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Table 1 Definitions

Definition Description

Application NJDOT Companion Manual to the 1993 AASHTO Guide for the
Design of Pavement Structures

User Person, who runs the application and works with it

Page Graphical page with controls readable and accessible by users

Main Page The page the application starts from

Help Page Window with help message

Examples Page

Window with examples

Control

Anything that can be placed on a page including text messages,
buttons, images, edit fields, check boxes, radio buttons, etc.

Button Graphical sign or text message which is the only way of interaction
between users and application

Module Logical set of instructions and questions consisting of one or more
pages

Main Module Module located on the Main Page

Submodule Any module except Main Module

Instruction Text message informing users what to do

Question Text message asking users about their selection with two or more
available buttons

Book 1993 AASHTO Guide for the Design of Pavement Structures

CD A compact disk with the Application




Table 2 Acronyms

Acronym

Description

NJDOT

New Jersey Department of Transportation

Rutgers CAIT

Center for Advanced Infrastructure & Transportation Rutgers, The
State University

AID

Advanced Infrastructure Design (the Company hired to
develop the Application Content)

ATC BRUNSWICK

Advanced Technology Concepts (the Company hired to
develop the Application)

LCCA Life Cycle Cost Analysis
PCCP Portland Cement Concrete Pavement
HMA Hot Mix Asphalt

AADT Average Annual Daily Traffic
ESAL Equivalent Single Axle Load
FWD Falling Weight Deflectometer
SNe Effective Structural Number
SN Structural Number

LDF Lane Distribution Factor
DCP Dynamic Cone Penetrometer
CBR California Bearing Ratio

Mr Resilient Modulus

NJ New Jersey

HWY Highway

Vi




ABSTRACT

The New Jersey Department of Transportation (NJDOT) Research Division wanted to
develop and implement an interactive CD-ROM as a New Jersey-specific companion
manual to the 1993 AASHTO Guide for Design of Pavement Structures. The research
team developed a framework for the companion manual that met NJDOT’s
requirements. The manual chapters, sections, and procedures were set-up similar to
those in the 1993 AASHTO Guide for Design of Pavement Structures, to allow for easy
referencing. New Jersey-specific values for parameters needed in the structural
analysis and design of pavements were added and identified.

This document outlines the requirements for a CD-ROM based Multimedia Companion
to the 1993 AASHTO Guide for Design of Pavement Structures, sponsored by NJDOT
and developed by Rutgers CAIT, AID Inc. and ATC Brunswick.

BACKGROUND

Many organizations are faced with an increasing need for training, despite substantial
reduction in their training budgets. As a result, training professionals are looking for
alternative approaches to meet their training needs. One alternative, which is gaining
broad acceptance, is multi-media training, delivered in such mediums as CD-ROMs.
This technology has been evolving over the last decade and is now at a stage that it can
be used efficiently for real-time applications. The driving forces for this technology are at
present, the multi-media technology for course content generation and presentation,
and the Internet as the on-line course delivery system.

NJDOT personnel and pavement design consultants were used to determine New
Jersey-specific values for parameters needed in the structural analysis and design of
pavements. The primary parameters of interest were those related to traffic, material
characterization, subgrade characteristics, seasonal variation of material properties, and
rehabilitation considerations. Specifically, design parameters included:

¢ Initial serviceability for different pavement types and classes
Terminal serviceability for different pavement types and classes
Reliability level different pavement types and classes
Overall standard deviation for different pavement types and classes
Seasonal adjustment factors
Layer coefficients for different material types
Back calculation subgrade correction factors
PCC effective thickness parameters

The CD companion guide for the structural analysis of pavements utilized an “objective-
oriented” approach. This approach guides the designer based on his/her objective and
the available data at-hand. In this manner, the user is guided through the companion
manual without exposure to irrelevant design procedures and/or steps.



This project developed and delivered a multi-purpose, multi-media based, CD-ROM
Companion to the 1993 AASHTO Guide for Design of Pavement Structures. As
previously indicated, customizing and standardizing the AASHTO design procedure to
reflect New Jersey conditions was a priority task.

FEATURES AND GOALS

Features of Application
- Application is a CD-ROM based e-learning tool.
- Application is a CD-ROM based guide with buttons between pages and choices
- Application is interactive.

Goals of Application
- The objective of the NJ Companion Manual is to provide pavement designers

with step-by-step instructions for NJDOT application of the 1993 AASHTO Guide
for the Design of Pavement Structures.

Description of Environments
- The Manual is intended to be used by Pavement Design Engineers.
- The Application will work in a P.C. based environment.

- The Application will be run from local CD-ROM, local hard drive or network file
server.



