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EXECUTIVE SUMMARY

Since the early 1980's, ADOT has been using pavement management tools to manage,
maintain and preserve Arizona's highway network. ADOT's PMS tools were originally
based on a probabilistic approach for modeling the pavement performance, which were
adequate for the original ADOT requirements. Recently, ADOT has decided to expand
the use of the PMS tools to also support the pavement maintenance operations and
project level pavement rehabilitation activities. This required a change in the existing
ADOT's PMS tools, which prompted a need to move to a different pavement
management software. Subsequently, ADOT selected Stantec's Highway Pavement
Management Application (HPMA) software to replace its pavement management
system, and retained Stantec's services for structuring, data loading, model
development, and implementing the HPMA.

The overall approach followed to achieve the project objectives is divided into four main
phases, which are:

1. Development of a Conceptual Design and Layout

2. Structure and Develop Pavement Management Database and Models
3. Conduct State-wide Analysis

4. Install HPMA, train ADOT staff, and provide software technical support

The development of the conceptual plan involved assessing the old ADOT database
structure and data elements, identifying the needs of the various system users and
determining the availability, relevance and method of importing the data items. The types
of the available data were reviewed in terms of the sources, reliability, and level of
necessity. This task also involved reviewing the models and parameters used in the
Department’s current pavement management system. Based on this review, a detailed
conceptual plan for the development of ADOT HPMA was developed.

The second phase of the project was directed towards loading ADOT's data into the
HPMA database, modifying some of the HPMA functions and adding more functions to
meet ADOT requests, and developing the required analysis models. Data loading and
model development were carried out based on the conceptual plan developed in Phase
1 of the project and the feedback received from the Technical Advisory Committee. Data
was loaded from the existing data sources in ADOT and converted as necessary. The
HPMA code tables were first populated and then the data was loaded as required.
ADOT requested a number of modifications and enhancements to the functionality of the
HPMA software, which were implemented in this phase of the project. These
modifications included the inclusion of the maintenance history in the priority rating,
modifications to some of the table structures, adding some additional reports and others.
The HPMA models and parameters including the condition indices, pavement types,



distress types, rehabilitation and maintenance treatments, and decision trees, were
developed at this stage.

The completed ADOT HPMA is a single software application that provides full database
management and analysis capabilities required by the two types of users (PMS and
Maintenance). The HPMA provides capability for users to work at both the detailed
highway level and the aggregated section level. Also it provides a wide variety of
analysis capabilities, including corrective maintenance, preventive maintenance, and
rehabilitation analysis.

When the ADOT HPMA was completed, a statewide analysis to demonstrate the
analysis modules in the system was carried out using historic ADOT data. The analysis
included identifying ADOT's network budgetary needs and network performance using
historic data and comparing these results to actual measured performance data. The
results of the analysis showed that ADOT HPMA successfully modeled the historic
trends of ADOT pavements and accurately represented ADOT's network conditions.

To demonstrate ADOT HPMA software performance and verify the analysis settings and
models in the software, two sets of analyses were performed using the ADOT HPMA.
The analyses were performed starting from the year 2000. Thus, the performance data
from the following years were not considered in the analysis. The analysis results were
subsequently evaluated against the actual data from the years 2000 through 2003.

The objective of the first analysis set was to predict the funding levels for the network
required to achieve specific performance levels over the years 2000 through 2003.
These performance levels were the actual measured performance of ADOT during this
period. The analysis results were then compared to the actual funding levels provided by
ADOT during the same analysis period.

The objective of the second analysis was to predict the network performance under a
specific budget stream over the years 2000 through 2003. Again, this budget
represented the actual budget spent over the analysis period, and the analysis results
were compared to the actual network performance over the same period.



1.0 INTRODUCTION

11 BACKGROUND

Arizona Department of Transportation (ADOT) has been one of the pioneering states in
the development and implementation of Pavement Management Systems (PMS). Since
the early 1980's, ADOT has been using pavement management tools to manage,
maintain and preserve Arizona's highway network. ADOT's PMS tools were originally
based on a probabilistic approach for modeling the pavement performance, which were
adequate for the original ADOT requirements.

Recently, ADOT has decided to expand the use of the PMS tools to also support the
pavement maintenance operations. This required a change in the existing ADOT's PMS
tools, which prompted a need to move to a different pavement management software.
Subsequently, ADOT selected Stantec's Highway Pavement Management Application
(HPMA) software to replace its pavement management system, and retained Stantec's
services for structuring, data loading, model development, and implementing the HPMA.

HPMA is a single software application that provides full database management and
analysis capabilities required by the two types of users (PMS and Maintenance). The
HPMA provides capability for users to work at both the detailed highway level and the
aggregated section level. Also it provides a wide variety of analysis capabilities,
including corrective maintenance, preventive maintenance, and rehabilitation analysis.

This report documents the approach used to achieve the goals of this project including
the customization of the HPMA to address ADOT requirements, the development of the
analysis models, which are based on ADOT historic performance data, and the
implementation of these analysis models in conducting a statewide analysis.

1.2 REPORT ORGANIZATION

The report is divided into seven sections. Sections 1 and 2 provide an introduction and
overview of the project approach and the HPMA software, respectively. Section 3 details
the HPMA customization to address ADOT requirements, while Section 4 gives an
overview of the data loading process.

Section 5 of the report describes the development of the analysis models required for the
Maintenance and Rehabilitation (M&R) analysis. Results of the statewide optimization
analysis are presented in Section 6, while in Section 7 the installation of the HPMA on
ADOT computers is described.



Phase 1: Conceptual Design
*Review Existing Needs
*Parameter Review & Development
*Develop a Detailed Conceptual Plan
*Present Conceptual Plan to TAC

Phase 2: Develop HPMA
*Structure & Populate Database
*Develop Analysis Models
*Deliver HPMA to TAC

Phase 3: Conduct Statewide Analysis
*Conduct Statewide Analysis
*Modify Analysis Parameters
*Rerun Analysis & Finalize Parameters

Phase 4: Install Software
*Provide Final Report & Documentation
*Install HPMA on ADOT Computers
*Conduct Training
*Provide Software License

Figure 2.1: Project Outline



20 PROJECT APPROACH OVERVIEW

In an effort to expand its use of the pavement management tools to support mainte-
nance functions, ADOT selected Stantec's Highway Pavement Management Application
(HPMA) software to replace its pavement management system, and retained Stantec's
services for structuring, data loading, model development, and implementing the HPMA.

The HPMA is a single software application that provides complete database
management and analysis capabilities. It provides capability for users to work at both the
detailed highway level and the aggregated section level. Also it provides a wide variety
of analysis capabilities, including corrective maintenance, preventive maintenance, and
rehabilitation analysis.

In this section, an overview of the project approach together with the HPMA is
presented.

2.1 PROJECT APPROACH OVERVIEW

Figure 2.1 shows the overall approach followed to achieve the project objectives. The
approach is divided into four main phases, which are:

Development of a Conceptual Design and Layout
Structure and Develop Pavement Management Database and Models
Conduct State-wide Analysis

L h =

Install HPMA, train ADOT staff, and provide software technical support

The development of the conceptual plan involved assessing the old ADOT database
structure and data elements, identifying the needs of the various system users and
determining the availability, relevance and method of importing the data items. The types
of the available data were reviewed in terms of the sources, reliability, and level of
necessity. This task also involved reviewing the models and parameters used in the
Department’s current pavement management system. Based on this review, a detailed
conceptual plan for the development of ADOT HPMA was developed and presented to
the Technical Advisory Committee (TAC).

As part of Phase 1 of the project, Stantec provided a three-day training session in
Phoenix for different expected users of ADOT's HPMA. The main objective of this
training was to help ADOT staff understand the HPMA and thus better define the
required software customization.

The second phase of the project was directed towards loading ADOT's data into the
HPMA database, modifying some of the HPMA functions and adding more functions to
satisfy ADOT requests, and developing the required analysis models. Data loading and
model development were carried out based on the conceptual plan developed in Phase
1 of the project and the feedback received from TAC. Data was loaded from the existing
data sources in ADOT and converted as necessary. The HPMA code tables were first
populated and then the data was loaded as required.



ADOT requested a number of modifications and enhancements to the functionality of the
HPMA software, which were implemented in this phase of the project. These modifica-
tions included the inclusion of the maintenance history in the priority rating, modifications
to some of the table structures, and adding some additional reports, etc. Details of these
modifications and enhancements are described in Section 3.0 of this report.

The HPMA models and parameters including the condition indices, pavement types,
distress types, rehabilitation and maintenance treatments, decision trees, etc., were
developed at this stage. The HPMA database and analysis models were then presented
to the TAC for feedback.

In Phase 3 of the project, a statewide network analysis was performed. The main
purpose of this analysis was to evaluate the loaded data and the developed models, as
well as to fine tune the models to produce acceptable results. Maintenance and
Rehabilitation (M&R) analysis, and a budget optimization analysis were conducted to
produce a 5-year capital improvement program. Also, ADOT carried out Beta testing of
the system and the analysis results, including a comparison with the existing pavement
management system results. Based on the analysis results and results of the Beta
testing, the models and analysis parameters were refined. The network analysis was
then repeated and the results were highly correlated with the observed network perform-
ance and budgetary needs. The analysis results were deemed acceptable by ADOT.

The final Phase of the project involved the implementation and delivery of the HPMA to
ADOT, where the system was installed at ADOT offices on a Microsoft® SQL server.
Also this task involved the submission of the final report, user documentation, and
training.

2.2 OVERVIEW OF HPMA SOFTWARE

The ADOT HPMA includes four subsystems namely: the Database Subsystem, the
Network Analysis Subsystem, the Engineering Feedback Subsystem, and the Project
Design and Analysis Subsystem.

2.2.1 Database Management Subsystem

The HPMA database utilizes a two level structure to serve the required pavement
management functions, which are a detailed highway database and a summarized
sectional database.

All data types are loaded to the detailed highway database, as well as including all
historical records. All detailed highway data items are referenced by physical location
using the existing route identifier and milepost reference system defined within ADOT
HPMA. The types of detailed data maintained in the database include:

¢ Inventory Data: section identification data (location, pavement type, functional class,
etc.) and geometric data (length, width, number of lanes, etc.);



o Traffic Data: annual average daily traffic (AADT), equivalent single-axle load
(ESAL), growth rates, etc.;

o Pavement Structure History Data: structural activity derived from the AS-BUILT
Database and updated as rehabilitation treatments are implemented;

e Maintenance History Data: activities and costs by location to come from the
maintenance management system (MMS); and

e Performance data from the condition data collection (field testing) efforts. The
primary PMS performance data for the network analysis are the surface distress,
roughness and rut data.

The main purpose of building the section data view is to create homogeneous sections
from the detailed database for use in the M&R analysis and optimization. The creation
of Sectional Data View (SDV) requires the detailed database to be loaded, the default
prediction models to be populated and the parameter and code tables to be completed.
The section data view creation module builds the SDVs from the section definitions and
aggregates the appropriate data from the detailed highway database. Numeric fields are
calculated as an average, weighted by the length of the sub-sections, while type fields
are based on the longest length of sub-sections. The section data views are created
within the system through the use of dynamic sectioning utilizing user-defined sectioning
parameters, or as overrides, where the user defines the section limits to be included. It
should be noted that there is no limit on the number of SDVs that can be created within
ADOT HPMA, since any SDV is created based on the detailed highway level data
already stored in the HPMA

Figure 2.2 shows the interactions of the HPMA subsystems. As can be seen, the

Network Analysis Subsystem uses the sectional database; and the Engineering
Feedback Subsystem and the Project Analysis Subsystem use the (highway) database.

Database Management Subsystem

1

1 1
! l
: Highway Dynamic Sectional :
: Database Sectioning Data Views |,

d
)

Feedback Project Analysis Network Analysis
Subsystem Subsystem Subsystem

Figure 2.2: Relationship between ADOT HPMA Subsystems



The HPMA database subsystem provides several key functions. These functions include
specific tools for performing the basic database management capabilities such as
storage and update of highway attributes, browse, and edit functions. Also, functions to
perform queries and calculate summary statistics are available in the subsystem.

Another major database management function is the access control. User access is
controlled through the User Identification (ID) and password, which provides different
levels of access. For example, limited number of users have access to the condition
data update, while all users have access to view and report this data. As another
example, users in one region will have access only to the data of their region.

2.2.2 Network Analysis Subsystem

The purpose of the network level analysis procedures is to determine the current and
future maintenance and rehabilitation needs and to develop priority programs to imple-
ment the appropriate treatments. The Network Analysis Subsystem provides two types
of analysis procedures, namely: the "Maintenance Analysis" and the "Maintenance and
Rehabilitation Analysis", or "M&R Analysis". The "Maintenance Analysis" procedure
provides a one-year program of maintenance activities based on the detailed analysis of
distresses. The "M&R Analysis" procedure, on the other hand, provides multi-year work
programs that can incorporate both maintenance and rehabilitation activities.

2.2.2.1 Maintenance Analysis Procedure

Two types of maintenance analysis are available in ADOT HPMA, which are:
e Maintenance Needs Analysis
¢ Maintenance Budget Analysis

The maintenance needs analysis uses the detailed surface distress data to estimate the
demand-based maintenance needs for contract estimation purposes. This is based on
maintenance standards that define the activities required in the next two years to fix the
observed surface deficiencies. The observed distress data is compared to the
maintenance standards to determine the actual requirements.

The maintenance budget analysis uses the output of the maintenance needs analysis
and user defined budget constraints to generate a maintenance work program. In this
program, sections and the recommended treatments are selected based on the highest
cost-effectiveness. Effectiveness is expressed as a function of the improvement in the
surface distress index that should be observed after fixing the distress.

2.2.2.2 Maintenance & Rehabilitation Analysis Procedure

The Rehabilitation Programming Subsystem provides the following capabilities:
¢ Rehabilitation needs analysis
¢ Rehabilitation alternatives analysis

¢ Rehabilitation programming and budgeting analysis



The rehabilitation needs analysis is used to predict section performance in terms of the
individual performance indices and to determine the present and future rehabilitation
needs. The rehabilitation alternatives analysis involves the strategy screening,
performance predictions, and economic analyses of the rehabilitation alternatives.

The rehabilitation programming and budgeting analysis provides two main functions,
which are developing rehabilitation work programs based on budget constraints and
determining the effects of various funding levels on the network performance and needs
backlog (or conversely, determining the required budget levels to provide given levels of
service).

The optimization analysis includes two modes of operation:

o Effectiveness-maximization, where the optimal work programs are determined based
on given funding levels

e Cost-minimization, which provides a means of determining required funding levels to
achieve specific performance levels

Funding scenarios can be evaluated by running the analysis in the effectiveness
maximization mode with the different funding levels as input constraints. Service level
scenarios can be evaluated by running the analysis in the cost-minimization mode with
the service levels as input constraints in terms of required performance.

2.2.3 Engineering Feedback Subsystem

The Engineering Feedback Subsystem provides information feedback for evaluating the
effectiveness of achieving technical goals, and includes the following capabilities:

¢ Analysis of pavement performance trends providing feedback for updating the
performance prediction models

¢ Evaluation of the effectiveness of specific maintenance and rehabilitation alternatives
in achieving technical goals such as minimum expected life, extension of service life,
reduction in rutting, etc.

e Determination of distress trends

Within this subsystem, the maintenance and rehabilitation treatment effectiveness
analysis provides the capability to evaluate the effectiveness of specific activities in
terms of performance and cost for a specific group of sections. A specific group of
sections for this analysis can be defined in terms of a pavement performance class,
highway, functional class, etc. The types of activities to be analyzed can include original
construction or any defined maintenance or rehabilitation activity. This feature allows
ADOT to determine which treatment alternatives are meeting the expected performance
goals in terms of distresses, roughness and overall service life.

The performance model analysis component of the Engineering Feedback Subsystem
examines the historical records for sections matching each performance class and
provides plots of the actual section performance data along with the predictions of the



current models. Statistical calculations are performed to determine updated model
coefficients based on the actual data set. The updated coefficients can then be used to
fine-tune the prediction models.

The distress trend analysis component of the Engineering Feedback Subsystem can be
used to provide feedback on the progression of observed distresses. The analysis
involves selecting all of the distress data for a network subset and performing statistical
analyses to determine average distress trends for each distress type. The results are
summary statistics including number of observations, averages, standard deviations, etc.
and plots to show the observed distresses and the average percentage of the distressed
area with age for each distress type. By selecting the implementation of particular
maintenance or rehabilitation treatments as part of the subset definition, this capability
can identify any trends in distress occurrence for specific treatments.

2.2.4 Project Design & Analysis Subsystem

The Project Design & Analysis Subsystem provides a means of performing project-level
Life Cycle Cost Analysis (LCCA).

Typically, detailed design alternatives for selected projects are evaluated based on life
cycle costs and effectiveness. Results of FWD analysis along with surface distress,
rutting and roughness data, are used in this evaluation. The user has the option of
selecting the alternative design with highest cost-effectiveness, the lowest life cycle cost
or the lowest user delay.
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3.0

ADOT PMS FUNCTIONALITY
AND SOFTWARE MODIFICATION

ADOT required a comprehensive set of functions in the HPMA covering all aspects of
pavement management, including performance predictions, analysis of rehabilitation
alternatives, and network optimization. Most of these needs were originally available in
the HPMA software. However, during the course of the project, additional functionality
based on ADOT requirements were identified and added to the software. The custom-
ization of the software included enhancing some of the existing functions and adding
new functions that allows users to perform specific data manipulation and analysis tasks.

In this section, the specific functional modifications to the HPMA added as per ADOT
requirements are presented. Table 3.1 shows a summary of these modifications, with
reference to the subsection number where these modifications are described. The

function number refers to the screen number in the ADOT HPMA. It should be noted that
this Section does not cover all the functions of the HPMA, but only highlights the
functions that were added to satisfy ADOT requests.

Table 3.1: PMS Needs and HPMA Function

Need

HPMA Function

Software Modification

Highway referencing

Function 2-1 provides a variety of
referencing methods.

Function 2-1 was
modified to include
ADOT required
referencing system.
Details in Section 3.1

Multiple treatment
occurrences within the
same year

HPMA originally used the “year” as a
reference key

HPMA was modified to
account for multiple
occurrences within the
same year.

Details in Section 3.2

Overall Index including
maintenance costs

The HPMA provides several
performance indices to be included in
the overall index and the priority rating

HPMA Function 3-1
was modified to include
the maintenance costs
in the Overall index and
Priority rating.

Details in Section 3.3

Performance prediction
models for roughness and
distresses

Functions 3-3 and 3-4 are used to
define models by performance class.
Function 5-1 builds site-specific models
for each section

Functions 7-1 and 7-2 are used to
analyze the historical database to
update performance class based
models

The individual section models could not
be modified

Minor modifications
were required for the
existing HPMA
functionality

Details in Section 3.4
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Need

HPMA Function

Software Modification

FWD analysis calculations
using Structural Overlay
Design for Arizona
(SODA)

Functions 1-2-1 and 4-1-14 provide
FWD calculations using AASHTO
models.

The SODA required software
modifications

Minor modifications to
Function 4-1-14
Details in Section 3.5

Summary network
performance plot
including IRI

Function 4-4 provides summary
network performance plots.

Function 4-4 was
modified to include IRI.
Details in Section 3.6

Construction history data
including the percent
voids

Function 4-1-17 provides construction
history details, however ADOT has
identified additional information to be
stored

Function 4-1-17 was
modified.
Details in Section 3.7

Report summarizing
historical maintenance
activities including costs
and level of service

Function 5-5 provides various sections
reporting capabilities

Function 5-5 was
modified to provide the
required ADOT format.
Details in Section 3.8

District and Maintenance
Organization numbers
using maintenance codes

HPMA jurisdiction fields used to store
District and Maintenance Organization
numbers

The jurisdiction field
was modified to store
the correct number of
digits

Details in Section 3.9

Optimization performance
and cost summary
graphic reports

Function 6-3-r provides optimization
reporting including various graphic
reports. Performance graphs are
available but cost summary was only
produced as a text summary

Graphic cost summary
report was added in
Function 6-3-r

Details in Section 3.10

Friction history data
including additional items

Function 4-1-15 provides friction history
data, however ADOT identified
additional information to be stored

Function 4-1-15 was
enhanced.
Details in Section 3.11

Network performance
plots by route type

Functions 4-4 and 5-7 provide
summary network performance plots,
but the plots could not be categorized
by route type

The software was
modified to provide
network performance
plots by route type.
Details in Section 3.12.

Optimization performance
constraints by route type

Function 6-3-c allows the users to
define budget and performance
constraints for different indices.
ADOT needed to be able to define
performance constraints by route type

Function 6-3-c was
changed to allow
constraints by route
type

Details in Section 3.13.

Import of PECOS
maintenance activity data
to highway database

A custom external load module was
developed to transfer data from a
PECOS file to the HPMA database

One-time development
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3.1 HIGHWAY REFERENCING BASED ON MILEPOST RELATIVE DISTANCE

The HPMA highway database uses a Linear Referencing system. This referencing
system originally included two referencing methods: a true-distance referencing method
and a reference post plus an offset referencing method, as shown in Figure 3.1

ADOT highways are referenced in the HPMA based on milepost relative distances, such
that the reference post is considered as an approximate distance. However, the true
milepost location is stored as true distance in the landmark table. Other landmarks such
as bridges and highway intersections are stored based on milepost relative distances in
the same table.

% Highway ID & Referencing g Sinix
EEEE R

Raoute | Route Aux 1D | Direction Ramp 1D

—Linear Referencing:
Referencing Type:  Trus Distance
" Reference Post + Offset
¥ Feference Post as Distance

—Other Optioks:
[ Divided hrarys weith zeros &t opposite ends
¥ Include ramp 1D fields in HPmA

Huy ID Fields. | o< |

Figure 3.1: Highway Referencing

In order to calculate true section lengths when building section data views, the milepost
locations, which are stored in the landmark table, are used in reference to the nominal
mileposts stored in the highway definition table. Therefore, a new setting was required
on the referencing tab of function 2-1 to indicate this setting, as shown in Figure 3.1. The
section data view builder (function 5-1) was modified to use this setting to calculate
correct section lengths from the milepost locations.

3.2 CONDITION DATA WITH MULTIPLE OCCURRENCES PER YEAR

Previously the HPMA highway database historical tables used location and year as a
key field, which allowed only one condition measurement per year. However, ADOT's
historic condition data includes in some cases multiple measurements for a specific
section in the same year. Therefore, a change was done to this key to allow multiple
entries in the same year for the pavement structure, deflection, and friction tables.
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3.3 OVERALL INDEX INCLUDING MAINTENANCE COSTS

The HPMA provides several performance indices including an overall index, which
combines the roughness, distress and deflection based indices into an overall score. A
priority index is also used to allow weighting of the overall index by other factors. ADOT
indicated a need to include the average maintenance cost of the last three years in the
overall index.

Neither the overall index nor the priority index is stored at the highway database level,
although the overall index is calculated for use in certain highway database based
graphs. Both the overall index and the priority index are calculated and stored with
section data views. The priority index calculation method was modified to allow the
inclusion of the past average maintenance costs, as shown in Figure 3.2. Also, the
average maintenance cost was added as a new field to the section data view.
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Figure 3.2: Maintenance Cost in the Overall Index Function

3.4 SECTIONAL LEVEL PREDICTION MODELS

Previously the HPMA determined prediction model coefficients for individual sections
when building a section data view. Models were either calculated as site-specific models
or as default models based on performance class, depending on the available historical
data. Once the section models were determined, the user could not modify the individual
section models.
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ADOT had indicated a need to be able to modify the models for individual sections. The
HPMA Function 5-2 (Section Detail Browse) was modified to allow the user to modify the
prediction models for a section. The system will then recalculate the future performance
of the section.

3.5 FWD BACKCALCULATIONS

HPMA provides overlay thickness calculations for FWD data using the AASHTO models.
ADOT had indicated the need to use the ADOT-specific models from the Structural
Overlay Design for Arizona (SODA). This alternative was included as an option in the
FWD data loading and calculations.

In addition to the calculation procedure, the deflection data browse screen (4-1-14) was
modified to allow the user to specify the analysis base year and length of analysis period
and recalculate the overlay thickness for the selected subset of deflection data. This
required the addition of two new fields in the deflection table to store the analysis base
year and length of programming period.

3.6 SUMMARY NETWORK PERFORMANCE PLOT SHOWING IRI

The HPMA Function 4-4 (Highway Network Performance Plot) provides network
performance summary plots for various performance indices for roughness, distresses,
etc. Based on ADOT's request, an IRI plot was added to this function, in addition to the
roughness index defined in the HPMA.

3.7 ADDITIONAL CONSTRUCTION HISTORY DATA ITEMS

The HPMA construction history data, accessed through Function 4-1-17 (Project
Details), includes many data items related to the construction and materials. ADOT
identified additional data items related to the construction to be included in the database.
These items are:

e Percent air voids
¢ Rice maximum density

The HPMA construction history table was modified to include the additional items.

3.8 MAINTENANCE HISTORY REPORTING

The HPMA Function 5-5 provides a wide variety of section data view reports. Previously,
there was no report matching the request for a maintenance history report. The most
similar type of report providing the information was the Section History report. However
this report was a one page per section report providing all of the data available for a
section including history.

15



A new report format was added to Function 5-5, providing a simpler layout with multiple
sections per page and providing the maintenance history from the highway database
along with summary performance data for the section data view, as shown in Figure 3.3.
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Figure 3.3: Maintenance History Report — Function 5-5

3.9 EXPANSION OF DISTRICT AND MAINTENANCE ORGANIZATION FIELDS

The HPMA includes multiple levels of user-definable jurisdiction types. Jurisdictions
Levels 1 and 2 in the ADOT HPMA are the Districts and Maintenance Orgs, respectively.
The numeric code fields for these jurisdictions were insufficient in size for the codes
used by ADOT. As a result, changes were made to the field sizes as follows:

o Jurisdiction Level 1 - District (HPMA table TAB_REGN) - previously 1 digit -
ADOT requested 2 digits.

e Jurisdiction Level 2 - Maintenance Org. (HPMA table TAB_DSRT) - previously
2 digits - ADOT requested 4 digits.
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3.10 OPTIMIZATION COST SUMMARY GRAPHIC REPORT

The HPMA optimization reporting includes various text and graphic reports. Previously
the cost summary report was only available as a text report. A new graphic report was
added that provides cost summary in terms of bar-chart graphs comparing total costs.
Three graph options were added to '"ADOT's' HPMA, which are:

1. Total costs by year providing comparison of multiple optimization runs in the
same graph (x-axis is years, y-axis is cost, multiple bars within a year represent
multiple optimization runs), as shown in Figure 3.4.

2. Total costs by year providing comparison of multiple activities in the same graph
(x-axis is years, y-axis is cost, multiple bars within a year represent multiple
activities), as shown in Figure 3.5.

3. Total costs by year providing comparison of both multiple optimization runs and
multiple activities in the same graph (x-axis is years, y-axis is cost, multiple bars
within a year represent multiple optimization runs, bars are stacked color blocks
representing multiple activities), as shown in Figure 3.6.
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Figure 3.4: Total Cost Comparison of Multiple Optimization Runs
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Figure 3.5: Activities Cost Comparison by Year for Multiple Optimization Runs
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3.11  ADDITIONAL FRICTION DATA FIELDS

The ADOT friction data contained more data items than the HPMA friction table. The
HPMA highway database friction table Function 4-1-15 was modified to accommodate
the additional friction data fields so that all of the information in the source text files could
be included in the database.

3.12 NETWORK PERFORMANCE PLOTS BY ROUTE TYPE

The HPMA Functions 4-4 (Highway Network Performance Plot) and 5-7 (Sectional
Graphic Report) provide summary network performance plots for various performance
indices. Previously, these functions could not produce plots by route type (i.e., Interstate
vs. Non-Interstate). However, these functions were modified to accommodate ADOT's
requirement to allow for showing the network performance plots by route type.

Function 3-1-cat, which can be accessed from either Function 4-4 and 5-7, was added to
the ADOT HPMA, where the condition categories or performance ranges could be
defined based on the route type, as shown in Figure 3.7.
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Figure 3.7: Defining Performance Categories by Route Type
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3.13  OPTIMIZATION PERFORMANCE CONSTRAINTS BY ROUTE TYPE

The ADOT Pavement Preservation Program has a goal to maintain the PSR at 4.0 for
Interstate highways and 3.2 for Non-Interstate highways. Originally, the HPMA was
designed to provide the performance constraints during the budget scenario analyses as
an overall constraint rather than constraints categorized by route type.

Based on ADOT's requirements, Function 6-3-c was modified to allow defining
optimization performance constraints by functional classification, as shown in Figure 3.8
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Figure 3.8: Defining Performance Constraints by Functional Classification
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4.0 DEVELOPMENT OF PMS DATABASE

The HPMA uses a two-level data model: a detailed highway database, and a de-
normalized sectional data view. The source data are loaded and/or maintained in the
detailed highway database. The section data views are created within the system
through the use of dynamic sectioning utilizing user-defined sectioning parameters.

The detailed highway database includes database tables for each type of roadway data
(jurisdictions, geometric, project history, traffic, roughness, distress, etc.) and provides
for the storage of historical data for traffic, projects and performance data. This database
approach allows the different data types to be stored based on their respective
representative segments, rather than forcing a common segmentation approach to fit all
data.

The development and implementation of ADOT HPMA involved defining ADOT highway
network in the HPMA and then importing the attribute data, including traffic, and historic
performance data for each highway section into the HPMA. This task required examining
different sources of data in ADOT, customization of data loading modules, populating
code tables in the HPMA, and finally loading the required data into the software. In this
section, the process of loading the highway referencing, defining the code tables,
loading the attributes and historic performance data is described.

4.1 HPMA DATABASE

The HPMA highway database is composed of a set of database tables and code
tables. The database tables, which are described in more details in Section 4.4 of this
report and Part A of the report, include tables encompassing the following types of data:
e Highway definitions (start and end mile points, overlaps, etc.)
¢ Highway landmarks or events (bridges, railroad crossings, intersections, etc.)

¢ Highway attributes (jurisdiction, administrative, environment, geometrics,
shoulders, etc.)

o Traffic data (AADT, ESAL, growth rate, etc.)

e Construction history data (project limits, treatments, layers & materials)

e Performance data (roughness, distress, deflection, friction)

¢ Images

¢ Additional construction related tables (cores, Ground Penetrating Radar data)
¢ Additional tables (documents, programmed work, segment unit costs)

The HPMA code tables define the "pick lists" used within the system. Attributes that have
corresponding code tables are limited to the entries in those code tables as being the
valid entries. The populated code tables for ADOT are described in the Section 4.3
below.
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4.2 DATA SOURCES

Stantec reviewed ADOT's existing pavement management database, maintenance
activities database, and all other available relevant databases. The database review was
conducted with consideration given to ADOT's existing PMS practices, HPMA system
capabilities, and ADOT's desired future PMS practices. In addition, the existing ADOT
databases and data sources were reviewed from the viewpoint of an initial population of
the HPMA database, as well as future updating methods and sources for the various
types of data. The review included the following databases:

ADOT Pavement Management Database

Arizona Transportation Information System (ATIS) Roads
Arizona Highway Log Database

ADOT maintenance activities SQL Server based - PECOS
Image Data

ADOT material's database - FAST

Feature Inventory Database

©® N o g bk wd =

Arizona Information Data Warehouse
9. Traffic Data Files
All the data evaluation took place during and after the loading process.

4.3 PARAMETER CODE TABLE

Parameter code tables are defined in the system providing the definitions of various
attributes and codes for use in the database. These code tables are used in both the
highway database and the section data views. Code tables must be defined prior to
loading the data into the highway database, since the loaded data must correspond to
these code tables. This process is outlined in Figure 4.1.

ADOT Data Data Loading Highway
Sources Database

Parameter Section Data
Tables > Views

Figure 4.1: ADOT HPMA Database Population

The parameter code tables fall into several categories that can be summarized as follows:
e Highway ID (route types, auxiliary ID, directions)
e Jurisdiction (districts, orgs, counties, COGs, cities)

e Administrative (functional class, elevation zones)

22



e Environment (environment, terrain)

¢ Pavement/Median (pavement types, median types)

¢ Shoulder/Drainage (shoulder types, drainage types, curb types)
e Construction (activities, layer types, material types, etc.)

o Distress Types (defined for each pavement type)

o Traffic Classes

o Deflection Information (device types)

Based on discussions with ADOT, these parameters were finalized and populated with
ADOT-specific information. The following subsections describe briefly the parameters'
settings in ADOT HPMA. A detailed description of the parameter code tables is shown in
Volume 2.

4.3.1 Highway ID and Referencing

The first step in configuring any PMS is developing a way to uniquely identify all of the
routes in the network. The HPMA uses the following data items to identify any location
on the network:

e Route Types

e Route Number

e Route Auxiliary ID

e Highway Direction

e Mile Post/Reference Nodes

Since the Route Number and Mileposts are displayed as a number, they do not require a
list of acceptable values. However, the other items need to be specified in order to
correctly identify all routes.

