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DEVELOPMENT AND IMPLEMENTATION METHODOLOGY
FOR THE ILLINOIS PAVEMENT FEEDBACK SYSTEM

James P. Hall, Mark E. Dwiggins, Michael I. Darter,
Craig L. Flowers, James B. DuBose

Since 1985, the I1linois Department of Transportation (IDOT)
has been actively involved in the implementation of an Illinois
Pavement Feedback System (IPFS). The purpose of IPFS is to
provide a formalized data processing structure and process
which will collect, store, retrieve, and analyze design,

materials, traffic, condition, and performance data for
existing pavements.

This paper describes the process by which IDOT analyzed its
pavement management requirements and implemented them across
organizational lines. This process identified the needs of
top, middle, and lower level management, documented end user
requirements, outlined communication flows, investigated
existing affected information processing systems, and
identified and resolved major areas of concern in developing a
realistic plan of implementation.

organizational analysis, information systems,
pavement management, pavement management
implementation, microcomputers
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INTRODUCTION

A formalized process for pavement management within a state
department of transportation involves many operational areas
throughout the department. The key aspects in the development
of such a system are the identification and acquisition of
pertinent information on the pavement network and then
providing a mechanism to share appropriate information in a
useable and accurate form to all users.

Due to the complexities involved, pavement management
implementation is a long-term effort which must address many
organizational issues. Although the key information required
for pavement management may appear simple, it is in fact
located in many areas of the department in various computerized
and manual information sources which have evolved over time for

different purposes to meet the needs of specific operational
areas. :

Because of these facts, it is easier to implement a pavement
management system for a smaller entity e.g. a city or county,
than for a state. The parameters, organization flows, and
processes for pavement management on a small network can be

modified and controlled by an individual or a small group of
engineers/administrators.

A state DOT operates in an dynamic environment, both external
and internal. Environmental factors which affect pavement
management implementation include changes in management
(direction and/or personnel), funding, Department strategic
direction, data processing capabilities, and hardware/software
technology. Pavement management must also parallel and
integrate with the development efforts of other Department
management systems such as fiscal, personnel, project
management, and roadway inventory.

This paper describes in detail the barriers involved in the
implementation process and the methodology used by the Il1linois
Department of Transportation (IDOT) in developing the Il1linois
Pavement Feedback System (IPFS) to overcome these barriers and
vastly improve the pavement management process.

IMPLEMENTATION BARRIERS

By necessity, pavement management requires communication of
information across organizational lines; however, many barriers
1imit and prevent this sharing of information. These barriers
are identified as data base configurations, organizational

structure, changing management priorities, and modes of
operation.
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Data Base Configurations

Information systems within IDOT, as with many other agencies, o .
have developed in a somewhat disjointed manner. This occurred

because computerized data bases evolved relatively
independently at different times to meet specific purposes.
Early systems were developed to handle complex financial
systems since there was an immediate payback in personnel )
savings and accuracy. These systems contained little !
supplementary information due to the high cost of data :
acquisition and storage at the time of their development.

Newer data base systems have provided more specific detailed
information.

Older systems have remained in place due to the cost and
personnel commitments required for system redesign. Often, the
system was developed to meet the specific needs of a single ,
operational area. Other operational areas, which may have use
for that data, are limited since it is often difficult to

access the data and it may not contain the exact information :
required. _ _ '

Manual systems are also still prevalent within IDOT. These are
being gradually replaced by microcomputer systems. However,
much of the information manually entered into a micro-based
systems is already present in existing mainframe systems, but
is not used because it is difficult to access in a timely
manner.

An abundance of the historical pavement management information
is not only contained in electronic and manual data systems,
but also exists in plans, in microfilm records, and in an
unwritten knowledge base of many Department experts. These
different information systems require an extensive effort to
determine what is available and how to integrate this data into
the information flow.

IDOT is very similar to other states 'in that a road is a road
ts—a—rpad until you try to reference it in a traditional
computer format. Different roadway referencing schemes have
evolved based on their particular purpose. Major roadway -
information systems within IDOT are currently referenced by
three independent numbering schemes: marked route, key route,
and maintenance subsection.

These referencing differences inhibit the efficient transfer of
data between data bases because direct link relationships are
very difficult to establish. Also, interfaces are difficult to
maintain since control of the key reference identifiers are
located in different organizational areas.
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Al11 of this inhibits the preparation of summarized reports
which would provide upper management a total picture of the
condition and performance of the pavement network.

Organizational Structure

By definition, pavement management includes many organizational
areas. Development of a PMS requires an extraordinary amount
of inter-bureau communication and assistance. Often this
communication must occur across major Department divisions.
While one division may have a greater need for a formalized

PMS, the implementation process may demand a more extensive
effort in another division.

For example, the greatest need for the IPFS resides in IDOT's
Division of Highways (Figure 1). However, responsibility for
the electronic data processing development resides in the
Bureau of Information Processing in the 0ffice of Finance and
Administration. The prioritization and integration of work
activities is a difficult effort to implement and maintain.

Changing Management Direction

IDOT operates in an ever-changing environment. Changes in top
management, Department priorities, budget restrictions and
personnel limitations all affect IPFS development. Since IPFS
implementation requires a long term effort and significant
time, resources, and personnel committments, a continuous
management emphasis is essential. The continual development
and presentation of IPFS/PMS demonstrations is necessary to
keep upper management informed.

Modes of Operation

IPFS implementation will change the way that IDOT operates.
IPFS will provide information to user areas and top management;
information which many times was previously available only from
a single area or source. Some personnel may resent the
perceived intrusion into their organizational area and being
forced to change long-standing operating procedures. Also,
data entry may be moved to more logical, decentralized areas as
a formal system is developed. Data adequacy and control will
become an issue. In addition, some new data must be collected
which leads to budget and personnel problems.

IPFS DEVELOPMENT

To avoid the pitfalls in system development, it is essential
that a formalized process be established. This process can be
broken down into the logical steps of PMS Investigation, System
Development Management Process, Organizational Analysis,
Definition of Requirements, Logical Design, and Physical Design.
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OF TRANSPORTATION

FINANCE AND DIVISION OF PLANNING AND
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MATERIALS AND 9 DISTRICT
PHYSICAL RESEARCH OFFICES

Figure 1. Primary Pavement Management Related Areas Within IDOT.
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PMS fnvestigation

It was easy to get department personnel to agree that a PMS was
needed. It was very difficult to reach agreement on how to
implement it. The successful method involved the creation of a
group of knowledgeable users of pavement management information
within the department. Additionally, research on what is
occurring in other states and in PM technology as a whole
provided further helpful information to the group.

,In 1982, IDOT formed a high level Standing Committee on
Pavement Management (SCOPM) to oversee the IDOT pavement
management process. This committee included representatives
from all pavement related areas within the Department. The
SCOPM undertook an investigative study with the Univeristy of
ITlinois in 1983 and 1984 to determine the feasibility and
strategy for pavement management system development. From this
- study, a four year effort was initiated to develop the IPFS as
a joint effort between the University and IDOT. IPFS
development was scheduled in four phases I) Definition of
System Requirements - FY85, II) Logical Design - FY86, III)
Physical Design - FY87, and IV) Implementation - FY88.