GENERAL CONSTRAINTS

Access model to the guide is presented below:

NJDOT COMPANION MANUAL & DESIGN GUIDE

Type of Design:

MNew Construction
&
Midening

Reconstruction

Rehabilitation

1

Existing pavement:

Flexible Composite Rigid Flexiblef Composite Rigid
k. h b h 3
o] AI:I: o] AI:I: o AI:I: Rl
Flexible Rigid Flexible Rigid veray sftivenay of | WveNaY ol | pavernent
Flexible Composite Rigid Fehabilitation
Favernent| pavernen] | Pavernen|
Perform Perform Ferfarm Perform Perform
Life Cyecle Life Cyelg Life Cyele Life Cyele Life Cyele
Cost Cost Cost Cost Cost
Analysis Analysis Analysis Analysis Analysis
Compare Compare
Page 1

Figure 1 Access Scheme



SOFTWARE REQUIREMENTS

Table 3 Functional Requirements

Id Description

FR_001 Application should be a graphical electronic guide to NJDOT application of
the AASHTO 1993 guidelines

FR 002 Application should be run from local CD-ROM, local hard drive and
network file server

FR 003 Application should be delivered on a CD-ROM

FR_004 Application will consist of one or more pages

FR_005 Application should start from the page called Main Page

FR_006 Application should guide users through AASHTO 1993 Guide for the
Design of Pavement Structures

FR_007 Application should give users references to the Book

FR_008 Application should instruct users if there is only one path available

FR_009 If the path of the guide divides into two or more paths, Application should
ask questions to users about their selection

FR_010 Users should follow the path by clicking buttons

FR_011 Users should be able to click only allowed buttons

FR 012 Disallowed buttons should be disabled or hidden

FR 013 Users should be able to invoke context-sensitive help by clicking “Help”
button

FR 014 Users should be able to return to the previous page by clicking “Back”
button

FR 015 Users should be able to return to the Main Page by clicking “Home” button

FR_016 Users should be able to choose path by clicking corresponding buttons

FR 017 Users should be able to quit Application by clicking “Exit” button

FR 018 Instructions and questions should be divided into logical Modules

FR 019 Each module should consist of one or more pages

FR_020 Main Module should be on the Main Page

FR_021 Submodules should be entered and returned from as whole entities

FR_022 Users should be able to print pages by clicking “Print” button

FR_023 Users should be able to invoke page with examples by clicking

“‘Examples” button




FR_024

Help Page should be shown every time the application is run

Table 4 Performance Requirements

Id Description
PR_001 After inserting the CD-ROM, the delay between beginning of loading and
starting the application should not exceed 15 seconds (local CD-ROM only)
PR_002 The delay between user’s click on the button and transition should not exceed
1 second
Table 5 Interface Requirements
[e] Description

IR_001 Application should have attractive and intuitive interface

IR_002 Window header should display application name and the current submodule
(or just application name if Main Module)

IR_003 Application name should be on each page

IR_004 Submodule name should be on each page of submodule

IR_005 Instructions and questions should attract attention of users

IR_006 Text messages of different types (window headers, application name, module
names, instructions and questions) should be different in style, font and color

IR_007 Mouse pointer should change its look when pointing to a button

IR_008 Available buttons should differ from unavailable

IR_009 Buttons “Exit”, “Help”, “Home”, “Print”, “Examples” and “Back” should differ
from those that allow users to select from multiple choices

IR_010 Buttons that point to another selection on the same page, to another page

and to another module, should clearly differ from each other




Table 6 Test Requirements

Id Description
TR_001 Quality Assurance must be carried out by ATC Brunswick, Rutgers
CAIT and NJDOT.
TR_002 Bugs found during QA will be reported to ATC Brunswick and fixed prior
to the Release
TR_003 Bugs reported after the Product Release will be fixed in subsequent
Releases, if any.
Table 7 Documentation Requirements
Id Description
DR_001 Instructions on how to run CD-ROM and the System Requirements
must be published on the CD-ROM jewel case insert.
DR_002 Main Page should have a button “Help” with link to a Help page where
application functionalities will be described
DR_003 Frequently Asked Questions file will be generated based on customer
feedback and available online via Internet.
DR_004 All available information will also be published on CD-ROMSs and the
Internet with every new release
DR_005

The title text on CD cover should be “NJDOT Companion to the 1993
AASHTO Guide for Design of Pavement Structures”.




USE CASE SPECIFICATION

Starting the Application
e User inserts the CD-ROM into the CD-ROM drive
e Help Page is opened to describe the usage of the application.
e After a user closes Help Page, Main Page is displayed and the application awaits
user’s selection.

Following the Links
e User clicks on one of the available buttons on a page
e Application shows/enables available path if it is on the same page, or
e |f the path follows to other page, application opens it

Moving Back
e User clicks “Back” button to return to the previous page, or
e User clicks “Home” button to return to the Home Page, or
e User clicks highlighted button to get back to the previous selection

Invoking Help Page
e User clicks “Help” button and the Help Page will appear with description of
usage.

Quitting the Application
e User clicks Exit button in the window to close the application



CONCLUSION

The NJDOT Research Division Companion Guide to the 1993 AASHTO Guide for
Design of Pavement Structures CD-ROM project was created to develop an innovative
and effective tool to assist pavement designers with step-by-step pavement design
instructions. This technology based companion product is tailored toward individual
designers, providing them with a self-pace of usage that utilizes their expertise,
experience, and knowledge. It is based on a multi-media system with a CD-ROM
delivery mechanism. The system integrates the latest distant learning tools capabilities,
thus providing an effective, advanced and easy to use tool for pavement design. The
program, which takes advantage of interactive-based technologies, assists pavement
engineers in design and provides New Jersey-specific parameters.



