate to exceed the modulus of rupture in the gross moment of inertia of the
pier or column and will not cause failures in the bearing mechanisms.

3.15 Blast Loading: BL (AASHTO)

Blast loading shall only be considered for design as directed by the Authority. All
design loading required shall be provided to the Design Engineer by the Authority.

4.6.2.2 Beam-Slab Bridges (AASHTO)

Replace the 11th paragraph of Article 4.6.2.2.1-Application (Where bridges
meet the conditions specified) with the following:

The dead load considered as supported by the outside roadway Stringer shall be
that portion of the floor slab from the fascia to the centerline between the outside
Stringer and the first interior Stringer. Parapets, railings, and safety walks, if placed
after the slab has cured, shall be assumed to be carried entirely by the fascia
Stringer. Sidewalks shall be assumed to be carried proportionally by the Stringers
under and directly adjacent to the sidewalk curb using simple span distribution
between the Stringers. This distribution ratio is not applicable to noise barriers
mounted to superstructures and reference is made to Subsection 3.7 for further
guidance for noise barrier loading. Where there is an open joint in a split median
barrier, the dead load of the median barrier or raised median shall be distributed in
the same manner as for fascia Stringers. Where the deck slab is continuous through
the median, the dead load of median dividers or barriers shall be apportioned
between the Stringers assuming the slab to act as a simple span between Stringers.
Wearing surfaces shall be considered to be carried by the Stringer carrying the slab
upon which it is placed.

These provisions are not applicable to bridges where the fascia Stringers are to be
reused. Refer to the Authority’s Load Rating Manual for dead load distribution for
existing bridges.
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5.4.2.3.2 Creep (AASHTO)
The average annual ambient relative humidity shall be taken as 70%.

5.9.2.3.2b Tensile Stresses (AASHTO)
Article 5.9.2.3.2b shall be replaced by the following:

For service load combinations that involve traffic loading, tension stresses in
members with bonded or unbonded pre-stressing tendons should be investigated
using Load Combination Service Il and the tension in the pre-compressed tensile
zone shall be zero. Stress Limit limitations stated in AASHTO LRFD Specification
Table 5.9.2.3.2b-1 shall be accounted for in the NJDOT permit vehicle check, where
applicable.

5.10.1 Concrete Cover (AASHTO)
Article 5.10.1 shall be replaced by the following:

The minimum clear cover for all reinforcement shall be two inches except as given
below:

1. Concrete permanently in contact with earth: 3 inches

2. Concrete exposed to salt or brackish water:
Piers and abutments: 4 inches
Walls and culverts: 3 inches

3. Concrete in piers and abutments exposed to flowing water other than the
above: 3 inches

4. Concrete deck slabs:
Top Reinforcement: See Section 3.2.4.2
Bottom Reinforcement: linch

Splash zones noted above shall be any pier or abutment surface within 15” of an
active roadway lane. This provision does not apply to MSE precast wall facing
panels.

In piled foundations, reinforcement or supports for reinforcement shall be
positioned a minimum of three inches clear from the piles.

6.4.1 Structural Steels (AASHTO)

See Subsection 3.2.3.1 of this Design Manual for additional information.

6.7.2 Dead Load Camber (AASHTO)

In computing cambers, the weight of the concrete deck slab shall include the
permanent metal deck forms and the concrete contained in the forms, where
present. Refer to Subsection 3.2.4.2 for new decks with foam filled deck forms.
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3.2.3. Materials

In determining cambers in bridges with overlays, the weight of the overlay shall be
taken as a superimposed dead load in computing deflections of the steel section
acting compositely with the concrete slab. New Bridges need not consider a dead
load provision for future asphaltic overlays for the purposes of establishing camber.
Should need arise to install an asphaltic overlay in the future, the top 1/2” of the
concrete deck will be milled away and replaced with the new asphaltic riding
surface, thus negligible additional weight will be added to the bridge.

Steelwork shall be cambered to compensate for the weight of utilities where those
utility weights incur deflections of 0.1 inches or more. The utility dead load shall be
considered as supported by the steel section only.