Route Types: The Route Type code table is used to define the route types in the
network (for example; Interstate, State Route, etc.). The Route types defined in ADOT
HPMA are:

¢ |[nterstate Routes I-

e US Routes us
e State Routes SR
e |Interstate Frontage FI

e US Frontage FU
¢ SR Frontage FS
e Interstate Ramp RI

e US Ramp RU
¢ SR Ramp RS
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Route Aux. ID: The Route Aux ID table is used to define the auxiliary ID codes. The
auxiliary identifier is typically used to identify business loops, bypasses, alternate routes,
etc. The Route Auxiliaries defined in ADOT HPMA are:

e Alternative Route A

e Business Route B
e Loop Route L
e Spur R
e Truck T
e Temporary X

e Wyeleg Y

Highway Directions: The Highway Directions table is used to define the valid directions
that are used as part of the unique highway identification. The main purpose of the
highway direction field is to separately define multiple sides of a divided highway. The
attributes that had to be defined for the Highway Directions table are the direction Code,
ID, Description, Pos/Neg (Positive/Negative), and Opp Dir (Opposite Direct).

The direction Code is a numeric identifier. The ID is a 1-character short form that is used
on reports and as part of the highway identifier. The Pos/Neg is used to indicate whether
the direction is a positive or negative direction. Positive directions have increasing
distance reference in the direction of travel. Negative directions have decreasing
distance reference in the direction of travel. The Opposite Direction field contains the
opposite direction of travel for a route with this direction.

The Direction used on Landmarks checkbox is used to indicate whether highway

events / landmarks (highway intersections, bridges, railroad crossings, etc.) in the
highway database, use the direction field. When not checked, this means that both sides
of a divided highway share the landmarks. For ADOT HPMA, this checkbox is checked.

Referencing: The Referencing field is used to define the type of referencing used, linear
referencing, or reference post and offset, as well as to indicate units of measurement
and whether ramps are included.

The Linear Referencing Type is defined as one of three types:

e True distance, where the distance referencing represents the actual distance
traveled.

o Reference post plus offset, which provides referencing displayed as a post
number (often a mile post) plus the distance offset from the reference post (the
distance traveled from the reference post).

o Reference Post as a Distance, where the reference, or milepost is considered as
an approximate distance and exact distance is defined in the highway landmarks
table.

ADOT HPMA uses the third approach for linear referencing of the highway network.
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4.3.2 Jurisdiction

Jurisdictions define boundaries of interest for a road segment and typically include
districts, counties, etc. The first four levels of jurisdiction are user-definable. The last two
are predefined as being Urban Areas and Cities. ADOT HPMA Jurisdiction Tables were
configured to define the following jurisdiction levels:

e District

¢ Maintenance Organization

¢ County

e Council of Government (COG)
e Urban Areas

o City

Districts / Maintenance Organizations: The districts are geographical regions used to
divide up the state. The Districts defined in ADOT HPMA are Phoenix, Tucson, Yuma,
Globe, Safford, Flagstaff, Kingman, Holbrook, and Prescott. Also forty-five Maintenance
Organizations were defined for ADOT, which are shown in Table A.1 in Appendix A.

County: The County is the third level of jurisdiction defined in ADOT HPMA. This table
is used to identify all available counties in the HPMA, which are 15 counties, shown in
Appendix A of this report. The attributes that need to be defined for the County Table are
the Code, Name, Maintenance Organization, Environment, Subgrade, and Cost Factor.
The environment field contains the corresponding environmental region specified in the
Environment table. The subgrade field has a default value used for a subgrade condition
in this jurisdiction. The cost factor is an adjustment factor for the unit material costs for
construction within this jurisdiction.

Council of Governments: Table A.2 in Appendix A shows the eight Councils of
Governments (COGs) that were defined in the HPMA.

Urban Areas/Cities: These tables are used to indicate when a road segment is within a
city and urban area. Table A.3 in Appendix A lists the three Urban Areas and the eighty-
nine cities that were defined for ADOT in the HPMA.

4.3.3 Administrative

The Administrative Tables include the Functional Classifications and the Administrative
Classifications. The Functional Classification table contains the list of the valid functional
classes along with corresponding default data values. Default data values are used in
the system if there is no actual data for a segment. The administrative system can be
used to contain a user--defined attribute.

Functional Class: Functional Classes are used to help describe the characteristics of a
roadway. This level of route classification is used to help in making assumptions about a
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route, if measured data is not available. For each functional class, the following default
values are used during the analysis if section-specific data is missing:

o AADT - Average Annual Daily Traffic

¢ % Trucks - Percentage of trucks in the AADT

e Truck Factor - The average ESALSs for each truck.

o ESAL - The annual number of Equivalent Single Axle Loads (ESALSs).
e GR. Rate - The expected increase (in percent) of traffic annually.

e SN - Default Structural Number for sections within this functional class.

o Activity - Default activity, if not known, used when determining the performance
class of a section.

o Width - Default width of a pavement.
e Lane - Default number of lanes assumed to be on a pavement of this class.
e Priority - A factor that can be used in the calculation of the priority index.

It should be noted that the default values were determined based on the results of the
statistical analysis performed on the available historic data from ADOT highway network.
In case no historic data was available, default values were set based on engineering
judgment. Table A.4 in Appendix A shows the list of functional classes along with the set
of default values.

Administrative System: The Administrative System Table is a user-definable table that
can be used for any type of data. For ADOT HPMA, this table is used to define the
elevation zone. Table A.5 in Appendix A shows the attributes of the Administrative
System (Elevation Zone).

4.3.4 Environment

Environmental conditions have a significant impact on pavement performance.
Therefore, HPMA allows the user to have different performance prediction models for
different environmental conditions. The environment code table includes the
Environment Types and the Terrain Types.

Environment Types: Three environmental zones are defined for Arizona, which are
Desert, Transition, and Mountain. However, due to the expected difference in
performance between sections on Interstate routes and sections on Non-Interstate
routes, the environmental zone definition was used to differentiate between these
sections. Therefore, six environmental zones were defined, which are:

e Desert -- Interstate ¢ Desert -- Non-Interstate
e Transition -- Interstate e Transition -- Non-Interstate
¢ Mountain -- Interstate ¢ Mountain -- Non-Interstate
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It should be noted that this duplication would not affect any of the data or parameters in
ADOT HPMA, but allows for defining different performance prediction models for
different route types, within the same environmental zone.

Terrain Types: The three typical terrain types are Flat, Rolling and Rugged. Since
ADOT did not have terrain attribute information, this table was not be used during data
loading, and the terrain field in the HPMA database is left empty.

4.3.5 Pavement/Median
Pavement type is an essential attribute in HPMA. Most of the M&R analyses are pave-
ment type dependent. Median type provides information on how a highway is divided.

Pavement Types: Pavement types are defined in terms of combinations of surface and
base classes. This is usually determined based on factors that significantly affect the
performance predictions since the pavement type is one of the factors included in the
prediction modeling.

Table A.6 in Appendix A shows the pavement type table and its attributes that were
configured for ADOT.

Layer Classes: To define the pavement type, a classification of the surface and base
materials is used. These layer classes are to be viewed and modified by clicking on the
Define Layer Classes Button. Table A.7 in Appendix A shows the attributes that were
defined in the Layer Types for ADOT. The Pavement Class indicates the class of the
layer in terms of Bituminous (B), Concrete (C) or Unpaved (U).

Median Types: Table A.8 in Appendix A shows the attributes of Median Type Table,
which are the Code, ID, Description, and a divided/undivided checkbox.

4.3.6 Shoulder/Drainage

The Shoulder and Drainage related tables of HPMA contains optional information on
additional items that are generally constructed along with a road segment, which may
include:

e Shoulders e Curbs
e Drainage e Sidewalks

Table A.9 in Appendix A shows Shoulder types that were configured for ADOT.

4.3.7 Construction

The construction parameter code table in HPMA includes four construction related
tables, which are:

o Activities ¢ Binders/Aggregates

e Materials/layers o Aggregate sources

27



M&R treatments and their associated unit costs need to be defined in HPMA. In
addition, the impact of each treatment on the pavement type has to be defined. For
example, an asphalt overlay over a concrete pavement will change the pavement type
from concrete pavement to composite pavement. Table A.10 in Appendix A shows the
list of M & R treatments and the associated attributes that were defined for ADOT.

All material types that have been used in previous projects and recorded in the
construction history table have to be defined in the HPMA prior to data loading. The
following attributes have to be defined in the Pavement Materials Table:

e SN factor
e C(Class
o Type

o Default (Default Thickness): If a layer is known to be present but the thickness is
not known, then this value is assumed.

o Min. (Minimum Thickness): This value is the minimum possible thickness for a
material of this type.

e Max. (Maximum Thickness): This value is the maximum possible thickness for a
material of this type.

Table A.11 in Appendix A shows the list of material types and associated attributes
defined for ADOT.

4.3.8 Distress Types

The distress types used in the prediction models vary by pavement type. The following
attributes are required for the distress types:

o Measure: This describes the units that are used in measuring the distress.

o Severity: This allows the user to select the number of severity levels defined for
each distress type (Low, Moderate and High severity).

Since Arizona records only the extent of the distress and not the severity, only one level
of severity is required. The extent of each distress is stored in ADOT HPMA as a
percent of the highway area under the low severity level for that distress type. Table
A.12 in Appendix A shows the HPMA Distress table that has to be configured for ADOT.

4.3.9 Traffic Classes

The HPMA Traffic Class table defines the traffic classes and the default ESAL factors
for bituminous and concrete pavements. This table has to be configured to calculate the
ESALs based on classification counts. Table A.13 in Appendix A shows the traffic
default values defined for ADOT.
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4.3.10 Deflection Testing Information

There are two tables contained within the HPMA to identify the Falling Weight
Deflectometer (FWD) equipment and testing parameters. Since all of the data loaded
into the ADOT PMS was collected using the FWD, only one entry was required in this
table (i.e., FWD).

Typical values for test type include Mid-slab, Approach Slab, and Leave Slab for
concrete and composite pavements, and standard for asphalt pavements. For ADOT,
the Deflection Test Type table used was Standard only.

4.4

DATA CONVERSION AND LOADING TO HPMA

The HPMA data loading was initially done using a Visual FoxPro (DBF) database. In
Phase 4 of the project, the database was transferred to the SQL Server database, as
requested by ADOT.

As mentioned earlier, the HPMA highway database is composed of a set of database
tables and code tables. The database tables include tables encompassing the following
types of data:

Highway definitions (start and end mile points, overlaps, etc.)
Highway landmarks or events (bridges, railroad crossings, intersections, etc.)

Highway attributes (jurisdiction, administrative, environment, geometrics,
shoulders, etc.)

Traffic data (AADT, ESAL, growth rate, etc.)

Construction history data (project limits, treatments, layers & materials)
Performance data (roughness, distress, deflection, friction)

Images

Additional construction related tables (cores, GPR data)

Additional tables (documents, programmed work, segment unit costs)

Due to the large number of tables used in the HPMA, a nhaming convention for the
HPMA databases is devised to allow for the identification of different tables. The prefix
in the tables' name would indicate the type of data stored within this table. The following
prefixes are used in all types of tables:

RIS = road inventory tables,
HIS = historical data tables (including the most recent).
TAB = parameter code tables

PRM = parameter model coefficients tables

29



Table 4.1 lists the tables in the highway database. Table 4.2 lists the code tables
used in the system. In Table 4.1 the Data Format refers to the following: segment
has a "from" and "to" distance; point is at a point location (i.e. no from / to); data
applies to the related segment through a table relationship.

In Table 4.2 the Main HPMA Table refers to the table name in Table 4.1 that the code
table relates to.

Table 4.1: HPMA Highway Database Tables with Identified Data Sources

Table Name Data Type Data Format Data Source
RIS_HIWY Highway definitions Segment ATIS Roads DB
RIS EVNT Highway landmarks / Point ATIS Roads DB, Highway Log DB
events

RIS _JURS Jurisdiction attributes Segment Data Warehouse extraction

RIS_ADMN Administrative attributes Segment ADOT_PMS Tables, Data
Warehouse extraction

RIS_GEOM Geometric attributes Segment ADOT_PMS_Tables, Highway Log
DB

RIS_SHDR Shoulder attributes Segment Highway Log DB

RIS_ENVR Environment attributes Segment ADOT_PMS_Tables

RIS_SUFF Sufficiency attributes Segment N/A

RIS_ACCT Accident attributes Segment N/A

RIS _PRPH Peripherals Segment N/A

RIS _DOCS Documents Segment N/A

RIS PGWK Programmed work Segment N/A

HIS_TRAF Traffic data Segment Processed TPD Traffic data file

HIS_STRC/ |Construction history Segment / Data |ADOT_PMS_Tables // PECOS

HIS_PROJ/ project data

HIS_LAYR

HIS_AGGR Aggregate Sources Data N/A

HIS_ROUG Roughness and rut data Segment ADOT_PMS_Tables // Mays text

HIS_DIST Distress data Segment ADOT_PMS_Tables // Condition
text

HIS_DEFL Deflection data Point ADOT_PMS_ Tables

HIS_FRIC Friction data Point ADOT_PMS_Tables // MuMeter
text

RIS _IMAG Images Point Image files

RIS _GPSC GPS coordinates Point GPS centerline database

HIS CORE/ |Core data/layers Point / Data N/A

HIS_CORL

HIS_ GPRS/ |GPR data segments / Segment / Data |N/A

HIS_GPRL layers

** N/A indicates not loaded in the ADOT implementation (the tables will exist in the

database and can be used in the future).

30



Table 4.2: Code Tables

Table Description Main HPMA Table
TAB_ADMN Administrative systems RIS ADMN
TAB AGGS Aggregate Sources HIS AGGS
TAB_AUID Auxiliary Ids All (Hwy ID field)
TAB CACT Binder types HIS STRC
TAB CAGG Aggregate types HIS STRC
TAB_CITY Cities RIS_JURS
TAB CNTY Counties RIS JURS (All (optional Hwy ID field))
TAB CTYP Layer types HIS LAYR
TAB CURB Curb Types HIS PRPH
TAB _DDTP Deflection device types HIS DEFL
TAB _DIRC Directions All (Hwy ID field)
TAB_DRAN Drainage types RIS_SHDR
TAB_DSRT Districts (jurisdiction level 2) RIS JURS
TAB DTTP Deflection test type HIS DEFL
TAB _ELEC Electoral districts RIS JURS
TAB _ENVR Environmental zones RIS ENVR
TAB_FUNC Functional classes RIS ADMN
TAB_ JURL Jurisdiction types N/A
TAB _MATL Material types HIS LAYR
TAB_MLDT Median types RIS GEOM
TAB_PAVT Pavement types RIS GEOM
TAB REGN Regions (jurisdiction level 1) RIS JURS
TAB_ROUT Route types All (Hwy ID field)
TAB SACT Activities (treatments) HIS STRC
TAB_SDWK Sidewalk types HIS_PRPH
TAB SHTP Shoulder types RIS SHDR
TAB TERR Terrain types RIS ENVR
TAB TRMD Treatment modifiers HIS STRC
TAB URBA Urban areas RIS JURS
PRM_DIST Distress types HIS DIST
PRM_ ESAL Traffic classes HIS TRAF
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5.0 DEVELOPMENT OF PMS MODELS AND ANALYSIS
PARAMETERS

In this section, the development of the models required to perform the PMS analysis is
described. The development of these models include developing an overall distress
index for aggregating the individual distresses, establishing the Maintenance and
Rehabilitation (M&R) treatment parameters (unit costs, impacts on pavement
performance), and developing pavement performance prediction models.

The PMS analysis process in the HPMA involves three main steps, which are creating a
section data view, performing M&R analysis, and performing optimization analyses.
Each of these analysis steps requires analysis models that have to be defined before
performing the analysis. The creation of the sectional data view requires, in addition to
the detailed database and parameter code settings, the pavement performance indices
to be defined and the default prediction models to be populated. The M&R analysis and
optimization require the decision trees and the cost models for each rehabilitation
activity to be defined.

In the following subsections, the development and population of the different analysis
models required for the creation of section data views, M&R analysis and optimization
are detailed. These models include:

o Pavement Distress Index (PDI) for aggregating distress data
e Default roughness prediction models
o Default cracking prediction models

¢ Maintenance and Rehabilitation (M&R) decision trees

5.1 OVERVIEW OF HPMA ANALYSIS PROCEDURE

As mentioned earlier, the HPMA uses a two-level data model: a detailed highway
database, and a sectional level data view. The detailed highway database includes
database tables for each type of roadway data (geometry, projects, traffic, roughness,
etc.) and provides for the storage of historical data for traffic, pavement structure and
performance data. The section data views are created within the system through the
use of dynamic sectioning utilizing user-defined sectioning parameters, or as overrides,
where the user defines the section limits to be included. The performance prediction
takes place when building the sectional data views (i.e., the sectional database). The
HPMA uses the stored performance data for each section to predict the future condition
of the "Do Nothing" case, through the use of site-specific models when possible, or
through default models in other cases.
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M&R analysis and optimization provide a means of developing optimized multi-year
work programs as well as for analyzing various funding and performance scenarios.
This process is outlined in Figure 5.1.

Section Data

View
¢ Treatment
p \ Parameters
Prediction —»| M & R Analysis |[€—
Models
l Decision Trees
Feasible
Strategies
Budget & ( )
Performance |—»| Optimization |——» Work Program
Constraints \ J

Figure 5.1: M&R Analysis and Optimization

The M&R analysis utilizes user-defined decision trees to determine feasible
maintenance or rehabilitation strategies based on the conditions expected to exist at the
time. The HPMA uses user-defined decision trees and economic analysis to determine
the feasible treatments and the associated costs and benefit (i.e., effectiveness) for
each treatment. At this stage, a life cycle analysis of the feasible strategies is performed
including performance and costs analysis, based on the user-defined treatment
parameters including unit costs.

The M&R analysis results, along with the user-defined budget and/or performance
constraints, are used to determine the optimized work programs. The main purpose of
the Network Optimization Analysis is determining optimal programs of maintenance and
rehabilitation for the network based on the input constraints. The constraints can
include funding (budget) constraints and/or performance constraints. The optimization
can be executed in a cost-minimization or effectiveness-maximization mode including
budget and performance constraints for either mode. As well, the procedure allows
switching optimization modes during the programming period. This allows a high
degree of flexibility in financial planning and priority programming of maintenance and
rehabilitation.

52 ADOT PAVEMENT PERFORMANCE INDICES

Since ADOT started using pavement management tools in the early 1980's, pavement
performance was mainly defined using a roughness index termed Pavement
Serviceability Rating (PSR). Individual surface distresses such as surface cracking and
rutting were also used to identify the pavement condition at a more detailed level.
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However, PSR was the main measure of pavement performance. It is a decreasing
index between 5.0 and 0.0, where 5.0 represent the smoothest possible pavement
surface, while 0.0 represents an extremely rough pavement surface. PSR can be
related to the International Roughness Index (IRI) using the following equation:

PSR = 5 * g 0-0038"RI [5.1]

As part of the development of ADOT PMS2, and to support the incorporation of the
preventive maintenance operations within the pavement management tools, an overall
Pavement Distress Index (PDI) is developed to aggregate the pavement surface
distresses into one index. The development of this model is described in the following
section.

5.3 DEVELOPMENT OF PAVEMENT DISTRESS INDEX (PDI)

Surface distress data is collected every year for the entire ADOT highway network. An
area of approximately 1000 ft° is surveyed at every mile as a sample for this particular
mile. Different types of distresses are collected for both AC (flexible/composite)
pavements and PCC (rigid) pavements.

To facilitate the analysis, the individual surface distresses are aggregated into one
overall index, termed the PDI. The developed PDI aggregates the most prominent
distress types into one number, which is indicative of the overall pavement surface
condition. PDI can then be used to trigger rehabilitation for pavement sections, or to
identify the required rehabilitation activity as part of the M&R decision trees.

After discussion with ADOT, it was decided to consider four individual distresses for the
evaluation of the PDI for AC pavements, and three distresses for PC pavements. Table
5.1 shows the distress types considered in the development of PDI for both pavement
types. Also shown in the table are the trigger levels and the failure criteria for each
distress. For a specific distress type, a trigger level is defined as the level at which a
pavement section is flagged for rehabilitation due to that particular distress, while a
failure level is defined as the level at which the pavement sections is considered to
have failed due to this distress type.

Table 5.1: Surface Distresses for PDI Development

Pavement Trigger Failure
Type Distress Type Extent Measuring Unit Level Level
Cracking Percentage of area 5% 20%
Rutting Inches 0.5" 1.0"
AC Index (0 through 5),
Flushing where 5 represents oil-
free surface 3.5 2.5
Patching Percentage of area 25% 50%
Corner Breaks Count 5 10
PC Transverse Cracking Count 5 10
Faulting Average (in) 0.2" 0.5"
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It should be noted that the cracking distress type, mentioned in Table 5.1, is an
aggregation of all types of cracking and is considered as a single distress type for the
purposes of the development of the PDI. Also, since the severity of these distresses is
not evaluated during the surface distress survey, all distresses are assumed to have a
low severity and the severity level is not accounted for in the PDI.

During the course of the project, two approaches were proposed to develop the PDI
model, which are:

e Approach 1 -- Continuous PDI Function

o Approach 2 -- Deduct Value Model

ADOT has indicated a preference to develop the PDI model using the first approach -- a
continuous PDI function. The PDI is developed on a scale from 0.0 to 5.0, where a PDI
of 5.0 represents a distress-free pavement surface with perfect conditions.

The PDI model was developed by first defining overall control points. The model form
was then defined and the model parameters corresponding to the control points were
identified. The control points, defined after consultations with ADOT, are shown in Table
5.2.

Table 5.2: Proposed PDI Control Points

Pavement Condition PDI Level
Distress Free Surface 5.0
Triggered for Rehabilitation 4.0
Failure Criterion 2.5
Minimum PDI Value 0.0

In the following subsections, the development of the PDI model as a continuous
function for both AC and PC pavements is described. Also, the network condition based
on the developed PDI and using the historic ADOT distress data is presented.

5.3.1 Development of PDI for AC Pavements

As shown in Table 5.2, PDI for AC pavement is calculated using four distresses, which
are cracking, patching, flushing, and rutting. Cracking and Patching are both measured
as a percentage of the area, where 0% represents perfect conditions (increasing
function). Rutting is a measured total in inches, while Flushing is evaluated on a scale
between 0 and 5, where 5 represents perfect conditions (decreasing function). To
facilitate the development of the PDI model, individual distresses were normalized, in
terms of an index, such that each index is on an increasing scale of 0.0 to 100.0, as
follows:

5.3.1.1 Cracking Index (C)

Cracking is an increasing function from 0 to 100. Subsequently, the Cracking Index (C)
has the same value of the percentage cracked area.
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5.3.1.2 Rutting Index (R)

A rut depth of 2" will be set as the maximum rut depth and all the rutting values are
normalized as a percentage of the maximum rut depth using the following equation:

_ RutDepth
2.0

R *100 [5.2]

If the actual measured rut depth is greater than 2.0", the rutting index will be set to
100%.

5.3.1.3 Flushing Index (F)

Flushing is measured on a decreasing scale from 5 to 0. The Flushing Index (F) is an
increasing function from 0 to 100, calculated using the following equation:

F =20 * (5.0 - Flushing) [5.3]

5.3.1.4 Patching Index (P)

Patching is an increasing function from 0 to 100. Subsequently, the Patching Index (P)
will numerically have the same value of the percentage patching.

For the PDI development, Cracking and Rutting were considered as "major" distresses,
such that if any of these distresses is triggered or failed, the PDI should reach its trigger
or failure level, respectively. As an example if a section has 5% cracking, the PDI
should be 4.0, and if the section has 50% rutting, the PDI should be 2.5.

The Flushing and Patching were considered as "minor" distresses. If any of these
distresses reach a failure level, the PDI will reach a trigger level. As an example, if a
section has 50% Patching, then the PDI should be 4.0.

A continuous function was developed to satisfy these constraints, such that each
distress index is represented by a linear coefficient and raised to a power to represent
the different weights of the distresses and scale each distress index to conform to the
PDI scale. The following equation represents the PDI function for AC pavements.

PDI=5.0-(0.345C*® +0.0142R"* + 0.005F"** +0.02P"° —0.0823C""®*R*%) [5.4]

It should be noted that the PDI function includes a term combining the effect of the
major distresses, i.e. rutting and cracking, to account for the possible cases of
overlapping cracking and rutting. Table 5.3 shows a number of cases for a combination
of distresses and the resulting PDI.

Cases 1 though 9 in Table 5.3 represent the constraints used to develop the PDI model.
As can be noted, the major distresses have higher contribution to the overall PDI than
the minor distresses. Cases 10 through 20 are samples from actual data extracted from
historic ADOT distress data already loaded to ADOT PMS.
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Table 5.3: Sample Distress Combinations and Corresponding PDI for AC

Pavements
Distress Data Distress Indices
Case Cracking | Rutting | Flushing | Patching | C | R F P PDI
A1 0 0 5.0 0 0 0 0 0 5.0
A2 5% 0 5.0 0 5 0 0 0 4.0
A3 20% 0 5.0 0 20| O 0 0 2.5
Ad 0 0.50" 5.0 0 0 | 25 0 0 4.0
A5 0 1.00" 5.0 0 0 | 50 0 0 2.5
A6 0 0 3.5 0 0 0 30 0 4.5
A7 0 0 2.5 0 0 0 50 0 4.0
A8 0 0 5.0 25% 0 0 0 25 4.5
A9 0 0 5.0 50% 0 0 0 50 4.0
A10 0 0.11" 5.0 0 0 6 0 0 4.9
A11 6% 0.05" 4.0 0 6 3 20 0 3.7
A12 0 0.60" 4.0 0 0 | 30 20 0 3.4
A13 30% 0.16" 4.0 0 30| 8 20 0 1.7
A14 0 0.12" 5.0 0 0 6 0 0 4.9
A15 45% 0.13" 4.0 0 45| 7 20 0 0.7
A16 5% 0.45" 4.5 85% 5 1] 23 10 85 1.9
A17 0 0.17" 5.0 25% 0 9 0 25 4.3
A18 25% 0.27" 3.0 0 25| 14 40 0 1.5
A19 2% 0.85" 5.0 0 2 | 43 0 0 3.1
A20 15% 0.17" 3.5 0 15| 9 30 0 2.59

The PDI described in Equation [5.4] was implemented in ADOT HPMA. However, as a
result of the statewide analysis, which is described in Section 6.0, and due to the fact
the ADOT traditionally evaluated the pavement surface condition primarily in terms of
cracking, using the PDI as a function of cracking only provided better results and more
accurately matched historic ADOT data. Consequently, the PDI was modified to be a
function of Cracking only, as opposed to be a function of the above four distresses, as
follows:

PDI =5.0—(0.345C°%) [5.5]

It should be noted, however, that the other distress types are available in ADOT HPMA
and can be utilized in the system if the need arises or if ADOT modified their distress
data collection procedures to cover other distress types, extents, and/or severities.

5.3.2 Development of PDI for PC Pavements

As mentioned earlier, surface distress data is collected every year for the entire ADOT
highway network. For PCC pavements, an area of approximately 1000 ft° is surveyed at
every mile as a sample for this particular mile for cracking, patching and spalling.
Faulting data is collected with roughness data as average and standard deviation of
faulting value.
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Cracking is collected by counting the number of transverse cracks (maximum of 15
cracks per section), longitudinal cracks, and corner breaks. Patching is evaluated as a
percentage of the area, while spalling is evaluated on a scale from 0 to 5, as follows:

0: No Spalling 1: Severe Spalling 3: Moderate Spalling 5: Low Spalling

Only three distresses are used to calculate the PDI for PC pavements, which are the
corner break, transverse cracks, and faulting. Spalling was not considered in the PDI
because of its inverted scale of measurement; which made it difficult to incorporate in
the PDI.

Due to the very limited amount of historic performance data for rigid pavement sections,
it was not possible to develop a PDI model based on actual historic data. The PDI
development had to rely mainly on engineering judgment. Of the 172,000 historic
records that were loaded to the ADOT HPMA, there were only 20 records of PCC
pavement distress data.

A continuous function was developed to satisfy the constraints shown in Table 5.2, such
that each distress index is represented by a linear coefficient and raised to a power to
represent the different weights of the distresses and scale each distress index to
conform to the PDI scale. The following equation represents the PDI function

PDI=5.0-(5.0*FT +0.119*CB"** + 0.119* TC"%*?) [5.6]
Table 5.4 shows a number of cases for a combination of distresses and the resulting

PDI for PC pavement sections. The cases shown in the table are for illustration and are
not actual measured distresses for sections in ADOT's highway network.

Table 5.4: Sample Distress Combinations and Corresponding PDI for PC

Pavements

Case Distress Data
CB TC FT PDI
A1 0 0 0 5.0
A2 5 0 0 4.0
A3 10 0 0 2.5
A4 0 5 0 4.0
A5 0 10 0 2.5
A6 0 0 0.2 4.0
A7 0 0 0.5 2.5
A8 3 2 0.15 34
A9 7 4 0.30 1.2
A10 3 1 0.75 0.6
A1 5 5 0.0 3.0
A12 3 4 0.25 2.5
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54 MAINTENANCE AND REHABILITATION ACTIVITIES

As shown earlier in Figure 5.1, the M&R treatment parameter is an important input to
the M&R analysis. The list of M&R activities implemented in ADOT HPMA was defined
after several meetings with ADOT staff and took several revisions and refinements to
reach its final form.

Table 5.5 shows the final list of the M & R activities implemented in the ADOT HPMA.
In this table, the activity type, the pavement type to which the treatment can be applied
to and the unit cost for each activity are shown. These unit costs were defined after
extensive discussions with ADOT staff, based on average 2003 costs. However, it is
recommended that these costs be revised on a yearly basis, to ensure accurate budget
scenario analysis results.

The following are the four M&R types that are recognized in HPMA.

e M -- Localized maintenance activity
o G -- General maintenance activity
e R -- Rehabilitation activity

o C -- Construction activity

It is important to accurately define the activity type in the HPMA because it affects the
manner by which the activity is modeled in the analysis.