System Development Management Process

An IPFS Steering Committee was established with a top level
manager as chairman and middle management of affected areas as
members. These areas include Design, Materials, Physical
Research, Planning, Programming, Finance and Administration,
Information Processing, two of the state's nine highway
Districts and the Federal Highway Administration. The function
of the committee was to set the overall direction of system

development and maintain upper and lower management support and
involvement.

A Pavement Feedback User Team (PFUT) was then developed
composed of lower level management of affected areas. This

group was formed to address the basic details and issues of
IPFS development.

Personnel from the University of I11inois and the Bureau of
Materials and Physical Research were selected to form a project
team and spearhead the day to day development process with
organizational responsibilities of keeping the IPFS development
on schedule and maintaining communication flows. Close
communication was required between these three groups to ensure

compatibility of effort. How this was achieved will be
discussed later.
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Organizational Analysis (Know Your Department)

Although this may appear simple on the surface, analysis of all
pavement management activities within a Department is a very
dynamic and complex issue, but is essential for timely and
useful PMS development.

The investigative study provided a basic outline on the areas
within IDOT which were interested in pavement management.
Organizational analysis requires a detailed jdentification of
existing data bases, existing pavement management activities,
information flows, and affected personnel within the Department.

This analysis goes much further than the simple, direct lines
of an organizational chart. It involves human interactions and
informal operating procedures which are not written down
anywhere. Figure 2 portrays a simplified version of the actual
pavement related information flow within IDOT.

The Pavement Feedback User Team provided an effective method to
determine these interrelationships. Initial meetings
concentrated on identifying all of the parameters involved in
pavement management and what could realistically be included in
the IPFS. Through group discussion, the major organizational
issues were identified and recommendations were developed.
These issues, including such items as project scope, budgeting,
hardware acquisition, personnel required for the development
effort, and restructuring of organizational resources, were
brought to the attention of the IPFS Steering Committee for
resolution.

The PFUT met every two to three months and the IPFS Steering
Committee every six months. The University of I1l1inois and
Materials and Physical Research project team met at least once
every two weeks to maintain continuity in the development
effort. '

Requirements Definition

Following completion of the investigative study the project
team began work on the Definition of System Requirements.
Written questionnaires were distributed and follow-up
interviews were conducted to aid the project team in
determining what outputs should be developed or improved to aid
IDOT's offices in performing the following pavement
management-related activities as defined in the investigative
study:

1. Development and evaluation of design procedures and
standards, -
2. Development and evaluation of policies and guidelines,
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3. Special studies and research.
4., Development of performance models.

The following bureaus or offices were 1dent1fied as the primary

users of the initial data feedback system and participated in
the interviews:

Bureau of Materials and Physical Research
Bureau of Design

Bureau of Statewide Program Planning
Bureau of Urban Program Planning

Bureau of Maintenance

Bureau of Construction

Bureau of Location and Environment
Highway Districts

ONOYOTRWN —
L]

From the interviews the project team compiled the following
general applications of the IPFS:

0 Detailed information on a specific pavement section or
network.

0 Summary information on a specific section or network.

0 Prediction of future performance.

0 Evaluation of IDOT pavement policies, design and
construction procedures.

) Evaluation of rehabilitation strategies.

0 Special pavement studies and research.

0 Life-cycle costs for various pavement types.

0 Answers to "What if" questions to help improve

management strategies.

The system must be able to generate reports quickly and in a
user friendly fashion for a wide variety of users across the
State. Some standardized reports should be available; however,
a strong emphasis must be placed on flexible, user specified
reports for the many one-time special studies. Business
graphics such as graphs and histograms must be liberally used
to enhance the outputs. Graphical mapping must also be used to
easily identify section and network locations.

I11inois has over 17,000 centerline miles of State maintained
pavements. The interstate highway system includes 1700 of the
17,000 miles. In order to facilitate implementation of the
IPFS, the scope of the initial data bank was limited to the
Interstate highway system. The Interstate system includes a
sufficient number of sections to compile a prototype database
to perform evaluations of many of the specific designs that are
used on the remaining primary and secondary routes.

1.50
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Logical Design

The first step in the Logical Design of the IPFS was to mock up
final versions of all of the reports that the primary users
felt were needed to address the applications determined in the
Requirements Definition.  Initial drafts of reports were
created by the project team and reviewed first by the Pavement
Feedback User Team and then the Steering Committee. These
reports were created without regard to existing IDOT data
handling systems and without regard to the existing pavement
data being collected. A total of 45 reports were created to
demonstrate the required capability of the IPFS.

From these reports a list of required data elements was
derived. A total of 451 data elements were identified. These
were divided into three groups based on their primary purpose.
The first group consisted of those elements necessary in the
programming of improvements. These would be collected for each
management unit and would be the first ones to be collected.

By consensus, a management unit was defined as a section of
roadway, at least 1/4 mile long, which has uniform
characteristics along its length, including:

) Pavement structural design
0 Truck traffic/total traffic
o Responsible District
o Structural condition

The second group consisted of data elements necessary for
evaluation of design policies. They would also be collected
for every management unit. The third group consisted of those
data elements needed for special studies and research. These
data elements would be collected on only enough management
units to achieve a good statistical sample.

After reviewing the report mock-ups and the required data
elements, the current and future pavement related computerized
data processing systems were investigated. IDOT is currently
undertaking an extensive Roadway Referencing effort which will
develop a link/node roadway base from which existing location
reference numbering schemes can be directly obtained. This
will provide direct interfacing and communication of current
IDOT roadway information systems in future years.

In analyzing IPFS hardware requirements, it was determined that
much of the data is contained in various existing IDOT
mainframe systems which would be accessible upon completion of
the 1ink/node base. Data which is currently not in a
computerized system, e.g. plans, project records, microfilm,
would be entered into a formalized data base using the fourth
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generation NOMAD2 data base management software. This project
data base will include most of the data required by IPFS for
section and network inventory reports and for condition
prediction and network rehabilitation. Additional elements can
easily be added to the data base. This data flexibility is one
of the most important reasons for selecting the NOMADZ software.

The NOMAD2 data base will be formally integrated into the IDOT
Roadway Inventory File when it is redesigned as a part of
IDOT's Roadway Referencing effort in several years. At that
time, the NOMAD2 data base will have been operationally in
place and data elements will be finalized. Data input
operations will probably transfer to the operational area first
to obtain the data e.g. design details by the Bureau of

Design. A11 involved areas will have access to the data.
Completion of the Roadway Referencing project will allow direct
access to other important pavement related data bases including
accident, maintenance, and materials files.

To facilitate the development of the graphic mapping
applications, the project team obtained the use of the
University of I1linois Department of Energy and Natural
Resources' ARC/INFO Graphic Information System. The mapping
applications are being developed on this system and will be
transferred to the IDOT system as the capability becomes
available in the future.

In 1985, a distress survey was conducted as part of the IPFS
project to identify the distresses present along each
interstate highway, excluding the Chicago expressways. The
data collected is in the project database and is being used in
developing pavement condition prediction models and network
rehabilitation selection routines. This distress data and the
other inventory and monitoring data is being made available to
selected IDOT users as part of a gradual IPFS implementation
process.

Much of the work in Phase III was devoted to producing
demonstrations of the IPFS capabilities. One demonstration
compared the performance of jointed reinforced concrete
pavements and continuously reinforced concrete pavements in
ITlinois. Another demonstration worked on a sample network to
select rehabilitation strategies and timing over a specified
analysis period. Although preliminary in nature, the
demonstrations were well worth the effort to illustrate to the
Steering Committee the value of the proposed IPFS.