APPENDIX FLOW DIAGRAMS OF CD CONTENT

MAIN PAGE (NJDOT COMPANION MANUAL & DESIGN GUIDE)

NJDOT COMPANION MANUAL & DESIGN GUIDE

Type of Design:

Mews Construction

=3 Fecanstruction Fehabilitation
Widening

_ 1

Existing pavement:

4 3 X h Y b
Flexible Composite Rigid Flexible] Composite Rigid
Modules:
| l b 3
o Aﬁ i - Ry
warlay o warlay o warlay o
Flexible Rigid Flexible Figid e 2 it Paverent
Flexible Composite Rigid Rehabilitations
Favement| Pavernsn Favernan|
Perdarm Perform Ferform Ferfarm Perfarm
Life Sycle Life Cyecle Life Cyele Life Cyele Life Cyecle
Cost Cost Cost Cost Cost
Analysis Analysis Analysis Analysis Analysis
Compare Compare
Examples:

FPage 1



FLEXIBLE PAVEMENT DESIGN

Flexible Pavement Design
Chapter 3 (lI-31 to I-37)

Input:

Traffic,w,,
pages -7
to I1-9

Lawer
Coefficient
pages |17

to Il-22

Output:

b

Pavernent
Dimensioning

®

Ferdormance &
Analysis
Feriod
pages 5 &7

8

Seniceability
Less, PSI1
pages I-10
Roadbed
Resilient
Madulus, MH
pages |I-12 Reliabilibf
to -6 (zea reliability)
(C53 o FEFor
Table 2.2
page 15

Overall Standard
DeviationS,
pages G2 & 11-9

/@

k.

Design Structural Mornber,

i
Uze design nomograph
Figure 3.1, page [I-32

Is Analysis
Feriod » Performance
Feriod 7

YES

Flanned
Rehabilitation

i)

Page 2

10



RIGID PAVEMENT DESIGN

Rigid Pavement Design
Chapter 3 (lI-37 to 11-48)

Input:

Traffic,w.,
Effective Modulus pages II-?H
of Subgrade to (19
Reaction, k
pages II-16 & 11-37
Ferformance &
Analysis
Conorete Elastic FPeriad
hdadulus, E_ A | pages b5 &7
pages 21, 116
e 1-121

Conerete Modulus
of Rupture, %

pagesll-16, [I-17,
120 & 111-121

Senviceability
Lass, PSI
pages 11110

Drainage Coefficient, C,
pages [I-22, 11125 & 1I-26
Newr Jersey Default Value

Reliabilibf
(zee reliability)

(~53 o FEd or
&8 Tehle 2.2
page i3
Load
Transfer
Coefficient, 4
p:gee:lll.e;s COwerall Standard

Deviations,_
11-26 & 1-120 /ﬂ pages 62 & |19

Output:

b

Design Slab Thidmness, D 2
Usze design nomaograph
Figura 3.7 (1-45 & (48

|5 Analysis
FPeriod » Performance
FPeriod 7

YES

Flanned
Rehabilitation

Rigid P avetnent
Limensioning

Page 3
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FLEXIBLE OVERLAY DESIGN

Flexible Overlay Design
Chapter 5 (llI-94 to 11I-106)

Input:

Thidiness

of Existing
AL

Favernent,
o]

Traffic,w
pages II-7

to 119

Ferformance &
Analysis

Existing
Layer
Coefficient

Period
[R] roages S EET
LB

Senviceability
Loss, PSI
pages |I-10
(i
Foadbed
Resilient
hdadulus, hi, Feliabilith
page 11191 (e reliability)
(53 o M54 or
= Tahle 2.2
l!! page (5]

Owerall Standard
Deviations,

pages |62 & 119

Uze design nomograph
Figure 3.1 pgit32)

‘_I

Output:
utput:
Design Stroctural
Effactive MurnberiN,
Structural
Number, SH.g ¥
1n-104
| S of Overlay
SH=SN - SN_

‘l_l

AL Owverly Thickness, D &

Laver Coeffici

b,,= SHia,

here,
a, = AC Layer Goefficien

al

ent,

Feriod = Performance

/@

YES

Is Analysis

FPeriod 7

Flanned
Rehabilitation

Flexible Owerlay

—

Asphalt Repair

Dimenzioning

12

Page 4



RIGID OVERLAY DESIGN

Rigid Overlay Design

Thickness
of Existing
PLC
Favernznt,
o

o

JoimtsiCracks
Adjustment Factar, F N
29

Chapter 5 (lll-113 to lll-125)

Effective Modulus
of Subgrade
Reaction, k
pages [-16 & |37
Concrete Elastic

Modulus, E_ /

Traffic,w

pages II-7
to (-9

Performance &
Analysiz

pages 21, |l-16
Z 1121

wyorkshest
1n-12z2

Concrete Modulus
of Rupture, §

Feriad
pages 5 & 0T

Seniceability

pagesl-16, 1117,
=120 & 1I-121

Dwurability A djustrnent

Factor, F 0 —
iz
i
58
23
5=
=
F atigue Adjustrnent
Factor, F o o
iy

Drainage Coefficient, C
pages [I-22, |1-:25 & |I-26
Hew Jersey Default Value
i IR