Table 5.5: Maintenance and Rehabilitation Activities

I-él?)l\él: HPMA ID Description HFI;’/EA? Pa¥§g1eent U&]}Y%(?; s
101 |Patch Premix Patch M AC, CO 12.00
102 |Level Level with Premix G AC, CO 3.20
103 |CrkSeal Crack Seal M AC, CO 2.00
104 |SandSeal Sand Seal G AC, CO 1.44
105 |FDPtch Rep Surf/Base M AC, CO 16.00
106 |ChipSeal Chip Seal G AC, CO 1.78
107 |SealCoat Seal Coat G AC, CO 1.78
108 |Flush Flush Coat G AC, CO 0.25
109 [SpotFlush Spot Flush/Seal M AC, CO 3.20
110 |Joint Seal PC slab joint sealing M PC 8.00
111 |Patch(E) Premix Patch Emrg. M AC, CO 12.00
112 |[TightBlade Tight Blading M PC 6.00
113 |CrkSeal-R Crack Seal with Rubber M AC, CO 6.00
114 |PC-RepR PCC Repair/Replace M PC 15.00
115 |PC-SpRep PCC Spall Repair M PC 12.00
119  |PvSrfMnt Pvd Surf Maint. M AC, CO 12.00
120 |DG+FC Diamond Grind + Friction Course G PC 12.98
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I-él?)l\él: HPMA ID Description ':'I.I;’/II\DAQ Pa¥§g18e nt U&]}Y%(?; S
121 |Dbl Chip S Double Chip Seal G AC, CO 2.56
123  |MicroSurf Micro Surfacing G AC, CO 3.50
124 |Slurry Slurry Seal G AC, CO 1.60
125 |ScrubSeal Scrub Seal G AC, CO 1.30
126 |DI Retr+JS Dowel Retrofit + Joint Seal M PC 12.00
127 |FogS-S Fog Seal -- Regular AC M AC, CO 1.28
128 |FogS-R Fog Seal -- Rubberized G AC, CO 1.38
129 |RM+Seal Rubber Membrane + Sealing G AC, CO 2.50
141 |CkFl+Seal Crack Fill and Seal Coat G AC, CO 4.50
201 |ACFC Friction Course AC R AC, CO 3.50
202 |ARFC Friction Course AR R AC, CO 4.00
203 |BTS Bit. Treat Surf 2 in R AC, CO 2.00
206 |RRFC R&R Friction Course R AC, CO 4.50
207 |RRFR R&R Rbr Friction Crs R AC, CO 5.50
208 |RR SC R&R Seal Coat G AC, CO 2.50
211 |RR2"+SC Mill/Rep 2"AC+SC R AC, CO 11.00
212 |RR2"AC+FR  |Mill/Rep 1.5-3"AC+FR R AC, CO 12.96
213 |RR2"AC+FC |Mill/Rep 1.5-3"AC+FC R AC, CO 11.88
214 |RR2"AR+FR |Mill/Rep 1.5-3"AR+FR R AC, CO 14.63
215 |RR4"AC+FR |Mill/Rep 3-5"AC+FR R AC, CO 16.00
216 |RR4"AC+FC |Mill/Rep 3-5"AC+FC R AC, CO 15.00
217 |RR4"AR+FR |Mill/Rep 3-5"AR+FR R AC, CO 19.00
218 |RR4"AC+SC |Mill/Rep 3-5"AC+SC R AC, CO 14.50
219 |RR5"AC+FR |Mill/Rep >5"AC+FR R AC, CO 18.00
221 |2"AC+SC 1.5-2.5"AC + SC R AC, CO 9.07
222 |2"AC+FR 1.5-3.0"AC + FR R AC, CO 10.85
223 |2"AC+FC 1.5-3.0"AC + FC R AC, CO 9.88
224 |3"AC+SC 2.5-3.5"AC + SC R AC, CO 11.50
225 |3"AC+FR 2.5-3.5"AC + FR R AC, CO 13.28
226 |3"AC+FC 2.5-3.5"AC + FC R AC, CO 12.31
227 |4"AC+SC 3.0-5.0"AC + FR R AC, CO 16.93
228 |4"AC+FR 3.0-5.0"AC + FC R AC, CO 15.96
229 |4"AC+FC 3.0-5.0"AC + SC R AC, CO 15.15
231 |RR2AC+2ACC |RR1.5-3AC+1.5-3AC+FC R AC, CO 16.75
232 |RR2AC+2ACR |RR1.5-3AC+1.5-3AC+FR R AC, CO 17.50
233 |RR2AC+2ARR |RR1.5-3AC+1.5-3AR+FR R AC, CO 18.96
234 |RR2AR+2ACR |RR1.5-3AR+1.5-3AC+FR R AC, CO 18.96
235 |RR2AR+2ARR |RR1.5-3AR+1.5-3AR+FR R AC, CO 25.35
236 |RR4AC+2ACC |RR3-5"AC+1.5-3"AC+FC R AC, CO 19.26
237 |RR4AC+2ACR |RR3-5"AC+1.5-3"AC+FR R AC, CO 22.44
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I-él?)l\él: HPMA ID Description Hrli/ll\g/l? Pa¥§?§ nt U(r;;[Y(é(;%[ S
238 |RR4AC+2ARR |RR3-5"AC+1.5-3"AR+FR R AC, CO 29.32
239 |RR4AR+2ACR |RR3-5"AC+3-5"AC+FR R AC, CO 31.75
241 |OL2R Overlay <=3" Recyc R AC, CO 8.51
242 |OL4R Overlay 3-5" Recyc R AC, CO 14.18
251 |RM+OL2 RbrM+Overlay <=2.5 R AC, CO 12.56
252 |RM+OL3 RbrM+Overlay > 2.5 R AC, CO 14.99
253 |RR+RM+OL  |RR1.5+RbrM+Ovrly3 R AC, CO 18.06
261 |2"AC 1.5-2.5"AC R AC, CO 7.29
262 |(3"AC 2.5-3.5"AC R AC, CO 10.94
301 [Crk&Seat Crack & Seat + Ovly C PC 26.00
302 |JtRep+Ovly Jt & Slab Rep. + Ovly R PC 15.00
401 |ConOL Concrete Ovly C AC, CO, PC 12.00
501 |OC-Bit Orig. BIT Construction C AC, CO, PC 30.00
502 |OC-BCB Orig. BCB Construction C AC, CO, PC 31.00
503 |OC-CON Orig. CON Construction C AC, CO, PC 44.00
504 |OC-CRC Orig. CRC Construction C AC, CO, PC 44.00
505 |OC-CDP Orig. CDP Construction C AC, CO, PC 46.00
510 |[Rec-AC Reconstruct AC C AC, CO, PC 30.00
515 |Rec-Con Reconstruct Concrete C AC, CO, PC 43.00

55 MODELING THE IMPACT OF MAINTENANCE AND REHABILITATION

ACTIVITIES ON PAVEMENT PERFORMANCE

The impact of M&R activities on future pavement performance is typically modeled
either as an improvement of the pavement condition, or a slower rate of deterioration.
Modeling the improvement in the pavement condition (i.e., jump) requires a prediction
curve. Modeling the slower rate of deterioration is done in two ways; either by a flatter
prediction curve or by "holding" the condition of the pavement for a certain period.

In the ADOT HPMA, the impacts of the implementation of an R or C type activity are
modeled as "jumps" or increase in the pavement condition on the performance curves
as shown in Figure 5.2. As can be noted from the figure, these jumps bring the
pavement to the condition of a newly constructed section.

The impacts of implementing an M or G type activity are modeled differently than the R
and G type activities. The impacts are represented by a jump or increase in the
pavement condition, in addition to a holding period, where the pavement condition is
held constant. Figure 5.3 depicts how the M and G type activities are modeled. It should
be noted that the increase or the jump for M and G type activities does not bring the
pavement to the newly constructed condition.
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Table 5.6 shows the holding periods and PSR improvements for the maintenance
activities as included in ADOT HPMA. The values shown the in the table are based on
discussions with ADOT staff. These jumps and/or the holding periods should be revised
when enough performance data for these maintenance activities are available.

Table 5.6: Condition Improvement and Holding Period for G and M Activities

Holding PSR
Unit Costs Period “a” Improvement
Code Activity ype ($/Yds?) (Yrs) “j
101 Premix Patch M 12.00 2 0.5
102 Level with Premix G 3.20 3 0.5
103 Crack Seal M 2.00 3 04
104 Sand Seal G 1.44 2 0.4
105 Rep Surf/Base M 16.00 4 1.0
106 Chip Seal G 1.78 3 0.5
107 Seal Coat G 1.78 3 0.5
108 Flush G 0.25 4 0.4
109 Spot Flush/Seal M 3.20 2 0.4
110 Joint Seal M 8.00 5 0.7
111 Premix Patch Emrg M 12.00 2 0.5
112 Tight Blade M 6.00 2 0.3
113 Crack Seal w/Rubber M 6.00 4 0.7
114 PCC Repr/Repl M 15.00 7 1.0
115 PCC Spall Repr M 12.00 7 1.0
119 Pvd Surf Maint M 12.00 7 1.0
120 Diamond Grind + FC G 12.98 5 1.0
121 Double Chip Seal G 2.56 2 0.5
123 Micro Surfacing G 3.50 3 0.5
124 Slurry Seal G 1.60 3 04
125 Scrub Seal G 1.30 3 0.3
126 Dowel Retrofit M 12.00 8 1.0
127 Fog Seal -- S G 1.28 3 0.3
128 Fog Seal - R G 1.38 3 0.3
129 Rubber Mem. + SC/FL G 2.50 7 0.5
141 Crack fill & Seal Coat M 4.00 5 0.5
5.6 DEVELOPMENT OF PSR DEFAULT PREDICTION MODELS

The HPMA utilizes two approaches for predicting future pavement performance, which
are the site-specific prediction and the default approaches. The site-specific modeling
approach is based on the use of historical performance data to develop model
coefficients for individual analysis sections. For each individual section, the available
historical performance data since the last rehabilitation or construction is analyzed to
determine the model that matches the observed performance of the section, and thus
predict the future performance.

44



The default prediction models are used in the following cases:

¢ In the absence of adequate historic data for the generation of site specific
models

¢ When the site-specific models do not meet the acceptance criteria
e For predicting the pavement performance under future rehabilitation activities

Default prediction models are developed using the family-of-models approach, where
future performance of pavement sections within the same performance class is
modeled using one performance model.

In the following subsections, the development of the roughness default models based
on historic performance data and using the family-of-models approach is described.
The performance classes are first defined and then extraction and analysis of historic
data is presented. Finally, the development and adjustment of the models is described.

5.6.1 Performance Classes

In the family-of-models approach, pavement sections that have common characteristics
such as pavement type, traffic levels, etc. are grouped into performance classes. The
following are the performance classes considered in the HPMA:

e Last rehabilitation activity

e Pavement Type

e Environment Conditions (3 classes)
o Traffic (3 classes)

e Subgrade Condition (3 classes)

e Structural Thickness (3 classes)

In addition, the functional class is also considered (Interstate and Non-Interstate). Two
sets of performance models were developed for these two functional classes.

5.6.1.1 Models Naming Convention

Due to the large number of possible combinations for model development, a numbering
scheme was devised to allow easy referencing of these models. An 8-character
identification number is assigned to each model as follows:

o Activity Type - Characters 1-3

e Pavement Type - Character 4

e Environment Class Character 5

e ESAL Class - Character 6
e Subgrade Class - Character 7
e Thickness Class - Character 8

45



As an example, prediction model number 231-13231 is the performance model
describing the expected performance of activity number 231 (RR1.5-3AC+1.5-3AC+FC)
for pavement type 1, environment class 3, subjected to traffic class 2, with a subgrade
strength from class 3, and a thickness class 1. If a specific class is not defined,
corresponding digit is set to zero. As an example, prediction model number 231-13000
is the performance model describing the expected performance of treatment activity
number 231 for pavement type 1 and environment class 3, for all traffic, subgrade, and
thicknesses.

5.6.1.2 Mathematical Model Form

A sigmoidal (i.e. S-shaped) form is used within the HPMA for modeling the pavement
performance. This model form has a greater degree of flexibility in describing the
deterioration of a section. The following is the sigmoidal model form used in the HPMA
for performance prediction modeling:

[HJ
PSR=0-¢

In this model, O represents the initial condition of the pavement, immediately after
rehabilitation (age zero). Age is the number of years since the last rehabilitation or
construction activity. Coefficients A, B, and C are the parameters that define the model
shape.

[5.7]

The flexibility of the sigmoid allows the models produced to be concave, convex, S-
shaped, or almost linear. This has historically produced curves that sufficiently fit the
data and describe performance.

5.6.2 Performance Model Generation Procedure

The performance model generation involves data manipulation and the use of
procedures to individually inspect and validate all models. The variation in the available
data does not always provide the desired models. Therefore, engineering judgment
based on experience and feedback from ADOT was used. The following section
outlines the procedure followed for generating the required performance models.

Non-linear regression analysis techniques were used to develop performance models
for the rehabilitation activities where enough good historical data points are available.
Engineering judgment was used to adjust some of these models to accommodate the
conditions of activities with insufficient historical data.

5.6.2.1 Historical Data Extraction

The performance models are typically generated from historical performance and
project data stored in the HPMA. This data is extracted from the HPMA and used to
provide the required performance models for the different pavement rehabilitation
treatments.
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Performance data was assembled for homogenous sections by performance class. All
of the available segments with activities and performance data were assigned to
performance classes based on the class related data. The data used in this study
represents the last 20 years of data currently available.

5.6.2.2 Data Filtering

To ensure the development of the best possible models, all ADOT's performance data
had to go through some Quality Assurance (QA) control checks. For roughness data,
an acceptance criterion was established to remove data outliers and segments
exhibiting unexpected behavior. A filtering criterion was established to remove this kind
of data, which might unfairly bias the regression statistics.

Filtering limits used to exclude outlier data are shown in Table 5.7 in terms of both IRI
and Pavement Serviceability Rating (PSR), where the relationship between IRI and
PSR is shown by the following equation. Figure 5.4 shows the same limits for the PSR.

PSR — 5.e—0.0038.|R| [58

Table 5.7: Roughness Data Filtering Limits

Lower Limit Upper Limit
Age IRI PSR IRI PSR
0 94 35 28 4.5
10 >> 0 94 35

5.0
4.5
4.0

35 N \
3.0 N
25 | \ \

&
a N\

2.0 N

N
1.5 -
N
1.0 N ——— Upper Limit -
0.5 AN — — Lower Limit |-
h |
0.0 ‘
0 5 10 15 20
Age

Figure 5.4: Roughness Outlier Limits
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5.6.2.3 Data Classification

As mentioned earlier, a separate model should be developed for each combination of
the rehabilitation activity, pavement type, functional classification, environment class,
traffic class, subgrade class, and thickness class. However, based on the historic data
from ADOT, some of these combinations were not applicable.

Since subgrade information is not available in ADOT databases, the subgrade was not
used. However when this data is available in the future, these models can be adjusted
to account for different subgrade conditions.

The investigation conducted on the historical data indicated that developing separate
models for the different traffic and thickness classes is not warranted. The regression
models developed based on these classes were not significantly different.

The effect of the environment was investigated prior to model generation to identify
whether the environment zone has a significant effect on the pavement performance.
Figure 5.5 through Figure 5.7 shows the historic PSR data points for all rehabilitation
activities on flexible pavement sections on Interstate highways in the Desert (DS),
Transition (TR), and Mountain (MT) zones, respectively. Figure 5.8 shows a
comparison of the regression models for these zones. As can be noted from the figures,
the pavement performance in the TR and MT is very close, while the pavement
performance in the DS zone is different than those in the other zones.

Similarly, Figure 5.9 through Figure 5.11 show the historic data points and the
regression analysis results for the all rehabilitation activities on flexible pavement
sections on Non-Interstate routes in DS, TR, and MT zones, respectively. Figure 5.12
shows a comparison of the regression models for these zones. These figures confirm
that the pavement performance in the TR and MT is very close, while the pavement
performance in the DS zone is different than those in the other zones.

Based on the results shown in previous figures, only two environment zones are
considered in the analysis, which are the Desert Zone and the Non-Desert Zone
(including both the Transition and the Mountain zones). Also due to the differential
performance between Interstate routes and Non-Interstate routes, the environmental
zones will be duplicated, such that the environment/functional class combinations
analyzed are:

e Class 1 -- Interstate sections in Desert Zone (D-I)

e Class 2 -- Interstate sections in Transition and Mountain Zones (ND-I)

e Class 3 -- Non-Interstate sections in Desert Zone (D-NI)

o Class 4 -- Non-Interstate sections in Transition and Mountain Zones (ND-NI)
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5.6.2.4 Available Historic Data

Historic data was extracted for each rehabilitation activity and sorted based on the
functional class and the environment zone. It should be noted that only AC pavements
were considered for regression analysis, because there was not enough data available
for modeling for the other pavement types. Table 5.8 shows the number of historic data
points available for regression sorted by functional class and environmental zone,

before and after filtering outlier data, where number of data points after filtering is shown
between parentheses. As can be noted from the table, the number of data points for each
combination vary; and some combinations do not have any data.

Table 5.8: Historic Data Available for Regression

Rehabilitation Environment/Functional Class

Activity Class 1 Class 2 Class 3 Class 4
201 2473 (1818) 1849 (1647) 2011 (1822) 3169 (2946)
202 88 (78) 2733 (2488) 253 (246) 1328 (1127)
206 651 (552) 2060 (1841)
211 623 (591) 1129 (1037)
212 2872 (2041) 2451 (1856) 81 (67) 184 (151)
213 4934 (3569) 10036 (7780) 405 (347) 338 (269)
214 11 (11) 1531 (1186) 346 (270)
215 2053 (1532) 2962 (2190) 103 (79) 300 (247)
216 200 (142) 783 (527) 916 (653)
217 72 (60)
221 11 (11) 854 (601) 3442 (2358) 34308 (27005)
222 264 (148) 4056 (3354) 357 (287) 2042 (1587)
223 3663 (2504) 7617 (5898) 3268 (2872) 4839 (4305)
228 602 (535) 2974 (1968) 631 (480) 2505 (1562)
238 4399 (3114) 9189 (6885) 726 (481) 2425 (1844)
251 7(7) 252 (162) 36 (32)
252 276 (190)
501 204 (173) 547 (520) 2135 (1678) 5777 (4811)

Note: Numbers shown between parentheses are available data points after filtering
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5.6.3 Regression Analysis Approach

Non-linear regression analysis was carried out on filtered data to develop performance
models for different rehabilitation activates. As mentioned earlier, a sigmoidal model
was fitted to the data using the least squares approach to develop the required models.
Some of the models were adjusted to account for the expected initial condition of the
pavement sections immediately after rehabilitation or for the expected service life, as
follows.

5.6.3.1 Initial Condition

The initial condition of the pavement immediately after specific rehabilitation activity
(performance at age 0), or the coefficient O in the sigmoidal model, was generally
determined by extrapolating the average performance in the first and second year of the
pavement life. However, this initial condition had to be greater than or equal to the
minimum initial condition based on experience for that particular activity/class
combination. Table 5.9 shows the minimum required initial conditions.

Table 5.9: Minimum Initial Roughness Levels

Environment/Functional Class

Rehab Activity Class 1 Class 2 Class 3 Class 4
Initial Construc_tlon / 4.7 4.7 45 45
Reconstruction
ey s No Milling 4.2 4.2 4.0 4.0
Rehabilitation =i g 4.4 4.4 4.2 4.2

5.6.3.2 Pavement Service Life and Trigger Levels

The expected service lives of the different Maintenance and Rehabilitation activities
were established based on ADOT's experience. The expected service lives of the
activities are usually needed to asses the reasonableness of the models developed
based on historical data and to adjust them if needed.

Also, the rehabilitation trigger levels or threshold levels were established based on
discussions with ADOT's staff.

Table 5.10 shows the trigger levels for rehabilitation for different environment and
functional classifications, in terms of both the IRl and PSR.

Table 5.10: Roughness Trigger Level for Rehabilitation

Trigger Environment/Functional Class
Level Class 1 Class 2 Class 3 Class 4
IRI 75 75 90 90
PSR 3.75 3.75 3.55 3.55
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5.6.4 PSR Performance Models

A complete set of prediction models was developed for the M&R activities shown in
Table 5.11. Four models were developed for each activity, one model for each
Environment/Functional Class combination.

Each cell in Table 5.11 shows the basis (or the source) of the model assigned to that
treatment/class. There were four sources of the developed models, which were:

1. Models developed based on historical data with some minor adjustment for
initial condition and/or service life. Cells with this type of model will have the
assigned activity/class model (Adj)).

2. Models developed by adopting another activity/class model, and modifying it
because of lack of historical data. A cell with this type of model will have the
assigned activity/class model plus (Mod).

3. Models developed by adopting another activity/class model, and modifying it

because the models developed based on the historical data resulted in
erroneous models. A cell with this type of model will have the assigned
activity/class model plus (Mod).*

4. Models developed based on engineering judgment. A cell with this type of
model will have Eng. Jud. in the cell.

Table 5.11: Development of PSR Models

Description

Environment/Functional Class

Class 1

Class 2

Class 3

Class 4

201

Friction Course AC

201-Class 1 (Adj)

201-Class 2 (Adj)

201-Class 3 (Adj)

201-Class 4 (Adj)

202

Friction Course AR

202-Class 2 (Mod)

202-Class 2 (Adj)

202-Class 3 (Adj)

202-Class 4 (Adj)

203

Bit. Treat Surf 2 in

Eng. Jud.

Eng. Jud.

Eng. Jud.

Eng. Jud.

206

R&R Friction Course

206-Class 3 (Mod)

206-Class 4 (Mod)

206-Class 3 (Adj)

206-Class 4 (Adj)

207

R&R Rbr Friction Crs

206-Class 3 (Mod)

206-Class 4 (Mod)

206-Class 3 (Mod)

206-Class 4 (Mod)

211

Mill/Rep 2"AC+SC

211-Class 3 (Mod)

211-Class 4 (Mod)

211-Class 3 (Adj)

211-Class 4 (Adj)

212

Mill/Rep 1.5-3"AC+FR

212-Class 1 (Adj)

212-Class 2 (Ad))

212-Class 1 (Mod)

212-Class 2 (Mod

213

Mill/Rep 1.5-3"AC+FC

213-Class 1 (Adj)

213-Class 2 (Ad))

213-Class 3 (Ad))

213-Class 3 (Mod

214

Mill/Rep 1.5-3"AR+FR

212-Class 1 (Mod)*

212-Class 2 (Mod)*

212-Class 3 (Mod)

212-Class 4 (Mod

215

Mill/Rep 3-5"AC+FR

215-Class 1 (Adj)

215-Class 2 (Ad))

215-Class 1 (Mod)

)
)
)
)

215-Class 2 (Mod

216

Mill/Rep 3-5"AC+FC

216-Class 2 (Mod)

216-Class 2 (Adj)

216-Class 3 (Ad))

216-Class 4 (Adj)

217

Mill/Rep 3-5"AR+FR

215-Class 1 (Mod)*

215-Class 2 (Mod)

215-Class 3 (Mod)

215-Class 4 (Mod)

218

Mill/Rep 3-5"AC+SC

216-Class 1 (Mod)

216-Class 2 (Mod)

216-Class 3 (Mod)

216-Class 4 (Mod)

219

Mill/Rep >5"AC+FR

215-Class 1 (Mod)

215-Class 2 (Mod)

215-Class 3 (Mod)

215-Class 4 (Mod)
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Environment/Functional Class

ID Description Class 1 Class 2 Class 3 Class 4
2211.5-2.5"AC + SC 221-Class 2 (Mod)*|221-Class 2 (Adj) [221-Class 3 221-Class 4
222|1.5-3.0"AC + FR 222-Class 2 (Mod)*|222-Class 2 (Adj) |222-Class 4 (Mod)*|222-Class 4 (Adj)
223[1.5-3.0"AC + FC 223-Class 1 (Adj) |223-Class 2 (Adj) |223-Class 3 (Adj) |223-Class 4 (Adj)
22412.5-3.5"AC + SC 223-Class 1 (Mod) [223-Class 2 (Mod) [223-Class 3 (Mod) |223-Class 4 (Mod)
225|2.5-3.5"AC + FR 223-Class 1 (Mod) [223-Class 2 (Mod) [223-Class 3 (Mod) |223-Class 4 (Mod)
226|2.5-3.5"AC + FC 223-Class 1 (Mod) [223-Class 2 (Mod) [223-Class 3 (Mod) |223-Class 4 (Mod)
22713.0-5.0"AC + FR 228-Class 1 (Mod) [228-Class 2 (Mod) |228-Class 3 (Mod) |228-Class 4 (Mod)
2283.0-5.0"AC + FC 228-Class 1 (Adj) |228-Class 2 (Adj) |228-Class 3 (Adj) |228-Class 4 (Adj)
22913.0-5.0"AC + SC 228-Class 1 (Mod) (228-Class 2 (Mod) |228-Class 3 (Mod) (228-Class 4 (Mod)
231|RR1.5-3AC+1.5-3AC+FC |212-Class 1 (Mod) |212-Class 2 (Mod) |212-Class 3 (Mod) |212-Class 4 (Mod)
232|RR1.5-3AC+1.5-3AC+FR |212-Class 1 (Mod) |212-Class 2 (Mod) |212-Class 3 (Mod) |212-Class 4 (Mod)
233|RR1.5-3AC+1.5-3AR+FR [212-Class 1 (Mod) [212-Class 2 (Mod) |212-Class 3 (Mod) |212-Class 4 (Mod)
234|RR1.5-3AR+1.5-3AC+FR [212-Class 1 (Mod) [212-Class 2 (Mod) |212-Class 3 (Mod) |212-Class 4 (Mod)
235|RR1.5-3AR+1.5-3AR+FR [212-Class 1 (Mod) [212-Class 2 (Mod) |212-Class 3 (Mod) |212-Class 4 (Mod)
236 |RR3-5"AC+1.5-3"AC+FC |228-Class 1 (Mod) [228-Class 2 (Mod) [228-Class 3 (Mod) [228-Class 4 (Mod)
237|RR3-5"AC+1.5-3"AC+FR  |228-Class 1 (Mod) |228-Class 2 (Mod) |228-Class 3 (Mod) |228-Class 4 (Mod)
238|RR3-5"AC+1.5-3"AR+FR |238-Class 1 (Adj) |238-Class 2 (Adj) |238-Class 3 (Adj) |238-Class 4 (Adj)
239|RR3-5"AC+3-5"AC+FR 228-Class 1 (Mod) (228-Class 2 (Mod) |228-Class 3 (Mod) (228-Class 4 (Mod)
241 |Overlay <=3" Recyc Eng. Jud. Eng. Jud. Eng. Jud. Eng. Jud.

242 |Overlay 3-5" Recyc Eng. Jud. Eng. Jud. Eng. Jud. Eng. Jud.

251 |RbrM+Overlay <=2.5 221-Class 1 (Mod)*[{221-Class 2 (Mod)*|221-Class 3 (Mod) |221-Class 4 (Mod)*
252 |RbrM+Overlay > 2.5 228-Class 1 (Mod) [228-Class 2 (Mod) |228-Class 3 (Mod) |228-Class 4 (Mod)*
253 |RR1.5+RbrM+Ovrly3 238-Class 1 (Mod) [238-Class 2 (Mod) [238-Class 3 (Mod) |238-Class 4 (Mod)
261|1.5-2.5"AC 221-Class 1 (Mod) |221-Class 2 (Mod) [221-Class 3 (Mod) (221-Class 4 (Mod
262|2.5-3.5"AC 223-Class 1 (Mod) |223-Class 2 (Mod) [223-Class 3 (Mod) (223-Class 4 (Mod
301 |Crack & Seat + AC Ovly 501-Class 2 (Mod) |501-Class 2 (Mod) (501-Class 3 (Mod)

302

Jt & Slab Rep. + Ovly

501-Class 2 (Mod)

501-Class 2 (Mod)

501-Class 3 (Mod)

501-Class 4 (Mod

401

Concrete Ovly

501-Class 2 (Mod)

501-Class 2 (Mod)

501-Class 3 (Mod)

)
)
501-Class 4 (Mod)
)
)

501-Class 4 (Mod

501

Orig. BIT Construction

501-Class 2 (Mod)

501-Class 2 (Adj)

501-Class 3 (Adj)

501-Class 4 (Adj)

502

Orig. BCB Construction

501-Class 2 (Mod)

501-Class 2 (Mod)

501-Class 3 (Mod)

501-Class 4 (Mod

503

Orig. CON Construction

501-Class 2 (Mod)

501-Class 2 (Mod)

501-Class 3 (Mod)

504

Orig. CRC Construction

501-Class 2 (Mod)

501-Class 2 (Mod)

501-Class 3 (Mod)

)
501-Class 4 (Mod)
501-Class 4 (Mod)

505

Orig. CDP Construction

501-Class 2 (Mod)

501-Class 2 (Mod)

501-Class 3 (Mod)

501-Class 4 (Mod)

510

Reconstruct AC

501-Class 2 (Mod)

501-Class 2 (Mod)

501-Class 3 (Mod)

501-Class 4 (Mod)
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Figure 5.13 shows an example of the models that were developed based on historic
performance data. In the figure, the filtered historic data points, the regression model,
and the adjusted model for that particular treatment are shown (ACFC for Non-
Interstate routes in the Desert zone).
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Figure 5.13: PSR Filtered Data and Model for 201- Class 3

5.7 DEVELOPMENT OF CRACKING DEFAULT PREDICTION MODELS

Similar to PSR, cracking default prediction models were developed based on the
historic cracking data loaded to ADOT HPMA. Typically, site-specific models are
developed during the analysis for each section, based on historical cracking data to
predict the future performance of the current activity. However, in the absence of such
data, or if the site-specific model does not meet the acceptance criteria, default models
are used. Also, default models are used to predict the performance of future
rehabilitation activities during the optimization analysis.

Non-linear regression analysis techniques were used to develop cracking prediction
models for the rehabilitation activities where enough good historical data points are
available. Some of the models were then adjusted to accommodate activities with
insufficient historical data, or those resulting in erroneous models. In the following
subsections, the development of default cracking models, based on ADOT historical
performance data, is presented.
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5.7.1 Cracking Model Form

ADOT HPMA utilizes an exponential model for distress prediction models. This form is
used because it provides a suitable form of modeling distress progression, which
usually starts from 0.0 and increases with time. The exponential model form used in
ADOT HPMA has the following format:

_(kf
A
C=e \"®* [5.9]
Where C is the percentage cracking at a given Age, K and B are the model coefficients
that define the model shape.

5.7.2 Historical Cracking Data

Historical cracking data was extracted using ADOT HPMA Feedback Module.
Approximately, 90,000 historical cracking data points were available in the database.
However, due to the general condition of ADOT's highway network and the distress
data collection method utilized by ADOT, generally, the network has very low levels of
cracking, where more than 80% of the historical cracking data is less than 5%. As an
example, Figure 5.14 shows the distribution of percentage cracking data for ADOT's
highway network for the year 2001, which is approximately 7400 data point. As can be
noted, approximately 85% of the sections have percentage cracking less than 5%.

Cracking in pavements is usually attributed to either structural or environmental factors.
In a PMS context, structural factors can be represented by the different rehabilitation
activities, while environmental factors are represented in terms of the environmental
zones. To identify whether any of these factors had an impact on the general
performance of pavement sections in ADOT highway network, historical data was
extracted based on activity type and environmental zone and analyzed.
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Figure 5.14: Distribution of Cracking Distress for ADOT Network in 2001
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5.7.3 Development of Cracking Models

ADOT's historical data does not provide statistical significance to support development
of different cracking prediction models for different activities and environmental zones.
However, based on engineering judgment and using historical ADOT cracking data,
distinct cracking prediction models were developed for different combinations of
activities and environmental zones. The approach used in the development was to
group the rehabilitation activities into a number of rehabilitation activity groups based on
the activity type. Base prediction models are then developed for these groups using
historic data through regression analysis. These base models are then manually
adjusted to account for the differential performance among environmental zones.

The rehabilitation activities were grouped into 7 Cracking models; B1 though B7.

Table 5.12 shows these groups and the rehabilitation activities within each group. As
can be noted from the table, each group includes a number of rehabilitation activities of
expected similar behavior.

Cracking data was extracted for each group, and a non-linear regression analysis was
performed on the data from each of these groups to develop the best-fit model that
would result in the least sum of square error. For each group, the regression model was
considered as a base model for this group, which will then be adjusted to account for
the different environmental zones.

Figure 5.15 through Figure 5.21 show the regression results for each of these groups.
As can be noted from these figures, the regression line that resulted in the least sum of
squares of the error was rather low and resulted in an average percentage cracking
between 5% and 10% after 15 years of service.
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Table 5.12: Cracking Groups and Corresponding Rehabilitation Activities

Cracking Activity
Model Group Group Description ID Activity Name
211 Mill/Rep 2"AC+SC
212 Mill/Rep 1.5-3"AC+FR
B1 Remove.-and-RepIace thin 213 Mill/Rep 1.5-3"AC+FC
Conventional AC Overlay 231 RR1.5-3AC+1.5-3AC+FC
232 RR1.5-3AC+1.5-3AC+FR
234 RR1.5-3AR+1.5-3AC+FR
B2 Remove-and-Replace thin 214 Mil/Rep 1.5-3"AR+FR
Rubberized AC Overlay 233 RR1.5-3AC+1.5-3AR+FR
235 RR1.5-3AR+1.5-3AR+FR
215 Mill/Rep 3-5"AC+FR
216 Mill/Rep 3-5"AC+FC
. 217 Mill/Rep 3-5"AR+FR
B ey [ 218 | WilRep 37CeSC
219 Mill/Rep >5"AC+FR
236 RR3-5"AC+1.5-3"AC+FC
237 RR3-5"AC+1.5-3"AC+FR
201 Friction Course AC
202 Friction Course AR
203 Bit. Treat Surf 2 in
206 R&R Friction Course
207 R&R Rbr Friction Crs
221 1.5-2.5"AC + SC
222 1.5-3.0"AC + FR
Surface treat s and th 223 1.5-3.0"AC + FC
B4 Convontional AC ngrlay M| 224 |2535AC+SC
225 2.5-3.5"AC + FR
226 2.5-3.5"AC + FC
241 Overlay <=3" Recyc
242 Overlay 3-5" Recyc
251 RbrM+Overlay <=2.5
252 RbrM+QOverlay > 2.5
253 RR1.5+RbrM+QOvrly3
261 1.5-2.5"AC
262 2.5-3.5"AC
: . 227 3.0-5.0"AC + FR
B5 'g\w);:lria?lonventlonal AC 228 30-5.0'AC + FC
229 3.0-5.0"AC + SC
B6 Jnick Rubberized AC RR3-5"AC+1.5-3"AR+FR
verlay 238
239 RR3-5"AC+3-5"AC+FR
B7 Reconstruction Activities 501 Orig. BIT Construction
510 Reconstruct AC
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Figure 5.18: B4 Cracking Group Regression Data
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Figure 5.19: B5 Cracking Group Regression Data
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Figure 5.20: B6 Cracking Group Regression Data
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Figure 5.21: B7 Cracking Group Regression Data

5.7.4 Final Set of Cracking Prediction Models

The base cracking models were adjusted to account for the differences in the expected
performance between the different environmental zones. The adjustment was
performed by maintaining the “shape” of the prediction model, but adjusting the service
life produced by the model in different environmental zones. The service life was
assumed to be the age at which the pavement section reaches a cracking level of 5%.
The service life of sections located in the Desert zone was assumed to be longer that
those located in the Transition zone, which is in turn longer than the service life of
section in the Mountain zone.

The differential performance between Interstate and Non-Interstate routes was not
accounted for due to the fact that the cracking levels for all highway sections was
relatively low, such that capturing this differential performance was not practical based
on the available data.

Table 5.13 shows the expected service life for each group of activities, based on a
trigger level of 5%. As can be noted from the table, the base model developed through
regression analysis, was considered to represent the pavement sections in the
Transition zone. The model was adjusted, such that the service life in the Desert zone
is approximately 2 years longer than that of the base model, while the service life in the
Mountain zone was 2 years shorter that than that of the base model.
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Table 5.13: Approximate Service Life In Years for Cracking Prediction Models

Environmental Zone
Cracking Model Group Desert Transition Mountain
B1 11.5 9.4 7.6
B2 11.2 9.2 7.3
B3 13.6 1.7 9.9
B4 9.3 7.5 59
B5 12.7 10.5 8.6
B6 14.8 12.5 10.3
B7 17.8 15.8 13.8

5.8 APPROACH FOR MAINTENANCE INTEGRATION INTO PMS

One of the main objectives of this project is to expand the use of the pavement
management tools to support the maintenance functions. This objective is achieved
using ADOT HPMA by incorporating the corrective maintenance and the preventive
maintenance activities into the overall framework of the Maintenance and Rehabilitation
(M&R) analysis and optimization analysis. Figure 5.22 depicts the analysis approach
that can be used for the development of ADOT's pavement preservation program.