Physical Design

During the Logical Design Phase the output reports and required
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data elements were identified and the decision was made to
build the data base on the existing IDOT computer system. The
project team then began writing a scheme to organize the NOMAD2
data base. Procedures were written to convert the data
collected from various sources into a uniform format. Data
loading began with an emphasis on the level 1 and level 2 data
elements. ‘

Data was continually being collected and tested for accuracy.
Some data came from existing IDOT computerized files and some
were generated from previous University research projects. The
1985 pavement distress survey information was included. Much
of this data was first stored temporarily on mainframe computer
files at the University and used by the team in developing
pavement condition prediction models and rehabilitation
selection strategies before the NOMAD2 data base was
operational. The project team submitted recommendations to
IDOT for collecting pavement monitoring data including
equipment needed and frequency of surveys. Another pavement
distress survey is being conducted in 1987 incorporating some
of these recommendations.

Work on the condition prediction models and the rehabilitation
selection and optimization routines continued in the Physical
Design Phase. Condition prediction models were developed for
each type of pavement and for each type of pavement
rehabilitation as data became available during the collection
process.

0f the 45 report mock ups, five were chosen as best
representing the capabilities of the IPFS and will be the first
to be generated from the NOMAD2 database:

) Detailed section information.

0 Selected information for each section of a user
specified network.

0 Section condition prediction

) Section rehabilitation strategy selection and
optimization.

) Network rehabilitation strategy selection and

optimization.

Demonstrations were given to interested groups. More intense
effort was put towards developing a presentation to the top
level Directors of IDOT. In addition to the demonstrations,
several IDOT groups requested specific information from the
IPFS. This information was compiled and delivered by the
project team. These activities served to increase Department
wide interest in the IPFS.
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Use of Personal Computers

Extensive use of personal computers by members of the project
team greatly expedited development of the IPFS. During Logical
Design, word processing and graphics packages were used to
create the report mock ups. A sample network database was
loaded into a spreadsheet package and a demonstration of
network rehabilitation optimization was created and presented
to the Steering Committee and other interested parties.

During Physical Design 1links were established between the
project personal computers and the mainframe computers at the
University and at IDOT. Most of the physical design of the
NOMAD2 database was done from the comfort and convenience of
the team offices by using a PC as a terminal which greatly
reduced travelling expenses. The links also allowed the
transferring of data subsets from the mainframes to the PC's
for the development of the prediction models and optimization
routines. The inventory and monitoring data was stored on the
University mainframe computer which is better adapted to
manipulating the full data files.

The acquisition and use of personal computers are becoming more
prevalent throughout IDOT. Applications are being investigated
which would allow manipulation of subset pavement data files on
personal computers.

IMPLEMENTATION

Impltementation is occurring in a series of phases which best
fit the Department's organizational structure and strategic
direction. The work done by the project team in building the
NOMAD2 data base for the Interstate highway system and the
accompanying prediction and optimization routines is a
prototype of a full scale IPFS for all State routes.

The integration of the prototype system into the Roadway
Inventory File through IDOT's Roadway Referencing Project will
formalize the data base. Data control and system maintenance
will then shift to appropriate areas as identified in the
Logical Design of the Roadway Inventory File.

The Primary and Secondary routes involve many miles of roadway

and a huge data collection effort. Also, much of the data may

be unavailable due to the age and complexity of the systems. A
sample of these systems could be included in the future based

on specific criteria to limit the amount of data acquisition
involved.
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DATA ELEMENT CATEGORIES

I. Pavement Management Section Identification & Location
IT. Construction/Rehabilitation
ITI. Project Design

Iv. Structural Design

V. Materials & Soils Properties
VI. Construction History

VIT. Joint Design

VIII. Subdraiﬁage

ix. Reinforcing Steel

X. Deteiled Condition Survey
XT1. Friction Characteristics
XII. Deflection Data

XIII. Roughness Information

XIV. Maintenance

XV. Traffic Loading

XVI. Climatic History

XVII. Condition Rating Survey (CRS)
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DATA ELEMENT LEVELS

Many different data elements have been identified as being requied
for the IPFS data base. However, all identified data elements need not
be included for every pavement management section due to the different
uses of the various data elements. Three general levies showing this
general "need" are identified as follows: =

LEVEL 1 - PROGRAMMING NEEDS

Data required for Districts and the Office of Planning and
Programming to identify projects for prioritization in the multi-year
programming process. Also, data required for identification and
1coation of key design features and traffic conditions.

Data elements at this level are required for all Pavement
Management Sections within the identified highway network.

LEVEL 2 - POLICY AND DESIGN EVALUATION NEEDS

Data required for evaluation and development of IDOT pavement
policies, standards, ard design procedures. Data would also be used
in establishing renabilitation decision making criteria.

A representative sample of Pavement Management Sections would be
included to gather this level of data.

LEVEL 3 - RESEARCH AND SPECIAL STUDIES NEEDS

Very detailed data required for special/unusual pavement
research needs and special studies. Experimental projects would be
included in this level.

A small sample of Pavement Management Sections would be included
dependent upon the scope of the study.

NOTES ON LEVELS

A11 data in Level 1 would be required for Level 2 sections, and all
data in Levels 1 and 2 would be required for Level 3 sections.
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Data Source

BCA

Const.

DPI

GAI

MISTIC

MM

Pians

PMF

PR

Uofl

DATA SOURCE TABLE

Description

Contractors Information
System

Construction Job Records
and Documentation

Roadway Inventory
Accident Information

System
Materials Test Records
After 1/1/77 - Computerized
Pre-1977 ----—- Archives

Maintenance Management
Tnformation System

As-built Plans

Interstate Pavement
Management File

Physical Research Test Data

Climatic Information

Primary Responsibie Agency

Construction

Districts

Urban Program
Planning
Traffic Safety

Materials &
Physical Reseér:-

Maintenance

Districts

Design

Materials &
Physical Researc-

University of
ITlinois



1. PAVEMENT MANAGEMENT SECTION LOCATION AND IDENTIFICATION

Data Element

Marked Route

Management Section Begin MP

Management Section End MP

Direction

District

County

Multi-Year Program Status

Remarks

High Accident Location

Annual Accident Rate/
Statewide Rate

Pavement Priority

Level

IT1. CONSTRUCTION/REHABILITATION

Dats Element

Year of Improvement
Improvement Cost
Improvement Type
Improvement Contract No.
Improvement Section No.
Beginning Milepost
Ending Milepost

ITI. PROJECT DESIGN

Data Element

Contract Number
Letting Date

A) Original Design

Number of Lanes

Lane Width

Pavement Type

Left Shoulder Surface Type
Left Shoulder Base Type
Left Shoulder Stabilized
Wicth

Left Shoulder Aggregate
Wicth

Left Shoulder Total Width

Level

Level

Example Units

I-72
67.70
72.88
S

5
Piatt

Yes

1.1
3-5 Years

Example Units

1983
. 5,000 $000/1ile
4.0" Class 1
36923
53-4(1)
67.70
74 .35

Example Units

32134
4/69

4

12 Ft.
10" CRCP

6" BAM

(@]
[en)
n
(o d

ct
.