Simple span bridges shall have a residual architectural camber equal to the length of
the span / 1000 or 1”, whichever is greater.

These instructions shall apply unless it is known that the construction method will
be such as to make them impractical. Consult with the Project Engineer where these
deviations are anticipated or warranted.

3.2.3.1. Structural Steel

Turnpike Bridges

Structural steel for Turnpike bridges shall comply with AASHTO M270,
Grade 50W (ASTM A709, Grade 50W) unless otherwise approved by the
Authority’s Engineering Department. Members classified as FCM’s shall
be fabricated from ASTM A709 Grade HPS50W.

All structural steel within a distance of 1.5 times the beam depth from a
bridge joint shall be metallized in accordance with the NJTA Standard
and Supplementary Specifications. The top flanges of Stringers shall be
specified as furnished coated in zinc compatible weld-through primer.
The exterior metalized surfaces of the fascia stringers shall be painted
brown in accordance with the NJTA Standard and Supplementary
Specifications. The exterior uncoated surfaces of fascia stringers,
including the underside of the bottom flange, shall be blast cleaned in
accordance with SSPC-SP-10 to ensure a uniform patina formation.

Parkway Bridges

Structural steel for Parkway bridges shall comply with AASHTO M270,
Grade 50 (ASTM A709, Grade 50) unless otherwise approved by the
Authority’s Engineering Department. Members classified as FCM’s shall
be fabricated from ASTM A709 Grade HPS50W.

All structural steel for bridges shall be painted contrasting shades of
green in accordance with the NJTA Supplementary Specifications and
per Exhibit 3-304.
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3.2.3.2. Concrete

High Strength Steel (HPS70W or higher)

Use of High Strength Steel (Grade 70W or higher) should only be
considered on a case-by-case basis and where permitted by the below
provisions. Hybrid girder design, where appropriate, will preferably
incorporate High Strength Steel in the bottom flanges of girder positive
moment regions, and in both the bottom and top flanges of girder
negative moment regions. Conventional Grade 50W Steel should be
retained in girder positive moment top flanges and all web elements.

Typical design conditions where the Authority may allow High Strength
Steel may include but are not limited to:

e Significant anticipated cost savings (10%, min) related to the total
Structural Steel bid item.

e Shallow depth girders which may otherwise require overly thick and
difficult to fabricate Gr. 50W flanges.

e Negative moment region flanges where drastic changes in flange
plate thicknesses (greater than 50%) would otherwise create
fabrication or erection complications.

The Design Engineer should be aware that due to the volatile availability
of high strength steel, economy of materials should not be used as the
sole determining factor for its use. The possibility of mill delivery delays
should be investigated by the Design Engineer via direct contact with
local steel fabricators prior to specifying its use.

Notch Toughness and Tensile Requirements

All flanges and webs in tension shall be noted as (T) on the plans for
supplementary notch toughness testing required in accordance with
ASTM A709 Section 10.

All components which are defined as Fracture Critical shall be noted as
(FCM) on the plans for supplementary notch toughness testing required
in accordance with ASTM A709 Section 10.

For the purposes of testing, Charpy V-Notch (CVN) toughness testing
shall be performed for Zone 2 requirements per the ASTM A709
specification.

The Authority does not allow the use of prestressed concrete for
structural beams or piles except at the express written permission of
the Supervising Engineer, Structures.

Wherever precast elements are specified for use, they shall be Concrete
Class P with a minimum compressive strength at 28 days of 5,500 psi.
The Design Engineer shall use a value of 5,000 psi for design.
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Concrete for use in deck slabs, headblocks, cast-in-place parapets, and
unsurfaced approach slabs for New Bridges, widenings and major deck
reconstruction shall be High Performance Concrete (HPC) with a
minimum compressive strength at 28 days of 4,400 psi. The Design
Engineer shall use a value of 4,000 psi for design.

In situations where small concrete quantities are required for barrier
parapet, Class A concrete with concrete penetrating sealer may be used
in lieu of High Performance Concrete with the approval of the Engineer.