Oditput:

Deterrnine Effectivy
Slab Thickness, D o

Load
Transfer
Coefficient, J

Loss, PSI
pages Il-10

Reliabilihf
(zee reliability)

pages |I-25,
1-26 & [11-120

(LE3 o Lfedar
Table 2.2
Bage -5

Ize dezign namagraph
Figure 2.7 (/45 & JL48)

]

Design Slab
Thickness, [ |

P

¥

Determine Factorto
Corwvert P3G to AC, A
M135

+

AL Overly
#| Thickness, [

ATDF - Q)

Usze Abowe AC
Owerlay Thickness

Rigid Repair

Is Analysis
Feriod = Performance
Period 7

Deviatiors,
pages |62 & |19

Crwerall Standard

YES

Flanned
Rehabilitation

13
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COMPOSITE OVERLAY DESIGN

Composite Overlay Design
Chapter 5 (lll-125 to llI-136)

Input:

Thickness
of Existing
PCC
Favernznt,
[}

=

Thidkness
of Existing
AL
Cwerlay,

o

JoirmtsiCracks
Adjustment Factar, F
Het2d

Durability Adjustrnert
Factor, F 5,
M358

AC Quality Adjustrnert
Factar, Fo,
M35

Wiork shest

1I-136

Effective Modulu.
of Subgrade
Reaction, k

pages [I-1G & 11-37

s

Concrete Elastic
hdodulus, E=
pages [-21, 16
Z-121

Concrete Modulus
of Rupture, §'

pagesll-16,11-17,
H1-120 & 111121

Traffie,w,,

Warksheest
1-122

pages |I-7
to 19

&

Fedormance &
Analysis
Period

pIges L8 & LT

Drainage Coefficient, ©,

pages 122, 11-25 &
Hewr Jersey D efault
10

1I-26
Value

Output:

Deterrnine Effective

Load Transfer

Coefficient, J

pages lI-25, II-26
Z ll-120

Uze design nomagraph

Figure 3. 7(/-45 & 148

Slab Thickness, [ g
133

Cezign Slab
Thickness, 0 |

¥

Determine Factor to
Comvert POT o AC, A
HE1as

¢_I

=30

-
where,

AC Owverly Thickness, D

¢~ Doy

a,=AC layer coefficiant

=l
Feria

Use Above
Zwerlay Thickness

Is Analysis
d = Performance
Period 7

Rigid Repair

P

phalt Repair

14

YES

Senviceability
Lass, PSI
pages 1110

ReliabilitR
(see reliability)
(=53 to F64 or

Tahle 2.2

page 15

COwerall Standa
Deviationd_

rd

pages 62 & |1-9

Flanned
Rehabilitation

—

Fage &



ASPHALT PAVEMENT REPAIR

Asphalt Pavement Repair
Chapter 4 (lI-59 to llI-73)

Repair DISLI'&S Preventive

3 Alligater
Full Depth R
ull Depth Repair
Full Depth Repair Fotholes
Full Depth Repair
Ravelling &
Seal Coats
Remowval &
Replacerment
Lewel-up owerlay
2
Cold Milling
Apply Hot Sand Bleeding
Seal Crachs Blodk Cracking

Level-up Chearlay

|

'

Skid Resistant Falished
Aggregate
Surface Treatrnent]
Slurry Seal
(B3
A B:
i : : Shoulder
Crack Sealing Fejuvenating Seal Eraapeulatiof

Page ¥

15



RIGID PAVEMENT REPAIR

Rigid Pavement Repair
Chapter 4 (lI-59 to ll-73)

Distres

Repair < Preventive

Subseal i

LG o MLET Pumping A B C (v}

Diamond Grind

HLET to MeGE A“B“C“D|‘E‘
Full Depth Repair .

HEZ e G Slab Cracking B ‘ ‘ E ‘ ‘ F ‘
Full Depth Repair
Full Depth Repair|

G2 b MEE

Full Depth Repair m A

WEZ o MEE Spalling

Fartial Depth
Repair
MEF to M-S

Preventive Codes:

B:
c: =S E:
Restore Load ;
e Subdrainage Edge Support Subseal

] =%
B Fressure Relisf - :
Structural Cherlay T Rigid Shoulders

i
Reseal Joints

Page 8
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PLANNED REHABILITATION

Planned Rehabilitation

If analy sis period is larger than performanc e period, consider th
rehabilitations that need to be done atthe end of the
perfortnance period to extend the service life of the pav ernent to
the end of the analy sis period. This is of particular importanc e fo
Life Cyele Cost Analy sis. The input v ariables rmay need to be
re-ev aluated close to the end of the performance period by
rneans of nondestructive testing or other methods to better
represent the actual condition of the pavernent. In such case the
input variables need to be evaluated based on the performance
period considered for the project.