[es N}
@ O
|
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GAI
PMF

Data
Source

PMF
BCA
PMF

PMF
PMF
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III. PROJECT DESIGN (Continued)

" QOriqinal Design (Continued)

Data Element

Right Shoulder Surface Type

Right Shoulder Base Type
Right Shoulder Stabilized
Width

Right Shoulder Aggregate
Width

Right Shoulder Total Width
Special Experimental Feature
Flag

Remarks

1) Pavement Type Concrete
Concrete Subbase Type

2) Pavement Type Asphalt
Base Course Type
Asphalt Subbase Type

B) Rehatilitation Design

Rehabilitation Type

Shoulder Rehabilitation Type
Restored Shoulder Stabilized
Width

Underdrain Flag

Add Lanes

Widening

Level Example
1 6" BAM
1
1 10.0
1 0.0
1 10.0
]

2

1 4" BAM
1 11" BAM
1 6" Gran

1) AC Rehab - Hot Mix Recycling

Depth of Cold MilTing of
Existing Surface

Percent Recycled Asphaltic
Pavement in Overlay Mix
Type of Cold Mill Machine

Overlay Paving Equipment

2) AC Rehab - AC Overlay
Number of Binder Lifts
Lift 1 Binder Thickness

Date Lift 1 Binder Completed

Lift 2 Binder Thickness

Date Lift 2 Binder Completed

Surface Thickness
Date Surface Completed

3) AC Rehab - Cold, In-Place,

w WM™

WWwwwwwmN

ecycling

Cepth of Recycling

Type of Cold Mi11 Machine
iype of Rejuvenator
Source of Rejuvenator
Type of Paving Machine

W Wi
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3" Class I Mix D
Resurface 3"

10.0
Yes
No
No

15
Up Cut

1.50
7/82
1.25
7/82
1.25
8/82

N

Ml

11

Units

Ft.

Ft.
Ft.

AC Overlay

Ft.

Ins.

%

Each
In.

In.

In.

Data

Source

Plans
Plans

Plans

Plans
Plans

PR

Plans

Plans
Plans

PMF
PMF

Plans
PMF

Plans
Plans

Plans

MISTIC
Const.

Plans
Plans
Const.
Plans
Const.
Plans
Const.

Plans

Const.
Const.
MISTIC
Const.



I11. PROJECT DESIGN (Continued)

B) Rehabilitation Design (Continued)

Data Element Level Example
Birection of Cutting Drum 3 Down
Rejuvenator Application Rate 3 .85-1.0
“Big D" of Mix 3 2.47
Sealed/Qverlaid 3 No
4) AC Rehab - Heater Scarification & Overlay
Depth of Scarification 2 .75
Type of Equipment Used 2
Type of Asphalt Modifier 3
Asphalt Modifier Supplier 3
Virgin Asphalt Surface Mix

Application Rate 3 70

Method of Applying Virgin

Material 3 Mix with HST

Material

5) AC Rehab - £old Mill Only

Depth of Colc Milling ? .75

Width of Cutting Orum 3 12
Diameter of Cutting Drum 3 28
Type of Cold #i11 Machine 3 "Up Cut
Speed of Cold Mill Machine 3 45

Type of Cutting Teeth 3 GTE AM 722
Ave. Number of Tooth

Striations in Longitudinal

Direction 3 18
Ave. Number of Tooth

Striations 3 1.7
Ave. Number of Rows of Tooth

Striations in Transverse

Direction 3 87

6) AC Rehab - Crack Sealing
Type of Sealant 3 HFE 90
Type of Cover Chips 3 CA-16

Type of Reservoir 3 Sawed

7) PCC Rehab - Crack and Seat
Pavement Breaker Type 3 Whip Hammer
Average PCC Breakage Size 3 3
Reinforcement Cut or Broken 3 No Not Likely
Seating Roller Type 3 Pneumatic
Seating Roller Weight 3 35
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Plans

Const.
MISTIC
MISTIC

Const.

Const.

Const.
Const.
Const.
Const.,
Const.
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Const.

Const.

Const.

MISTIC
Const.
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Const.



— "I ARZARRE
LB R E
é%xﬁﬁﬁ%ZF‘imﬁiﬁ’\ﬂEﬁEﬂﬂzﬁﬁgﬁEﬁif“ﬁigﬁg

VB REMOEE —RIEEEY - M T AZFEEIIFUEABR LA &

SN o BENIRE s MAZRBAEEZZRBEAFEEME

THZERN  BRTEEREE LEIBAL » KB BHRZE Eﬂﬁﬁﬁ&i‘i °

2. BB HOK |
EREFREELRE  HRELBEZEKESS  FEIILEAKRE
s RE A RBERE o EEFLAE  THEXEESMEY » BRK
TMER B2 o
SR ERE
AFEARRKRZ SRR  HTHKEEAREREAREZTER

A TMEGERARERFR » FEREEREERR o
TN MR ZRFEARE)

BETE TR ZHRE » sl BRAKE : (a) MTKRZRE > (b) EEREEK
ZEFE-MTREERBER » ARKEERE LBZARGKEM 5T « HHrAEK
ER BEAMT » HERXBZE TENRM (Gravity-Flow System)
J %7$—E$ﬁ2i&Tﬁ<Eb MERGRMAK (Artisian System) o EiEAE
BZK RFEEREFEFRZER  AEHEREAREEABTESRE °

NEEH T HERER B ThAE B RS

1.IhEE ¢ (a) IMEEBEKRGT - (b) BRI T AN » (o) & HhikkRit

ZIKE » WHERRZ © .

2. 8050 BLIHE AR RS 2 B S AR T 58 ¢ (L) HEmBEk

F# (Longitudinal Drains) ) B EE kK FHEk RHE (Transverse -
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(b) HEASZHE > (0) RBEFELRHE(Q) EMERZIEIE o« HiFa
axal FEERATR IR - KRR AT BN RN R BRAZIEE » AW
R TFEFRFRZEEBEMERHER  MERZ SRS EERLA » 841
g BEADESIRGEFRECERZAHR -
B~ BRAKEIES TR E
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Mg NEE MM H M AT L5 FETEFRR o

2.5 HBEFERM

FWMEHNEEPELIZNIBE B BENBEAE SIS LR
B EdsEre e ARBREEERENTE Mk BEANRTMELS
RS ERS IR TE o

2.5.1 BE

BEETTRERENASEEN  EREEERT A% BEEE
FEEE . —BBEEEI - RE N RE - BEREREAIE L 0 AR RE
o —REEHEIEZEENFE ) KB HBE THINALE

@5 1#EE (Static Deflections)
@ iSFEMEE (Steady State Deflections)
@ HEFAEXFE (Impact Load Response)

| O {EiE (Wave Propagation) :
UTN R A BENEBERFEEIEEZRERECER -
— ~ EEHEPEE _

ST SFEE [ (Road Rater » Model 2000)5 JERGIE{EEN 1 i8S B HIELS -
FE T8 RE 12 /¥ (Steady State Deflections)=E il 5k » MR E & FHEEER
o BENERTRA SERICEE . FEKEEHEEE o
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HHFFEH I EEREEEHRERN RSB FER/INSEES|E
B BREEAFEENREL ) TENARSHTEEEE L - QL=
GERSEEEEMEREESM  RIEARE/NSE LBEEREETR
A o RIEEFHE  SEEAWARNEEEYT - AvEFITEERRTE 88
KPH (55 MPH)IEZE KBS & R ARSI HEEREE » LD HTENTIE -
. HEFEREARECKENSATE - MR RENEEERIERET
LEfEEMEREZHNRE - INWEEHEER (Vibrating Mass) |
TIREIM &L » 20002 REFFERZEENELESLT kg (1800F5) o EE)EE
RENIERZEREHE » INE 2. 22777R o JERE - EEIEE T MR RIZHRES
» BERFR BN EAUGE o I - EEENESSE L EARAERE
b o 2000BY BRI EFEF (R Z B E AV B 1590 kg (3500 Bf) » ®/BE 40 psigeo
PR EYEE (20008 7 — R B HNT ¢