Concrete Class A, with a minimum compressive strength at 28 days of
4,500 psi, shall be used where Class P and Class HPC are not specified.
The Design Engineer shall use a value of 4,000 psi for design.

Concrete Class SCC, with a minimum compressive strength equal to
Concrete Class A, shall be considered for drilled shaft foundations when
the following conditions exist:

e Verylong and / or large diameter shafts.

e Reinforcing requirements dictate congested reinforcement
configurations where flow of 3/4” diameter aggregate will be
challenging.

e Concrete hold times are excessive due to difficult access or long
duration pours.

e Other conditions that, in the opinion of the Engineer, may
necessitate the use of Concrete Class SCC.

Concrete Class SCC may also be specified where congested
reinforcement is present in above ground concrete members. The
Design Engineer is advised that additional notations shall be provided
on plans where SCC is used above ground, alerting the contractor to the
possible necessity of more robust formwork to resist the higher fluid
pressures exerted by the free-flowing nature of the Concrete Class SCC.

3.2.3.3. Reinforcement Steel

Reinforcement steel shall conform to the requirements of ASTM
Designation A615, Grade 60 deformed carbon steel. Low-alloy, low-
carbon steel conforming to the requirements of ASTM Designation
A706, Grade 60, may be substituted in situations where welding is
employed to expedite the assembly of reinforcement cages.

Reinforcement steel conforming to the requirements of ASTM
Designation A615 shall not be welded. Additionally, welding of
intersecting bars shall not be permitted in deck slabs.
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All reinforcement steel, regardless of where it is placed within a
structure, except for bridge decks, shall be specified as galvanized. For
reinforcement within bridge decks, refer to Subsection 3.2.4.2. The
designer is advised that for complete protection and to avoid unwanted
galvanic response between dissimilar metals, all reinforcement steel
accessories and support bars shall be galvanized. All galvanized coatings
damaged during installation shall be repaired in accordance with ASTM
A780.

3.2.4. Superstructure Design

3.2.4.1. Stringers and Beams

1.

General

The preferred superstructure type shall be steel for both Turnpike and
Parkway Bridges. Prestressed concrete superstructure types are not
permitted unless approved by the Authority. This is due to poor durability
of precast concrete stringer ends in the northeast region as compared to
steel stringers. Prestressed Stringers traditionally feature uncoated
strands which are both susceptible to corrosion and difficult to monitor
when encased in concrete. In addition, prestressed concrete Stringers are
not repairable after sustaining damage or decay and exhibit poor
vehicular impact resistance. Furthermore, they have been subject to
procurement difficulty, and raise concerns associated with repairing or
replacing prestressed Stringers damaged during shipping or construction.
For these reasons, the use of prestressed concrete has been discontinued.
The Authority may allow exceptions on a case by case basis.

Continuous superstructures should be used where practical and/or
required for structural efficiency considerations such as achieving longer
or shallower spans. Bridges with multiple simple span arrangements are
no longer discouraged. Simple span arrangements, particularly where two
span superstructures are considered, generally offer similar materials
efficiency against continuous structures and also may offer the additional
benefit of eliminating costly and time consuming field splices.

The spacing of Stringers shall be set so that future deck replacements may
be made while traffic is maintained for the full number of active lanes on
the bridge. The deck replacement shall be assumed to be in any single bay
between Stringer centerlines, and provisions shall be made for
construction barrier to protect the work area from traffic. In this
condition, the full shoulder areas may be used for traffic and no shoulders
need to be maintained through the work zone. The use of center work
zones, or “cattle chutes”, should be avoided. The Design Engineer may
consider overbuilding a structure, if needed, to eliminate a center work
zone. However, overbuilding can significantly increase the project’s
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overall costs due to additional structure /roadway, ROW, environmental
and other costs. The Design Engineer shall weigh these costs against the
use of a center work zone and advise the Authority accordingly.

Refer to the provisions of Subsection 3.2.2 of this Manual for additional
sizing guidelines relating to fascia beams which may be subjected to
impact loading.