-

Page 8
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RIVID PAVEMENT DIMENSIONING

Rigid Pavement Dimensioning

Use Cesign Procedure in Sections 3.3 and 3.4 for Joint and
Reinforzement Cesign
1142 to 1151

MIDOT constructs Jointed Reirnforc ed Concrete P averment, JRCH,
with the following general zpecifications (for detailed information
consult MIDOT Standard Specific ationm):

Slab length: 78 feet, 2 inches or project specific

Joint layout: perpendicularto centerline of the roadway
Joint type: expansion joint or project specific

Joint dimension: consult construction detail

Joint sealant: consult standard specification

Doweels: consult construction detail
TernperaturefReinforcing steel: consult construction detail

Page 10
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TRAFFIC DESIGN REQUIREMENTS

TRAFFIC Design Requirements
Chapter 1 {I-10 to I-13) and Chapter 2 (ll-7 to 1I-9)

I g ] p L t: Mote: If designing for composite pavement, use Rigid related Tables
Design 18-kip Equivalent Single Axle Load , ESAL, Directional Lane distribution
(i.e., Accumulated Expected ESAL in all lanes in both distribution factor, O,
direction) factor. D pagestT &g
- Flexible: Agp. O (O-3t0 O-14) i Apa. D, page
i Rigid - Aop. 0 {04 2 b0 00 20) T page I7 i) o2

Output:

DesignESAL fordesignlane = X0, X0

[ I I |
Return to: : : :

| R

Rigid/T it
Flexible Design Rigid Design Flexible Owerlay 'Q'OV;:‘;S‘:“' a

19
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EXISTING EFFECTIVE STRUCTURAL NUMBER, SNerr

Existing Effective Structural Number, SN _

FD : “isual Condition Survey
Available Data
(=trongly Recommended)
1
=
[nm]
]
=L
of
2
fr
=
i
W
[
v
L L 4 L
grEstep T Usze Step 5
Procedure Usze Remaining age ILOT &
pages 11196 to I11-97 Life Analysis EéthZ
and page lll-104 3
404 pages 102 ta 11-105

|
Return to:

Flexible Qwerlay

20
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FLEXIBLE OVERLAY DIMENSIONING

Flexible Overlay Dimensioning

Input:

Existing Mew Design

Bituminous Bituminous 3N Structural

layer layer =t Humber, SH;

coefficient coefficient Figure |1-32
Milling “T;iﬁ
Lepth Thickness

3 b L 4
Use a cornbination of milling depth and overlay thickness to achieve a Design Structural Murmber:
i Caleulated SN=15N,g, - (Milling Depth)*(Existing AC Layer Coefficient) + (MNew AC Layer Coefficiert)™(AC Overlay Thickness)

NO

Is Caleulated SH>= Design S 7

Cesign M = Calculated SN

-

The input layer

thickneszes and

coefficients are
acceptable

Page
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FLEXIBLE PAVEMENT DIMENSIONING

Flexible Pavement Dimensioning
Chapter 3 pages II-35 to II-37

Input:

Granular

HhdA HhddA Cresign

d
Surface Inter/Base Su:Ease Structural
layer layer | Humber, 5N,
ayer

coefficient coefficient Figure 1I-32

coefficient

AT
laver
Thickness

Subbase
Lawyer
Thickness

Basze
laver
Thickness

Output:
- x =
Use different combination of layer coefficient and thickness to determine Caleulated Sk

Zaleulated SHEAC Layer Coeff*AC Layer Thickness+Base Layer Coeff."Base Layer Thickness+Subbase Layer Coeff,"Subbase Lay e
Thickness

HINT: The baund layer combination should be at least 75% of the SN,
MOTE: Use procedure outlined in Sec. 3-1-4 and 3-1-5 pages 1125 and Figure 3-2

]
T

HO

= Caloulated SN =
Cesign SH?

Cesign SM = Calculated SMH

|

The input &y er

thicknesses and

coefficients are
acceptable

Page O
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LAYERS AND LAYER COEFFICIENTS

Layers and Layer Coefficients - Chapter 2 (II-17-22)

MARSHAL Hot Mix Asphalt (HMA) \ - CUPERPAVE OMA
HMA Surface and Intermediate Courses

Bituminaus
Concrete Surface
Course, Mix -5

Refer to the link:
"SUPERFPAVE
Mixes"

a, =044

Bituminaus
Concrete Surface
Course, iz -4

HMA Base Courses

Bituminous
Stabilized Basze
Course, Mix -2

a, =044

Referto the link
"SUFERFAVE
Mixes"

o N P

Granular Base and Subbase:

Lense Graded

AQQ’E%":;EB"SE =014 Subbase ay=0.08
Rubblized o
Concrete =02
Soil A t
Bol ggregae a, =011
o s Select-13 it
M aterial e
Bituminaus
Stabilized Open a =022 Hon-Stabilized a,=0.14

Open Graded

Graded

23



SUBGRADE MODULUS OF REACTION, K

Subgrade Modulus of Reaction, K

FywD Subbase & Subgrade Resilint Modulus
Available Data

(=trongly Recommended)

-

Use Sec. 2.2.1 Procedure

Use Step 4 pages 11-37 to [I-94
FProcedure To Perform Seasonal Adjustment
page l1-117 Using Sec. 3.2.1

pages |I-37 & -38

Return to:

Rigid P avement
Design

Page
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ESAL

Design 18-kip ESAL

Contact NJDOT Project Manager and

bitoin-the Follaw .