BFE 1590 kg (3500%E)
HEREGHE 6 F£60 Hertz

B hEEE 917 2500 kg (200% 5500% )
RFAE 2000 kg (4400FE)
HMEE 371 A% (146 BF)
HERE 208 A% ( 82 Of)
EEE 150 A%y ( 59 0F)
g5 16PT TS f B Bl
EHEEE 2724 kg (6000FE)
#BE KRB FE

WEFIR BB &K 45. 7845 (180F)

ARREZENHE » FEEEMERR » NE2. 237N o

TRMEREREIBEREZRE
—NE  ¥EBEREEZRTFRE  FEF: (1) BRERE (FiE
EREIE) - (2) BESEEENERE - (3) BELEHEE » (4) WE » (5)
R (FE-mE - HR Y RIRE) » (6) HEEZFHiE-
BEIFUBAREZBERERGZS  SEARREET LIEGELEE
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230 K+ 1032 HES > WHEBETHEMNIZ It A EE S EmEn e
b BREEERETE  ERRGEN - BIGENEE  HESR2H
FBEEE > AN FENEEELTL AP EEZBEASBERE » ©i
§5% 2 RIBE MR ARRG » REUF 9SS o fn%2.2 R ©
| ERBEENNEIRAEE  AERRBESERE  TENREES
BREREE o IARSES THEE LT - FILTEEanRng 2R
BORE o AR ZEIREE L ERUOHERIFEEE HEHER
» EHHIER AT RESERNEE A K EE o

HABERE O EHKE - KEREEES(NES > BLERs BT
E, 5FEEE 456 ) VEE (7289 B) FKE (10 111 12
A) FIXE (1v2+3 F) SMF« WP EMBEERT » TEEZREEAD
 HAET BELLUBEELUT. A5 ZEEERY  BRETRUEHW
BRIERZ - MR F AR R o MERERTO F (21.1C) o

K EPEFIE & RIeE - FR{EHEEEDL D2 D3+ D4FID5 > BB EF B
RARIF ZHEEME » 535 (Dl)as (D2)a~ (D3)a~ (Dd)a F (D5)ac {RE%
P IE AR B BHE 2 T P AR B E » B EEBRS BIBFL F2+ F3 FAHIFS
o HRTFAISHOGHENE - LREEDBH - LEEFERT -

(DL)a= FlL * DL - B (2.55)

F1=F1 (T,t)=G1(T) + HL(t) _ (2.56)

R (D)a : BEMRIEEo
DL @ $E/E & BIfE o
F1 : BIERE o
T : BEmE (T) o
t ¢ EREEE o
GL(T) : BEEREZBNEL °
Hi(t) ¢ EREFEZRE o
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HEGL(T) BRHL(E) DBIEME ST Z RS S (Stepuise) BB o

R (DL R IE SRS » AlEERFEIRIERE21.1CZH#
Bl > REEHERFHNZ/NEEME {ER (DLARIEE °

HAREEZHFEE (4~5~6 A) NEREE > RKEFMNEEAEATR
REME—BRWE > B~ KEEMBEEELS » SEIESA » KEER
EFRE  AE ~ KEENRERERSGERMT ¢

(L) E=E:

12
F1=1.5040- 0.9108 exp(- ) +0.0075 ()" + 1.1112 ST

10

- 4.1070 log (t + 2) —0.1935 exp(-t) (2.57)

F2=0.6624- 1.5832 exp(-

T 1 2
0 )+ 0.0056 ('t—) - 0.0980 lg (t+ 2)

(2.58)
. 12 -
F3=0.2401+0.0685 / T + 0.0045 (t—) (2.59)
1 2
F4=0.9863 - 10.2630 + 0.0050 (t—) (2.60)
T 1L 2
F5=0.7876 - 3.8831 exp(- 0 )+ 0.0068 (—t——) (2.61)
(2) BkKZE
1 2 :
F1=-~0.2175+ 0.0226 T+ 355.902 (T—) ~0.1139 log (£ + 2) (2.62)

1 2 1
F2=0.6909 + 90.3837 (T—) +o.0107t— (2.63)



L 2 1 2
F3=0.5831+ 0.0042 T+ 109.911 (——T ) +0.0008 (——t ) (2.64)
1 2 1 2
F4=-0.3253+0.2887 In T+ 152.524 (-—T—) +0.0010 (—E—) (2.65)

‘ T
F5=0.7627 + 0.6588 exp(~ 0

1
) +0.0151 - (2.66)

Kb T : WEHEE (C) o
t 2 BREEE (EFAESL > A0SR LS » TIFE2
s IRILEEHE) o
L EEES FER L BRAGE  BEH21CESET - BRIE EF
 SUBSE TR UURE o BSTTHEAE(EDA  DSERBSTEAE « B RRFMBIRES - £
HEDSHISLEESD » — M DSHIE{LEES0.24F0.322 1 » A DSE—H
AL B AR o

ENBREZSH
BEFEEEHESIFIS S REUESZKAEE (DD) 5 5§
—REZHRFEUZAESE - BEREiEIEEFE (surface Curvature Index.
SCI) » NERMBEERERT - ENURFARFEASZFAEE - RERHRIER
(Base Curvature Index, BCI)» REMBLIT ZBEERT o
HETAERLRER  FRARERBENBELUGRIRERE X

-4
*i{fﬁéﬁkaDMD HAEB 7TX10 0. BIFSE AR RMEE s EOE
i@ 6X10 0f - BIBREAS IR EETTAFHEN o FREFEFESCI » BCI &
DMD E=FEEE - AT FEIT R ¢
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DMD | scI BCI B E % B B ®
> 0.2 |HERTEEES
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_ < 0.2 |#EH BEEFH-
> 1.6
> 0.2 | EHEB TEREEHE-
<0.35
< 0.2 | R"EEE
> 0.2 | REHEE-
>0.35
< 0.2 | HEHESR  TERE -
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> 0.2 | TIEEER, THR
<0.35
< 0.2 | mERTEZHERR
2.5.2 B
—. JUBESR
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ASTM ES01 EH#EFR & 7 B ERAG o
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AERRFHE R SRS L LURE 2 TR + A 7E R H B T

B SIS TTERR - DB E RS SRAA R 2 BEE ) o 12708485

EHERE > BB TULEE BT TIRSHRKES » TEEERS R

LR o | -

2 HEIER EENRE )

REIRE A EEHEIBE (British Pendulum Friction Tester) » B

EREHEAREEELEEARENES. SEEERTRRSE

(Transport and Road Research Laboratory)ffigHH » R H{ER Y FE

ANRBERRSEEREEELE  A—BELENBEHEAEE

5% o i BRI FESA B AR ER  LIRIERE 2 S T o 8

Reg o FIRRE 2 BN EREREREES LA EREERE 2B

M5 5 SRERLE B LIBPN (British Pendulum Number) BS{E3E:R » BEN {&

AEERARKE 2 BT RE o |
—. EARE ‘

ST R ) (5 R (LR R ST 1) FRITRESEES » BS
EAHRGHEERD « MERBEEERES  FEFREEMERTER
SZEERE o
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A BT RS B 2 S T AN [ 2. 247 © Bl LB B I SRR 2157 -
ETAUBRABSESNERZEY ZEMENZBETERBEHAANE
71134 (Shear Strength) Z{E3% » H{REUA/INAEARIIT :

fa=Aft1 . ISD ' _ © (2.67)