2. Composite Construction
Stringers with a concrete deck slab shall normally be designed as
composite structures, assuming that no temporary supports will be
provided for the beam during the placement of the permanent dead load.
Girders should not be made composite with the above Stringer/deck
system.

Preferred shear connectors for standard steel stringer construction shall
be end-welded, 7/8” diameter stud. However, 3/4” diameter studs may
be advantageous to use on original steel work (pre-1970 build) to effect
better penetration of the stud end weld. In addition, 1” diameter studs
may be advantageous for use in precast deck panel work where reduction
in the number of studs lessens the number of perforations in the new
deck and speeds the end stud welding work.

For straight beam bridges, the Design Engineer shall ignore the concrete
deck in computing the shear range in regions of negative flexure. The deck
and its reinforcement shall not be considered effective in resisting
longitudinal stress.

In continuous spans, shear connectors shall be provided through the
negative moment areas at a nominal pitch not to exceed 48”. The AASHTO
LRFD BDS limit of 24” in Section 6.10.10.1.2 is waived.

Under no circumstances shall transverse steel members be made
composite with the deck, including, but not limited to, framed-in steel
Cross-Beams and end Diaphragm top members. Provisions shall be made
in the design to prevent composite action at these members either by
providing a physical gap between the deck and transverse members or by
furnishing a primer coat only on the steel. Cross-Beams shall only be
designed with a physical gap between the steel work and the deck. This
provision has been added to reduce shrinkage confinement within the
deck created by the shear connectors and therefore reduce early age deck
cracking in these regions.

3. Curved Stringers

In general, fascia Stringers shall be curved in plan to match the curvature of
the bridge fascia unless the mid-ordinate of the curve is so small that the
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curvature can be accommodated within a consistent slab overhang and the
resulting appearance of the fascia is not aesthetically objectionable.

4. Intermediate Stiffeners and Connection Plates

Transverse intermediate stiffeners for welded plate Girders and Stringers,
where required, shall be placed on both sides of the web with a tight fit at
the top and bottom of the stiffener. Where stiffeners are used as
connection plates for Diaphragms or Cross-Frames, they shall be welded at
both the tension and compression flanges. Additionally, connection plates
for Diaphragms or Cross-Frames for fascia Stringers shall be bolted to the
bottom flange.

5. Welded Details

Field welding of steel is strongly discouraged. Its use should be limited to
regions of no or negligible tensile stress only, such as welding of bottom
flanges to bearing sole plates and welding of formwork accessories to the
top flange of Girders in regions of non-reversing positive flexure. The Design
Engineer shall clearly designate limits of exclusion for welding to the top
flange of the Girders on the Contract Plans. Field automatic end welding of
shear studs is permitted in all regions of the top flange.

Fillet weld sizes as required by design shall be shown on the plans. Refer to
AWS A2.4 for proper weld call out geometry and nomenclature.

6. Splices

Beam elements of up to 120’ have been successfully transported to the site
on Authority Projects. Congested regions with tight clearances, such as the
Garden State Parkway between Mileposts 120 and 163, will likely require
shorter shipping lengths. The Design Engineer is responsible for determining
practical shipping lengths for site delivery as a part of their constructability
review. Refer to Subsection 3.5 of the Procedures Manual for guidance in
preparing the Constructability Report.

For continuous spans, splices shall be placed at locations of dead load
contraflexure. For simple spans, splices shall preferably be placed at the
outer 1/4 span points.

When a field splice is shown on the plans, provisions for it shall be made in
the design by increasing the haunch and underclearance to accommodate
the splice plates and bolt heads. Additionally, splice locations should be co-
located with flange thickness changes to minimize butt weld requirements.

All field splice locations shall be shown as ‘optional’. The Contractor should
be given freedom to omit a splice and transport the member in fewer
pieces.
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Design Engineers shall locate field splice locations with care. Field splices
shall preferably not be made over active lanes as the corresponding bridge
construction can be time consuming and disruptive to the operation of the
roadway. Erection sequencing of the Girders should also be considered to
minimize the use of temporary support towers.