The following subsections provide a brief description of this approach as shown in
Figure 5.22, together with an overview of some of the analysis functions in ADOT
HPMA. It should be noted however, that this approach was developed based on the
following assumptions:

¢ The Corrective Maintenance (CM) program is a one-year program, where the
section selection is based on the current condition data. Also, the impact of the
CM activities on future performance is negligible

o The Preventive Maintenance (PM) and Rehabilitation (Rehab) programs are
multi-year programs, where the section selection is based on the current and
predicted performance data

¢ The impact PM and Rehab on pavement future performance is accounted for by
using specific performance prediction models

o Budget constraints are considered in the section selection process and
candidate sections compete against each other, based on cost-effectiveness
5.8.1 Creating Analysis Sections and Predicting Pavement Performance

Using HPMA Dynamic Sectioning Module, the entire highway network is divided into a
set of analysis sections. These sections can either be manually defined and loaded as
overrides or defined through dynamic sectioning using user-defined criteria (Box 2 in
Figure 5.22).
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Figure 5.22: Proposed Analysis Approach

For each homogeneous section, the future condition, in terms of roughness and surface

distress, is predicted for each year of the analysis period using site-specific models or
default prediction models.

In case a default prediction model is used, the selected model is adjusted to fit the
latest historic measured data points by shifting the model horizontally such that the
latest known performance data point falls on the default model, as shown in Figure
5.23. Horizontally shifting the curve ensures that the deterioration rate at a specific
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Figure 5.23: Shifting of Default Index Prediction Models

performance level, which is the latest measured data, is constant regardless of the
actual construction date

Sections are candidates for PM if their age is equal to or less than 7 years (Box 5 in
Figure 5.22). All sections that are not candidates for PM are candidates for CM,
whether they are triggered for Rehab or not (Box 13 in Figure 5.22). However, sections
are candidate for Rehab only if their predicted performance hits the trigger levels any
time during the analysis period (Box 14 in Figure 5.22)

5.8.2 Treatment Selection

Sections that are candidates for PM will go through the appropriate PM decision tree to
identify the candidate treatments. It should be noted that this process will be repeated
for every year in the analysis period, as long as the section still meets the PM criterion
(age less than or equal to 7 years). The final outcome of this step is a list of sections
that are candidates for PM and the candidate treatments for each section for each year
of the analysis period (Boxes 6, 7 & 8 in Figure 5.22)

Budget constraints will be implemented on the resulting feasible treatments to select the
most cost-effective PM program that meets the budget constraints. The predicted
performance of the sections included in the PM program will be revised to account for
the positive impact of PM. These sections will be considered for Rehab if their revised
performance is triggered for rehabilitation during the analysis period (Boxes 11 & 12 in
Figure 5.22). The sections that are candidates for PM and not selected in the PM
program will be checked with respect to rehabilitation based on their predicted
performance (Box 10 in Figure 5.22)
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All sections that are not selected for PM will go through the appropriate CM decision
tree to identify the corrective maintenance treatments for these sections (Box 13 in
Figure 5.22). However, selecting a corrective maintenance activity for any section will
have no effect on its future performance and it will still be considered for Rehab.
Sections that will be considered for Rehab are:

e The sections that are not candidates for PM and triggered for Rehab based on
their predicted performance and the appropriate trigger level (Box 14 in Figure
5.22)

e Sections that are candidates for PM, but not selected in the PM program, and
triggered for Rehab based on their predicted performance and the appropriate
trigger level (Box 10 in Figure 5.22)

e Sections that are in the PM program and triggered for Rehab based on their
revised predicted performance and the appropriate trigger level (Box 10 in Figure
5.22)

These sections will go through the appropriate Rehab decision tree to identify the
candidate treatments. It should be noted that this process is repeated for every year in
the analysis period. The final outcome of this step is a list of sections that are triggered
for Rehab in any of the analysis years and the candidate treatments for each section for
each year of the analysis period. For each section/treatment/year combination, the cost,
effectiveness, and cost-effectiveness is calculated (Boxes 15, 16 & 17 in Figure 5.22).

The cost is calculated using the unit costs set in Function 6-2-1 in ADOT HPMA, as the
product of the area of the section and the unit cost for the selected M&R activity. The
Effectiveness is calculated using the following equation:

Effectiveness = Weighting * SectionsArea * Area - Under - The - Curve [5.10]

where the Weighting is a factor defined through Function 6-2-2 in ADOT HPMA to
provide a priority rating to the different sections. Currently, the weighting factor is a
function of AADT. The Section Area is the surface area of the pavement section. The
Area-Under-The-Curve is the area under the rehabilitation curve and above the do-
nothing curve or the minimum defined performance level; whichever is greater, as
shown in Figure 5.24.

The cost-effectiveness (CE) of a specific activity within the section is the ratio between
the effectiveness and the cost. The higher the CE of a specific project, the more
"benefit" to the overall network performance. CE is used in the optimization analysis to
select the more "beneficial" project and to prioritize the sections during the selection
process.
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Figure 5.24: Rehabiliation Activities Effectiveness — Area Under the Curve

5.8.3 Final Program

The constraints are set for the analysis using either the budget constraints (-1 for
unlimited budget), or the performance constraints. Budget constraints are used in the
case of limited budgets, while the performance constraints are used when unlimited
budget is available to achieve a specific level of performance. Both constraints can be
used within the same optimization run, but should not be used within the same year.
The budget allocation is usually based on the CE, which means that the budget is
allocated to achieve the highest possible performance for the network (Box 18 in Figure
5.22). The final program will consist of:

e CM Program, as explained above (Box 20 in Figure 5.22)

o Pavement Preservation Program (Box 21 in Figure 5.22), which includes both
the PM Program (Box 12 in Figure 5.22) and the Rehab Program (Box 19 in
Figure 5.22).

59 DECISION TREES

The Decision Trees (DT) are one of the critical components of ADOT HPMA that can
significantly affect the analysis results. DTs are used to model the logical approach for
selecting the feasible M&R alternatives for each section during the analysis, based on
the section conditions and performance. ADOT HPMA has three types of DT's, which
are the Preventive Maintenance (PM), Corrective Maintenance (CM), and Maintenance
and Rehabilitation (M&R) decision trees.

Decision trees should be developed for each combination of pavement conditions, such
as pavement type, environmental zone, etc. However, based on preliminary analysis
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and discussions with ADOT personnel, it was decided to develop identical DT's for all
environmental zones, and account for variation in the service life of the pavements due
to the variation of the environmental zones in the pavement performance prediction
models. This approach has been described earlier in the development of the PSR
prediction models and the cracking prediction models. Table 5.14 shows the variables
considered in the development of the decision trees and the levels of these variables.
As can be noted from the table, the total number of required DT's is 12 (3 types * 2
Pavement types * 2 functional classes)

Table 5.14: Variables Considered for the Decision Trees

Variable Levels

Preventive Maintenance (PM)
Corrective Maintenance (CM)
Rehabilitation (M&R)

AC Pavement

PCC Pavement

Interstate Highways
Non-Interstate Routes

Tree Type

Pavement Type

Functional Class

5.9.1 Preventive Maintenance Decision Trees

Preventive maintenance decision trees are designed to address pavement sections in
relatively "good" surface condition, and in order to maintain such condition.

5.9.1.1 Preventive Maintenance Decision Trees for AC Pavements

Preventive maintenance decision trees for AC pavements are developed for both
Interstate and Non-Interstate routes. These trees were developed based on discussions
with ADOT staff, and then modified, accordingly after ADOT final revisions, to reflect
actual treatments used for pavement maintenance. The decision trees for Interstate and
Non-Interstate routes are generally similar, with the exception of the final treatments.
On Interstate routes, rubberized friction course or regular friction course are typically
used, whereas for Non-Interstate routes, regular friction course or seal coats are used.
Figure 5.25 and Figure 5.26 show the preventive maintenance decision trees for the
Interstate and Non-Interstate routes, respectively. Table 5.15 describes the end nodes
for these trees.
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Age <4

Age <7 Rav >0
Ny N | Y
Do Nothing Surf = AR or FR Cracking>0&<5 Flushing > 2.5
N Y N Y
N Y

Do Nothing Crack Sealing Surf = FC or FR Fog Seal

N Y
ACFC RRFC, RRFR

FRor FC RRFR or RRFC

1 2 3 4 5 6 7 8

Figure 5.25: Preventive Maintenance DT for Interstate Routes AC Pavements

Age <4

Age <7 Rav >0

Do Nothing Surf = FC or SC or FR Cracking>0&<5 Flushing > 2.5

N Y N Y
N Y

Do Nothing Crack Sealing Surf=FCorSCorFR  Fog Seal

B

ACFC, SC, ARFC RRFC, RRSC, RRFR

ACFC, SC, RRFC, RRSC,
ARFC RRFR
1 2 3 4 5 6 7 8

Figure 5.26: Preventive Maintenance DT for Non-Interstate Routes AC Pavements
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Table 5.15: Description of Decision Tree End Nodes for Preventive Maintenance

DT
Possible
Pavement
Node | Description Condition Recommendation
Pavement is already more than 7 years Do not perform
1 old and is not a candidate for preventive preventive
maintenance maintenance
> Pavement is between 4 and 7 years old Add a friction course
with no friction course (seal coat) (seal coat)
Pavement is between 4 and 7 vears Friction course or | Use a friction course or
3 : . - Y seal coat may seal coat to reduce
with/without a friction course or seal coat :
have worn off noise
Pavement is relatively new, with no Pavement in qood
4 raveling and no cracking (cracking >5% s 9 Do Nothing
o S condition
will trigger rehabilitation)
Pavement is relatively new, with no Minor surface
5 : : . Seal the cracks
raveling and some cracking cracking
Pavement is relatively new, with some Both raveling and
6 raveling and flushing, and a missing fraveling Add a friction course
e flushing issues
friction course
Pavement is relatively new, with some ;
. . - Both raveling and | Remove and replace
7 raveling and flushing, and a missing . .
I flushing issues thin surface layer
friction course
8 Pavement is relatively new, with some Raveling problem Use a fog seal

raveling and no flushing

5.9.1.2 Preventive Maintenance Decision Trees for PCC Pavements

PCC pavement sections in Arizona are predominantly located in Interstate routes, and
Non-Interstate PCC sections are limited. Subsequently, only one PM decision tree for
PCC pavements is developed, which would be applicable for PCC sections on both
Interstate and Non-Interstate routes. The PM decision tree for PCC pavements mainly
addresses pavements in relatively "good" condition. Deteriorated sections are
addressed in CM or M&R trees. Figure 5.27 shows the preventive maintenance DT for
PCC pavements, and Table 5.16 describes the end nodes for this DT.
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Fair Joint Sealant (Joint Sealant=3)

N | Y

Moderate Faulting Joint Seal (110)
(Faulting<=0. 5” & >=0.2")
N ‘ Y
Do Nothing DG + FC (120)
1 2 3

Figure 5.27: Preventive Maintenance DT for PCC Pavements

Table 5.16: End Nodes for PCC Pavements
Preventive Maintenance Decision Tree

Possible Pavement
Node Description Condition Recommendation
Joint sealants are in good condition, Pavement in good
1 and only minor faulting may be " 9 Do Nothing
condition
present
The joint sealants are in good .
2 condition, but moderate faulting Moderate Faulting Grind the payement surface
. and add a friction course
exists
3 Joint 'sealants are starting to Fair Sealants Seal deteriorating joints
deteriorate

5.9.2 Corrective Maintenance Decision Trees

Corrective maintenance decision trees are designed to address localized pavement
distresses over a one-year programming period. Corrective maintenance decision trees
are typically based on the presence of individual distresses and they involve interactive
updating of the maintenance treatments, unit costs, and the decision parameters used
in selecting maintenance treatments. This involves an activity hierarchy, which assigns
a hierarchy of general maintenance treatments.

A hierarchy defines which of competing treatments will be selected. For example, if the
distresses evident on a section result in selection of both crack filling + seal coat for one
type of distress, and seal coat for another type, then in this case, the hierarchy could be
set to select the crack filling + seal coat only. The G - M activity interaction option in the
HPMA defines the general maintenance activity hierarchy. For each general
maintenance activity, local (M) activities can be included or excluded. For example, if a
seal coat were selected, then crack filling would be excluded/included from the
treatment plan. For crack filling + seal coat, crack filling may be an included activity
prior to the seal coat to slow down crack propagation.
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5.9.2.1 Corrective Maintenance Decision Trees for AC Pavements

Through discussions with ADOT staff and based on the historic distress data in ADOT
database, corrective maintenance decision trees for AC pavements were developed for
three types of surface distresses, which are cracking, flushing, and potholes. Figure
5.28 and Figure 5.29 show these trees for AC pavements on Interstate and Non-
Interstate routes, respectively. As can be noted, the CM trees are a group of individual
trees each based on a specific distress type. Also, the trees for Interstate and Non-
Interstate routes are similar, with the exception of the final treatment.

Cracking >5 %
N | Y
I I

Cracking > 2% & < 5% Crack Sealing + ARFC

N | Y
Do Nothing Crack Sealing
Flushing Pot Hole > 0
N Y N Y
Do Nothing ARFC Do Nothing Full Depth Patch

Figure 5.28: Corrective Maintenance DT for AC Pavements on Interstate Routes

Cracking >5 %
N | Y

I
Cracking > 2% & < 5%

I
Crack Sealing + ARFC

N | Y
Do Nothing Crack Sealing
Flushing Pot Hole >0
N | Y N Y
Do Nothing Seal Coat Do Nothing Full Depth Patch

Figure 5.29: Corrective Maintenance DT for AC Pavements
on Non-Interstate Routes



5.9.2.2 Corrective Maintenance Decision Trees for PCC Pavements

Through discussions with ADOT staff, corrective maintenance decision trees for PCC
pavements were developed for four types of surface distresses, which are spalling, joint
sealant defects, faulting, and poor load transfer. Figure 5.30 shows the CM decision for

PCC pavements. Again, the CM trees are a group of individual trees each based on a
specific distress type. These trees apply to both Interstate and Non-Interstate routes.

High Spalling (Spalling =1)

Poor Joint Sealant (Joint Sealant=1)

N | Y I
Moderate Spalling Partial Spall Do Nothing Joint Seal
(Spalling =3) Repair
N | Y
\ v
Do Nothing Patching
High Faulting (Faulting >0.5") Poor Load Transfer (Load Transfer=1)
N | Y N | Y
v v v v
Do Nothing DG+FC Do Nothing Dowel Retrofit + joint

seal

Figure 5.30: Corrective Maintenance DT for PCC Pavements

5.9.3 Maintenance and Rehabilitation Decision Trees

Table 5.17 summarizes the pavement performance limits used in the development of
the DT for AC pavement sections, for both Interstate and Non-Interstate routes. These
limits were developed using the historic performance data for ADOT highways available
from the ADOT HPMA and through discussions with ADOT staff. In the table, Level |
describes an acceptable condition, Level Il a triggered condition, while Level Ill denotes
failure. The limit between Level | and Level Il defines the trigger level, while the limit
between Level Il and Level Il defines failure level.

Table 5.17: Performance Levels For AC Pavements Decision Trees

Interstate Routes Non-Interstate Routes

Parameter Level | Level Il Level lll Level | Level I Level Il

. >5% and < >8% and <
Cracking <5% 20%° > 20% <8% 25%’ > 25%

PSR 2 4.0>PSR 3.6 > PSR

Roughness 4.0 >392 PSR <32 | PSR23.6 508 PSR <238
Rutting <05 ; 8'5 ands< | 549 <05 ?%5 ands 1540

. <3.5and =z <3.5and =z
Flushing =23.5 25 <25 23.5 25 <25
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Table 5.18 summarizes the pavement performance limits used in the development of
the DT for PCC pavement sections, for both Interstate and Non-Interstate routes. As for
AC pavement sections, these limits were also developed using the historic performance
data for ADOT highways available from the AZ HPMA and through discussions with
ADOT personnel. As can be noted, the limits for both the Interstate and Non-Interstate
routes are similar due to the special nature of the rigid pavement sections, and the
limited number of sections from that pavement type in the Non-Interstate of Arizona.

Table 5.18: Performance Levels For PCC Pavements Decision Trees.

Interstate Routes Non-Interstate Routes

Parameter Level | Level Il Level Il Level | Level Il Level Il
Roughness | PSR24.0 |40 >3F;SR 2| psR<31 | PSR=236 |0 >3F;SR 2| pPSR<3.1

Corner

Breaks <10 >10and < > 20 <10 > 10 and < > 20

20 20

(count)
Fauling (in) | <02 > 0'% %”d s >0.5 <0.2 > 0%%“ < >0.5
Transverse >10and < >10and <

Cracking <10 20 > 20 <10 20 > 20

5.9.3.1 M&R Decision Trees for AC Pavements

The following assumptions were made during the development of the decision trees for
AC pavements, based on historic records and discussion with ADOT staff:

¢ A section will be considered as "failed" if it reaches the failure level for any of the
performance parameters considered in the analysis.

e Sections failing in cracking will require major rehabilitation activity (or
reconstruction) to remove and replace the failed AC layers.

e Sections with high rutting and high cracking are considered to have possible
base problems and will require reconstruction.

e Flushing issues are treated by removing and replacing the top AC layer.

¢ In cases involving cracking problems, it is usually recommended to use
rubberized asphalt rather than regular asphalt during rehabilitation.

¢ Maijor performance conditions override less prominent surface problems. As an
example, the level of flushing will not affect the rehabilitation decision for a
pavement section that has already failed in cracking.

Figure 5.31 shows the M&R decision tree for AC pavement sections on Interstate
routes. Table 5.19 describes each of the end nodes for the trees. Figure 5.32 shows
two alternatives for the M&R decision tree for AC pavement sections on Non-Interstate
routes, whereas Table 5.20 describes each of the end nodes.
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L1

PSR<4.0

Y
Rutting >0. 5"
N | Y
Cracking > 20 % Cracking 20%
N Y
N Y
PSR<3.2 (239) RR4 + 4AC + FR
(238) RR4 + 2AR + FR
(237) RR4AC + 2AC + FR
v (215) RR4AC+FR

N Y
Cracking > 5 % Cracking > 5 %
N | y N |
Rutting > 0.5" Cracking > 20 % Rutting > 0.5"
N Y N Y N | Y
Flushing < 2.5 Rutting > 1" (212) RR2 AC+ FR (215) RR4AC + FR  PSR<3.2 PSR<3.2
(233) RR2 AC+ 2AR + FR  (219) RR5AC + FR
N Y (215) RR4AC+FR (237) RR4 AC+ 2AC + FR N Y
Do Nothing (202) ARFC (212) RR2 AC+ FR (215) RR4AC + FR
(207) RRFR (232) RR2 AC+ 2AC + FR (232)RR2AC+2AC+FR
(207) RRFR (237)RR4AC+2AC+FR
. i N
(207) RRFR (212) RR2 AC+ FR (207) RRFR (215) RR4AC+FR
(292) RR2 AC+FR (215) RR4AC+FR (212) RR2 AC+FR  (237) RR4AC+2AC+FR

-

(212) RR2 AC+ FR
(232) RR2 AC+ 2AC + FR
(207) RRFR

(215) RR4AC + FR
(207) RRFR

(237) RRAAC + 2AC + FR
(215) RRAACHFR

Figure 5.31: M&R Decision Tree for AC Pavements on Interstate Routes

(232) RR2 AC+ 2AC + FR  (239) RR4 AC+4AC + FR

(238) RR4 AC+ 2AR + FR
(510) AC Recons

(515) PCC Recons

(237) RR4AG + 2AC + FR




Table 5.19: Description of Decision Tree End Nodes for Interstate AC Pavements

Possible
Node Description Pavement Recommendation
Condition
1 Pavement in Good Condition | No Issues Do_Nothlng / Preventive
Maintenance
> Flushing Failure Flushing problem Surface treatment
No Cracking Problem Major Maintenance
Rutting Problem Rehabilitation - Remove and
3 No Cracking Problem AC problem replace surface layer
Regular AC may be used
. : . . Surface treatment
4 Triggered in Cracking AC issue Major Maintenance
Failed in Cracking AC failure Major Rehabilitation
Triggered in IR Remove and replace AC
6 No Cracking Problem Roughness Problem | non-rubberized AC may be
No Rutting Problem used
Failed in IRI
7 No Rutting Roughness Failure | AC Rehabilitation
No Cracking Problem
Rutting Problem I
8 Triggered in IR AC mix problem rReeT:intrl'?ancé I;\;ergrove and
No Cracking Problem P Y
9 Ei't't?gg'“P'rEl')lem AC failure Major Rehabilitation
Triggered in Cracking and
10 IRI AC mix problem Remove and replace top AC
19 | FalureinIRl AC failure Major Rehabilitation
Triggered in Cracking
12 Failed in Cracking AC failure Major Rehabilitation
Triggered in Cracking
13 | Triggered in IRI AC failure Major Rehabilitation
Rutting Problem
Failure in Cracking and AC failure . ——
14 Rutting ° Probable base I\R/Iajor Rehapll|tatlon
. . ; econstruction
Triggered in IRI Failure
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6.

PSR <3.6

Cracking 25%

N Y
Cracking > 8% Cracking > 8%
N Y N Y
Rutting > 0.5" Cracking > 25% Rutting > 0.5" Rutting >0. 5"
N Y N Y N | Y N | Y
Flushing < 2.5 Rutting > 1" (122) Polymer Seal coat PSR<28 PSR<28 Cracking > 25 %
(202) ARFC (212) RR2 AC+ FR
N Y (121) Double chip seal (215) RR4AC + FC N | % N Y
(220) 1 ARAC (230) 2AR+FR
N (222) 2AC+FR (241) (241) OL2R+FR N v | N
Do Nothing (106) Chip seal v (222) 2" AC+FR (225) 3AC+FR PSR < 2.8 (212) RR2 AC+ FR

(122) Polymer Seal doat (202) ARFC (224) 3AC+SC (215) RR4AC + FR
(121) Double chip segl (215) RR4AC + FR (230) 2AR+FR
(202) ARFC (212) RR2 AC+ FR (232) RR2AC+2AC+FR

(222) 2AC+FR  (212) RR2 AC+FR (222)2AC+FR  (225) 3AC+FR (241)OL2R+FR (222) 2" AC+FR

{(241) OL2R+FR  (224) 3AC+SC (202) ARFC (224) 3AC+SC | (220) 1 ARAC

i(202) ARFC (225) BAC+FR : (215) RR4AC + FR (225) 3BAC+FR

(241) OL2R+FR (212) RR2Z AC+FR | o (212) RR2 AC+ FR
(241) OL2R+FR (241) OL2R+FR
i (222) 2" AC+FR  (225) 3AC+FR '
(225) 3BAC+FR  (224) 3AC+SC
: (202) ARFC (215) RR4AC + FR
(212) RR2 AC+ FR
1 2 3 4 6 7 8 9 (241)

241) OL2R+FR 13 14

Figure 5.32: M&R Decision Tree for AC Pavements on Non-Interstate Routes

(215) RR4AC + FC
(232)RR2AC+2AC+FR
(237)RR4AC+2AC+FR
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Table 5.20: Description of Decision Tree End Nodes for Non-Interstate AC Pavements

Possible
Node Description Pavement Recommendation
Condition
1 Pavement in Good Condition | No Issues Do_Nothlng / Preventive
Maintenance
2 Flushing Failure Flushina problem Surface treatment
No Cracking Problem 9p Major Maintenance
3 Rutting Problem AC mix problem Surface treatment
No Cracking Problem P Major Maintenance
Rutting Failure . o
4 No Cracking Problem AC mix problem Rehabilitation
. : . . Surface treatment
5 Triggered in Cracking AC issue Major Maintenance
6 | Failed in Cracking AC failure Major Rehabilitation
Triggered in IR
7 |NoCrckngmrotem | Rotginess | Remove a enice AC
No Rutting Problem 9 y
Failed in IRI I
8 No Rutting E:itljl?rgness AC Rehabilitation
No Cracking Problem
Rutting Problem Rehabilitation - Remove and
9 Triggered in IR AC mix problem replace surface layer
No Cracking Problem
Failed in IRI . . I
10 Rutting Problem AC failure Major Rehabilitation
11 ;I'erlggered in Cracking and AC mix problem Remove and replace top AC
12 | FalureiniRI AC failure Major Rehabilitation
Triggered in Cracking
13 Failed in Cracking AC failure Major Rehabilitation
Triggered in Cracking
14 Triggered in IR AC failure Major Rehabilitation
Rutting Problem
Failure in Cracking AC failure . ——
15 Rutting Problems Probable base Major Rehabilitation

Triggered in IRI

Failure

Reconstruction
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5.9.3.2 MA&R Decision Trees for PCC Pavements

The following assumptions were used during the development of the decision trees for PCC
pavements, and were mainly based on discussions with ADOT staff and engineering

judgment:
o A section will be considered as "failed" if the majority of slabs have cracked.
¢ Roughness and faulting would generally require grinding and a thin friction course.
e Higher number of cracks would require joint and slab repair and an AC overlay.
Figure 5.33 and Figure 5.34 show the M&R decision trees for PCC sections on Interstate

and Non-Interstate routes, respectively. As can be noted from the figures, both trees are
similar with the exception of the PSR trigger levels.

PSR<4
N Y
Faulting > 0.5" Corner Breaks > 20
N Y N Y
Do Nothing Transverse Cracking > 10 Corner Breaks > 10 and <20 (301) Crk&Seat
(510) Rec-AC
(515) Rec-Con
N Y N Y ;
(212) DG+FR (302) JtRep+Ovly  (212) DG+FR (302) JtRep+Ovly
(510) Rec-AC
1 2 3 4 5 6

Figure 5.33: M&R Decision Tree for Interstate PCC Pavements
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PSR<3.6

N Y
Faulting > 0.5" Corner Breaks > 20
N Y N Y
Do Nothing Transverse Cracking > 10 Corner Breaks > 10 and <20
N Y ‘ ‘ N Y ‘
(212) DG+FR (302) JtRep+Ovly  (212) DG+FR (302) JtRep+Ovly
: (510) Rec-AC
1 2 3 4 5 6

Figure 5.34: M&R Decision Tree for Non-Interstate PCC Pavements

Table 5.21 describes the end nodes and recommended treatments

Table 5.21: Description of Decision Tree End Nodes for PCC Pavements

Possible Pavement
Node Description Condition Recommendation

1 Low Roughness and Low Pavement in Do Nothing / Preventive

Faulting Acceptable Condition Maintenance

Moderate Faulting with Low . Grind and add a friction
2 . Faulting problem course

Cracking

Moderate Faulting with High : Repair joints and Slab
3 Cracking Faulting problem AC Overlay

Triggered in Roughness Grind and add a friction
4 Corner cracks

Moderate Corner Breaks course
5 Triggered in Roughness Pavement in Repair joints and Slab

High Corner Breaks Deteriorated Condition | AC Overlay
6 Failed in Cracking Pavement Failure Reconstruction
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6.0 STATE WIDE ANALYSIS

A statewide analysis to demonstrate these analysis modules is carried out using historic
ADOT data. The analysis includes identifying ADOT's network budgetary needs and
network performance using historic data and comparing these results to actual measured
performance data. The results of the analysis show that the ADOT HPMA successfully
modeled the historic trends of ADOT pavements and accurately represented ADOT's
network conditions.

To demonstrate ADOT HPMA software performance and verify the analysis settings and
models in the software, two sets of analyses were performed using the ADOT HPMA. The
analyses were performed starting from the year 2000. Thus, the performance data from the
following years were not considered in the analysis. The analysis results were subsequently
evaluated against the actual data from the years 2000 through 2003.

The objective of the first analysis set was to predict the funding levels for the network
required to achieve specific performance levels over the years 2000 through 2003. These
performance levels are the actual measured performance of ADOT during this period. The
analysis results are then compared to the actual funding levels provided by ADOT during the
same analysis period.

The objective of the second analysis was to predict the network performance under a
specific budget stream over the years 2000 through 2003. Again, this budget represents the
actual budget spent over the analysis period, and the analysis results are compared to the
actual network performance over the same period.

A section data view was first built for the entire ADOT highway network, using the year 2000
as a base year. M&R analysis was then performed to determine the feasible treatments for
each section of the section data view. Optimization analysis was performed for each of the
two analysis sets, subject to the required constraints and compared to the actual measured
data, as described in the following subsections.

6.1 BUILDING A SECTION DATA VIEW

A section data view was built for the entire ADOT highway network, using Function 5-1 in
ADOT HPMA. Figure 6.1 shows a screen capture of the section data view developed for the
analysis. The analysis base year was set to the year 2000. Therefore, the section
performance (Do-Nothing) was evaluated starting from the year 2000 and ignoring
measured data in future years. Future performance, starting from the year 2000, of each
section was predicted using site-specific models. However, in the absence of historic data or
if the site-specific model did not result in reasonable prediction models, default models were
used.

During the section data view building, all attributes for each section, including the
performance, geometric attributes, etc., are evaluated to be used for M&R analysis and
optimization. The total number of sections in this section data view was approximately 2000,
ranging in length between 0.9 and 8.0 miles.
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Figure 6.1: Building of a Section Data View

6.2 M&R ANALYSIS

M&R analysis was performed for all the sections in the section data view, using Function 6-2
in ADOT HPMA. The analysis period was set to 5 years (2000 through 2004). The objective
of the M&R analysis is to identify all the feasible rehabilitation activities for each section in
the section data view, using the M&R decision trees, described earlier in previous sections
of this report. Also at this stage, the cost and the effectiveness of each of the feasible
rehabilitation activities are calculated.

Figure 6.2 shows the analysis settings used for the M&R analysis. As can be noted, the
Section Analysis was performed using an “Always Analyze” option and a “Single
Implementation” option was selected for the Section Strategies.

The "Always Analyze" option causes the analysis to be carried for all the sections regardless
of the need year, or when the section is actually triggered for rehabilitation. This option was
used to capture minor rehabilitation activities, such as adding a friction course. However, the
analysis will still be controlled through the decision trees, where sections in good conditions
will not receive any rehabilitation.

A "Single Implementation" option was used since the analysis period is only 5 years, and it
is not expected that any of the sections considered in the analysis will require any repeated
implementation within this short analysis period.
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Figure 6.2: M&R Analysis Settings

6.3 OPTIMIZATION ANALYSIS

As mentioned earlier, two sets of analyses were performed using the same M&R analysis
results, which are:

¢ Needs analysis to identify the network budgetary needs based on performance
constraints

e Budget analysis to identify the network performance based on budget constraints

6.3.1 Needs Analysis Settings

The Needs Analysis was performed by specifying the network performance constraints in
terms of roughness and distresses. The performance constraints used in the analysis are as
shown in Table 6.1. As can be noted, the performance constraints are defined in terms of
the network average and/or the percentage of the network lengths greater than a specific
performance level. It should be noted that these performance constraints were set by ADOT,
and on average represents the actual performance of ADOT highway network during the
period between the years 2000 and 2003.

Table 6.1: Needs Analysis Perfromance Constraints

Route Type
Constraint Interstate Non-Interstate
% Network with PSR = 3.5 76% 76%
Average PSR 4.15 3.54
% Network with Cracking < 15% 88% 88%
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The optimization analysis is performed using Function 6-3 in ADOT HPMA. The Needs
analysis constraints are defined using the Function 6-3-c, where the budget is set to "-1"
denoting an unlimited budget, while the performance constraints are set for each of the road
types/functional class separately, as shown in Figure 6.3. As can be noted from the figure,
the performance constraints in ADOT HPMA can be defined in terms of the network average
and/or the percentage of the network length less the trigger level for any of the performance
indices defined in the system.

F%| Optimization Constrainis . x|
il %l E ﬂ ﬂ I Meeds Bnalyzis (4.15/3.54) j E-3-c

Description: | Meeds Analysis [4.15/3.54) ID: | ND_F
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Tea lapg (5T |owg |21 |dwg [T
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2005) 0.00) 100f 0.00] 100] 0.00f 100
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2010) 0.00) 100f 0.00] 100] 0.00f 100
2011) 0.00) 100f 0.00] 100] 0.00f 100
2012 0.00) 100f 0.00] 100] 0.00f 100
2013 0.00) 100f 0.00] 100] 0.00f 100
2014] 0.00) 100f 0.00] 100] 0.00f 100
2015 0.00) 100f 0.00] 100] 0.00f 100
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Figure 6.3: Needs Analysis Performance Constraints

6.3.2 Needs Analysis Results

The Needs analysis was performed to identify the funding levels required to maintain the
network conditions at the desired levels. Figure 6.4 shows the budget required to achieve all
these constraints for all the analysis years (2000 through 2004). These results are very
close to the actual spending of ADOT during the fiscal years 2000 through 2003, which are
shown later in Table 6.2.
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Cost Summary Distribution

AZOOB - Needs Analysis (4.15/3.54)
108.989

Cost (Million)

2000 2001 2002 2003 2004

Year
2004/06/11 Subset: All Section With Data

Figure 6.4: Budget Requirements based on Needs Analysis

Figure 6.5 shows the Interstate average PSR over the analysis period resulting from the
Needs Analysis. Figure 6.6 shows the percentage PSR less than the performance trigger
(PSR=3.5). Figure 6.7 shows the percentage with cracking more than 15%. As can be
noted, the PSR network average constraint was exactly matched during the analysis, while
the other constraints were exceeded. This is due to the fact that the software performs the
analysis such that all the constraints are satisfied or exceeded.