Ref i fa @ REHHE
A EWEMEM (in)o
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| 2
An : SEERAGZEBEE (in)o
S - HEEHAREWmAEZIEANEE (psi)e
P EHRlBEBEARZFHREN (psi)e

B (2.67)RH » EEAFEUEIFEBEREES N EMEEENENIE
¥ (Bond) EE7 - HUSIRINERTEMIZE H - AT - BEEHREER  YHiEE
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face Texture) » {f/KESLIHAEAMA 21T (Channel)BERk » T8
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EEERHNEEZER  TEE RSB ERE SV ERREENELX
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QD

fh=— P

(2.68)

Kbt fn o REERHFEK- ;
Q : EEHIEEBEHZEEE (in)o ;
D :E{IEESEZEEREIRL (in- 1Db/in)o
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V 1 3IEE 2 METEEE (KPH) o
S : EEMFIELMITE Y BB (AR) o
| EEREE 0 LRBIE - TRBA o
3.fEEH
ik EHREEASTM E274 M4 - LIBSEEB R RIKE SRS 0 8
1B FR R ERTEEE [ — BB A /K A8 /N B B L B 0 3 AT AR S U
Lo BRETL BB  HESEEE HE ERRER) o 2
LB R TREE o KEEUETHSEDEANKGEELEE
FEKFH » FIATH A KGR ERER 2 JUE{HE (Skid Number » SN)

' SN=—£— X 100 (2.70)

R SNBHEHIBE > F BEERN - L BERHNE o BEREE
BB LIASTM E274 045 A BRI B R IR (R IRl — B 245 5 o

LESEERBEAAL NN HTERNEETEANES  KE
BRESARERED - HWEAABTESRSELERSRE  BRK
RS SIRE - MR T LSRR Y B RS - IR
BUE (Microtexture) » P FTREEE T HISKICMIE R ¥ BE IS o —
A% L AT 2 6 BRI IS 2 & REK - B4 L EERAEER
HHSERE RS B o S E R » SEEEE AR 0 BN
HEEEAEGREDETERNE - WRKERS  EENEEAZEE
BB o

2.5.3 BEATEFIREE
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B IR IREAE » BELR LBSKE (Roughness) » RERRE S » 8l
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 BRREMIE (Pavement Texture) o MEZ K/ EERFTEEHZ FTERE
F - SITEABETAE NG  BELEZMOTTRS » FEBEE -
ERRIGERENG 2 N EBNZ T o 1@ 2. 2550R o MESIEK LR
Rz A » Xe] 45 B E B3 (Macrotexture ) B4 E 5138 (Microtexture)
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) TABE AR AR B AR RS - RE /N IAUE o )
—\ WIEHREERES
1. TRRUVNE IR 3 & 1
TRRL/NESBUE I & (52 KB E 0 B L R R TR ET - Timhas
BIwDM AT o BRIEPSHRHREE (Trolley) RE[ 482 F8
(Handle)#fY » BEHKI20 NE > BEZ BEEHE 305 6405 300
AEBEER19.5k  E—TTHEAFHRITENS BEES -
FERENMER D 2 E S8 8 5% (Laser Displacement Transducer)
P IERBSE SRS BE  DEABREERE  KEENE
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FHEBRESESRERE Bk SHaSEKERERMSL B
DIHESI 2 Mk A8 (Diode Array)Hrsl » BI{SESTH R 41852 AR
o BELRTXHNETINEY B —EREECZRRBERE
RISt E SR M AUE R B YR o
2.$DP fBEE '
EEEHEEE (Surface Dynamics Profilo) K A% SpP K5 E G
o H/AFISDP BEEHAK. J. LAV A RIS - BIKANEI00 o SOP K
EES—EBIIMERRS  THS TRERNIEZES| o B
B % 36 5 1AM 2 22 1548 (Roughness Index; RI) » JREDBSTE
ML E (Pavement Condition Ratings) o v
KERNPERSS R T RREEREELE
ARH o SDP BEEIBIR A TRMEA E R EEBEEN —ERES
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i DP MEHEAESIEHEE ITERENEREER - HEARTE

EEEETEERY (Time Instabilities) o SDP ¥EE S EH

ﬂﬂfi?‘ét?& (Root-Mean Square Acceleration Index ; RMSA)EIHHF{SiE

(Mays Meter Index) o FRISIZE[7E(EREE 2 BEEE » FIE—K o A

3 P & BB ER A BEE 4258 32 KPHTT RIS AR BEA 1S » &5 B T 06

ECIEEERFIE 80 KPHY J{EAEM ©

ERRFEER B ST R EIR R EF S AE » /o Bt
EIMEIET o SEFBIEISRE (Digital Cassette Recorder) IR
B BHEHBRIRTIERREFNERS 2328528 L o
SDP REF{R 2 BRAERBUNE 2. 2777 ©

T EAEE |

HBE LEASCEERAERE  F THI&IH

© }i7% (Skid Resistance) o

OB EIILEERE (Skid Resistance-Speed Gradient) o

S HRITEEER

-‘ _OE&@FE}’E (Pavement Wear) o

© BERA5 IR (Tire Wear) o

® [TEAERHEFE o

OITEELIGE o

| @FRATHARRIAETHIE o

@ T R{TE/KEEAT (Hydroplaning) IHZE o

EXERSERSEARBERNELT 234 » ERAMFEZHRR
EIREERR T L BE - BEIEN o BEACERLERED IR
Thit & 7E BR T SLEE SmAG BE s I ] (RAFIE TL » (ERSmEsmia M 2 A 5 &R EER
o WEIIAE AN K EITER » FALHENEABREIETEZEEE
W SR ERIEL - B R SRS S S (Harsh) B S B
s TR SRR Z S o
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MESCERE LRI (Scalelh » BMTRES » —REIKBIRAEERNE
BREBE c ZUE—B5 » BZEREHREEEY - MELTEERIFE
BZ > BRERAKMENE ¢

@ MFEEiEE (Sand Patch Method) o

O BT IR ZIE (Profile Measurement Method) o

@ T BUFE S S5 HiiE (Stereo-Photo Interpretation Method) o

@ X 51 (Light Reflection Method) o

@ HE/kHflE % (Drainage Measurement Method) o

BERA T EFMAE ]S I FHWA RD-80-5052 FR 45 » A XBREHLITRRL N
EREREERUBESGE AR EAZEFEREANBRESE - B
ERZEGTERR - TRV HERE L EERE ; EERZHEREREN
HERBE o flin » RO SHRER SWRE 2SI EE (k2.3
FR) » I EEREEAREERASEERIBE

2.6 BERETHERE

EREREREAGE  RELETERE B2 —E TR R o

F BB EREE - SRESNERBEOSRY - L
B TR EREIE o EAHRHE  ERREREER—ETANERYE
ARSI  REIE o XFHRAHGE —E I REERE - o
EHBEEBHRIRERE - UBEEAREBREALLIEE o $PH
BT Y BERE S KRG 2. 2657 o

2.6.1 ZEHE

EREDIBBEREAZTRR - M EEERENREHFFE ( Decision
Tree ) » fBEGEMNFHMEATRE MEEHAEHEERZSE ( Compatible
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ROAD ROUGHNESS: SIGNIFICANCE AND CONCEETS -
results typically depend on the dynamic characteristics of the vehicle and speed,
as shown by the response in Figure 2.6, Detailed information on the location,
amplitude and frequency of movements usually is not obtained, so the result repre-
sents the average rectified slope of the axle-body motion (rectified because both
upward and downward movements are counted) over the segment between successive

‘outputs. The length of the tire contact naturally filters out very short wave-
length effects.