5P

ADT, = Z-way ADT (v ear of Project completion)

ADT = 2vay ADT (Projected ower performance periad)

y = Murnber of wears in perforrnance period

TT% = % Total Trucks

HT % = % Heavy Trucks. FHWWA classes 6-13 are classified as Heavy Trucks
LT% = % Light Trucks. FHA olasses 45 are classified az Light Trudks

Car% = % cars. FHWA classes 1-3 are ¢lassified as cars

TT,= Total Truck Factar, or average ESAL per truck

HTF = Heawy Truck Factar

LTF = Light Trudk Factor

Cap= Car Factor

{Hote: TT,, HT;, LT, and Car; can also be obtained on line:

http:itini, state. nj.ustransportation'countiy classhnd mdatat 2kips2001 . pdf)

The aecumulated expected 18 kip Equivalent Single Axle Load, Design ESAL, is caleulated by

one of the tua rethods below:

Design ESAL = ((ADT , +ADT ; ¥F(TTHIT A~y 1"365,

Design ESAL = ((ADT +ADT , W2FELTSF(LT F(HT%FHT pr(CarkiiCar 1" )*365

Note: ADT  can be replaced with ADT ¥ GF,

where GF = 057 [1+01+0 1,
GF isthe growth factor, and

= sth Rt

25




DIRECTIONAL DISTRIBUTION

Use Dp = 0.5 unless otherwise directed by NJDOT.

LANE DISTRIBUTION
Use the following Table unless otherwise directed by NJDOT

No. of Lanes in Each D_
Direction

1 100%

2 100%

3 80%

4 75%

26



EFFECTIVE ROADBED RESILIENT MODULUS, Mg

Effective Roadbed Resilient Modulus, M
Chapter 1 (pages I-13 to I-13), Chapter 2 (pages lI-12 to lI-15),
and Chapter 5 (pages lll-91 to llI-97)

Available Data

FWD Laboratary Test Data
L
fud
(Strongly Recommended) =
O
E Labaratons b
[
[ms
o
]
[
o
L]
(]
h
Use Step 4 Procedure Use Correlations
pages I1-96 to 111-101 pages |-13 to |15
L

b Obtain by

Perfarrn Seasonal

Adjustment Using Use MJ Regional
Sec. 2.3.1 seasonal length
112

L

Return to:

Flexible Paverneart
Cresign

Page
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EXISTING LAYERS AND LAYER COEFFICIENTS

Existing Layers and Layer Coefficients

FWD
[(Strongly Recommended) ) Yigual Condition Survey
Available Data
¥ L
Use 5N, = 0.0045DE, '3 Use Table 5.2
where, HI-105
O = Thickness of all |ayers abov e subgrade, inches
E, = Effective modulus of pavemeant layers above subgrade, pgi

Fage lll-102

28



PERFORMANCE AND ANALYSIS PERIOD

For High Volume Interstate Highways: Use a 30 year design & analysis life
All others: Use a 20 year design & analysis life

SERVICEABILITY LOSS, APSI

P, = Initial Serviceability Index
P: = Terminal Serviceability Index
Apsi= Serviceability Loss = P, - Py

Road Type Py Po P,
Concrete HMA

Interstate 3.0 4.5 4.2

State NWY 2.5 4.5 4.2

County 2.0 4.5 4.2

STANDARD DEVIATION, S,

For HMA: Use 0.45 unless otherwise stated by NJDOT
For Concrete: Use 0.35 unless otherwise stated by NJDOT

29



SUPERPAVE LAYER INFORMATION

SUPERPAVE Layer Information

HMA Surface and Intermediate Courses:

Suggested Lit | Superpave Mix Design s 23
Layer {in) Size (mm) Application Sl &
Fuperpave Hot Mix Asphalt 9.59MB4 15 95 SR e Mix -5 044
Surface Course ’ ’ ’
superpave Hot Mix Asphalt T
12 EMBA Surface Course 2 125 Surface Mix -4 0.44
superpave Hot Mix Asphalt o
19 5HE4 Surface Course 2 125 Surface Mix -4 0.44
superpave Hot Mix Asphalt L
12 5176 Surface Course 2 125 Surface Mix -4 0.44
Superpave Hot Mix Asphalt L
13 EVIE Surface Course 2 125 Surface Mix -4 0.44
f-uperpave Hot Mix Asphalt 19%76 253 19 Surface Mix -4 044
Surface Course ) )
superpave Hot Mix Asphalt Intermediate, :
19ME4 Intermediate Course ke 1= Patching Mzl EHD B4
Zuperpave Hot Mix Asphalt Intermediate, 3
19HE4 Intermediate Course 2i5es 1= Patching MizelsEHE B4
superpave Hot Mix Asphalt Intermediate, :
19476 Intermediate Course P - Patching Mbel Bl
HMA base Courses
Suggested LRt | Superpave Wix Diesign G
Layer {in) Size {mm) Anplication Similar to i
superpave Hot Mix Asphalt : :
SELEd Base Course 3-4 25 Base, Patching Mix |-2 0.44
=uperpave Hot M Asphalt 2ahod 34 2% Base, Patching Mix 12 0.44
Base Course ; )
superpave Hot Mix Asphalt : :
35HE4 Base Course 34 25 Base, Patching Mix -2 0.44
muperpave Hot Mix Asphalt : :
37 EHT0 Base Course 456 376 Base, Patching Mix -2 0.44