Splices and connections shall be designed and the details and locations
shown on the plans. Field splices shall be designed and detailed with ASTM
F3125 high-strength bolts. 7/8” diameter bolts are traditionally employed
for field splices, however, the consideration of 1” diameter bolts is
encouraged as they may provide a substantial reduction in fastener usage.
Bolt strengths in excess of 120 ksi may only be used in shear applications
and may not be used in direct tension.

Field splicing of flanges shall preferably be performed by matching the
capacity of the smaller flange plate to the capacity of the bolted connection.
The net cross-sectional area of the flange splice plates shall equal or exceed
the cross-sectional area of the smaller flange.

Web splices shall be proportioned to resist the shear capacity of the lesser
web plate, accounting for the eccentricity of the bolted connection on
either side of the splice.

For the purposes of design, the bolted connections for splices should be
proportioned to resist strength loads using only slip critical resistance with
the Class B friction coefficient. Where direct shear design is required for the
connection, bolts shall be clearly specified in the Plans to have threads
excluded from the shear plane of the connection.

The above design criteria will somewhat increase the number of fasteners
used for splices. The rationale for this is based both on cost and
pragmatism. Overweight loads have been increasingly prevalent on
Authority roadways. The nominal cost increase of additional fasteners is
outweighed by the benefit of having a capacity matched splice detail. In
addition, conversations with contractors have indicated that the cost of field
splices lies almost entirely in the initial fit-up of the connection. Once a few
initial fasteners are installed to locate the connection plates, the labor cost
to fill the remaining holes with fasteners, is negligible as well as the cost of
the hardware.

7. Diaphragms and Cross-Frames

End Diaphragms or Cross-Frames shall be provided at all bearing lines
regardless of skew. End Diaphragms or Cross-Frames and their connections
shall be designed as simple spans between supporting longitudinal
members for the effect of dead loads and wheel loads. They shall also be

Rev. March 2025

Table of Contents Page 3-27




New Jersey Turnpike Authority Design Manual
Section 3 - Structures Design 3.2 - Bridges

designed with provisions for future bearing replacement jacking loads
including full dead and live loads. The End Diaphragms or Cross-Frames and
their connections shall be designed to resist the forces listed above in
appropriate combinations and shall include an impact factor for live load
forces of 1.75. Detailing consideration for jack placement(s) shall be made in
the End Diaphragm or Cross-Frame designs.

Diaphragms situated directly adjacent to abutment backwalls or other
obstructions shall be designed with provisions for inspection of the back
side of the diaphragm and future painting access. At a minimum, the
following criteria shall be met for end Diaphragms:

e Open frame configurations should be considered

e At plate girder end diaphragms, reinforced access openings
(port holes) shall be provided in the Diaphragm webs. The port
hole shall be minimum 18” wide x 24” high and be
proportioned so that no portion of the Diaphragm or
connected Girders are more than 36” beyond the rim of the
port hole opening.

e Plate girder end diaphragms, including flanges and stiffeners,
shall provide a minimum clearance of 12” between abutment
backwalls or adjacent end diaphragms.

e Where the aforementioned access opening (port hole) is not
possible due to design or geometric considerations, minimum
clearances of 18” and 24” shall be maintained to the abutment
backwalls and adjacent end diaphragms, respectively; and a
preferred 30” wide x 24” high (minimum 24” wide x 18” high)
opening shall be provided between the bottoms of the
Diaphragms and bearing seat areas for inspection access. This
may be accomplished by providing a ‘painter’s notch’ block-out
in the abutment seat or pier cap.

Intermediate Diaphragms or Cross-Frames shall be provided at spacing not
to exceed 25’ along the length of any Stringer/Girder. Floor beam spacing
shall not exceed 25’. In addition, intermediate Diaphragms or Cross-Frames
shall be provided at or adjacent to all changes in Stringer/Girder flange
thickness. Where Stringers/Girders are skewed, intermediate Diaphragms or
Cross-Frames may be placed continuously or dis-continuously (staggered)
along the cross section of the superstructure at skews up to and including
20 degrees. At skews over 20 degrees, intermediate Diaphragms or Cross-
Frames may only be staggered Refer to Section 3.2.2 of this Manual
regarding modifications to AASHTO Subsection 3.6.5, for additional
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intermediate Diaphragm and stiffener/connection plate requirements to
resist vehicular impact.