Similarly, Figure 6.8 to Figure 6.10 show the Non-Interstate average PSR, percentage PSR
less than the performance trigger (PSR=3.5), and percentage with cracking more than 15%
over the analysis period resulting from the Needs Analysis, respectively. In this case, the
percentage of the network less than the PSR trigger was the governing constraint, as it was
exactly matched, while the other constraints were exceeded.

As can be noted from Figure 6.7 and Figure 6.10, which show the percentage of the
Interstate and Non-Interstate sections with 15% or more cracking, respectively, the cracking
levels are generally very low. This indicates that the cracking constraint was not controlling
the analysis in either case. The main reason being that both the Interstate and Non-
Interstate sections had very low cracking in the base year. Figure 6.11 and Figure 6.12
show the percentage of the Interstate and Non-Interstate sections with 15% or more cracks,

respectively, based on Year 2000 measurements (0.2% for Interstate and 6.4% for Non-
Interstate).

87



PERFORMANCE SUMMARY PLOT
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Figure 6.5: Interstate Average PSR based on Needs Analysis

PERFORMANCE SUMMARY PLOT
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Figure 6.6: Percentage of Interstate Less than PSR based on Needs Analysis
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PERFORMANCE SUMMARY PLOT
AZO00B - Needs Analysis (4.15/3.54)
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Figure 6.7: Percentage of Interstate with 15% or more Cracking based on Needs
Analysis
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Figure 6.8: Non-Interstate Average PSR based on Needs Analysis
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PERFORMANCE SUMMARY PLOT
AZO00B - Needs Analysis (4.15/3.54)
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Figure 6.9: Percentage of Non-Interstate Less than PSR based on Needs Analysis
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Figure 6.10: Percentage of Non-Interstate with 15% or more
Cracking based on Needs Analysis
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PERFORMANCE INDEX DISTRIBUTION
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Figure 6.11: Measured Cracking for Interstate (Year 2000)
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Figure 6.12: Measured Cracking for Non-Interstate (Year 2000)
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6.3.3 Budget Analysis Settings

The Budget analysis was performed using the yearly budget, shown in Table 6.2, as a
budget constraint. The budget constraints used in the analysis were provided by ADOT and
represent the actual budget used for the M&R projects during the analysis period.

Table 6.2: Budget Constraints for Optimization Anlaysis

Fiscal Year Budget ($)
2000 102,000,000
2001 98,784,000
2002 78,445,000
2003 82,359,000
2004 72,362,000

Similar to the Needs analysis, the Budget constraints are defined using the Function 6-3-c,
where the performance constraints were not defined, while the budget for each was defined
as described in Table 6.2. Figure 6.13 shows the budget constraints as entered in ADOT
HPMA for the budget analysis.
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Figure 6.13: Budget Constraints for Optimization Analysis
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6.3.4 Budget Analysis Results

The analysis was performed using the budget constraints and the network performance
results were extracted from the HPMA. In this section, the results of the analysis are shown
for Interstate and Non-Interstate routes separately. However, it should be noted that the
actual analysis was carried out for the entire network, where all the sections were
"competing" for the available budget based on cost-effectiveness of the rehabilitation
activities.

Figure 6.14 shows the average PSR for the Interstate sections over the analysis period,
while Figure 6.15 shows the actual average PSR over the same period, as measured by
ADOT and loaded to ADOT HPMA database. Table 6.3 shows the data from both graphs in
a tabular format. As can be noted, the analysis results matched the actual measured data
very closely.

PERFORMANCE SUMMARY PLOT
AZ0OB - AZ Budget
\ A PSR, Avg, AZ00B, Budg

Index

Year

2004/06/10 Subset: Int. - Fn Class - With Data

Figure 6.14: Summary of the Average Interstate PSR Based on Budget Analysis
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Figure 6.15: Summary of the Average Interstate PSR Based on Measured Data

Table 6.3: Comparison of PSR Average for Interstate Sections

Year Actual Measured PSR Predicted PSR
2000 413 415
2001 412 415
2002 413 4.16
2003 4.11 418

Figure 6.16 shows the percentage of the Interstate sections with a PSR less than 3.5 based
on the budget analysis. These percentages are comparable to the actual measured data,
which is shown in Figure 6.17. Table 6.4 shows a comparison between the predicted
performance based on the budget analysis and the actual measured data for Interstate
sections.
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Figure 6.16: Percentage Interstate Sections with PSR < 3.5 Based on Budget Analysis
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Figure 6.17: Percentage Interstate Sections with PSR < 3.5 Based on Measured Data
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Table 6.4: Comparison of Sections with PSR < 3.5 for Interstate Sections

Year Actual Percentage Predicted Percentage
2000 6.8 5.0
2001 6.5 4.0
2002 6.1 2.0
2003 6.8 1.0

Similar to the results of the Interstate sections, Figure 6.18 shows the predicted PSR for the
Non-Interstate sections based on the budget analysis, while Figure 6.19 shows the actual
measured data. Again, Table 6.5 shows a comparison between the predicted performance
based on the budget analysis and the actual measured data for Non-Interstate sections. As
can be noted from the results, the difference between the predicted average PSR based on
the analysis and the actual measured performance is not significant.

Figure 6.20 shows the percentage of the Non-Interstate sections with a PSR less than 3.2
based on the budget analysis. These percentages are comparable to the actual measured
data, which is shown in Figure 6.21, especially at the later years of the analysis. Table 6.6
summarizes the predicted performance and the actual measured data for Non-Interstate
sections.
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Figure 6.18: Summary of the Average Non-Interstate PSR Based on Budget Analysis
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Average PSR for Non-Interstate Sections
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Figure 6.19: Summary of the Average Non-Interstate PSR Based on Measured Data

Table 6.5: Comparison of PSR Average for Non-Interstate Sections

Year Actual Measured PSR Predicted PSR
2000 3.41 3.53
2001 3.45 3.56
2002 3.60 3.57
2003 3.64 3.58
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Figure 6.20: Percentage Non-Interstate Sections with PSR<3.2
Based on Budget Analysis
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Figure 6.21: Percentage Non-Interstate Sections with PSR<3.2
Based on Measured Data

Table 6.6: Comparison of Sections with PSR < 3.2 for Non-Interstate Sections

Year Actual Measured PSR Predicted PSR
2000 344 27.0
2001 32.0 26.0
2002 22.8 26.0
2003 214 25.0
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7.0 IMPLEMENTATION OF ADOT HPMA

The HPMA was installed at ADOT on the department's computer network using the SQL
Server Database Management System to house the database. The application software
(HPMA.EXE) is installed on each workstation PC accessing the database stored on the

database server, as well as some setup and parameter files stored on a file server. This
configuration is illustrated below.

LAN

Client PC
Workstation

Database Server File Server

Figure 7.1: Client/Server Implementation at ADOT Using SQL Server Database Server

The HPMA database server utilizes a single SQL Server user for connection from the client
workstations. Access to the SQL Server connection is controlled by the HPMA application.
The HPMA application uses Open Database Connectivity (ODBC) to communicate with the
database server. All client workstations must use the same ODBC connection name. The
directory structure set up on the file server is as shown in Table 7.1.

Table 7.1: HPMA Directory Structure

Directory Purpose
\HPMA_AZ Base Directory
\adhocrpt User-defined (ad-hoc) report forms
\data HPMA parameter files (prm_*, etc.)
\help HTML help files
\output HPMA generated output files
\section XXX Subdirectories below Section are created by HPMA for each
user-defined section data view
\yyy
\temp Temporary files
\sdv Sdp_dict_*.*, prm_sdvb_*.* files
\transfer *.cab files created using the export/import function

An additional folder (directory) was created on the file server to provide a central location for
the storage of current versions of the HPMA executable (HPMA.EXE) and other
components. It is referred to as the System Repository. The HPMA application checks the
version stored in this location to determine if a newer version exists. The new version is
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then automatically copied to the workstation to replace the older version. This simplifies the
updating of client machines when a new version of the .EXE file is provided.

The files to be included in the repository are:

e HPMA.EXE

e HPMA_SET.EXE
e HPMAUPDT.EXE
e EXEUPDT.EXE

o PMS_SETU.DBF (can be included as a source for copying to new workstations)

Each PC workstation is set up using the following steps (see the HPMA Installation Manual
for more detail):

1. Run the PMSSetup8.exe to install the system components. This registers
components and runtime libraries in the Windows registry. It also places two files in
the designated application folder.

2. Set up the ODBC data source for the SQL Server database.

3. Copy the HPMA.EXE, HPMA_SET.EXE and PMS_SETU.DBF to the application
folder.

4. Run HPMA_SET.EXE to make sure the paths and ODBC source are set correctly. (If
the PMS_SETU.DBF is already set up correctly, this step is not necessary).
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APPENDIX A:  ADOT HPMA CODE TABLES

Table A.1: Maintenance Organizations Defined in the Jurisdiction Attributes

Code Description District
7871 Avondale 78
7873 East Metro 78
7874 Mesa 78
7875 Phoenix North 78
8150 Tucson North 81
8150 Tucson North 81
8151 Tucson South 81
8152 Three Points 81
8153 Nogales 81
8154 Oracle 81
8155 Casa Grande 81
8250 Yuma 82
8251 Quartzsite 82
8252 Gila Bend 82
8350 Globe 83
8352 Roosevelt 83
8353 Superior 83
8354 Show Low 83
8355 St Johns 83
8356 Springerville 83
8357 Indian Pine 83
8450 Safford 84
8451 Three Way 84
8452 Willcox 84
8453 St David 84
8454 Douglas 84
8550 Flagstaff 85
8551 Williams 85
8552 Gray Mountain 85
8553 Little Antelope 85
8554 Page 85
8555 Fredonia 85
8650 Kingman 86
8651 Seligman 86
8652 Needle Mtn 86
8653 Wikieup 86
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Code Description District
8750 Holbrook 87
8751 Winslow 87
8752 Kayenta 87
8753 Keams Canyon 87
8754 Ganado 87
8755 Chambers 87
8850 Prescott 88
8851 Cordes Junction 88
8852 Wickenburg 88
8853 Payson 88

Table A.2 Councils of Government Defined in ADOT HPMA

Code Description
1 MAG
PAG

NACOG

WACOG

CAAG
SEAGO
YMPO
FMPO

O NG| |Ww|N

Table A.3 Urban Areas Defined in ADOT HPMA

City
Code City Description Urban Area
1 PHOENIX Phoenix
2 SCOTTSDALE Phoenix
3 BUCKEYE Phoenix
4 GOODYEAR Phoenix
5 TEMPE Phoenix
6 MESA Phoenix
7 TOLLESON Phoenix
8 PEORIA Phoenix
9 GILBERT Phoenix
10 PARADISE VALLEY Phoenix
11 AVONDALE Phoenix
12 GLENDALE Phoenix
13 CHANDLER Phoenix
14 TUCSON Tucson
15 MARANA Tucson
16 OROVALLEY Tucson
17 APACHE JUNCTION Phoenix
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City

Code City Description Urban Area
18 GUADALUPE Phoenix
19 WICKENBURG Other
20 CAREFREE Phoenix
21 YOUNGTOWN Other
22 ELMIRAGE
23 GILABEND
24 SURPRISE
25 CAVE CREEK
26 FLAGSTAFF Other
27 SOUTHTUCSON Tucson
28 BENSON
29 BISBEE
30 BULLHEAD CITY Other
31 CAMP VERDE Other
32 CASAGRANDE Other
33 CHINO VALLEY
34 CLARKDALE
35 CLIFTON
36 COLORADO CITY
37 COOLIDGE Other
38 COTTONWOOD Other
39 DOUGLAS Other
40 DUNCAN
41 EAGAR
42 ELOY Other
44 FLORENCE Other
45 FREDONIA
46 GLOBE Other
47 HAYDEN
48 HOLBROOK
49 HUACHUCA CITY
50 JEROME
51 KEARNY
52 KINGMAN Other
53 LAKEHAVASUCITY Other
54 MAMMOTH
55 MIAMI Other
56 NOGALES Other
57 PAGE
58 PARKER
59 PATAGONIA
60 PAYSON Other
61 PIMA
62 PINETOP-LAKESIDE Other
63 PRESCOTT Other
64 PRESCOTT VALLEY Other
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City

Code City Description Urban Area
65 SAFFORD Other
66 ST.JOHNS
67 SANLUIS
68 SEDONA
69 SHOWLOW Other
70 SIERRAVISTA Other
71 SNOWFLAKE
72 SOMERTON
73 SPRINGER VILLE
74 SUPERIOR
75 TAYLOR
76 THATCHER
77 TOMBSTONE
78 WELLTON
79 WILLCOX
80 WILLIAMS
81 WINKELMAN
82 WINSLOW
83 YUMA Other
84 LITCHFIELD PARK Other
85 QUEEN CREEK
86 FOUNTAIN HILLS Phoenix
87 QUARTZSITE
89 SAHUARITA
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Table A.5 Administrative Classes (Elevation Classes) Defined in ADOT HPMA

Code ID Description
0 0.5 0 - 500 ft.
1 15 501-1500
2 25 1501 - 2500
3 35 2501 - 3500
4 50 3501 - 5000
5 70 5001 - 7000
6 80 7001 - 8000
7 90 8001- 9000
8 100 9001 - 10000

Table A.6 Pavement Types and Default Values Defined in ADOT HPMA

Surface |Structure| Default | Surface | Surface-
Code ID Pavement Type Type Factor | Activity Type | To-Base
1 BIT Bituminous B 0.3 501 AC No
2 BCB |Bituminous / Cement Base B 0.3 0 AC No
3 CON Concrete - Jointed C 0.6 502 PC Yes
4 CRC | Concrete - Cont. Reinf. C 0.6 503 CC Yes
5 CDP Concrete - Doweled C 0.6 42 CD Yes
6 COM Composite (Bit/ Con) B 0.6 215 AC No
7 WTP White Top Pavement C 0.4 42 PC No
9 UnP Unpaved U 0.1 0 NA No

Table A.7 Layer Classes Defined in ADOT HPMA

ID Description

AC Asphalt Concrete

AG Aggregate

AT Asphalt Treated

BA Bit. Treated Aggregate

CA Cement Treated Aggregate

CC Continuously Reinforced Concrete

CD Concrete- Doweled

MS Modified Soil

oT Other

PC Portland Cement Concrete
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Table A.8 Median Types Defined in ADOT HPMA

Code ID Description Divided
1 Soi Soil Yes
2 Pai Painted Yes
3 Crb Curbed Yes
4 CCb Conc. Curbed Yes
5 CBr Conc. Barrier Yes
6 CSo Curbed/Soil Yes
7 CBu Curbed business Yes
8 SBr Soil/Barrier Yes
9 Mdn Median Yes
10 Bar Barrier Yes

Table A.9 Shoulder Types Defined in ADOT HPMA

Code ID Description
1 AC Asphalt
2 PCC |Concrete
3 MBH |High
4 MBL |Low
5 BST |Bit. Surface Treatment
6 CCM |CCMB
7 G Gravel
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Table A.10 Rehabilitation Activities Defined in ADOT HPMA

UNIT
HPMA HPMA | Pavement | COSTS
Code HPMA ID Description Type Type ($/Yds?)

101 Patch Premix Patch M AC, CO 12.00
102 Level Level with Premix G AC, CO 3.20
103 CrkSeal Crack Seal M AC, CO 2.00
104 SandSeal |Sand Seal G AC, CO 1.44
105 FDPtch Rep Surf/Base M AC, CO 16.00
106 ChipSeal [Chip Seal G AC, CO 1.78
107 SealCoat |Seal Coat G AC, CO 1.78
108 Flush Flush Coat G AC, CO 0.25
109 SpotFlush |Spot Flush/Seal M AC, CO 3.20
110 Joint Seal |PC slab joint sealing M PC 8.00
111 Patch(E) |Premix Patch Emrg. M AC, CO 12.00
112 TightBlade |Tight Blading M PC 6.00
113 CrkSeal-R |Crack Seal with Rubber M AC, CO 6.00
114 PC-RepR |PCC Repair/Replace M PC 15.00
115 PC-SpRep |PCC Spall Repair M PC 12.00
119 PvSrfMnt  [Pvd Surf Maint. M AC, CO 12.00
120 DG+FC Diamond Grind + Friction Course G PC 12.98
121 Dbl Chip S |Double Chip Seal G AC, CO 2.56
123 MicroSurf  [Micro Surfacing G AC, CO 3.50
124 Slurry Slurry Seal G AC, CO 1.60
125 ScrubSeal |[Scrub Seal G AC, CO 1.30
126 DI Retr+JS |Dowel Retrofit + Joint Seal M PC 12.00
127 FogS-S Fog Seal -- Regular AC M AC, CO 1.28
128 FogS-R Fog Seal -- Rubberized G AC, CO 1.38
129 RM+Seal |Rubber Membrane + Sealing G AC, CO 2.50
141 CKkFl+Seal |[Crack Fill and Seal Coat G AC, CO 4.50
201 ACFC Friction Course AC R AC, CO 3.50
202 ARFC Friction Course AR R AC, CO 4.00
203 BTS Bit. Treat Surf 2 in R AC, CO 2.00
206 RR FC R&R Friction Course R AC, CO 4.50
207 RR FR R&R Rbr Friction Crs R AC, CO 5.50
208 RR SC R&R Seal Coat G AC, CO 2.50
211 RR2"+SC |Mill/Rep 2"AC+SC R AC, CO 11.00
212 RR2"AC+FR [Mill/Rep 1.5-3"AC+FR R AC, CO 12.96
213 RR2"AC+FC |Mill/Rep 1.5-3"AC+FC R AC, CO 11.88
214 RR2"AR+FR [Mill/Rep 1.5-3"AR+FR R AC, CO 14.63
215 RR4"AC+FR [Mill/Rep 3-5"AC+FR R AC, CO 16.00
216 RR4"AC+FC [Mill/Rep 3-5"AC+FC R AC, CO 15.00
217 RR4"AR+FR [Mill/Rep 3-5"AR+FR R AC, CO 19.00
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UNIT

HPMA HPMA | Pavement | COSTS
Code HPMA ID Description Type Type ($/Yd52)
218 RR4"AC+SC [Mill/Rep 3-5"AC+SC R AC, CO 14.50
219 RR5"AC+FR [Mill/Rep >5"AC+FR R AC, CO 18.00
221 2"AC+SC [1.5-2.5"AC + SC R AC, CO 9.07
222 2"AC+FR |[1.5-3.0"AC + FR R AC, CO 10.85
223 2"AC+FC |1.5-3.0"AC + FC R AC, CO 9.88
224 3"AC+SC [2.5-3.5"AC + SC R AC, CO 11.50
225 3"AC+FR |2.5-3.5"AC + FR R AC, CO 13.28
226 3"AC+FC |2.5-3.5"AC + FC R AC, CO 12.31
227 4"AC+SC [3.0-5.0"AC + FR R AC, CO 16.93
228 4"AC+FR [3.0-5.0"AC + FC R AC, CO 15.96
229 4"AC+FC [3.0-5.0"AC + SC R AC, CO 15.15
231 |RR2AC+2ACC|RR1.5-3AC+1.5-3AC+FC R AC, CO 16.75
232 |RR2AC+2ACR|RR1.5-3AC+1.5-3AC+FR R AC, CO 17.50
233 |RR2AC+2ARR|RR1.5-3AC+1.5-3AR+FR R AC, CO 18.96
234 |RR2AR+2ACR|RR1.5-3AR+1.5-3AC+FR R AC, CO 18.96
235 |RR2AR+2ARR|RR1.5-3AR+1.5-3AR+FR R AC, CO 25.35
236 |RR4AC+2ACC|RR3-5"AC+1.5-3"AC+FC R AC, CO 19.26
237 |RR4AC+2ACR|RR3-5"AC+1.5-3"AC+FR R AC, CO 22.44
238 |RR4AC+2ARR|RR3-5"AC+1.5-3"AR+FR R AC, CO 29.32
239 |RR4AR+2ACR|RR3-5"AC+3-5"AC+FR R AC, CO 31.75
241 OL2R Overlay <=3" Recyc R AC, CO 8.51
242 OL4R Overlay 3-5" Recyc R AC, CO 14.18
251 RM+0OL2 |RbrM+Overlay <=2.5 R AC, CO 12.56
252 RM+OL3 |RbrM+Overlay > 2.5 R AC, CO 14.99
253 RR+RM+OL [RR1.5+RbrM+QOvrly3 R AC, CO 18.06
261 2"AC 1.5-2.5"AC R AC, CO 7.29
262 3"AC 2.5-3.5"AC R AC, CO 10.94
301 Crk&Seat |[Crack & Seat + Ovly C PC 26.00
302 JtRep+Ovly |Jt & Slab Rep. + Ovly R PC 15.00
401 ConOL Concrete Ovly C AC, CO,PC| 12.00
501 OC-Bit Orig. BIT Construction C AC, CO, PC| 30.00
502 OC-BCB |Orig. BCB Construction C AC, CO,PC| 31.00
503 OC-CON |Orig. CON Construction C AC, CO, PC| 44.00
504 OC-CRC |Orig. CRC Construction C AC, CO, PC| 44.00
505 OC-CDP  |Orig. CDP Construction C AC, CO, PC| 46.00
510 Rec-AC Reconstruct AC C AC, CO, PC| 30.00
515 Rec-Con  |Reconstruct Concrete C AC, CO, PC| 43.00
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Table A.11 Material Types Defined in ADOT HPMA

Equivalency Default
Code ID Description Factor Type Class |Thickness
101 AC  |Asphaltic Concrete 0.44 Surf AC 4
102 AR  |AC with Rubber 0.66 Surf AC 4
103 AS AC Surface Course 0.44 Surf AC 4
104 BS Bit. Treated Surface 0.44 Surf AC 3
105 FC AC Friction Course 0.44 Surf AC 3
106 FR Rubber ACFC 0.66 Surf AC 3
107 OC |Open Graded AC 0.44 Surf AC 4
110 RI Recycled In Place AC 0.37 Surf AC 0
111 LC Leveling Course-AC 0.44 Base AC 4
112 RO |Recycled AC Overlay 0.44 Surf AC 3
201 PC PCC 0.6 Surf PC 10
202 PD PCC, Dowelled 0.6 Surf PC 10
203 PP PCC, Pre-Stressed 0.6 Surf PC 10
204 PR |PCC, CRCP 0.6 Surf PC 10
301 AB Aggregate Base 0.14 Base AG 8
302 BM Base Material 0.14 Base AG 5
303 CB Cement Treated Base 0.28 Base CA 10
304 FB Fly Ash Base 0.23 Base CA 5
305 LB Lime Treated Base 0.23 Base CA 5
306 OA |Open Graded Base 0.14 Base AG 5
307 BW  |Base Material 0.14 Base AG 5
311 BB Bit. Treated Base 0.28 Base BA 2
312 OB |OG Bit. Treated Base 0.28 Base BA 2
320 CL Lean Concrete 0.28 Base CA 10
401 SB  |Aggregate Subbase 0.11 SubB AG 15
402 SM  |Select Material 0.1 SubB AG 7
403 RF Rock Fill 0.1 SubB AG 15
404 CS Cement Treated SG 0.23 SubB MS 3
405 LS Lime Subgrade 0.23 SubB MS 15
501 SC Seal Coat 0 Trt AT 0
502 PS Plant Mix Seal Coat 0.05 Trt AT 0
503 SR [Slurry Seal 0 Trt AT 0
504 HS Heater Scarification 0.2 Trt AT 0
505 DC Double Chip Seal 0 Surf AT 0.1
506 FL Flush Coat-Fog Seal 0 Trt AT 0
601 RM Rubber Membrane 0 Int Ot 0
602 CF Construction Fabric 0 Int Ot 0.1
603 FF Filter Fabric 0 Int Ot 0.1
604 GG |Geogrid 0 Int Ot 0.1
605 GT Geotextile 0 Int Ot 0.1
701 SS Subgrade Seal 0.09 Trt AT 6
702 FS Fly Ash Subgrade 0.23 Subg MS 20

1
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Table A.12 Distress Types Defined in ADOT HPMA for Different Pavement Types

Pavement |Distress |Distress
Code Code ID Distress Description Distress Unit
1 1 Crak |Cracking % Area
1 2 Pach |Patching % Area
1 3 Fish Flushing ReverseVal
1 4 RutD  |Rutting Avg Rut
1 5 Ravl Raveling Value
1 6 Load |Load Rel Crk Y/N Ind.
1 7 Lane |Adj. Lane Compar Value
1 8 Spal |Spalling ReverseVal
1 9 PotH |Potholes Value
2 1 Crak |Cracking % Area
2 2 Pach |Patching % Area
2 3 Fish Flushing ReverseVal
2 4 RutD |Rutting Avg Rut
2 5 Ravl  |Raveling Value
2 6 Load |Load Rel Crk Y/N Ind.
2 7 Lane |Adj. Lane Compar Value
2 8 Spal  [Spalling ReverseVal
2 9 PotH |Potholes Value
3 1 CrBk  |Corner Break % Area
3 2 Pach |Patching % Area
3 3 Falt Faulting Avg Fault
3 7 Lane |Adj. Lane Compar Value
3 8 Spal  [Spalling ReverseVal
3 4 Long |Longitudinal Cr Value
3 5 Tran [Transverse Cr Value
3 6 Load |Load Transfer Y/N Ind.
3 9 JtSI Soint Sealant ReverseVal
4 1 CrBk  |Corner Break % Area
4 2 Pach |Patching % Area
4 3 Falt Faulting Avg Fault
4 4 Long |Longitudinal Cr Value
4 5 Tran [Transverse Cr Value
4 6 Load |Load Transfer Y/N Ind.
4 7 Lane |Adj. Lane Compar Value
4 8 Spal Spalling ReverseVal
4 9 JtSI Soint Sealant ReverseVal
5 1 CrBk  |Corner Break % Area
5 2 Pach  |Patching % Area
5 3 Falt Faulting Avg Fault
5 4 Long |Longitudinal Cr \Value
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Pavement |Distress |Distress

Code Code ID Distress Description Distress Unit
5 5 Tran [Transverse Cr Value
5 6 Load |Load Transfer Y/N Ind.
5 7 Lane |Adj. Lane Compar Value
5 8 Spal  [Spalling ReverseVal
5 9 JtSI Soint Sealant ReverseVal
6 1 Crak |Cracking % Area
6 2 Pach  |Patching % Area
6 3 Flsh Flushing ReverseVal
6 4 RutD  |Rutting Avg Rut
6 5 Ravl Raveling Value
6 6 Load |Load Rel Crk Y/N Ind.
6 7 Lane |Adj. Lane Compar Value
6 8 Spal  |Spalling ReverseVal
6 9 PotH |Potholes Value
7 1 Crak |Cracking % Area
7 2 Pach |Patching % Area
7 3 Falt Faulting Avg Fault
7 4 Long |Longitudinal Cr Value
7 5 Tran [Transverse Cr Value
7 6 Load |Load Transfer Y/N Ind.
7 7 Lane |Adj. Lane Compar VValue
7 8 Spal |Spalling ReverseVal
7 9 JtSI Soint Sealant ReverseVal

Table A.13 Default ESAL Factors Defined in ADOT HPMA

Traffic

Class Description AC ESAL Factor |PC ESAL Factor
1 Motorcycle 0 0
2 Passenger Car 0 0
3 2 Axle, 4 Tire Truck 0 0
4 Bus 0.8577 0.8899
5 2 Axle 6 Tire Single 0.1998 0.1502
6 3 Axle Single Unit 0.6693 1.076
7 4+ Axle Single Unit 1.2229 2.2465
8 3,4 Axle Sing. Trail 1.2778 0.7335
9 5 Axle Sing. Trailer 1.4631 2.1369
10 6+ Axle Single Trail 1.2067 1.6787
11 4,5 Axle Multi Trail 1.8873 1.7758
12 6 Axle Multi Trailer 1.2705 0.9191
13 7+ Axle Multi Trail 2.1371 4.745
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Appendix B. Arizona Department of Transportation HPMA
Training Manual

113



114



115

ADOT Training Agenda



116



ADOT Training Agenda

Time:

DAY 1
8:30-9:00
9:00-9:30
9:30 - 10:00
10:00-10:15
10:15-11:00

11:00 - 12:00
12:00—-1:00
1:00 - 3:00

3:00—-3:15
3:15-5:30

Content:

AUDIENCE: MAINTENANCE

Introductions & Housekeeping

Revisit ADOT’s Maintenance Staff Needs
HPMA Overview

BREAK

Highway Database

¢ Highway Definitions

e Pavement Structure

o Traffic

e Performance

e Other Attributes

Highway Database Reporting: Case Studies
LUNCH

Highway Database Reporting: Case Studies (cont’d)
Section Data View

Highway Database vs. Section Data View

e Section View Creation

- Parameter Selection & Data Aggregation Method

- Manual Sectioning & Section Modification
BREAK
Section Data View Reporting
e Section Data Browse
e Section List Reports
e Section Performance

¢ Network Graphic Reports
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Presentation

Hands-on

Hands-on

Presentation
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ADOT Training Agenda (continued)

Time:
DAY 2
8:30-10:15

10:15-10:30
10:30 - 12:00

12:00-1:00
1:00 - 3:00

3:00—-3:15
3:15-4:30

Content:

AUDIENCE: MAINTENANCE

Section Data View Reporting (cont’d) Hands-on
e Map Display

e Creating Subsets

BREAK

Corrective Maintenance Analysis & Reporting Hands-on

(Case Studies)

LUNCH

Analysis Overview

e M &R Analysis

o Network Optimization
e Reporting

BREAK

Open Discussion
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Question 1
You are requested to extract and output, to an excel file, the Highway definitions for the
entire network.

Highway Data Reporting

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highwary Data Yiew, ,

Condition Summary Repoart., .,

v The following form will be displayed:

2

Data to Yiew:

7 Single Highway
% Metwork Subsst

[ Fiouts: | |Z||| SR Ramp
I Route Mumber: I:l
[~ Route Aux (D: | |z||| I ain Line

[ Directior: I _E:

[ Interchange #: o |

I~ Ramp ID:

™ From Distarnce:

™ To Distance:

[~ County:

[ Seq:

[~ ¥ear

Browse | Log Plot

Sumrmary

Data to Browse:

Highway Definitions
Landmarks / Events
Administrative
Jurisdictions
Erveironment
Geometric
Shoulders

Traffic: History
Foughress / Rut
Distress

Distress [Column wiew)
Deflection

Friction

Project Segments
Project Details

Project Layers

Project Activity By Type
Images

GPS Coordinates
Documents
Frogrammed “work.

Brnwse |
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v In order to view Highway definition for the entire network click on the Browse
M button then click “Yes “ on the message listed below:

Highway Data Browse |

Mo highway subset is defined For the data browse.,
Proceed with browse?