Note: Lift thickness should be not less than 3 times or more than 5 times the nominal maximum aggregate size
(except for 37.5 mm)
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LABORATORY Mgr DATA

Laboratory M  Data

AASHTO Class

Description

Mew Jersey Specific
Laboratory Resilient
Modulus (psi)

Laboratory Resilient
Modulus {psi)

Coarse-grain

ed soils:

A-1-a, well graded gravel 10000-20000
A-1-a, poorly graded gravel 10000-20000
A-1-k coarse sand 9500-19600 E000-15000
A3 fine sand 7e00-16800 5000-12000
A-Z goilg (granular materials with high fines):
A-2-4 silty sand 7900-16500
A-2-4 silty sand T200-16200
A-2-4, gravelly silty gravel 10000-30000
A-2-5, gravelly silty sandy gravel 10000-30000
A-2-4, sandy silty sand 10000-20000
A28 sandy silty gravelly sand 10000-20000
A-2-B gravelly clayey gravel g000-20000
A-2-7 gravelly clayey sandy gravel §000-20000
A-2-6, sandy clayey sand 5000-15000
A-2-T sandy clayey gravelly sand 5000-15000
Fine-grained soils:
A4 sandy silt TE600-15900
A4 sandy silt T100-16100
A4 silt 2000-6000
A4 silisandigravel mixture 4000-5000
AS pooky graded silt 2000-6000
AB plastic clay 2000-10000
A-T-5 moderately plastic elastic clay 2000-10000
AT highly plastic elastic clay 4000-10000
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NJ REGIONAL SEASON LENGTH

NJ Regional Season Length

|5 Project south of -72
Corridor?

FHiRA, FHina,
Region Il Region I
k L
Hoadbed Hoadbed
MONTH Condition MaNTH Condition
January WET January FROZEN
February FROZEMN February DSFEE%EZEJN
1A THAW :
March 0.5 WET e 05 THAW
Aril WET A THAW
HEN WET May WWET
0.5WET June DFY
June 0.5 DRY Tl ORY
July DRY AUgust LR
ALgUsT DR September DRY
Septernber DRY Uctaber WWE T
Dciober WET Movernber WET
Movermber WET Decembear WET
December WWET
If Roadbed ¥
Condition is: Pdjustment;to-i,
Frozen IXM o :
Up to 20,000 psi
Than [N
Dy Ml
Vet KN
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RELIABILITY, R
Use the following values for Reliability, R, unless otherwise stated by NJDOT:

For Urban Interstate and Freeways: R=95%

For Rural Interstate and Principal Arterials: R=90%
For Collectors and Local Roadways: R=85%
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LABORATORY RESILIENT MODULUS AND ELASTIC K-VALUE

Recommended laboratory (ideal conditions) resilient modulus and elastic k-value ranges
for various soil types

AASHTO Description Unified | Dry Density ( CBR k- value Lab Resilient
Class Class Ib/ft) (persent) (psil/in) Modulus (psi)
Coarse-grained soils:
A-1-a, well Glavel GW,GP 125-140 60-80 300-450 | 10000-20000
graded
A-1-a, poorly 120-130 35-60 300-400 | 10000-20000
graded
A-1-b Coarse sand SW 110-130 20-40 200-400 | 6000-15000
A-3 Fine sand SP 105-120 15-25 150-300 | 5000-12000
A-2 soils (granular materials with high fines):
A-2-4, Silty gravel GM 130-145 40-80 300-500 | 10000-30000
gravelly
A-2-5, Silty sandy
gravelly gravel
A-2-4, sandy Silty sand SM 120-135 20-40 300-400 | 10000-20000
A-2-5, sandy Silty gravelly
sand
A-2-6, Clayey gravel GC 120-140 20-40 200-450 | 8000-20000
gravely
A-2-7, Clayey sandy
gravelly gravel
A-2-6, sandy Clayey sand SC 105-130 10-20 150-350 | 5000-15000
A-2-7, sandy | Clayey gravelly
sand
Fine-grained soils:*
Silt 90-105 4-8 25-165 2000-6000
A-4 Silt/sand/gravel | ML,OL 100-125 5-15 40-220 4000-8000
mixture
A-5 Poorly graded MH 80-100 4-8 25-190 2000-6000
silt
A-6 Plastic clay CL 100-125 5-15 25-255 2000-10000
A-7-5 Moderately CL,OL 90-125 4-15 25-215 2000-10000
plastic elastic
clay
A-7-6 Highly plastic CH,0OH 80-110 3-5 40-220 4000-10000
elastic clay