Intermediate Diaphragms may be rolled MC18x42.7 or C15x33.9 and shall
be used for Stringers/Girders of less than 36” in overall depth.

Intermediate Cross-Frames shall be used for Stringers/Girders greater than
36” in overall depth and shall be either solid rolled or fabricated “I” or “C”
shape members, or shall be X type Cross-Frames with top and bottom
horizontal members provided. The minimum intermediate Cross-Frame
member size shall be L5x5x1/2” angles.

This provision has been added to simplify field erection of Diaphragms and
Cross-Frames across differently cambered Stringer/Girder.

8. Depth of Stringers and Girders

Stringers and Girders shall generally be of uniform depth for the full length
of the structure, except where changes in depth are absolutely necessary to
meet underclearance requirements. Changes in depth shall not normally be
made in structures with varying span lengths. Interior Stringers shall be
made the same depth as the fascia Stringer(s). The fascia Stringer(s) should
be the lowest projecting superstructure elements.

9. Economics of Girders and Stringer Design

Recent research and economic analysis has shown that the material cost of
fabricated and erected structural steel only represents about 20% to 30% of
the overall per-pound fabricated and erected steel cost included in the
Engineer’s estimates. Where the Design Engineer can take measures to
reduce fabrication and erection complexity, these measures should be given
higher priority than attempting to achieve savings by minimizing material
usage.

In the design of welded plate Stringers and Girders, consideration shall be
given to minimizing fabrication cost by eliminating flange plate cutoffs. In
the case of a flange plate cutoff, the fabrication cost of the butt-welded
splice must be compared to the material cost of the steel being saved, and
also with the consideration that the ends of the Stringers/Girders are where
future corrosion is most likely to occur.

10. Flange Plate Welded Butt Splices and Thicknesses

Where a change in thickness of a flange plate is made at a welded splice, the
thicker plate will be tapered down to the thickness of the thinner plate.

Generally, the change in plate area made at a welded splice should be such
that the area of the smaller plate is approximately 50% to 75% of the area of
the larger plate. Small changes in plate area at a welded butt splice should
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be avoided, as the expense of the weldment often exceeds any savings in
material. Flange plates at joints and abutments should be proportioned such
that an overall thickness loss of 1/4” due to corrosion can be tolerated
without reducing the live load capacity of the superstructure.

Regardless of flange plate thickness transitions, it is preferable that the
width of flanges be constant within a single field section.

11. Fracture and Failure Critical Members

Fracture Critical Members (FCMs) are sometimes necessary to meet
geometric needs or traverse over immovable facilities such as roads,
railways, or critical utilities. Many bridges within the Authority inventory
have FCMs and have served without incident for the duration of their
service life. Use of Fracture Critical Members solely for the sake of material
economy, however, is strongly discouraged.

Where the Design Engineer has recommended the use of FCMs, the
following considerations shall be made during the design and shall be
addressed as a part of the Phase A design submission:

e FCMs shall be designed to have a minimum un-factored
capacity/demand ratio of 1.5 with the full design live load
placed for maximum effect on the FCM. Please note that this is
not to be evaluated as a load rating of 2.0, but a fully loaded
total capacity divided by total demand calculation assuming
Strength 1 load combination load factors.

e FCMs will require full hands-on inspection of all elements per
current NBIS requirements. Design Engineers shall consider
and provide inspection access facilities on all FCMs that will
allow for unencumbered access for inspection staff to
physically touch with bare hands all elements and surfaces of
FCM components. This may be accomplished via inclusion of
walking platforms, tie-off cables for harness climbing, or other
methods as approved by the Authority. Closing of lanes of
Authority roadways or crossed major roadways should not be
required to inspect FCMs.