Dynamic profile instruments

Dynamic profilers measure the profile from a moving vehicle or trailer.
They differ in the reference used to represent the horizontal datum (Table 2.2)
and in the method of sensing the profile. The early GMR profilometer and French
APL profiler use direct contact through a following wheel on the pavement, while
recent versions use indirect or noncontact methods such as visible light lasers,
infrared light sensors and ultrasonic sensors. As these sensors can measure very
short wavelengths, including surface texture and down into cracks (which are
bridged by a wvehicle tire and do not affect vehicle motion), high frequency
filters.or averaging needs to be applied to the data to suppress these effects.
Figure 2.11(b) shows that the profilometers do not return the absolute profile
exactly because of a lack of the lowest frequencies and slight distortions in the
instruments, but the recorded profiles have been shown to contain all the informa-
tion needed to calculate most roughness indices with adequate accuracy.

2.3 STANDARD AND COMMON MEASURES

The wide differences between the outputs of different devices used
throughout the world, and the often poor reproducibility of results by the same
type of equipment, have severely hindered the use of roughness data in decision-
making, and particularly in research attempting to compare results from different
studies. Awareness had grown that equipment hardware was generally unsuitable as
a roughness "standard" because the characteristics change over time. Hudson

- (1979), with the proposal that roadmeters be calibrated over a series of road
sections for which a standard roughness had been measured (successfully demonstra-
ted in the Brazil-UNDP study (GEIPOT 1982)), and Gillespie and others (1981), with

extensive study of the vehicle and road characteristics, laid the basic groundwork
for standard calibration procedures.

2.3.1 International Road Roughness Experiment

In order to establish correlation between the different roughness
measures and to select a standard for calibration, the World Bank convened the
International Road Roughness Experiment (IRRE) in 1982 in Brazil, with sponsorship
and participation by several international organizations (Sayers, Gillespie and
Queiroz 1986). The experiment (see Table 2.3) was conducted on forty nine test
sites of flexible pavements and unpaved roads covering a very wide range of rough--
ness. Four profile measures, five types of roadmeter, and two types of subjective
panel rating were run on all sections. The major conclusions were:

1. The average rectified slope (ARS) outputs of all roadmeters differ
numerically but correlate highly when run at similar speeds (the
correlations degraded when the speeds differed);
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28 ROAD ROUGHNESS: SIGNIFICANCE AND CONCEPTS

Table 2.3: Scope of the 1982 International Road Roughness Experiment

1. Road Test Sites

Road surface Number Range of roughness (IRI) Length
of

Sections Mean Minimum Maximum (m)
Asphalt concrete 13 ' 4.22 1.9 7.3 320
Surface treatment 12 4.05 2.5 5.7 320
Gravel 12 7.63 3.7 14.1 320
Earth 12 8.35 4.1 16.6 320
9 16.6 320

All 49 6.03 1.

2. Measurements and Methods

Method Number Description and test speeds

Roadmeters, car-mounted 5 Maysmeter (3), NAASRA (1), Bump Integrator
(1): 5 runs at each speed 20, 32, 50, 80
km/h. '

Roadmeters, trailer 2 Bump Integrator, BPR roughmeter: 6 runs
at each speed 20, 32, 50 km/h.

Static profilers 2 Rod and level survey, TRRL beam.

Dynamic profilers 2 APL trailer (speeds 21.6, 72 km/h); GMR
profilometer.

Panel rating 2 18-person PSR-panel, 4-person IRI-panel.

3. Participants

Transport Planning Agency (GEIPOT), Road Research Institute (IPR), Brazil; Central
Bridges and Pavements laboratory (LCPC), France; Road Research Center (CRR),
Belgium; Transport and Road Research Laboratory, Overseas Unit (TRRL), United
Kingdom; University of Michigan Transportation Research Institute (UMTRI), USA;
The World Bank; and contributions from Australian Road Research Board (ARRB); and
" Federal University of Rio de Janeiro, Brazil.

Source: Based on Sayers, Gillespie and Queiroz (1986).
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2. Roadmeters generally performed satisfactorily over the full range of
roughness (except the BPR roughometer was not robust enough for the
rough roads, and the Maysmeter lost counts on very smooth sectionms),
but dynamic profilometers were limited to paved roads (GMR) and all
but the roughest unpaved roads (APL);

3. After calibration to a road profile statistic, there is a high
equivalence and correlation amongst roadmeters and profilometers;

4. Of six profile statistics evaluated, most were satisfactory for
calibration purposes, and the best correlations were given by the
ARS of a quarter-car simulation (the reference simulation, RQCS,
derived by Gillespie and others 1981);

5. The international roughness index (IRI) was selected to be the slope
output (ARS) of the RQCS, with a simulation speed of 80 km/h,
derived from the absolute profile of the road surface.

Further discussion on the experiment can be found in Sayers, Gillespie and Queiroz
1986b, 1987).

2.3.2 International Roughness Index

The international roughness index (IRI) is a mathematically-defined
summary statistic of the longitudinal profile in the wheelpath of a travelled road
surface. The index is an average rectified slope statistic computed from the
absolute profile elevations. It is representative of the vertical motions induced
in moving vehicles for the frequency bandwidth which affects both the response of
the vehicle and the comfort perceived by occupants.

The IRI is defined by a mathematical simulation of a quarter-car (that
is, one wheel with the associated dynamic characteristics of the suspension and
sprung mass of a typical passenger car), as shown in Figure 2.12 and defined in
Sayers, Gillespie and Paterson (1986). The simulated travelling speed is 80 km/h,
which determines the bandwidth of the responses shown in (b) and (c) of the
figure. These can be seen to cover the range of frequencies most affecting the
users' perception of comfort and the impact on moving vehicles.

The IRI describes a scale of roughness which is zero for a true planar
surface, increasing to about 6 for moderately rough paved roads, 12 for extremely
rough paved roads with potholing and patching, and up to about 20 for extremely
rough unpaved roads, as shown in Figure 2.13. The units of IRI are actually
dimensionless, because it is a slope statistic, but it has been scaled by a factor
of 1,000 so that it represents m/km, mm/m or inches/1,000 inches. The standard
presentation is thus 2.1 m/km IRI, generally reported to one decimal place.

Details of the computation of the IRI, and guidelines for applying it to
the calibration of equipment and the conduct of roughness measurements are given
by Sayers, Gillespie and Paterson (1986). The calibration method refines the ones
adopted in the Brazil-UNDP study (GEIPOT 1982) and proposed by Hudson (1979).
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Table 2.4: Description of various road profile statistics by category

Acronym Source Description

1. Mathematical simulation of vehicle response

RQCS NCHRP Report 228 Reference Quarter Car Simulation with parameters
representing passenger car (Gillespie and others
1981); ARS output in "inches/mile."