* Elastic k-value and resilient modulus of fine-grained soil are highly dependent on

degree of saturation.
1 Ib/ft® = 16.018 kg/m®, 1 psi/in = 0.271 kPa/mm
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APPENDIX IMAGES FROM CD-ROM

JDOT Companion to the 1993 AASHTO Guide for Design of §

35



Figure 3 Label on CD-ROM.
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NIDOT Companion to the 1993 AASHTO Guide for Design of Pavement Structures

DPlease select the type of design

1 NAF

\\‘ e

Please process rigid type

Perform Perform

Life Cycle | Life Cycle 'f'e"fo"m I?erform
Cost Cost Life Cycle Life Cycle

Analysis Analysis Cost . Cost
Analysis Analysis

Compare Please calculate reconstruction type of design

Figure 4 Opening Navigation Screen (interactive menu to guide the pavement engineer
through the design process).
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home back

Flexible Overlay Design - Chapter 5 (I11-94 to III-106)

Page 5 D Please check all parameters

Roadbed Resilient

Modulus, Mg
II1-91

page c

Traffic, wis Performance & Overall Standard
pages II-7 to II-9 Analysis Period Deviation, So

.: pages II-5 & II-7 ‘) pages I-62 & II-9 ")

Serviceability Loss, Reliability, R (see reliability)
APSI (I-53 to I-64 or
pages II-10 ()- Table 2.2 page II-9) ()

Thickness of
Existing AC Use design nomograph Figure 3.7 (II-45 & II-46)

Pavement, Dac

isti Layer Coefficient, a
Ex'su.m::’ Layer Design Structural Number, SN¢ & ‘
Coefficient o

b

)

Effective Structural AC Overlay Thickness, Du
Number, SNer S SN of Overlay

Dol = ASN/a: where,
I11-101 ) ASN=SNe- SNefr a1 = AC Layer Coefficient

Is Analysis
Period > Performance Period?

Ay

Planned Flexible Overlay
Rehabilitation —pp Asphalt Repair e Dimensioning

> () () NEXT »

Figure 5 Submodule, the boxes with the NJDOT logo in the right corner have additional
New Jersey-specific information (NJ parameters can be obtained by clicking on the box
with the NJDOT logos).
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home back NJ Regional Season Length

Page 22 DIs the Project north of I-78 and west of I-2877

—

FHWA FHWA
Region IT Region II/IIT

Roadbed Roadbed

MONTH (S MONTH Coarhibe

January WET January ~ FROZEN

Februa FROZEN 0.5 FROZEN
Y 0B THAW February 5’5 THAW

March 0.5 WET March THAW

April WET %’}' wg

May WET June WET

0.5 WET
June 0.5 DRY July DRY
July DRY August DRY

August DRY September DRY

September DRY 0.5 WET
October WET Oty 0.5 DRY

November WET November WET

December WET é?:doﬁﬂ:,a&: Adj"t"‘;’t&"em December WET

R

3 XM,

Frozen 5 10 20,000 psi

NEXT »

Figure 6 New Jersey-specific parameters (note how the information is dislayed based
on whether the project is “north of I-78 and west of 1-287).
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New Flexible Pavement Design Example
1993 AASHTO Pavement Desian

Project Name and Location:
Route 123, MP 7.3 - 11.0
Hometowin, NJ

Description:
This project will consist of the construction of a new flexible pavement to extend Route
123 to intersect with Route I-80 in North Jersey.

‘General Information:
Reference:
Initial Serviceability, p, 4.2 [T-10 & 1) serviceability loss
Terminal Serviceability, p, 25 | I1-10 & NJ serviceability loss
Reliabity Level, R 0%  [153lo16dor [0 & NI Relabilty |
Overall Standard Deviation, S 0.45 -62 or 11-9 & NJ Standard Deviation
Performance Period 20 years | I1-5 to I1-8 & N Performance Period
Traffic Data and Analysis:
Initial AADT 30,127 Based on data supplied by
Final AADT 47,179 the NIDOT Project Manager |
CARY 84
CAR 0.0006
LT% 8
LTe 0.163
HT% 8
HTE 1.655
Year 20
| Days 365
D% 58 11-7 & NJ Directional
Distributicn
DL% 90 117, 8 & NJ Lane
Distribution

Accumulated ESALs Over 20 years in all lanes in each directions:

AADT + AADT;

s | TS [F(Cart Caf + LT * LIF + HT % * 1Y) *Yeurs *365day T ear
o - w]'(&awn 0006+8%40.163+ 8%*1.655)* 20%365 day / year
= 41,180,566

M B5x11in
[ == [Bocament: Dans

il start |J > Naa )] |J Inhnx...l ERutgarml SACAIT ... | BARE: Cn”.l Etu\tinn.ul EFW:C.Hl ERFPQ...' EFma\r...l B CO0S-.. | (3 | @FHWA...| Fivacro... ||E§Ngtsc... ‘QQJ “@2 ” 154 PM

Figure 7 Example Page (there are three design examples provided as part of the
software).
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