e Hollow shape FCMs such as framed-in closed steel box Cross-
Beam pier caps shall have their interiors painted with an
approved 3 coat system in the SAE-AMS-STD-595C color 27925,
including members which are externally left as weathering
steel patina. This has been specified to promote visibility of
nascent cracks and defects within the member. Where
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3.2.4.2. Deck Slabs

practicable, interiors of hollow shape FCMs shall be provided
with lighting.

e Failure Critical Members such as non-redundant pier columns
shall be designed to have a minimum un-factored
capacity/demand ratio of 1.5 with the full design live load
placed for maximum effect on the Failure Critical Member.
Please note that this is not a load rating of 2.0, but a fully
loaded total capacity divided by total demand calculation
assuming Strength 1 load combination load factors.

General

Deck slabs shall be designed on the assumption that permanent stay-
in-place (SIP) steel bridge deck forms shall be used with all
corrugations filled with foam. Foam filled SIP forms shall be assumed
to weigh 5 psf.

The wheel load for calculating slab bending moments shall be as
outlined in Subsection 3.2.2 of this Manual, except for deck joints,
which may be 16 kips.

Longitudinal expansion joints shall only be provided where necessary
to accommodate transverse expansion on wide structures (e.g. wider
than 90’) and between parallel bridges. Joints shall preferably be
located at the median barrier and shall be no greater than 1” where
vehicles are expected to cross over the joint. Open joints between
parallel structures shall preferably be 12” to allow adequate room for
seismic excitation and access for future maintenance/repair of the
parapets. Where open joints between parallel structures are required,
adequate clearance for inspecting the fascia of both structures shall
be considered. This may be accomplished either by allowing locations
for climbing down and viewing the steel work, or verifying that these
areas are inspectable via under bridge inspection vehicle.

Corrective deck grinding or micro-milling of the concrete deck has
become common practice for the Authority’s bridge Projects to
improve rideability, and shall be used on all Projects where the bridge
deck is new or replaced in its entirety. Refer to Subsection 3.2.2 for
additional guidance on this requirement.

Concrete decks shall be sawcut grooved in the longitudinal direction.
Sawcut grooving may be chorded in the longitudinal direction where
the horizontal radius of curved bridges does not permit continuous

Rev. March 2025

Table of Contents Page 3-31




New Jersey Turnpike Authority
Section 3 - Structures Design

Design Manual
3.2 - Bridges

longitudinal sawcutting operations. Transverse sawcutting may be
permitted in certain instances as directed by the Authority. Design
Engineers shall reference the latest Specifications.

The following deck designs shall be used for all bridges that are
owned and/or maintained by the Authority, as noted in Subsection
3.2.1:

New Bridges (Mandatory) and Deck Reconstruction (Preferred):

For all New Bridges and complete deck reconstruction of existing
bridges, one course construction shall be used, consisting of a 10”
reinforced HPC slab (10 1/4” with sacrificial surface). Concrete cover
for the top reinforcing bars shall be 2 1/2” measured from the top of
the slab, not including the 1/4” sacrificial thickness for micro-milling.
Galvanized bars shall be used for the top and bottom reinforcement
steel mats. The standard reinforcement for the 10” slab shall be #5
bars at 10” minimum spacing for top and bottom bars, in both
directions. This design is based on the premise of the Empirical Design
methodology in AASHTO LRFD BDS Section 9.7.2. The use of this
design inherently requires that the conditions expressed in AASHTO
LRFD BDS Section 9.7.2.4 which are not explicitly specified above (i.e.
deck slab thickness, concrete cover, reinforcement size/spacing) are
strictly followed with the exception that the minimum overhang
provision is reduced to 3.0 times the thickness of the slab for all cases.
The reinforcement spacing was selected to conform with the typical
bridge parapet reinforcement spacing shown in the Authority’s
Standard Drawings.