Yes Ma |

v The following screen will be displayed:

% Highway Definition o=

= 11| alolels) |

Foute of Survey Overlap On

RT (# Aux (Dinlntt  |Rmp |Seq|From To From Desc ToDesc Hu 1D OWIRT (# B |DirlInk Hn{;
M- g E 0 0] 0.000{ 178.330|EB CA Border EB at Caza Grande 1 008 NI g E 1]

| g W 1] 0] 0.000] 178.330)'WE CA Border ‘WE at Casa Grande | | 008 HM|I- g W 1]

| 10 E 1] 0] 0.000{ 391.230|EB CA Border EB NM Border 1o M1 10 E 1]

| 10 W 1] 0] 0.000] 391.230)'WE CA Border WE NM Baorder 1010 HM|I- 10 W 1]

- 15 N 1] 0] 0.000] 29.400|EE NV Border EE UT Border 1015 HM|I- 15 M 1]

- 15 5 1] 0] 0.000] 29400)'WE MY Border ‘W UT Border 1015 HM|I- 15 5 1]

| 17 N 1] 0] 1593.890| 340.050|1-10 ME in Phoenix  [MB in Flagstaff 107 HM|I- 17 M 1]

| 17 5 1] 0 193.890| 340.050|1-10 5B in Phoenis  [SB in Flagstaff 1m7 M]l- 17 5 1]

| 19 N 1] 0] 0.000] £3.0390|1-19 MB inMogales (I-10MEB in Tucson 1019 HM|I- 19 M 1]

| 19 5 1] 1] 0.000( 63.090(1-19 5B in Mogales  |1-10 5B in Tucson 1013 M]l- 19 5 1]

| 40 E 1] 0] 0.000] 359.630|EB CA Border EB NM Border 1 040 HM|I- 40 E 1]

I- 40 | 1] 1] 0.000( 359.630[wE CA Border wB MM Barder | 040 M|l- 40 W 1]

us B0 E 1] 0] 31.260 160.410]1-10' of Hope EB at Thomas Rd U 060 M|US B0 E 1]

us [=11) E 1] 0| 171.460| 401.970|EE in Tempe MM Barder Ll 060 MIUS [=11) E 1]

us B0 W 1] 0] 112.840| 123.940|begin DH U 060 M|US B0 W 1]

us B0 R 1] 0] 138.6870 160.410 ‘WE at Thomas Rd U 060 M|US B0 W 1]

us B0 W 1] 0] 171.910] 212E70)'WE in Tempe U 060 M|US B0 W 1]

us B0 R 1] 0] 244650 246.830 U 060 M|US B0 W 1]

<U|S E0 W’I a 0l 247.0201 247.210 U 080 MIUS B0 i D_>|LI
Total Records: 254 oK

v You can print the network highway definition using the print %I button, you can locate a
specific highway using the Find ﬂ‘ button or export the data to an excel file the export

to file button.

v The following screen capture shows the data exported to an excel file and the location
where the file is saved:
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% Highway Definition 1Ol x|

= W] »| 8|k|m(c=] o= == 2| I|_

Fioute of Survey Overlap On

| g E 1] 1] 0.000] 178.330|EB CA Border EB at Casa Grande 1 008 M|l g E 1]
| g Wl 1] 1] 0.000) 178.330'W8E CA Border Wh at Casa Grande | 008 M|l g W o
| 10 E 1] 1] 0.000] 391.230|EB CA Border EE N Border 100 M|l 10 E 1]
| 10 Wl 1] 1] 0.000] 391.230['WE CA Border ‘WE MM Border 100 M|l 10 W 1]
B X5
- 17 M 1] : 17 M 1]
0 17 S 0 Output File: 17 S 0
| 19 N 0 | C:AHPMA_&280UTPUT Soutput 19 N 0
| 19 5 1] 19 5 1]
| a0 E 0 Output Type: =<L5 a0 E 0
I- 40 Wl 1] 40 W 1]
us E0 E 1] il E0 E 1]
us EO E 1] O T/T360] 30T.970TEE n Tempe i Border EO E 1]
us E0 R 1] 0] 112840| 123.940(begin DH U 060 M[US E0 W 1]
us B0 R 1] 0] 138570 160.410 ‘WE at Thomas Rd U 060 M[US B0 W 1]
us E0 R 1] 0] 171.910{ 212.670['WE in Tempe U 060 M[US E0 W 1]
us E0 R 1] 0] 244.650| 246.890 U 060 M[US E0 W 1]
s B0 Wl 1] 0 247.020| 247.210 U 060 M|US B0 W 1]
‘I Ilq R WI n nl 249990l 250 050 11 RN M5 R e n

Tatal Records: 254

v" When selecting the export button to output to an excel file an Output file name

window will be displayed. Using the file browse button you can select the location
where the file can be saved. For this example the file was saved as
"Arizona_DOT_Highway_Definition" under C:\HPMA_AZ\OUTPUT folder as shown
below and has the format displayed in the screen capture at the bottom of this page.

21X
Savein: =3 OUTPUT 5 o« @ckE-
roughness_loading_check. xls
kraffic, xls
work program by vear xs
< S
File: ﬂ.FIIEI:Ir‘-J.i%. DOT HIGHWw&Y DEFIN N j Save I
Save az type: IXLS j Cancel |
Code Fage... |
4
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EdMicrosoft Excel -

J@ Eile Edit Yiew Insert Format Tools Data Window Help

=18l

EDE
Dz SRy szl [= A 85 @ -0,
| aviel v10v|31g| |$%,fﬁ F A
Al = =| rh_routcod
A [ B [ ¢ [ o T E T H [ 1 [ 1 K [ o T =
1 [rh routcodrh_countyyrh_crtysgyrh_routypp rh_rounur th_rouausg rh_directp |rh_intchgp rh_rampidg h_begrril rh_endrmilg rh_overlap th_county th_cntysg rth_routtyp rh_

12 | 1 0 ol g E 0 o 17833 0 0 ol
13| 1 i} ajl- a W i} o 17833 i} i} ajl-
| 4 | 1 1} ol 10 E 1} 0 33123 1} 1} ol
15 | 1 o ol 10 Wy o o 391.23 o o ol
|6 | 1 i} ol 14 N i} i} 294 i} i} ol
17 | 1 1} ol 15 5 1} 1} 294 1} 1} ol
| & | 1 o ol 17 M o 193.89 340.05 o o ol
19| 1 i} ol 17 5 i} 19389 34005 i} i} ol
| 10| 1 o ol 19 M o o B3.09 o o ol
|11 1 i} ajl- 19 5 i} i} B3.09 i} i} ajl-
|12 | 1 1} ol 40 E 1} 0 35363 1} 1} ol
|13 | 1 o ol 40 Wy o o 3558.63 o o ol
| 14| 2 i} ou =] E i} 31.26)  160.41 i} i} ous
|15 2 1} ous [=i1] E 1} 17146 40197 1} 1} ous
| 16| 2 o ous B0 W o 11284 12394 o o ous
|17 | 2 1} ous [=i1] W 1} 13887 160.41 1} 1} ous
| 18 | 2 o ous B0 Wy o 171.91 212.67 o o ous
|19 2 i} ous =] W i} 24485 24689 i} i} ous
|20 2 1} ous [=i1] W 1} 24702 24721 1} 1} ous
|21 2 o ous B0 W o 24599 260.05 o o ous
|22 | 2 i} ous =] W i} 26211 252.34 i} i} ous
123 | 2 0 ous B0 X E 0 160.41 16198 0 0 ous
| 24 | 2 o ous B0 % W o 160.41 161 o o ous
125 | 2 1} 1Us 502 E 1} 183 15401 1} 1} 1Us
| 26 | 2 o 1Us B0 X Wy o 185.99 194.01 o o 1Us
127 | 2 i} ous B4 E i} 465.4) 46357 i} i} ous
128 | 2 1} ous 70 E 1} 25214 38525 1} 1} ous
|29 | 2 o ous 70 W o 262.14 252.18 o o ous
|30 2 i} ous 70 W i} 33071 33086 i} i} ous
131 2 0 ous 70 W 0 34011 34012 0 0 ous
132 | 2 i} ous a9 N i} 41837 556.99 i} i} ous
133 2 1} ous a9 5 1} 41837 420 1} 1} ous
34 2 o ous 89 ] 428.13 442 l l l Jﬂ
14 4[» (¥ arizona_dot_highway _definition ikl v

Ready

1 1
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Question 2
You are requested to extract and print the Highway definition for I-10.
Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

EF, ADOT Pavement Management System (6.51) ¥FP

File Tables Models | Highway Section Analysis Feedback ‘Window Help

Highway Data Yiew.,

Condition Summary Report,

v" The following form will be displayed:

i
2 ,
Dala to View: Browse | Log Plat | Wigwy Summary
© Single Highway Data to Brovwse:
@ MNetwork Subset Highway Definitions
Landmarks / Events
™ Route: E SR Ramp Adminiztrative
Jurizdictions
I Route Mumber: Erwviromment
- Geometric
[ Route Aux (D: |Z| Main Line Shoulders
M iBireation: - Traffic Histary
L -- | Roughness / Rut
™ Interchange #: =D!stress .
L ' fDlstress [Colurnn wview]
[ Ramp I0: E | | Deflection
= = | Friction
[ From Distance: [ | Project Segments
L - = | Project Details
™ To Distance: | 1000 | Project Layers
- = | Project Activity By Type
[~ County: |E| |Images
; e | GPS Coordinates
[ Seq | | | Documents
| Pragrammed “work, |
I~ ¥ear ui ™ Lane: | E
ASeIect...l

v"In order to view Highway definition for I-10, you must first click on the Route check box
to select it then choose "l - Interstate" for Interstate from the pick list. The pick list will not
become enabled until you click on the Route check box.

v" Then, you must click on the Route Number check box and then specify “10”.

v" Next, in order to specify that you wish to view Highway definition, you must click on
Highway Definitions under the Data to Browse field at the top right hand corner of the
form.
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v" Your form should now look like the one below:

PZ Highway Data ¥iew ]

2|

Data to View:

 Single Highway
% Metwork Subset

¥ Route: - E'intérstate
¥ Route Mumber: | 1d |
[ Fiouts Aux 1D: E| Main Line
[ Direction: E|

[ Interchange #: |
I~ Ramp ID: . E| I

™ From Distarce: |
I ToDistance: |

I~ Courty: |Z|
I~ Seq

‘ [ Year ™ Lane:| ‘

ASeIect...I B Clear |

Browse | Log Plot I WView Sumrmary

Drata to Browse:

Highwiay Definitions
Landmarks / Events
Adrniniztrative
Jurizdictions
Erwvironment
Geometric
Shoulders

Traffic History
Roughness / Rut
Distress

Distress [Column view)
Deflection

Friction

Project Segments
Project Details

Project Layers

Project Activity By Tupe
Images

GPS Coordinates
Documents
Programmed ‘work

Browsa |

v In order to actually view the Highway Definitions, simply click the Browse | Bra#se... |

button.

v" The following screen will show up:

% Highway Definition

< 5l-] alb|efs] als]E]] 1

Route af Survey Ovellap On

RT (# Aux |Dinlntt  |Rmp |Seq|Fram To Fram Desc ToDesc Hwy ID OVIRT |# A |Dir
M- 10 E 0 1] 0.000] 391.230(EB CA Border EB MM Border 1010 M|l- 10 E

- 10 | 0 1] 0.000] 391.230[wB CA Border ‘B MM Border 1010 M|l- 10 i

< |

Total Records: 2

v Simply click on the print %I button to print the 1-10 highway definition.

v" Note: Many users prefer to click the print preview

&

button to first view the report. The

print button is available on the report preview screen.
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Question 3
You are requested to extract all Interstate Routes that have more then 3 lanes.
Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

EF, ADOT Pavement Management System (6.51) ¥FP

File Tables Models | Highway Section Analysis Feedback ‘Window Help

Condition Summary Repoart., .,

v The following form will be displayed:

2| i
Data to View: Browse | Log Plot | igw I Surmmary
€ Single Highway Data to Browss:
& Metwork Subsst Highway Drefinitions E
Landmarks / Events |
[ Route: E| | Interstate Administrative
Jurisdictions
I Route Number Environment
i Geometric
[ Route fuw 1D [~]| Main Line i
[™ Ditection: E| Traffic: History
Fioughness / Rut
[ Interchange #: D!SUESS §
= — 2 Distress [Column view]
[~ Ramp ID: El Deflection
= Friction
™ From Distance: C Project Segments
§ = Praject Details
™ ToDistance: | Project Layers
Project Activity By Type
[~ County |z| Images
GPS Coordinates
[™ Seq: Drocuments
Programmed ‘whark.
‘ [~ vear: ™ Lane:| | ‘ E
E Clear | Ernwse |

v In order to view all Interstates Routes that have more then 3 lanes you must first click on
Geometric table under “Data to Browse” tab on the right hand of the form, click on Route

check box to select “I- Interstate” from the pick list, then Browse B’C'LI as indicated
in next figure:

v" Note: Needed Pick list from Data to view window is only enabled if the appropriate
check box is checked on.
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F¥ Highway Data View =

2|
Data to View: Browse | Log Plat Summary
€ Single Highway Data to Browse:
@& Network Subset Highwway Definitions Iz‘
~ —— Landmarks / Events
< ¥ Route: ||- ' D)hterstate | Adrministrative
T—— e Jurisdicti
: i urizdictions
[~ Route Humber. | Ui h
[~ Route Aus (D | “ tain Line | <%
I~ Direction: | _|Z|: Traffic Higtary
= Foughness / Fut
[~ Interchange #: | Distress )
o= ! - Distress (Column view)
[~ Ramp ID: i |Z| | | Deflection
= — Friction
™ From Distance: ! .10 Froject Segments
Froject Details

[ TaDistance: | Project Layers
= Project &ctivity By Type
I~ County: | | Images
B e R T GPS Coordinates
[T Seq: [ 0 Docurments
Programmed 'wiork
‘ [~ Year: [ '_I [ Lane: I[ | ‘
ASeIect...l B Clear |

v' Geometric Data Filter Options window will open and the requested filter condition is
filled in as indicated in Screen 4-1-1-6-f.

g

¢ |Geometric Data Filter Dpktions

Drata Filter Options:

Pave. Type [ == Eil E;l.
i 1
|

Lanes v !
~——

ak | Cancel |

v" Note: Lanes check box needs to be checked on in order to enable both pick list, where
the relational operators (“>”,”<”) are selected and, the box where filter values are
defined.

v Click on Lanes Check box, select “>” relational operator from the drop down list, click
on the next box and type in 3.

v Confirm —%_| the settings from Geometric Data Filter Options window (Screen 4-1-1-
6-f) and the following screen will display Interstate Routes that have more then 3 lanes.
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I Highway Data Yiew

Browsea

D Ao ANE s Craraans
gl ¥ /| Geometric Data

O x|=|s| 8Rsls | al= 2]

RT |# A (D (Imkd Rmp  [Seq|From To Div|Pavemt [wWidth |R.0.W |Median (M. wid [Lns L1
| 10 E 1] 0] 136770 132653]Y 48.0 0.0 0o 4
| 10 E 0 0| 138.653] 135.323[Y 57.0 0.0 00 4
| 10 E 0 0 138.923] 140081y 57.0 0.0 00 5
| 10 E 0 0 1400181 142.900(y 57.0 0.0 00 &
| 10 E 0 0 142900) 143359y 57.0 0.0 00 &5
| 10 E 0 0 143.353] 143.631|Y 57.0 0.0 00 5
| 10 E 0 0| 143631 144.668[7 57.0 0.0 00 5
I- 10 E 0 0 1446628) 1456917 E0.0 0.0 00 &
| 10 E 1] 0] 145651 146.781|Y £0.0 0.0 0o 5
| 10 E 0 0| 146.781| 147.797|Y 48.0 0.0 00 4
| 10 E 0 0 147797 149.982(v 48.0 0.0 0o 4
| 10 E 0 0 143.932| 151.679[Y 720 0.0 00l &
| 10 E 1] 0] 151.673 152613]Y £0.0 0.0 0o 5
I- 10 E 0 0| 152613] 154.118[Y 60.0 0.0 00 5
1 |

Total Records: 83
|
ASelect...l @ Clear |
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Question 4A

You are requested to extract and print the most recent traffic data (year 1999) for
Highway I-10, between milepost 0 and milepost 5.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highway Data Yiew,

Condition Summary Report,

v" The following form will be displayed:

¥/ Highway Data Yiew

2 :
Data to View: Browse | Log Plot | Wigw [ Sumrmary
" Single Highway Data to Browse:
@& Network Subset | Highway Definitions IZ[
= | Landmarks / Events |
™ Route: | E| | SR Ramp | Administrative
= 4 \Jurigdictions
[ Route Mumber: | Erwiranment
I = - | Geometric
[ Foute duw 1D E| Main Line | Shoulders
[ Direction
E' | Boughress / Rut
[~ Interchange #; | 1 _D!stress .
L A | Distress [Column view)
[~ Ramp ID: | E| :Deflection
: = | Friction
™ From Distance: | Praject Segments
) = | Project Details
™ ToDistance: j | Project Layers
- | Project Activity By Type
I County: |Z| | Images
- b : | GPS Coordinates
I™ Seq | | | Documents
| Programmed ‘wark |
[~ ear: . [ Lare: LT_[
ASelect...l B'DWSE |

v"In order to view Traffic History for Highway I-10, you must first click on the Traffic History
under the “Data to Browse” field at the top right hand corner of the form, then click on
Route check box to select “I - Interstate” for Interstate from the pick list. The pick list will
not become enabled until you click on the Route check box.

v" Then, you must click on the Route Number check box and then type “10”.

v" Next, since you wish to view Traffic History for only a certain segment of the Highway,
for example between milepost 0 to 5, you must click on “From Distance” and "To
Distance” check boxes and fill in the milepost information from 0 to 5.
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v" Your form should now look like the one below:

2

Datn In View: Enwse | Lo Fral | W Summanr
™ Seghe Highwasy ta Lo Brosate
15 et bt Highweay Drafiritions
- Laswssnach.s f Eviridt
W Fouter I - | | Ireals drrinicnalivs
: Jutidchiony
F Fizun Hurber 10 [ ——
== (G et
FF Feunfur: 1 [=]|ManLie Sl
¥ Duechon: [ | Tradfic Bistons |
E :I Ritsighridds # R
i i Dimtrary
F lnichangs B \ - Cibro ven)
¥ Ramp 0 =l [rellecicn
. Fackon
| ¥ From Dkiance: noma :ni-:l Ellrwt:
| | gt Detals
| W To Ditsnce: 000 Fropeel Lagyers:
- - = Progact fecivily By Tooe
| IT Countyc E[ Imiages
| (GFE Cooidnales
| W Sex ]

i]'\"-: I Lame: |
| 1 ] ]

v" Click the Browse B“:'&I button in order to see traffic information and click OK when
window 4-1-1-9-f is displayed in order to visualize traffic data for Highway I-10.

x|
2| s

Data to View: Browse Summary
I/ € Single Highway Data to Browse: |
@ Network Subset Highway Definitions -
Landmarks / Events
¥ Foute: | |- E||| Interstate | ‘|Administrative

| | [~ Foute Aus 1D EH i
2 ™ Direction E Diata Filker Options:

[ Interchange #: 0 #apT [
I_ Ramp ID: EH Percent Trucks |_
Annusl E5aL [
¥ From Distance: 0.000 _ .
| | IV To Distance: 5.000 ; oK, y
I~ County: | E||| |

GPS Cooidinates
Documents
Frogrammed ‘work

I Seq:

‘ [ et I Lane: I:I ‘
|‘) ASeIect...l @ Clear |
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|
15

7 raticata
NEEREEENENK
a

RT |# A (Dir | Intt Fimp |Ln [Seq |From T

rear [8ADT [Trk % |Gr%  |DiFac |[ES&La

EES
M- 10 E 0 0 0.000 0.700)1935) 19717 355 00[ 050 443304|C
- 10 E 0 0 0700 5.840)1935) 17916| 355 00[ 050 443304|C
I 10 W 0 0 0.000 0.700)1935) 19717 355 00[ 050 443304|C
Iz 10 W 0 0 0.700 5.840)1935) 17915| 355 00[ 050 443304|C

|

‘ Total Records: 4

ASeIect...l @“-,Elear | ‘

Wehicle Data

v You can print the Traffic Data using %I button, you can locate a specific highway

using Find ﬂ‘ button or export the data to an excel file using button.

v" The following screen capture shows the printout for Highway I-10 E traffic data, MP 0-5.

ADOTPMS
ADD~ Highway Traffic Data

200510411

Highway

Traffke Directlon Percent Annual  Cangt. Rehah.
RT # Aux Dir Int¥ HRam Lans From To Coty Seq Year Dats BADT Growth Factor Trucks ESAL ESAL ESAL

Trafflc Class
1 2 3 4 3 13 T & 3 10 1 12 13 4 18
||' 10 E 0.0m o7oo 191 44 19717 00 o.s0 355 413904 o Dl
43 2537 11ao 14 359 43 443 1047 16 il 26 1
|I- 10 E 0700 5840 1959 A4 17918 00 050 365 413904 o Dl
43 2531 1130 14 353 43 448 1047 1B BE 5 1
VENE S HE Page: 1
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Question 4B

You are requested to extract and print the traffic history for all Interstate routes where at
least 20 % of the trucks have an Annual Average Daily Traffic greater then 50,000.
Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

EF, ADOT Pavement Management System (6.51) ¥FP

File Tables Models | Highway Section Analysis Feedback ‘Window Help

Highwary Data Yiew, ,

Condition Summary Repoart., .,

v The following form will be displayed:

? i
Data to View: Browse | Log Plaot | Wiey | Summary
' Single Highway ['ata to Browse:
& Network Subset | Highweay Definitions B
- e — = Landmarks / Events
[~ Route: E| Interstate Administrative
: - - Jurisdictions
™ Route Mumber: | Environment
(oo Geometric
™ Route Aux 1D: . Mair Line Shoulders
[ Direction: E| Traffic History
l Raughness # Fut
™ Interchange i: D!S“ESS .
L ) Digtress (Column view)
[~ Ramp ID: E| Deflection
= Friction
I From Distance: | [ Project Segments
: = Project Details
I To Distance: i Froject Layers
3 - Project Activity By Type
™ County: |Z| Images
T GPS Coordinates
[T Seq | | Documents
Programmed ‘ork
‘ [~ wear: I Lane: ‘ =l
iaSelect I & Clear | EfBrowse

v In order to view Traffic History for all Interstates routes, you must first click on the Traffic
History under the “Data to Browse” window on the right hand of the form, then click on
Route check box to select “I - Interstate” for Interstate, from the pick list, as shown below
(Screen 4-1.)

v" Note: Needed Pick list from Data to view window is only enabled if the appropriate
check box is checked.
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P Highway Data Yiew
2 I

Data to View: Browse Log Plot Surnrnary
€ Single Highway [rata to Brawse:
Wﬂ\ Highway Definitions -
7 N Lanc_quarks / Events
< ¥ Route: | |- E'” Interstate\ | Administrative
\ Jurisdictionz
Wﬂi 1] E nviranment
[~ Route duw D: E'” Main Ling | Gmemc

[ Direction:

a
Distress

Distress [Column view)
Deflection

Friction

™ From Distance: 0.000 ;m!ecl gegnj‘ents
ey roject Details
[ To Distance: 0.000 Project Layars
Project Activity By Type

[~ County: ‘
aunty. | |Z|| ‘ | én::ag?oordinates

[ Seq Dlocuments

Programmed ‘ork
‘ [ vear ljl I Lane: ‘
ASeIect...l & Clear |

™ Interchangs #:
[~ Ramp ID:

o 0
N

v Click the Browse B’”&I button in order to see requested traffic information and fill
in AADT and % Truck values when Traffic data Filter window 4-1-1-9-f is displayed.
(Screen 4-1-1-9-f)

v Note: AADT and Percent Truck check box need to be checked on in order to enable
both pick list, where the relational operator (“>”,"<”) is selected and, the box where filter
value is defined.

P Highway Data ¥iew

2|

Data to View: Browse Log Plot WView Summary

€ Single Highway Data to Browse:
% Metwark Subset Highway Definitions E

Landmarks / Events
| | Administrative

¥ Route: ||- ” Interstate
[~ Route Number: {lll77, Traffic Data Filter Dptions

[~ Route Aus D: E |

[™ Direction: ,—E| D ata Filter Dl
= ssprie [ [=][ soomn]
[~ Ramp ID: E gt Trucks M @l
Annual EsaL LT 7] I—"I
™ From Distarice: jl :

[~ ToDistance: 0,000 ok

[ Interchange #: o

| Pehs

[~ County: | |Z||| | Images
GPS Coordinates
[~ Seq: ljl Documents
Programmed ‘Wark,
‘ [~ Year: t] I~ Lane: D ‘ Iz‘

ASeIact.. | E Clear
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v The following screen will be displayed after confirming o | the filter options shown
above.

_ipixlp
= W|>| g|k/s|a| o= 2

RT |# e |Ovir | Inté Fimp |Ln |5eq|From To rear (AADT (Trk % [Gr%  |DiFac |[ESALa E C|ESaALr ESA*;
ol 10 E 1] 0] 125.700| 131.680{ 19593 59685 298| 0.0 050 276B0442(C 0 D|

| 10 E 0 0] 131.680| 133.680{1999| E1697| 298| 0.0| 050 27680442(C 0 0

| 10 E 0 0] 133680| 134.670{1999| B4666| 298| 0.0] 050 27680442(C 0 0

| 10 E 0 0| 134670| 135.B60[1999| 88138 298| 0.0| 050 27680442(C 0 0

| 10 E 0 0] 157.740) 158.690{1993(137627] 224 0.0] 050 g14219|C 0 0

| 10 E 0 0] 158.690) 159.700{ 1993 113295) 224 0.0] 050 g14219|C 0 0—
| 10 E 1] 0] 159.700) 160.830(1993(102890) 224| 00| 050 g14215|C 0 o

| 10 E 0 0| 160.890| 162.380[1999| 65853] 224 00| 050 g14219|C 0 0

| 10 E 0 0] 162.380| 164.500[1999| 55637] 224 00| 050 814219|C 0 0

I- 10 E 0 0] 246.730) 248.720{1999| B8527) 381 0.0] 050/ 1503083(C 0 0

- 10 E 0 0] 248.720| 250.040{1993| 73886 381| 0.0 050/ 1503083(C 0 0

I- 10 E 0 0] 250.040| 251.180{1999101929) 381 0.0] 050/ 1503089(C 0 0

| 10 E 0 0] 251.180| 252.430(1999| 91956) 381| 0.0] 050/ 1503083(C 0 0

| 10 E 0 0| 252430| 254.300[1999|106993| 381| 0.0| 050/ 1503083(C 0 0

| 10 E 0 0] 254.300) 255.260{1999{122445) 381 0.0] 050/ 1503083(C 0 0

| 10 E 0 0] 265.260) 256.180[1933(132704] 242 00| 050 934791|C 0 0

I- 10 E 1] 0| 256180) 257.280[1933(140000) 242 00| 050 934791|C 0 o0 .
o T 5 e E e e Pen s e T BT W= e 5 j‘l

Total Records: 52 ‘ehicle Data... |

v You can print the Traffic Data using _I button, you can locate a specific highway
G|

v" The following screen capture shows the printout for Interstate Highways where AADT is
greater then 50,000.

using Find —I button or export the data to an excel file using button.
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% ADOT PMS 2006/0308
m, Highway Traffic Data
Highway
Traffic Direction Percent Annual Const. Rehab.
RT # Aux Dir Int# Ram Lane From To Cnty Seq Year Date AADT Growth Factor Trucks ESAL ESAL ESAL
Traffic Class
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
From Description: EB CA Border End Description: EB NM Border =l
|\- 10 E 26174 26257 1999 S0 B4824 00 050 242 994791 0 D‘
148 11806 5792 76 1065 380 4 652 2530 62 104 24 12
|\— 10 E 26257 26443 1999 A0 57032 00 050 242 99479 0 D‘
148 11806 5792 76 1065 380 4 652 2530 62 104 24 12
From Description: WB CA Border End Description: WB NM Border
|\- 10 Wy 12970 13168 1999 £F 88EBS 00 050 298 2E+ 0 D‘
872 176163 70594 2162 3939 1596 o6 7582 82942 715 BSGS 2317 308
|\ 10 W 131.68 13368 1992 Af 0 B1687 0.0 050 298 2E+ 0 D‘
872 176163 70594 2162 3939 1596 o6 7582 82942 715 BSGS 2317 308
|\ 10 Wy 13368 13467 1999 £ F B4BBE 0.0 050 298 2E+ 0 D‘
872 176163 70594 2162 3939 1496 56 7582 52942 715 BSGS 2317 308
|\ 10 W 13467 13566 1999 ff 88138 00 050 298 2E+ 0 D‘
872 176163 70594 2162 3939 1596 56 7h82 52942 715 BSGS 2317 308
| 10 W 157.74 15869 1999 A0 1E7e2F 00 050 224 B14219 0 D‘ e
A L] I
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Question 5A

You are requested to extract and print the performance data (for example distress data)

for 1-10 MP 0-6.
Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highwsay Data Yiew.

Condition Summary Report,

v The following form will be displayed:

FZ Highway Data View L

2|

Data to View:

" Single Highway
% Network Subsst

™ Route: .Ejgsh.ﬂamp
[~ Route Number:é
E Main Line

[ Direction: |Z|

™ Route Aux D:

[~ Interchange #:
[~ Ramp ID: | ; |Z|

[ From Distance:

[~ To Distance:

I~ County: |Z|
I Seq:

‘ [ ear: ™ Lare:

ASeIect...l @ Clear |

Browse | Log Plot l iew

[Data to Browss:
Highweay Definitions
Landmarks / Events
| Administrative
\Jurizdictions
Erveiranment
Geometric
Shoulders

Traffic History
Roughness / Rut

Di :

Digtress [Column view)]
Deflection

Friction

Project Segments
Froject Detailz
Froject Layers
Froject Activity By Type
Images

GFS Coordinates
Documents
Frogrammed ‘work,

Browse

Summary

El

v In order to view Distress data for Highway I-10, you must first click on the Distress under
the “Data to Browse” field at the top right hand corner of the form, then click on Route
check box to select ‘| - Interstate” for Interstate from the pick list. The pick list will not
become enabled until you click on the Route check box.

v" Then, you must click on the Route Number check box and then type “10”.

v" Next, in order to specify that Distress data is needed for only a certain segment of the
Highway, for example between milepost 0 and 6, you must click on “From Distance” and
"To Distance” check boxes and fill in the milepost information from 0 to 6.

137



v" Your form should now look like the one below:

/|Highway Data Yiew B
2

Data to View: Browse Log Plat View Summary
€ Single Highway [Ciata to Browse:
& Network Subset Highweay Definitions E
Landmarks / Events
¥ Route: | - |Z||| Interstate | Administrative
Jurisdictions
¥ Route Mumber: 1D| E mwironment
T Geometric
I Route AuxID: | |Z||| Main Line | i

Foughness / Fut

™ Direction: | |Z|| Traffic Histary

[~ Interchangs # 0 - .
: Diigtrezs [Column view)

[~ Ramp ID: |Z| | Dreflection
Friction
¥ From Distance: | 0.000 Project Segments
i Project Details
¥ ToDigtarce: Praject Layers
Project Activity By Type
[~ County | Images
GPS Coordinates
[ Seq Documents
Programmed 'Work
‘ [ “ear: I Lane: ‘ E

ASeIect...l & Clear | .BIDWSE

v Click the Browse B/ | pytton and then click II when window 4-1-1-13-f
appears in order to visualize distress data for Highway 110.

stress Data Filter Options

[Diata Filter Optians: ™ &llow Data Editing

o [ [ 000]

Pavement Type [ | E| | 1 E| | BIT

|
Distress [T | | Distress Low > |LowMal{Mod|> [Modal High(> |[Hival [Total[> |TotMal |Operator

W Cracking Cl==| om| T[= o] Ml==| oo Fl==| o000[0R

Between —
Distress Patching == 0.00] == 0.00] IT|== 0.00] == 0.00]0R
Operator: Flushing T|==| o000 T|== o00| Tl==| oo == 0.00{0R
oR E Fiutting IT|==| o000 IT|== 000 Tl==| o000 IT|== 0.00|0R
Raveling IT|== non| IT|== ono| [== non| [T|== 0.00|0R
Load Pl Crk C==| om| I[== 000 Ml==| ooo] Tl==| O0.00[0R
&dj. Lane Compar == o000 T|== 0.00] Tl==| oo T|== 0.00{0R
Spaling Cl==| om| T[= o] Tl==| oo Tl==| o00[0R
Pothales == o000 T|== 000| Tl==| oo IT|== 0.00{0R
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v" Form 4-1-1-13 shows distress data for Highway I-10

V| Distress Data

AN NEE R E

Segment;
RT [# A |Dir | InkH FEmp  |Ln |Seq |From To wil| D ate
| 10 E 1] 2 0 0.000 1.000{ 2003(BIT 5.00| [|2003/02:24
| 10 E 0 2 0 0.000 1.000{ 2002(BIT 500 [7|2002/02/20
| 10 E 1] 2 0 0.000 1.000{ 2001 (BIT 5.00| | 20010701
| 10 E 1] 2 0 1.000 2.000{ 2003(BIT 465 [|2003/02/24
M- 10 E | o 2 0 1.000 2.000( 2002(BIT 465 [|2002/02420
| 10 E 1] 2 0 1.000 2.000{ 2001 (BIT 5.00| | 20010701
| 10 E 0 2 0 1.000 2.000{ 2000(BIT 5,000 7| 2000/07/01
- 10 E 1] 2 0 1.000 2.000{ 1993(BIT 5.00| [™|1999/0701
| 10 E 0 2 0 1.000 2.000{ 1998(BIT 4 45| [7|1998/07/01
| 10 E 1] 2 0 1.000 2.000{ 1957 [BIT 445 ["|19gv0701
| 10 E 1] 2 1} 1.000 2.000 [~ [19860701
4
Digtreszes:
Crak Pach Flsh RutD Ravl Lload Llane $pal PotH
L: 10 00 40 00 00 00 40 00 00
M: 00 00 00 00 00 00 00 00 00
H:| 00| 00 00 00 00 00 00 00 00
Index| 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00

Total Records: 246

v Distress data can be printed using %I button, or can be exported to an excel file
using

v The following screen capture shows the printout for Highway 1-10 traffic data, MP 0-6.

button which can be saved to a location which it is the user’s choice.
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Question 5b

You are requested to extract the distress data for all bituminous pavements on the US
roads that have the PDI equal or less then the rehabilitation trigger value, low Crack
Index is equal or less then 25%, and low flushing ratings less then 4.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highwsay Data Yiew.