Qs @GR Profilometers Quarter Car Simulation with vehicle constants
derived by K.J. Law (Inc.); ARS output in
"inches/mile."

IRI World Bank RQCS as above with scaled dimensionless ARS output

(nominally in “"m/km," where 1 m/km = 63.36
inches/mile). (Sayers, Gillespie and Queiroz 1986).

2. Estimatiomn of vehicle response by correlation to wavelength statistics

MO Texas Estimate of "Maysmeter Output" ARS (inches/mile)
from root mean squared vertical acceleration (RMSVA)
of profile in 1.2 m and 4.9 m baselengths (McKenzie
and Hudson 1982):

MO = 20 + 23 RMSVA, , + 58 RMSVA , ,

Q1. Brazil-UNDP Estimate of QCS output (ARS) of GMR profilometer
study from RMSVA statistics of profile on 1.0 and 2.5 m

baselengths (Queiroz 1979):
QI, = -8.54 + 6.17 RMSVA, + 19.38 RMSVA, ,.

BI, TRRL . Estimate of Bump Integrator trailer by root mean
(Overseas Unit) square deviations (RMSD) from best-fit line through
elevations at 300 mm intervals on 1.8 m baselength:
BI, = 472 + 1,437 RMSD + 225 RMSD® (Abaynayaka in

Sayers, Gillespie and Queiroz 1986).

3. Statistics of Discrete Wavebands

PI NCHRP Root mean square elevation statistic from the 0.5 to
Report 275 2.4 m wavelength band (Janoff and others 1985).
PUy o TRRL Variance of elevation from 3 m moving average

(Jordan 1985).

CP,. . CRR Belgium Average rectified elevation on 2.5 m moving aver-
age baselength (Appendix G in Sayers, Gillespie and
Queiroz 1986). Also for 10 and 40 m baselengths.

Wsw,} LCEC France Mean square energy of profile signal in wavebands
VYo sw (1 - 3.3 m), mw (3.3 - 13 m) and 1w (13 - 40 m)
(Appendix G in Sayers, Gillespie and Queiroz 1986).

Source: Author.
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Figure 2.15: Chart for approximate conversions between major roughness scales and
the International Roughness Index (IRI)

IRI Qlm Bl, CPa5 Sl 1M,
(m/km IR1Y | (count/kmy | (mm/km) | (0.04 mm) Wsw CAPL2s (PSh) (In/mile)
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On the 3Hine scales. the center line represents the estimated value, and the left and right }E??gimelgevolue
margins represent the low (15th percentlie) and high (85th percentile) limits of individual
values about the estimated value.
ESTIMATING OTHER SCALE
Low Value
Estirmated value
) High value
NOTES: :
Conversions estimated on data from the Intemational Road Roughness Experiment, (Sayers, Glliesple and Quelroz, 1986) as follows:
) 1. IRI — Intemational Roughness Index (Sayers, Glllesple and Paterson, World Bank Technical Paper 46. 1986)
2 Qi — Quarter-car Index of calibrated Maysmeter, Brazi-UNDP Road Costs Shudy
IR = Qiy/13 £ 0371 IRK17
3. B - Bump Integrator traller at 32 km/h, Transport and Road Research Laboratory, UK:
iR1=0.0032 8089 +0.31/R: IRK17
4. CPyg — Cosfficient of planarity over 2.5m baselength for APL72 Profilometer, Centre de  Recherches Routiers, Beigium:
IRl = CP4 /16 +02/IRT IRK11
5 We = Energy for APL72 Profilometer, Laboratolre Central des Ponts et Chaussées, France

7.8

8. IM,

IRl =0.78 W, 063 +0.69 IRI;
6. CAPLy5 — Coefficlent of APL2S Profilorneter, Laboratoire Central des Ponts et Chaussées. France:
IRl =045 k CAPLgg £16%;
where k = 1 for general use, k =0.74 for asphalt concrete surfaces, k =1.11 for surface treatment, earth or gravel
— Serviceabillity Index. American Association of State Highway and Transportation Officials:
IR =5.5 In (5.0/5!) £25%;
— Inches/mile equivalent of IRl from Reference Quarter-Car Simutation at 50 mile/hr (see HSRIeference' in Gillesple,

Sayers and Segel NCHRP report 228, 1980; and ‘RARSgq’ In Sayers, Gillesple and Queiroz. World Bank Technical Paper 45, 1986):

IRI= IM,/63.36

R<9

LR

IRI<12
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Table 2.5: Relationships and statistics for conversions between roughness scales
Conversion relationship Standard error C. V.Z Bias slope Units
IRI = QI /13 0.919 15.4 0.989 m/km

= (QI, + 10)/14 0.442 7.3 0.975 "

= 0.0032 BI®-°? 0.764 12.7 1.008 "

= CP, /16 0.654 12.4 0.993 "

=~ 5.5 loge (5.0/PSI) - - - "

= 0.80 RARS,, 0.478 7.9 1.002 "

= 0.78 Wg,°-*? 0.693 11.5 0.9% "

= CAPL,./(2.2 + 0.84) 1.050 17.4 1.030 "
Ql, = 13 IRI 12.0 15.3 0.993 counts/km

= 9.5+ 0.90 QI, 14.5 18.7 0.985 "

= BI/(55 + 18 E) 11.7 15.0 1.002 n

= 0.81 CP, , 11.7 17.2 0.986 "

= 72 logg (5.0/PSI) - - - "

= 7.9 Wg,"7° 8.78 11.2 - 0.996 "

= 6.2 CAPL,, 18.29 23.3 1.13 "
QI, = -10 + 14 IRI 6.32 . 8.3 1.024 "
BI = 630 IRI'-!? 694 14.7 0.998 mm/km

= 36 QI-'? 1100 22.8 0.985 "

= (55 + 18 E) QI 673 14.2 0.976 "

= 62 QIl, 850 18.1 0.971 "
CP, g = 16 IRI 10.5 12.4 0.994 0.01 mm

= 11 +1.12 QI 14.8 17.6 0.995 "

= 1.23 QI 14.4 17.2 0.986 "

= 11,7 Wy’ *° 8.87 10.5 1.018 "
MO, = IRI/L.5 0.25 0.9 1.04 m/km
MO; = 42 IRI 16.0 0.9 1.04 in/mile
Note: E = ] if earth surface, = 0 otherwise.

A = 1 if asphalt surface, = 0 otherwise.

BI = TRRL Bump Integrator trailer at 32 km/h (mm/km).

CP, s = APL Profilometer coefficient of evenness (.0l mm)

IRI = International Roughness Index (m/km).

QI = Roadmeter-estimate of QI roughness (counts/km).

QI, = Profile RMSVA-function of QI roughness (counts/km).

RARS,, = ARS response of reference roughness simulation at 50 km/h
(Sayers, Gillespie and Queiroz, 1986).

Ysw

MO, 1

Source:

Short wavelength (1-3.3 m) energy index of APL72
= Maysmeter Output function of RMSVA (Table 2.4) (m/km; inch/mile)

Computer analysis of data from Sayers, Gillespie and Queiroz (1986) and
Sayers and Gillespie (1986).
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