Deck overhang widths detailed on bridges shall consider the
installation of scuppers and drain pipes/downspouts and shall ideally
be proportioned such that drainage appurtenances do not interfere
with the Stringer top flanges. The prior guidance to not place drainage
appurtenances outside of the fascia Stringer top flanges has been
eliminated.

Deck overhangs have traditionally been designed as small as possible
to reduce the expense of formwork and additional reinforcement
typically required. Deck overhangs should be of adequate size to offer
weather protection to the outside face of the fascia Stringers and
ideally should be proportioned to be 50% of the adjacent center to
center Stringer spacing. This is offered as guidance to the Design
Engineer and not a strict mandate. Regardless, all deck overhangs
shall be fully designed by the Design Engineer to resist TL-5 level
impact loading per the provisions of AASHTO LRFD BDS Section A13.1.
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Deck Reconstruction (Alternative):

Where the above empirical deck design is found to be impractical for
full deck replacement work at existing bridges, the Design Engineer
shall continue to use AASHTOQO'’s empirical method with the above
noted modifications and reduce the slab thickness as necessary to
carry the above design wheel loading and preserve the load carrying
capacity of the superstructure. If the empirical method conditions
cannot be met, the Design Engineer may utilize the traditional
method per AASHTO LRFD BDS Section 9.7.3.

Reinforcement

For new deck slab designs for Routine Bridges, galvanized reinforcing
steel shall be used throughout. The Design Engineer is advised that for
complete protection and to avoid unwanted galvanic response
between dissimilar metals, all reinforcement steel accessories as well
as all top surfaces of top flanges shall be coated with an inorganic zinc
rich primer. Support bars shall be galvanized. All galvanized coatings
damaged during installation shall be specified on the plans to be
repaired after installation of shear connectors in accordance with
ASTM A780.

e For New Bridges and total replacement of bridge decks, stainless
steel reinforcement is recommended for use when any of the
following apply. Its cost impact on the total Project cost is 5% or
less.

e The redecking Project for Major Bridges that are expected to
serve for 75 years or more beyond the completion of the
redecking Project.

e Anticipated complex future staging or non-practicable access to a
bridge deck for future repairs warrants its use to avoid
correspondingly difficult lane closures.

Stainless steel reinforcing bar shall not be used for redecking projects
without the express written consent of the Authority.

All reinforcement steel accessories and support bars shall be either
stainless steel or non-ferrous in construction where stainless steel
reinforcing is specified for decks.

Solid stainless steel reinforcement where specified shall conform to
ASTM A955/A955M — UNS Designations $24000, S24100, S30400,
$31603, S31653, $31803, $32101.

Reinforcement type and protective coating for parapets, medians,
and overhangs shall match the deck slab.
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For the purposes of a new deck designed on existing superstructures
to remain, additional longitudinal deck reinforcement may be used
to increase the negative moment bending capacity of the Stringers.

Concrete Haunches

Haunches shall be provided for all cast in place concrete decks. The
haunch shall be made deep enough to ensure that the concrete slab
can be constructed to the nominal depth shown on the plans and with
its top surface at the required profile, without any decrease in slab
depth over the Stringer due to construction tolerances, variation in
Stringer depth, variation in camber, deflection of the Stringer or other
causes. The dimension from the top surface of the slab to the top of
the Stringer shall not be less than the nominal slab plus 1” (minimum
1” haunch). The top of the Stringer shall normally be set so as to
provide the minimum haunch depth over the thickest flange plate and
at the most restrictive side of the Stringer when a cross slope is
present. Where field splices in the Stringers are shown on the plans,
or permitted by the Specifications, the haunch shall be a minimum
depth of 1” over the splice plate. Bolt heads may project into the
haunch, but 1” minimum of clear cover shall be maintained between
the main steel reinforcement and the bolts.

Haunches that are over 4” high shall be reinforced. Shear studs in
reinforced haunches shall penetrate at least 2” above the top of the
haunch reinforcement stirrup. Haunch reinforcement shall be
designed as shear reinforcement and shall, in combination with the
shear capacity of the unreinforced concrete, meet or exceed the
fatigue resistance of the shear connec