Condition Summary Report,

v" The following form will be displayed:

2|

Data to View:

" Single Highway
% Network Subsst

™ Route:
[~ Route Number:é

[+][5R Ramp

™ Route Aux D:

|E| Main Line

[ Direction: |Z|

[ Interchange #: | .
[~ Ramp ID: | - |Z|

[ From Distance:

[~ To Distance:

I~ County: |Z| |
I Seq:

‘ [ ear:

™ Lare:

ASeIect...l @ Clear |

Browse | Log Plot l iew

¥
Summary

[Data to Browss:

Highweay Definitions B
Landmarks / Events

| Administrative
\Jurizdictions
Erveiranment
Geometric

Shoulders

Traffic History
Roughness / Rut

Di :

Digtress [Column view)]
Deflection

Friction

Project Segments
Froject Detailz

Froject Layers

Froject Activity By Type
Images

GFS Coordinates
Documents
Frogrammed ‘work,

Browse

v In order to view Distress data for US Highways, you must first click on the Distress under
the “Data to Browse” tab on the right hand of the form, click on Route check box to

select “US — US Routes" from the pick list, then Browse

figure:

Brawss.. | a5 indicated in next

v" Note: Needed Pick list from Data to view window is only enabled if the appropriate

check box is checked.
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P Highway Data View
1
i

Data to View: Browse | Log Flot | Wi

Summary

 Single Highway [rata bo Browse:

5 batuod Sbeet Highway Definitions Iz‘
Landmarks / Events

¥ Route: us E| LS Route Administrative
Jurisdictions

- ]
Erviranment
. _ Geometric
[~ Route Aux (D: E| Iain Line Shouders
[~ Direction: E| Traffic Histony

- =/ At

I Interchange #: |

— - N Dliztre; Tin wview]
[~ RampD: | E| Deflection
— =——— Friction
™ From Distance: | oo | Project Segments
7 ——= Project Details
™ To Distance: | St Project Layers
——— Project Activity By Type
I County: | |Z|f | | Images
— GPS Coordinates
[ Seq | Dacuments
Programmed ‘Wark.

I Year: I~ Lane: | ‘
ASeIect...l B Clear |

v Distress Data Filter Option window will open and all requested filter conditions are
filled in as indicated in Screen 4-1-1-13-f.

’-_,a’; Distress Data Filter Options 1'

e Dptions: [ &llowy Data Edliting
( PO = [7] 2o
reaetine |- F
ress v | |Distress \mﬂr\L\ow.Val. Mod (> |ModWal [Highl> [HiWal |Total]>  |TetVal [Operator d
Cracking Fel==| 2Pwa == ooo| )= 000 [Mf== 0.00{0R
Betweeh - N
Dishiess Patching == 0.o0 \*— == ool IM)== nool == 0.00)0R
Operator #|Flushing Fl= | 400 =] o0d| T[>=| ooo] =] oodfor |
AND |Z| Rutting [|== 0.00 == oo == 000 [Mf== 0.00{0R
Raveling [|== 0| == oo == 000 [Mf== 0.00{0R
Load Rel Cik. T ooo| == ooo| M|== 000 [Mf== 0.00{0R
Adj. Lane Compar == poof == poo| (== ooof f== 0.00|0R
Spaling [|== oo0| == ooo| M|== 000 [Mf== 0.00{0R
Patholes [|== oo0| == ooo| M|== 000 [Mf== 0.00{0R
LI

N
o
-

| |
[
]
=
o
@

v" Note: PDI, Pavement Type and Distress check boxes need to be checked on in order to
enable both pick list, where the relational operator (“>”,"<”) is selected and, the box
where filter value is defined.

v Click on PDI Check box, select “<=" relational operator from the drop down list, click on
the next box and type the PDI value of 3.
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(13 ]

Click on Pavement Type Check box, select “=” relational operator from the first drop
down list, and 1 for Bituminous pavements from the second pick list.

Click on Distress Check box, select AND logical operator from Between distress
Operator check box since both conditions need to be met (low Crack Index <= 25%, and
Low Values of flushing < 4)

Select Cracking distress, click on the check box located under Low header, select “<=
relational operator from the pick list and type in the Low value of 25 in the adjacent box.

Next, Select Flushing distress, click on the check box located under Low header,
select “<” relational operator from the pick list and type in the Low value of 4 in the
adjacent box.

v" Form 4-1-1-13 shows the filtered distress data of all bituminous pavements on the US roads
that have the PDI <=3, low Crack Index <= 25% and, Low Values of flushing < 4.

ol
O x[=A e skls|e| - aj=] =] 2
Seament:
RT |# A (Dir (Ink Rmp  [Ln [Seq|From To ‘fear |Pav.T. [FDI  [Owd|Date Source -
B0 E 0 1 0| 33.000| 34.000(2002|BIT 2494| [T|2002/03/28
us B0 E 0 2 0] 33.000) 34.000{ 2001(BIT 294| 200 /0701
us B0 E 0 1 0| 34.000] 35.000(2003|BIT 294| [T|2003/03/04
us B0 E 0 1 0| 34000 35.000(2002|BIT 294| 7| 2002/03/28
us B0 E 0 2 0] 34.000) 35.000{2001(BIT 294| 200 /0701
us B0 E 0 2 0| 34.000) 35.000{2000{BIT 294| IT|2000/07/01
us 60 E 0 2 0| 34000 35.000[1993|BIT 251| IT|1993/07/01
us B0 E 0 2 0| 35000 36.000[1393|BIT 211| IT|1993/07/01
us B0 E 0 2 0] 39.000) 40.000{1993[BIT 211 IT|1993/07/01
us 60 E 0 2 0| 63.000] £4.000(1993|BIT 251| IT|1993/07/01
us B0 E 0 2 0| 64.000] B5.000[1993|BIT 294| IT|1993/07/01
us B0 E 0 2 0| E5.000) BE.000{2000(BIT 211| [T|2000/07/01
us B0 E 0 2 0| 65.000) GE.000[1933|BIT 211| I|1999/07/01 -
< = i
Distresses
Crak Pach Flsh FRutD Ravl Load Llane Spal PotH
L. (150 00 35 00 00/ 10 00 50 00
M:| oo| oo oo] oo oo oo oo oo oo
H: | 00 00 00/ 00 00 00 00 00 00
Index | 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00
Taotal Records: 1313 ok |

v Note: For all roads PDI Rehabilitation trigger value was set at 3 as can be verified in

Screen 3-2-trig. (Models/ Index Prediction Models/ Rehab trigger Values)
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Eliliﬂ Elil il B Delete... I

[psr [=]| prT: [7]|[ a1 = | = Coslficent r%?mllp
Index  [Pavement [Activity _HJ :J / Litn_JPhetr [coetn [sel|=
PSR BIT ACFC Code  |Functional Clazs FSR /PDI SAl POl (= 20115 1.084 42000
PSR BIT ACFC M 1[RuPrAr - Interstate 35 I 3.0 0.1 3_5| 20115 1.084] 400
FSR BIT ACFC 2| FiuPrin.Arterial - Other 32 I 30 0.1 3.2 20115 1.094 4200
PSR BIT ACFC G| Fural Minor Arterial 32 30 0.1 3.2 20116 1.094 4.200[
PSR BIT ACFC 7| Fural Major Collector 32 30 0.1 32 20115 1.094 4200
PSR BIT ACFC 3| Fural Minar Callector 32 30 01 32 20115 1.094] 42000
FSR BIT ACFC 3| Rural Local 32 30 0.1 3.2 20,115 1.094 42000
PSR BIT ACFC 11 UrPrét.- Interstate 3h 30 0.1 35 20115 1.094 4200
PSR BIT ACFC 12| Urh. Prinaat. O.Fwy/Exw 32 a0 0.1 3.2 20116 1.094 42000
PSR BIT ACFC 14| Ur.Prin.Aterial - Other 32 30 0.1 3.2 201146 1.094 4200
PSR BIT ACFC 16| Urhan Minor Arterial 32 \ 30 0.1 3z 20115 1.084] 400
PSR BIT ACFC 17| Urban Callectar EE L EEY Y R 20115] 1.094] 4z00]C
PSR [T ACFC 19]Urban Local a2l \ aff o] a2 20115 1.084] 4200
PSR BIT ACFC \/ 20115)  1.094] 4200
PSR BIT ACFC - 20115 1.084] 4200
FSR BIT ACFC — 20115 1.094 42000
PSR [BIT ACFC ' | Close 20.115) 1.094] 4z00]C
PSR BIT ACFC Dt |Tra_fC|82 [5MNETs 3 15U B . 20115 1.084 4.200[ -
1 1 1 1 1
Replicate Madel: | Completeness Check. . | Models In Subset: FH0B Regression: a:| D‘ c:| D| o:| D| Clear

Performance Classes... | Treatment Life Limits... Hehab Trigger Values... III
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Question 5C

You are requested to extract the 2003 roughness data for all State Routes where PSR
eqgual or less then the rehabilitation trigger value.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highway Data Yiew,

Condition Summary Report,

v The following form will be displayed:

2| e
Data to View: Browse | Log Plot | igw I Surmmary
€ Single Highway Data to Browss:
& Metwork Subsst Highway Drefinitions E
Landmarks / Events |
[ Route: E| Interstate Administrative
Jurisdictions
I Route Number Environment
) e Geometric
[ Route fuw 1D [~]| Main Line i
™ Direction: E' Traffic: History
Fioughness / Rut
[ Interchange #: D!SUESS §
= - 2 Distress [Column view]
[~ Ramp ID: El Deflection
Friction
™ From Distance: C Project Segments
§ = Praject Details
™ ToDistance: | Project Layers
Project Activity By Type
[~ County |z| Images
GPS Coordinates
[™ Seq: Drocuments
Programmed ‘whark.
‘ [~ ear " Lane: | ‘ E
E Clear | Ernwse |
=

v In order to view Roughness data for all State Routes, you must first click on the
Roughness under the “Data to Browse” tab on the right hand of the form, click on Route
check box to select “SR- State Route” from the pick list, click on the Year check box and

type 2003, then Browse %l as indicated in next figure:

v" Note: Needed Pick list from Data to view window is only enabled if the appropriate
check box is checked.
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% Highway Data ¥iew N

2|
Data to Yiew: Browse | Log Flot Wiew Summary
€ Single Highway Data to Browse:
& Network Subset Highwsay Definitions Iz‘
- — = Landmarks / Events
¥ Aoute |SH S ‘i State Route ‘ Administrative
s ! Jurisdictions
I Route Number.i i Environment
[ Route dus |D: | H Main Line ‘ Beometric
[ Direction: | Ei Vel

[ Interchangs #:

e Distress [Column view)

1
[~ RampID i |Z| | | Deflection
= —— Friction
™ From Distance:! [ Project Seaments
- = Project Details
[” Ta Distance l 000 Project Layers
= ———— Project Activity By Type
i
™ County: | |z||| ‘ Images
=R T GPS Coordinates
[ 5eq | 2d Documents

— Programmed WWork

IV ear: ﬂ' [ Lane [:‘ ‘
ASe\ect. | @ Clear < Emwse ZI

v" Roughness Data Filter Option window will open and the requested filter conditions are

v

v

filled in as indicated in Screen 4-1-1-12-f.

F7Roughness Data Filter Dptions

[rata Filter Options:

Note: PSR check box needs to be checked on in order to enable both pick list, where
the relational operator (“>”,’<”) is selected and, the box where filter value is defined.

Click on PSR Check box, select “<=* relational operator from the drop down list, click on
the next box and type in PSR value of 3.2.

For all roads PSR Rehabilitation trigger value was set at 3.2 as can be verified in Screen
3-2-trig. (Models/ Index Prediction Models/ Rehab trigger Values)
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-t Management System (6.54) ¥FP
phway  Section  Analysis Feedback Window Help

’-, ndex Prediction Models x|
ﬁl ><| | (=] ﬂl | | B¢ Delete... | Plat... |

7 ilitaki i e e | ze.

PSR |z| BIT: |z| All |z| i on Trigger Yalues x| {ﬂﬂ Coefficients O DEnI}I

Index Pavement |Activity _HJ _nJ 3 < =i CoeffC |Coeff0  [Sel| 2
PER__ [BT___ |AcFC Code |Functional Class A EERE: 0115 _1094]  doonf
PSR BIT ACFC f  1[RuPrét-Interstate J138]\ 30 o1 35 70115] 1084|4200
PSR BIT ACFC 2|Ru.Prin.Arterial - Other I 32 \ 30 01 32 20115 1.094| 4200
PSR BIT ACFC 6| Rural Minor Arterial I 32 \ 30 01 3.2 20115 1.094| 4200
PSR BIT ACFC 7| Rural Major Callectar 32 an 01 3.2 20115 1.004| 4200
PSR BIT ACFC 3|Rural Minar Collectar 32 30 01 32 200115 1.094| 42000
PSR BIT ACFC 9|Rural Local 32 30 01 32 20015 1.094| 4200
PSR BIT ACFC 11 |UrPré.- Interstate 25 30 01 35 20115 1.094| 4200
PSR BIT ACFC 12|Urb. Prin.Art. O.Fey/E e 32 an 01 3.2 20115 1.094] 4200
PSR BIT ACFC 14|Ur.Prin.Arterial - Other 32 an 01 3.2 20115]  1.084)  4200)
PSR BIT ACFC 16]Urban Minor Aterial \ EE N BE Y Y 70115] 1084|4200
PSR BIT ACFC 17| Urban Callector \ 32 I an 01 32 20115 1.094| 4200
PSR BIT ACFC 19|Urban Local 32 an 01 3.2 20115 1.094| 4200
PSR BIT ACFC N 20115 1.004| 4200
PSR BIT ACFC < 20115 1.094 4.200]"
PSR BIT ACFC 20015 1.094| 4200
PSR BIT ACFC &I 20115 1.094| 4200

PSR BIT ACFC Dl [TrafCls 2 [EMCIs 3 [EUBGTCTs 3 [ TEB08] 20416) 1.084| 4200 |

1 1 1 1 1
Replicate Madels | Completeness Check... | Madels In Subset: 7505 Regression: a: 0 b 0 e 0 o a Clearl
Performance Classes... | Treatment Life Limits... K Fehab Trigger ¥ alugs... ’ Cloze

=

v Confirm —%__| the settings from Roughness Data Filter Options window (Screen 4-1-1-
12-f) and the following screen will display all roughness data that satisfy requested
conditions.

%|Roughness Data 101 x|

NEEEENE A= rf | @] Koo |7 2

RT |# Ao (Dir |Int Fmp  [Ln |Seq|From To “ear |PSI |Owd|IRI-L |IRIR |Rut-L |[RutR [DualSlope  |Date SL;I
SR 77 5 1] 3 0| e=100| 3000 2003 299) T[15e.00(11500 0.00) 1.20| 7| 00200340945 |0
SR 77 5 0 3 0| 68100) E9.000| 2003 298| [|156.00/115.00] 000 012] 7| 00/2003/0945 |0
SR 78 E 1] 1 0 154.580) 155000 2003| 218 [T|20000(23800 000| 280| | 00200340420 |0
SR 78 E 1] 1 0 154.550) 185000 2003| 218 [T|20000(23800 000| 028 | 00200340420 D—I
SR 78 E 0 1 0 155.000) 156.000| 2003| 1.93| [T|219.00)283.00| 000 043 7| 00/200310/20 |0
SR 78 E 1] 1 0 156.000) 157.000| 2003| 1.89) [T|235.00{27600 0.00| 023 | 00200310420 |0
SR 78 E 1] 1 0 157.000) 158000 2003| 212 [T|204.00(247.00] 0.00] 031 7| 00200340420 |0
SR 78 E 0 1 0 158.000) 159.000| 2003| 3.03| [T|126.00138.00] 000 013] 7| 00/200310/20 |0
SR 78 E 1] 1 0 152.000) 160000 2003 316 T[10s00(137.000 000| 011 ] 00200340420 |0
SR 78 E 1] 1 0 1e0.000| 161.000| 2003 268 T[15a.00(16200 0.00| 018 | 0o0f200340420 |0
SR 73 E 0 1 0 161.000) 162.000| 2003 2.83| [|144.00144.00| 000 021| 7| 00/200310/20 |0
SR 78 E 1] 1 0| 152.000| 163000 2003| 294 [T[136.00(144.00] 0.00] 014 7| 00[200310420 |0
SR 78 E 1] 1 0 153.000) 164000 2003 285 [T[15a.00(13500 000| 018 | 00200340420 |0
SR 73 E 0 1 0 164.000) 165.000| 2003 2.96| [|146.00|130.00| 000 015 7] 00|200310/20 |0
SR 78 E 1] 1 0| 1e5.000| 166000 2003| 298| [T[145.00(12800 000| 015 7| 00200340420 |0
SR 78 E 1] 1 0 157.000| 168000 2003 319) [T[11a00(11800f 000| 011 7] 00200340420 |0
fr\ 7R | F n 1 nl 171 nonl 172 nnnl 2onal 2 &8sl THaxanl1ssonl nonl n1sl T N 0L2NNAA 520 _DHILI

Total Records: 789

E
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Question 6

You are requested to extract and print the friction data for highway I-8 eastbound
direction.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highwary Data Yiew, ,

Condition Summary Repoart., .,

v" The following form will be displayed:

il
2 ,
Data to Yiew: Browse | Log Plot | e Summary
€ Single Highway Data ta Browse:
& Network Subset Highway Definitions
Landmarks / Events
™ Fiouts: |Z| SR Ramp Administrative
Jurisdictions
™ Raute Mumber: Errviranmment
o Geometric
[ Route Aux ID: |Z| Main Line Chavlders
I Direction: - Traffic Histary
. " | Roughness / Rut
™ Interchangs # =D!stress g
L I fDlstress [Calurmn vigw]
[~ Ramp ID: E | | | Deflection
= = | Friction
[ From Distance: 00| | Project Segments
; T —— | Project Details
™ ToDistarice: | 1,000 Project Layers
= —— | Project Activity By Type
[~ County. E |Images
T ‘I | GPS Coordinates
I Sex: | | | Documerits
| Programmed Work, |
I~ Year O0E I Lane: [ Iz[
ASeIect | Ef|Browse

v In order to view Highway friction data for I-8, you must first click on the Route check box
to select it then choose “I - Interstate” for Interstate from the pick list. The pick list will not
become enabled until you click on the Route check box.

v" Then, you must click on the Route Number check box and then specify “8”.

v Next, in order view Highway friction data, you must click on Friction under the Data to
Browse field at the top right hand corner of the form.
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v" Your form should now look like the one below:

x|
ik
Data to View: Browse | Log Plot | Wigwy | Sumrmary
 Single Highway [rata to Browse:
% Metwork Subset Highwaay Definitions [a]
Landmarks / Events
¥ Route: B |Z| Interstate Administrative
Jurisdictions
V' Route Mumber: g Ervironment
o Geometric
[ Route Aux 1D: |Z| Main Line Shaulders
W Direction: E - Traffic Higtory
MD Foughness / Rut

Distress
Distress [Column view]

I~ Interchange #:

[~ Ramp ID: E| Deflection
™ From Distance: Praject Segments
) Project Details
™ To Distance: Fraject Lavers
= Project Activity By Type
I~ County: |v | Images
B GPS Coordinates
[ Seq: Daocuments
Programmed ‘work
‘ [~ *ear: [ Lane: ‘ Iz‘

ASeIect...l & Clear | EigBiowse |

v"In order to actually view the Friction data, simply click the Browse M button.

v" The following screen will show up:

ioix

o x|~ d| 8|R|a|al -] #=| 2

RT |# B |Dirf Ik Fimp |Ln [Seq|Location [Year |Date Friction|Law |High [5.0.|Dry Flow |Speed|Test Len|Fric Type|L al‘l

M- g E 1] 2 0]  1.000| 2003| 2003/09/02 58.0) 54.0] 61.0 1.1) 0.0} 25| &0 250
| g E 1] 2 1] 1.000{ 2000] 2000/07 /01 B0.0[  0.0] 00 0.0f 0.0 1] 1] 0| k4
| g E 1] 2 0]  1.000{1998|1958/07/01 E2.0] 00| 00f 00 00 1] 1] 0|k
| g E 1] 2 0]  1.000|1997|1957/07 /01 440 00| 0000 00 1] 1] 0|k
| g E 1] 2 0]  1.000| 1996|1996/07 /01 48.0) 00| 0000 00 1] 1] 0|k
| g E 1] 2 1] 1.000( 1994 1994/07 /01 G620( 00] 00 00f 0.0 1] 1] 0|k
| g E 1] 2 0]  1.000{1993|1993/07/01 59.0] 00| 00f 00 00 1] 1] 0|k
| g E 1] 2 0]  1.000{1992|1952/07 /01 E0.0] 0.0] 00f 00 00 1] 1] 0|k
| g E 1] 2 0]  1.000{1930|1930/07 /01 E5.0] 00| 00f 00 00 1] 1] 0|k
| g E 1] 2 1] 1.000f 1983]1389/07 /01 53.0( 00] 00 00f 0.0 1] 1] 0| M
- g E 1] 2 0]  1.000| 1987|1987/07 /01 56.0) 0.0] 00f 00 00 1] 1] 0|k
- g E 1] 2 0]  1.000| 1985|1985/07 /01 70.0] 00| 00f 00 00 1] 1] 0|k
| g E 1] 2 0]  1.000| 1934|1984/07 /01 E0.0] 0.0] 00f 00 00 1] 1] 0|k
| g E 1] 2 0]  1.000|1983|1983/07/01 E7.0] 00| 00f 00 00 1] 1] 0|k
| g E 1] 2 0]  1.000{1982|1982/07 /01 7300 00| 0000 00 1] 1] 0|k
| g E 1] 2 0]  1.000{ 1981|1981/07/01 76.0) 00| 0000 00 1] 1] O]M
| g E 1] 2 0]  1.000{1980|1980/07 /01 7.0 00| 00f00 00 1] 1] 0|k
| g E 1] 2 0]  1.000| 15973|1979/07/01 7200 00| 0000 00 1] 1] 0|k
| g E 1] 2 0]  1.000| 1977|1977/07/01 §1.0) 00| 0000 o0 1] 1] OjM
I-I g E | 1] 2 0]  1.000] 1976]1976/07/01 69.0] 00| 00f 00 oo 1] 1] O]k
4

Total Records: 3734
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Question 7

You are requested to extract and print the latest Project Details (as-built data) for I-10
westbound between milepost 5 and 10.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

EF, ADOT Pavement Management System (6.51) ¥FP

File Tables Models | Highway Section Analysis Feedback ‘Window Help

Highwary Data Yiew, ,

Condition Summary Repoart., .,

v" The following form will be displayed.

‘?l T
Data to View: Browse | Log Flot l Wiewy Summary
€~ Single Highway Data to Browse:
@& Network Subset Highway Definitions E[
= = Landrmarks / Events
™ Route: |E| SR Ramp Administrative
it Jurigdictions
I Route Number: Emwiranment
P ] Geometric
™ Route A 1D |Z| Main Line | Shoulders
™ Direction: |E| Traffic Histary
Roughness / Rut

Distress

[ Irterchangs #:
2 Distress [Column view)]

[ Ramp ID: |E| Dreflection

== = Friction
™ From Digtance: | Project Segments

e Froject Details
™ ToDistance: Praject Layers

- Project Activity By Type
[ County: |z| | Images
) GPS Coordinates
[~ Seq Documents
Programmed 'Work,

I~ vear: Iz[

ASeIect..l Browse |

v"In order to view the as-built data of Highway 1-10, you must first click on the Route check
box to select it then choose “I - Interstate” for Interstate from the pick list. The pick list
will not become enabled until you click on the Route check box.

v" Then, you click on the Route Number check box and then specify “10”, click on Direction
and specify the highway segment length from 5 to 10 by filling in the milepost information
in “From Distance” and "To Distance” check boxes.

v Next, in order to view project details, you must click on Project Details under the “Data to
Browse” field at the top right hand corner of the form.
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v" Your form should now look like the one below:

v

7,
yi

|

hway Data ¥iew

Data to View:

" Single Highway
& Metwork Subset

Browse | Log Plot | Wiew | Surmrmary

Diata to Browse:

Highuwmay Definitions
Landmarks / Events

=

W Route: I- E} |nterstate Adminiztrative
Jurizdictions

¥ Route Number: 10 E rwviramment

: F Geometric

™ Route Aux ID: |Z| Main Line Chaulders

I Direction: |E| Traffic History
Roughness / Rut

I Interch # Distress

Py Distress [Column view]

I~ Ramp ID: B Deflection
Friction

[V From Distance: R.000 Froject Segments

¥ To Distance: 10.000 Project Layers
Praoject Activity By Type

I County: E Images
GPS Coordinates

™ Seq Dacuments
Frogrammed " ork

‘ [ wear: I Lane: ‘ =]
ASeIect...l B Clear | 5] Browse |
In order to actually view the Project Details, simply click the Browse | Bre#se.
The following figure will show up:
s

Eil @I&I il Project ID: 1M 10-1- 86

State #: IM 10-1-86

Project Segment
Fraoject
o x| Completect | 1395/04/01
State # 1M 10-1-56 Proj 1D: It 10-1- 86 Cost: Started: s
Federal # Contract # Drata Source: Let:| /¢
Project Segment
ST

Proj ID Contract  |State # Federal# |Completed (BT |# A (Dir |Int Fimp |Seq [From To r'ear =
FI10-1-54 FI10-1-54 1973412/0]1- 10 W 1] 1] 1.750 20.200) 1979
- 10 W 1] 1] 1.750 20.200) 1979
Fl 98- -17 Fl 98- -17 1950/06/0(1- 10 E 1] 1] 9.000 11.000f 1950
FLH 1- - 3 FLH 1- - 3 1948/12/011- 10 E 1] 1] 1.000 7.000[ 1948
110-1- & 110-1- 8 1964401/0]1- 10 W 1] 1] 1.630 E.230| 1964
110-1-20 110-1- 20 1964401/0]1- 10 W 1] 1] E.230 11.650[ 1964
110-1- 37 110-1- 37 1965/07/0]1- 10 E 1] 1] 1.630 17.030[ 1965
110-1-54 110-1-54 1978208011 10 E 1] 1] 1.750 20.200( 1978
I- 10 E 1] 1] 1.750 20.200( 1978
110-1-303 1 10-1-903 1369/10/0(1- 10 E 1] 1] 1.630 6.630| 1969
I- 10 E 1] 1] 9.930 20.200( 1969
I- 10 W 1] 1] 1.630 E.230| 1963
e p—g\ 10 W 1] 1] 7.330 8.5960[ 1969
IM 10-1- 86 I 10-1- 86 ( 1995/04/0]1- ) 10 E 1] 1] 1.800 11.950] 1995
. 10 E 1] 1] 1.800 11.950] 1995
- 10 W 1] 1] 2.000 11.950] 1995

B - 10 W 1 1 2.000 T1.950] 1995 |
IR 10-1- B2 IR 10-1- B2 1984/010]1- 10 E u u 3.500 10.000] 7584
- 10 W 1] 1] 1.670 10.000) 1984
MF 98- -BE4 MF 98- -5E4) 1955/11/0]1- 10 E 1] 1] 7.000 11.000] 1955
<] I
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v In order to see the segment details for example for the second segment for contract IM

10-1-86 completed in 1995/04/01 westbound, select the second segment and click on
the “Segment” form on the right hand side to browse the project segment details. A
sample segment detail is shown below.

7| Construction History Projects

W o| @& 2| Poiectin o128

State #: IM 10-1- 86

=121 ]

Project I Segment i
|X|Ef7| Nl {l }l)ll Segment:| 4 of | 4
I- 10 w|[2 From| 2000 -
il Plot |
ol o 0 o 11.950
Layers / Actions: ‘Year| 1395 Activity:| Mill/Rep 3-5"AC+FR Pave. Type: BIT Suurf. Thick..: 0.0
Ei’l * | Efl Cost: 0 Modifier: Activity SH: 1.65 Binder: .
Layer Order|&ction |Location|Offset [Width (Type  |Matenial Thick. [SH iar (4]l Total SN: 397 Content: 0.00
) 1[0l [NLN [ 12.00[ 1200[Suf_|FR 050 033 r— Densly:|  0.000
2(0wil  |NLN 1200 1200[5uwf  |AC 3.00 132 _ 0o
Ml [N [ 1200] 120 350 ooa] Sl [
Hr: 0o Aggregate: | .
X Dirair:
Mix Aggregates |
Jaint Sp: oo

Diesign Traffic |

4]
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v Switch back to the “Project” form, click on the print preview @ button as shown in figure

and scroll using the next page » button until the following print preview form will be
displayed.

g’,'ﬂ Report Designer - con_proj.frx - Page 4 - ADOT Pavement Management System (6.51) ¥FP
File Tables Models Highway Section Analysis Feedback Window Help

e ymp—
<5, npoTeus M4 [ [ ) B @ 2005/10.04

CONSTRUCTION PROJECT

ADOT
State #: IM10- 1- 86 Project 1D: I 10- 1- 85 aTreTT Opened: /¢
Federal #: Contract #: Completed:1995/04,0
Data Source: Project Cost: i # of Segments: 4
Not%:‘
Seq tInf

Segment: 4

RT #  Aux Dir Ln IntZ Ram Cnty S Tom To From Description
I- 10 Wy 2 2000 119850

Total --Subgrade--
Activity SN Type Modulu Pavement Type To Description
RRA'ACH L5 397 D.D\Bnulnoy

SurfaceThick Cost Dran. Aggregate Type Binder Content  Joint Spacing
0.0 0 0.00 0.0

Design Traffic Value
Ini. AADT Ini. Year Proj. AADT Proj.Year Dsgn. Houly Vol. Percent Truck Percent Distribution  Speed

0 0 0 0 0 0 0 0
Layer Info
Layer Order Action Location Offset Action Width  Material Type Material Thickness
1 Ol MNLMN 12.00 12.00 Surf FR 050
2 Ol MNLM 12.00 12.00 Surf AC 300
3 hill MNLM 12.00 12.00 350

4

Frint Presview

Summary Questions:

What is the activity performed on this highway?
What is the year of this rehabilitation?
What is the pavement type?

What is the length of this segment?
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Question 8
You are requested to extract and print the pavement structure for [-10 MP 0-5.
Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

EF, ADOT Pavement Management System (6.51) ¥FP

File Tables Models | Highway Section Analysis Feedback ‘Window Help

Highwary Data Yiew, ,

Condition Summary Repoart., .,

v The following form will be displayed:

7 Highway Data Yiew

2
Data to Yiew: Browse | Log Plot | Wi | Summary
€ Single Highway [iata to Browse:
% Metwork Subset | Highwsay Definitions B
|Landmarks / Events |
™ Route: |Z| | SR Ramp | Axdministrative
; = |Jurizdictions
I Route Mumber: | Erwironment
O S Geometric
™ Route Aux (D: : |E| Main Line | houiders
™ Direction: |Z| Traffic: Histary
= | Roughness / Rut
[ Interchange # 'D!S“ESS .
L = | Distress [Colurnn view)
[~ RampC: |Z| | Deflection
= Friction
I From Distance: 1,001 | Project Segments
| Project Details
™ ToDigtance: & L
: : | Project Activity By Type
I~ County E | | Images
T | GPS Coordinates
[ Seq: | | | Documents
Frogrammed ‘w'ork |
[~ ¥ear [ Lane: E
ASeIect...l B'DWSS

v In order to view Pavement structure for Highway 1-10, you must first click on the Project
Layers under the “Data to Browse” field at the top right hand corner of the form, then
click on Route check box to select “I - Interstate” for Interstate from the pick list. The pick
list will not become enabled until you click on the Route check box.

v" Then, you must click on the Route Number check box and then type “10”.

v Next, since you wish to view Project layers only for a certain segment of the Highway in
this case from milepost 0 to 5, you must click on “From Distance” and "To Distance”
check boxes and fill in the milepost information from 0 to 5.
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v" Your form should now look like the one below:

Data to View: Browse | Log Plot | Wie | Summary
 Single Highway [rata to Browse:
& Network Subset Highway Definitions B
Landmarks / Events
¥ Route: B |Z| Interstate Administrative
Jurisdictions
¥ Route Number: 10 Erwironment
FE Geometric
™ Route Aux ID: D Main Line Shoulders
I~ Direction: El Traffic: Hiztary
Roughness / Rut
[ Interchange #: D!stress )
Distress [Column view)
[~ Ramp I0: EI Deflection
Friction
¥ From Distance: 0.000 Praject Segments
Froject Details
¥ To Distance: 5.000
Project Activity By Type
I~ County: E Images
GPS Coordinates
[ Seq Cocuments
Programmed ‘work,
‘ [~ ¥ear: ™ Lane: ‘ [~]

ASeIect... B Clear I EEfBrawse |

4 Click the Browse B’”&I button in order to see layers information.

_inix]
8|R|e|m| & 2
RT [# A (Dir |lnt Rmp  |Ln |Seq From Ta Year |Activity Layer Layer2 Layerd Layerd Layer & Layer B ;I
| 10 E 0 0 0.000) 17.000] 1997|Patch
| 10 E 0 0 0.000 0.500] 1996| Patch
| 10 E 0 2 0 0.090 1.670) 1984| RA4"AC+FC [FC/0.50 AC/2.00 4250
| 10 E 0 0 0.090 0.840) 1977 0C-BIT FC/050 AC/3.50 ALC/7.00 AB/4.00
| 10 E 1] 0 0100 1.630| 1969|4"AC+5C SC/0.30
| 10 E 1] 0 0.300 0,400 2003|Patch
| 10 E 1] 0 0.620 1.550| 20015 potFlush
| 10 E 1] 0 0.840 1.750| 1977 | 4"AC+FC FC/050 ALC/5.80
| 10 E 0 0 1.000 7.000) 1948|0C-BIT SC/030 BS/2.00 AB/3.00
| 10 E 0 0 1.620 E.690) 1965[3"AC
| 10 E 0 0 1.630) 17.030] 1965| 2"AC+FC FC/050 ACA.E0
| 10 E 1] 2 0 1.670 3.200) 1984| RR4"AC+FC [FC/D.50 AC/3.00 /350 I
|- 10 E 1] 1 0 1.750) 20200 1978|2"AC+FC FC/050 AC/.30
|- 10 E 1] 2 0 1.750| 20200 1978| 2"AC+FC FC/050 ACA.30 H5/1.00
| 10 E 1] 0 1.800 3.200) 1938|Patch
| 10 E 0 1 0 1.800) 11.950| 1995|RA2"AC+FR [FR/0.50 /0.50
| 10 E 0 2 0 1.800) 11.950] 1995|RA4"AC+FR [FR/0.50 AC/3.00 #3.50
| 10 E 0 0 2.000) 12000] 2003|Patch
| 10 E 1] 0 2000 4.000| 2000|5 potFlush
| 10 E 1] 0 3.000 3.200| 2000|Patch
|- 10 E 1] 2 0 3.900) 10.000( 1984|RA4"AC+FC [FC/0.50 AC/3.00 /350
\-I 10 E 1] 0 4.000 | 8.000] 2000] SpotFlush _ILI
4 »

Tatal Records: 47 OF |
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Question 9

You are requested to plot the construction details data for highway 1-10 eastbound,
between milepost 20 and 30.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

v~ Now you must choose the Highway Definition to view. It is more efficient to use the
Select Highway button m to choose the appropriate Highway.

Navigate to I-10 then click on it to select it then press OK.
Or, to narrow the search, you could fill in the Route and Route Number fields on the
Highway Log Plot form and then press the Select Highway button.

Fill in the milepost information by filling in the “From” and “To” fields.

D N N N NN

Select construction details from the Plot Type area of the form on the right.

% Highway Data ¥iew

2|

=

Data to View: Log Plaot | WiEn Sumtmary
& Single Highway [rata to Browse:
" Metwark Subset | Highwwaw Definitions
= — |Landmarks / Events
[ Fioute: B |z| | Interstate | Administrative
E |Jurisdictions
[¥ Route Mumber | 10| | Erwiramment
r e | Geometric
[¥ Route Aux ID: —|Z| Main Line |Shouiders
[¥ Direction: |E |Z| | Traffic: History
— = EHoughness / Rut
[7 Interchange #: | o ED!SUESS .
e | Distress [Column view]
[# RampID: | |Z| | Deflection
| Friction
[¥ From Digtance: | 20.000 | EProiect Segments
= zizzs | Project Details
¥ Ta Distance: i~ _30.900. éProiect Layers
. = éProiect Activity By Tupe
[~ County: | |Z| |Images
— |GPS Coardinates
[# Seq | o | Documents
Frogrammed ‘Work,
‘ [[¥ear: | 2003 [ Lane: =l
ASeIect..l @ Clear | B'UWSE |
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(7]

Data to View:

& Single Highway
€ Network Subset

¥ Foute: | I- |
[¥ Route Mumber: 10

¥ Route Aux 10 | E||| Main Line |
[¥ Direction E E|

¥ Interchange #: i}

¥ Ramp 1D: E| |

¥ From Distance: 20.000

[ To Distance: 30.000

I County: | |Z||| |
¥ Seq: Ijl

‘ [ vear: = Lane; I:’ ‘

Browse Log Plot Summary

7 Index Scale
[T Both Directions | 2005 =
™ Distress... - | 2004 =
F::IHD - Years |- T | 2003 =

epth.. =
& Pk :: A =
I Foi 2001 1
[T Pl — Intereak Mi. T Most Recert
[T Lare D...

€ |ndex Rangs
& PSR ear From: | 1500
@ POl To | 205
& pPg — |nterval: i, [~ [—

C Cunent Data
7 Project Segments

Geometry
—
Conztruction D ets)

 Core / GPR / Layer.s

[ Plus Index: Scals

T Landmarks...

W Use Huy IDin Huwey Desc.

ASeIect...l @Elear |

v Click the Plot button il Pt

B’!" ADOT Pavement Management System (6.51) ¥FP

Highway Section Analysis

File Tables Models

Feedback ‘Window Help

E’?, Longitudinal Construction History Layer Plot

to view the plot/graph shown below.

LONGITUDINAL CROSS SECTION PROFILE
O—m T T
1973 1973 1avs 19087 (195 191998 1eas (] 1998 || 1eas ) [1ees ][ 1998 ||[199:11995
HL Ll L
1964 1961 1861
ll| ] ARRNIARIARIEIRRRRARIARRRAARERL ARRRVAURRIIONE |
oare 1072 100101072 [ 1072 1078 1972 | ove 1972 || 1971978
111 P T hirn i 1 vl | il | B
1061 1061 10191963 | 1963 1963 1963 | 1963 1963
5— il i il B rarl | | i
Ht+ -t ==t
N | | | | | ||‘ ‘191953 1953 1953 1953 | 1952 1953
UL [l LU
12—
— 16—
=
=
=3
F A
] 2D—A ml
4
Tit
Surf
¥
SubB
Base
. ! ! | ! ! ! ! | ! I
20.000 21.000 22.000 23000 24.000 25.000 26.000 27.000 28.000 28.000 30.000
Mi.
Highway: 1 010 20.000 - 50.000 --- FLN Off: 0.00

To

Locatior:

¥ vears

Click Mode:
& al

Transverse
Locatior:

157

T



v Click on the graph and the following project layer information will be displayed
depending on the layer of the selected section.

B’?, ADOT Pavement Management System (6.51) ¥FP - |ﬁ' |1|

File Tables Models Highway Section Analysis Feedback Window Help

E’?, Longitudinal Construction History Layer Plot ;Iilil

A E B ERE]Y |
LONGITUDINAL CROSS SECTION PROFILE F_l_l
am:
0—m TTT TT . 20,000
1078 1078 1078 1008 | [ [[ 1008 100101008 [ 1008 [ [T 1008 [ [ 1008 | [1008 || 1005 [[100¢11005 To:
I Ll L :
1964 1861 1961 ‘ ” ‘ ||‘ ” ‘ ‘ 30.000
| | | | | | are T TTaTe 1aa1aTe T 1aTe 1a7e T Tiare | 1ara TI 1are Tiav a7s Cocalion;
i P T i il Bl (Wl || ety PLN|Z|
1061 Ta51 100191963 | | 1963 1963 1963 | 1983 | || 1963 || 19601972
8 HH—+ = HH-H-A IN: Offset:
I~ 191953 | 1953 1953 1953 | 1983 ||| 1953 || 1951952
T Il [N RENE] NN III!
12— . ¥ ears
W7 Project / Layer Information x| I bs Click Mode:
16— (? |

Project I FC Tiansverse

2] State #: | 110-1-11 ProjID: | 110-1-11 Completed: | 1961/03/01 Lwﬂ
o e === —=—"~" | Federal #: Contract #: Drata Source:

—Project Segment: I e

D 10 |:| From, 22400 =
EEH 0||:| Te| 24000 I

—Layer: rf [l:l] I o

Type: |SubB | Material: SM Factor: 011 Action: | Cons

3 W’idth:| 24.DD| Thickness: 12.00 SH: | 1.3200 Activing: | Orig. BIT Constr ™ I -
e I Shd
w | | | | | | | | | | M B

20.000 21.000 22.000 23.000 24.000 25.000 6.000 17.000 23.000 20.000 30.000

Depth {iny

hdi
Highway: | 010 20.000 - 30.000 --- FLN Off:  0.00

Flt_data (c:%hpma_localslocalsazhpl_data.dbf) Fecord: 18/132 Exclusive | MUK 22501 pm

v" The user has also the option to visualize the Transverse Cross section at a certain

location. With the mouse select the Display Transverse Cross Section button under
the Click Mode on the right hand side of the above screen and click on the milepost you
would like to see the transverse cross section.

v Figure 4-1-17-t will be displayed and if detailed Layer information is needed the user can
simply click on the desired section and detailed layer information will be displayed as
shown in Detailed Layer Info window.
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F7|Transverse Cross Section Profile

TRANSVERSE CROSS SECTION PROFILE

1t ny E |
199 199 199 20
3—
T T
1978 1978
- i 1] B
1961 1961
a—
faet ‘ 1961
| | B
- 12—
=
£ [ 23
5
(=] 15— ¥ vears
15—
hu
21—
Surt
24—
subB
£ Base
an I
000 4800
2400 4 2400
Highway: |- 10 000 24.435
Aaa Recard: EOF/29 Exclusive | MUK | 9:53:38 am
TRANSVERSE CROSS SECTION PROFILE
0t n | E |
I ‘ H‘ I HHHHH“H I HHHH|HHHH I H
3— ‘
¥ |Detail Layr Info x|
1075~ [ Project:
8 Ll State #t: | FI98- - ProjlD: | Fl 98- -19 Completed: | 1953/05/01 I
1963
Federal # Contract #: Stated:  / /
- Cost: 0 Data Source: | Let /1 / =
Motes: ‘ ‘ H I
BS
= 12—
=]
E —Project Segment: ~ IFC
=
27.900
8 15— El l:l . IV Years
EDsrmEae g
1o Activity: | Orig. BIT Constr Activig SNz 218 Suif. Thick. IHs
Pave. Type: | Bituminous Total SN: 2.18 Subgrade: l:l E
Trt
Cost 1} Drainage type: I Rl
#H—
Laper: S - H:D I
RO
Action: Cons | width: | 2400 |y Type: CurentDepth; 600
o — =
SubB Isc
Cloze: |
g
7 Base ISM
30 . E -
o000 43.00
2400 # 24.00
Highwsy: |- 10 000 28070

Trave_p[chpma_locallocahazhiiave_p.dbf]

Record: 24/32 Exclusive
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Question 10

You are requested to extract the highway data (for example all current data) plot for I-10E
MP 0-5.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highway Data Yiew,

Condition Summary Report,

v" The following form will be displayed:

2| . i
Data to View: Browse | Log Plot | Wigw | Surmmary
€ Single Highway [ata to Browse:
@ Metwork Subset Highway Definitions E
Landmarks / Events
™ Route: |Z| 5R Ramp Administrative
3 Jurisdictions
I Route Number:| Enviranment
T i Geometric
™ Route sux ID: |Z| Main Line | Shoulders
I Direction: |z| Traffic History
Foughness / Rut
Distress

™ Interchange #: 5 .
= Diistress [Colurmn view]

[~ RamplD: |Z| Deflection
= Friction
™ From Distance: Praject Segments
; Project Details
™ ToDistance: Praject Lavers
Project Activity By Type
[~ County: |E| | Images
] GPS Coordinates
" Seq | Documents
Frogrammed 'work,
[~ ¥ear: E

ASeIect...l Bmwse |

v In order to plot Highway data for Highway 1-10, you must first click on Route check box
to select “| - Interstate” for Interstate from the pick list. The pick list will not become
enabled until you click on the Route check box.

v" Then, you must click on the Route Number check box and then type “10”.

v Click on Direction check box to select “E” for East bound from the pick list. The pick list
will not become enabled until you click on the Direction check box.

v" Next, in order to view Highway data for only a certain segment of the highway, for
example between milepost 0 and 5, you must click on “From Distance” and "To
Distance” check boxes and fill in the milepost information from 0 to 5.

v" Your form should now look like the one below:
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2|

Dby ko View: Log Plot Wiaw Eummarg
& Singhs Highrwrarr
' Metwork Subaed
I Aude: I- |=| Interatsie Al
duzdiction
F Mouds Murber a Ermannient
= Caornalic
7 Aot x| [= hesinLine: s
Dincson: - Toaez Hitody
L — £ E — Fiughrars / Fut
i Dithess
N b o Didieaz [Cobann vaes|
¥ Fangl |- [redzclion
. Fractior:
7 Fion Distarca: il ] Paosct gﬁf"’
I Ta Distarce: 5000 ot Lapair
= Eacct fuckreys Bp Ty
I~ Cousiy =]
G5 Coordenaies
¥ Sag ] Dastanamte
Programmsd Wk
™ aer: 2008 | ™ Larer | =
Ao | B Cew ] [ercese

: button to be able to plot current highway data highway data as shown in
Figure 4-1-2-p.

7 Highway Data View

2 i

Data to View: Browse Log Plot Wigw Summany
,." & Single Highway ' |ndex Scale
€ Network Subset 7 =
I~ Bath Ditections | 2005
¥ Foute: ‘|. H Interstate | ":DiStrESS ™| 20045
IFi | 20034
[ Route Mumber = Rt Depth pLears BT
A \ e ¥ par R K5
¥ Route Aus ID: | [=] [Main Line | o [
[7 Dinectior: E = [~ P — Interval Mi I Most Recent
[T ILane D
[7 Interchange #: ] T |hdex Rangs
7 Ramp ID: EH | LT ‘eat From: | |00
F— e )zl To:| 2005
v From Distance: = L i
’m\(‘ MENGI' bl I Lane D
[¥ To Distance: 5.000 -
| | * Curent Data
[~ County: ‘ |z||| | : i
[ Geometry
7 Seq: E € Comstuction Detsils I™ Plus [ndex Scale
" Care /GFR / Lapers
‘ [T ear: I Lare: l:l ‘ I Landmarks... I¥ Use Hwy ID in Hwvy Desc.
J AEe\e:t E Clear
, Ao | Boes |
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HIGHWAY - CURRENT DATA PLOT

st spotfl ) (BIBITY | Pztch  pimy |
e T R | 2003 |
|zt 7 | 5 Il
SH | |
2003 Ln; 2
PSR
2003 Ln: 2
PDI
4450
2002 Ln: 2
SAl 3440
2430
14-20
17915 | w110
AADT Toon ‘ 1
443004 =] MFc
ESAL prs
\ f f 1 1 f f
0.000 1500 2000 2500 G000 3500 4000 4500 4000

bl
Highw=y: 1010 0.000 - 5.000
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Question 11

You are requested to generate a plot of the network performance distribution in terms of
PSR for the entire network using most recent data.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highuway Ciata

Condition Summary Report,

v" The following form will be displayed:

2 [

Data to View: Browse | Log Plot Wigw Surmmary
€ Single Highway [ata to Browse:
@ Metwork Subset | Highway Definitions B
= Landmarks / Events
™ Route: [ |Z||| 5R Ramp 1 Administrative
——— Jurisdictions
I Route Nurnber: | 0 Ervironment
e e Geometric
I~ Route dux 1D: | |Z||| Mair Line ! Shoulders
[ Direction: | EI Traffic Histary
] Foughness / Rut
I~ Interchange f: | U ' D!stress .
k ! - Distrezs [Column view)
[~ Ramp ID: | |Z||| Deflection
— Friction
I™ From Distance: | Praject Segments
’ = Project Details
™ ToDistance: | K] Project Layers
Project Activity By Type
I~ County: | E” Images
— GPS Coordinates
" Seq M Documents
Frogrammed 'work,
‘ [~ ¥ear: | |Z|
Bmwse |
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v In order to plot network performance distribution select Summary tab and check PSR
check box under “Items to plot” as shown in the figure below:

P Highway Data Yiew

2l

Data to Yiew: Browse | Log Plot | Wiew Summary
7 Single Highway Items to Flot:
& Network Subset <®I
m — - [ POl
Lo | - RS Ti— Gaplengh|  0500] Mi
™ Route Mumber: " ral Interval: | 1.000 | Mi.
[ Bewits A0 I ET: Marbne — [ Skip PQI for Missing Index Yalues
[ Direction: E| Plat Type:
= - & Index Distibuton  Ranges / Categories... |
[ Interchange #: | |
™ Rarnp ID: | =

| Options: | & pulti Index O El
— = © Multi Year ¥ Condition Categornies

Ye(/

I From Distance: |

" ToDistance: |

I County | : |z|
[ Seq: i

© Perfarmance Histarp

‘,—\,ea,: [ 2005 Wi .‘ vear From [ASE[E  Tof Z5E

ASeIect..l @Clearl

Categories “ check box is selected and then
1-4-p.

% Network Data Plot _ (ol x|

{ PERFORMANCE INDEX DISTRIBUTION i
f [ W PSR M. 7765350 fug: 3.8 . <=2005 ] m
i
r 100
,

@ H
,
|:' %
,
[
[
[
|' Poor Fair Good Evxcellent

Inclex Ranoe

dff =200snon3 Subset- Eative Hawork

Lo

" 'Mumeric Ranges {*Condition Categaries | R anges / Categories...
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v In order to be able to plot the graph as shown above click on “Ranges/ Categories”

button

= and check if Condition Categories are set within the same limits
as in Figure 3-1-cat.

F7 Index Category Ranges = x|
W =] 2] I aspivchange to Allindices.
Condition Category i Mumeric Ranges

Categones: I 4 3: Route: I-

Category PSR POl Sa) Fal IRl
1: | [Poor | 2m| | 2o | 2m| | 2000 5| 2000
2 |Fair <[ a00| | 3.00| | 3.no| | 5000\ >=| 150.uu|
3 | |Good | 4m| | a00| | 4n0| [ eoo0 5| 10000

4 | [Encellent 500[ | sm| [ soof [10000] -] 000

I -]
I
‘ [

I

I

|

v" The above Condition Categories are user definable and can be modified through the
Screen 3-1-cat.
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Question 12

You are requested to plot the PSR distribution for Highway I-10E between milepost 0 to15
using the 2001 performance data.

Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

Filz Tables Models | Highway Section  Analysis Feedback ‘Window  Help

Highway Data Yiew,

Condition Summary Report,

v" The following form will be displayed:

2 |
Data to View: Browse | Log Plot | Wiew | Summary
€ Single Highway [ata to Browse:
@ Metwork Subset Highway Definitions E
Landmarks / Events
™ Route: E| 5R Ramp Administrative
Jurisdictions
™ Route Mumber. | Enviranment
T i Geometric
™ Route sux ID: E| Main Line | Shoulders
I Direction: B Traffic History
Foughness / Rut
Distress

™ Interchange #: 5 .
= Diistress [Colurmn view]

[~ RamplD: E Deflection
Friction
™ From Distance: Praject Segments
; Project Details
™ ToDistance: Praject Lavers
Project Activity By Type
[~ County: |E| Images
GPS Coordinates
" Seq Documents
Frogrammed 'work,
[~ ¥ear: |T|

ASeIect...l Bmwse |

v In order to plot Highway data for Highway 1-10, you must first click on Route check box
to select “| - Interstate” for Interstate from the pick list. The pick list will not become
enabled until you click on the Route check box.

v" Then, you must click on the Route Number check box and then type “10”.

v Click on Direction check box to select “E” for East bound from the pick list. The pick list
will not become enabled until you click on the Direction check box.

v" Next, in order to view Highway data for only a certain segment of the highway, for
example between milepost 0 and 5, you must click on “From Distance” and "To
Distance” check boxes and fill in the milepost information from 0 to 5.

v' Select Summary tab and check PSR check box under “ltems to plot” as shown in the
figure below:
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v Select year 2001 we want to plot and make sure “Numeric ranges “ check box is

v

selected and then

In order to be able to plot the graph as shown above click on “Ranges/ Categories”

button
Figure

g’,’ﬂ Highway Data ¥iew

2]

Browese | Log FPlot |

Data to View: Wiewy Summary
(%' Single Highway Itemms to Plat
€ Metwork Subset v PSR
e FDI
7 Route: IL—|3_=|_Interstate [T sa — Gap Length:; D_SUDi bdi.
¥ Route Number,| 1D| (=] ‘ Irterval | 000 | Mi.
[ Route dux D | E:i.i"l;h_l-.‘na —— [ Skip PG for Missing Indes Values
[¥ Direction: IE E. Plot Type:
=== % Index Distrbution | Ranges / Categories.. |

[7 Irterchange #: :

[¥ To Distance: .

[~ County:

[¥ Seq — D!

‘ [~ ear: I[] Lane:;

ASe\ect 2 @ Clear |

[¥ Ramp ID: [ Options: | & Myl Index Numeric Ranges )
L — € Multi Year itig Categor
[ From Distance:i 0.000|
T5-D;DD | ,I_ Mozt Recent

Yea( Wl | 2001

€ Performance History

‘Year: From:| 19955

o [

the graph as shown in figure 4-1-4-p.

| F% Network Data Plot

=101 ]

-
-
EY

PERFORMANCE INDEX DISTRIBUTION
W PSR . 15.000 Awg: 3.8, 2001
100
a0 H
% B0 H
a0 H
2 H
]
0-1.00 1.01-2.00 2.01-3.00 2.01 - 400 401-5.00
20051004 Huv: 110 E nlnmﬁhex Rannggn. 15,000 Lane: 81

0 BEEE0NA

3-1-cat.

£ Numeric Ranges ¢ Condition Categorie
i

167

Fanges / Categonies. .

and check if range categories are set within the same limits as in



F’?, Index Category Ranges ﬂ
El ﬂ 3' ™ apply Chnngéfo_" I~ | 3-1-cat

Condition Category | Numeric Ranges
#of Rarges: [ 5 =
PSR FOI 54l 2] IRI
1 o<=| 100 [ 1| [ 00| [ 2000] »=] 250.0]
2 <=| zoo| | zoo| | 200 | s000| »=| 150.00]
3 <=| 300 | 30| | 300| | 60.00| »=| 10000
4 <= | 400 | 400 | 400 | som0| »=| s000]
5 <« | 500 | 500 | 800 [10000| =) ooof
& <« | 800 [ Bo0] [ &o0] [ eo0| »<[ 40000
7 <= 380] [ z80] [ as0] [ 380 »=[ 300m]
g <« | 4m| [ sm0] [ 400 [ 400] »-[ 20000]
g <= 480] [ #80] [ 450] [ 450 »=[ 10000]
10 <= 500] [ 8o0] [ Bo0] [ 500 »-[ om

v" The above numeric ranges are user definable and can be modified through the Screen
3-1-cat.
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Question 13
You are requested to extract and print the highway attribute for 1-10E, MP 0-0.88.
Answer:

v" Go to the Highway menu and choose Highway Data View from the drop down list.

EF, ADOT Pavement Management System (6.51) ¥FP

File Tables Models | Highway Section Analysis Feedback ‘Window Help

Highwary Data Yiew, ,

Condition Summary Repoart., .,

v The following form will be displayed:

2] L
Data to View: Browse | Log Plot | Wigw | Surmmary
 Single Highway [Data to Browse:
@ Network Subset Highway Definitions Iz[
- Landmarks / Events
[ Route: E SR Ramp Administrative
3 Jurigdictions
™ Route Humber | Ervirorment
T e Geometric
[ Fioute suw 1D |Z| Main Line S houilders
[ Diection: |Z| Traffic: History
Foughness / Rut
[ Interchange #: D!stress .
L L Diistress [Colurmn view]
[~ RamplD: |Z| Deflection
= Frictian
[ From Distance: | Project Segments
Project Details
™ Ta Distance: [ Praject Layers
Project Activity By Type
I~ County: E | Images
] GPS Coordinates
[ Seq Documents
Frogrammed 'work,
[~ Year: ™ Lane; E

ASeIect...l Bmwse |

v In order to view Highway data for highway I-10 you must first click on Route check box to
select “I - Interstate” for Interstate from the pick list. The pick list will not become enabled
until you click on the Route check box.

v" Then, you must click on the Route Number check box and then type “10”.

v Click on Direction check box to select “E” for East bound from the pick list. The pick list
will not become enabled until you click on the Direction check box.

v Next, since you wish to view Highway data for only a certain segment of the highway, for
example between milepost 0 and 0.88, you must click on “From Distance” and "To
Distance” check boxes and fill in the milepost information from 0 to 0.88.

169



v" Your form should now look like the one below:

2l

Data to View:

) % Single Highway
' Metwark Subset
Landmarks / Events

¥ Route: | - |E||| Interstate | Administrative
Jurisdictions
¥ Route Mumber: o Errironment
T Geometric
17 Route Aux|D: | |Z||| Malios | Shoulders

[# Direction: E |Z| Traffic History

Foughness / Fut

7 Interchangs # 0 D!stress :
Distress [Column view)
[¥ Ramp ID: |Z| | Deflection
Friction
¥ From Distance: 0.000 Project Segments
Project Details
[ ¥ ToDistance: 0.880 Project Layers
Project Activity By Type
[~ County | E| | | Images

GPS Coordinates

[ Seq 0 Documents

Programmed 'wark
‘ [ wear: III ™ Lane: I:I ‘
| ASE|ECL..| @ Clear |

Browse

2] 1]

Data to View: Browse Log Plot View

] & Single Highwiay

€ Hehwork Subset @ Attiibute Segment Vizw

™ Uriform Lenath Segment History

[¥ Foute: ‘ I E'H Interstate |
BER
I¥ Route Number F o | 20064
E 7 Route fum |D: ‘ El“ Mair Lire | I~ pa | 2004
[ Ditection: E i ﬂl r | 2003
I Rut Dispithe. r | anE
[¥ Interchange #: ] I™ Betlection = [ 000 :
I~ \Last Refih =
¥ Ramp 0: | I~ Wartenance Cost
¥ From Distance: 0,000 Clgkbecs.. Interval:M\-
B [¥ To Distance: 0.880
I County ‘ |z||| | " Roughness Data / Flot ¢ Image
I Seq: E ‘ DataYear: ‘

C images [ Wiufi-View

‘ [ vesr [~ Lane: l:l ‘
] A‘Se\e:t | E Clear
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v The following screen will appear showing highway data for I1-10 E between milepost 0-
0.88.

E’?, Highway Data Yiew - Attribute Segment Yiew

0.000 ﬂ _ ﬂ:

“l 4 | )l ’ll Location:

s|r| 2

Highway: Erom T Administrative:
I 10 E 0.000 0880/| | Func. Class: [INR | [RuPrac- Interstate MI
oj| 0 1] Elevation| 0.5 Mairt. Area: |
Fiough. /Rut.
Geometrics: M| © Distress |
Type Width —
Jurisdiction: . |
Pavemt 240 District: 82| |uma Deflection
Mediar: Non Divided 0o Mairt, Org: | 8251 || Quartzsite Friction |
Divided: | Lanes:| 2 ROMW.: 00 County: 15||LaPaz
Traffic |
Urban Area: i]
Shoulders:
Type ‘width:  Thick. City: 36 || COLORADOCITY Proicct |
Tojects
Left [Asphal 10| [ o — - !
nyironment:
Right: | &sphalt 120 oo Environment: |Dil || Desert-lnt ﬂl
Crainage Type: Terrain: (tBiTmages.

v' Simply press %I button to print Attribute Segment View for I-10 E highway segment 0-

0.88 and the following report will be printed out:

Print Preview =l P =] ]
A N N = [
% ADOT PMS 2005/10/11
ADOT
HIGHWAY DATA REPORT
Highway
Intchg Ramp
Type # Aux D # [[] County Seq From To
I- 10 E o.ooo 0.gs0
Juris diction
Func. Class: Ru Pr.Art.- Interstate Admn. Sys.: 05 Maint Area: Terrain:
County: La Paz City: COLORADOCITY Environment: Drl HHS:0
District: Yuma Maint. Org: Quartzsite Urban Area:
Geometrics Shoulders
Width Pave Type: Type Width Thick
Length: 0580 Paved: 240 Left: Asphatt 100 0o
Lanes: 2 ROW. 00 Median Type: Right: Asphatt 120 00
Divided: Yes Median: 00 Mon Divided Drainage Type:
.
Divewtemp Fecord: EOF/1 Exclusive Ir

v' Landmarks events, distress, roughness, deflection, friction, traffic, projects and layers
data can also be extracted form figure 4-1-3-1 for highway 1-10 E between milepost 0

Fough /Rt | Dizhess |
)

t00.88 when alternating the selection of =" |

Frction |

Teathe | Frojacts

Layess

| buttons.
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Section Data View Reporting
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Section Data View Reporting
Question 14

Individual Section Data Reporting
You are requested to produce detailed reports for section 1-8 E_20.530.5-24.765
illustrating the following data:

= Highway definition, Jurisdiction, Geometrics, Traffic, and Overall Condition
* Index Performance Plot for historic and predicted PSR and MDI

Answer:

v Detailed reports for individual sections can be viewed and printed via the 5-2-a “Section
Data” form, accessed via the Section / Detail View menu. You will first see the “Section
Detail View” 5-2 form allowing you to choose a sort order and a subset. Click the
“Browse” button to view the “Section Data” 5-2-a.

b7 Section Detail Yiew

2 m

Sort / Order,
Sort | Highway |Z| Order: & Azcending

™ Include Overlaps £ Descending

Subszet:

A1l Sections |Z| @Subset...

IT Use Grouped Sections

Dataigw:

Fy'0005 - October Training - Baze Y'r 2000 Data Vievl
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v" The Section Data form will allow you to view the details for each individual section.

E’?, Section Data (269 sections in subset All Sections)

Bl i|><|zf| E|n| @l@l Nl ‘l 'l'll Locatlnn:-

«| Aseent.. @ =| & 52-a

Section:  Aux Dir Crty Seq Int}  Ramp  Ln Distance  Reference  Description Section Data
A 0| | IFrem| oo M000.00 (R + 0.000(Beg) Perfomancs
| 008 To 2,420 1002 + 0.420(Fraj) History

G Irice- Admini: / Jurisdiction:

Pavement Type:| Bituminous [=] || Fune Class| RuPrar- Interstate [ Maint Area:l:l
Median: Non Divided |z| District:| Yuma |z| NHS: [ Erviran: Hwy Detail
Lecath Whlle (o) eakn RO Maint. Drg.. Elevation:| 05 |z|| Tg”ain| E” Geometric...

| 23| | 20| oo op Couny: TR =] civ vuma [=] | ||__Teafic..

Conztruction |
Dretailz

Distress...

an-|:| Flev‘l:l

Divided: & Lanes: COG: YMPO E| Urban:‘ Other Urbans E”
Trk:l:l Trr l:l

Traffic: C: ion: Age ]
5"“”"19%;6 widh Thok a6pT:[ 2135 Const:| 1977 arig. BIT Canst ] —
Lett | High [ _¢ol[ oo || Gom] 50| Fichab:| 1977 arig. BIT Canst ]
Fiight] High =l o] oo Tucks 1] % Mairt:| 2003 || PremisPatch (101) =]
Drain:| |Z|| Eurb| E” dek| |Z|| E;:::a: 1;;;::1 Prg.W’k:| 0 ” E|
. . I.

Intersectlons.ljl Dnveways.ljl conLe ; SN_ Surf_ Jt_Sp_

Speed Limit:ljl Seasonal Closure: [~ ‘ Accident: 0 (Benilteg -

PSR 362| | 88B4] s 000

0T 0 PDL| 445 Ru 014| PRI 9933

‘Prep.Activit}l:| |Z|| Quantity:| D| ‘ Fric. 535 PQl 379

Remarks: |

v' To select a specific section, click on the Select button Ao | (at the top of the form)
to open the Selection List form. Select the required section for viewing by clicking on the
section in the list then pressing the Select button.

’g’, Section Data (1920 sections in subset All Sections)

|3|E,|X|Ef| ﬂ|”| §|@.l I4|1I )|N|' Locators  0.000] 4

x|

5-2-a

Section: Aux Dir Cnty Seq IntE  Ramp Ln Distance  Aeference  Description Section Data
8l Je ] ool | IFom| 0000 |M000.00 (EB + 0.000Beg) p—
— ——
 rraaa— T
= e E Humber of sections in the fis 1520 Ty
Pavement Type: Eituminoui RT |# Aug |Dir |Crty|Seq |Indt  |Ramp |Lane [From To e
Median Non Divide | 91" B [E| ol o a0 0.000 2420 Huwy Detail
Length: ‘widthe  Paved : 8 E o a g 2420 10.180 o Geometric...
g E o 0 1] 10180 18.180 i
2335 24.0 ! E
j —J | 8 e of of o 18180 20530 =] Traffic...
Dividedt ¥ Lares: |_2| | g E of o 1 20,530 24.?85' Construction §
| [ E o o 0 24,765 25.000 Details
Shouliei: - g B [/ 0 29.000 33.025 .II.' = &
Type I g E o o 0 33.025] 37.050
S - 8 [E| of of @ 7050 45050 — 83 Photolog
Left:| High
] |—7| | g E o @ 0 45,050 53.060 |z" & |
Riight:| High [ g [l of o ® EaDsn| 5320 Lo
D,ain; Clsb [ [l 8 el o of o 55320 63.320
” . Ijl | g E o o 0 £3.320] 66.000
RS 1 1E 8 E] of of @ BEOO0] 72,000
| g 2 1]/ 0 72.000 80.000
Speed Limit: Seazon. -
ljl Select Cancel
T
‘ Prep. Activity: | |Z|| Quantity:| D|
Hemarks:|
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v" The Section Data form for Highway segment I-8 E_20.530.5-24.765 will be displayed as
shown below:

j”/| Section Data (1920 sections in subset All Sections) x|

| & x| A Gl =] S| 1] «| v Lo =) =) &) o

Section: Auw Dir Cnty Seq Inth Ramp  Ln Distance  Reference  Description Section Data

L e e of o o | |From| 20530 #M020 + 0.530(Proj) Perfomanse
1 008 To| 24785 (s Histary...

G PR A

g ive / Jurisdiction: Distress...
Pavement T_l,lpe:| Bituminaus |z|| Func Class:| FuPr.Art.- Interstate |Z|| Maint. Area: l:l —
Median:| Man Divided |Z|| District: ¥uma |Z| NHS: [T Ervviron: Hwy Detail
Length Widtht Paved Median  R.0OMW. [, Drg.: Elevation:| 05 |Z|| Tenain:| |Z|| Geometric...
E E DHDV_E“LWEI' County: [ Yuma [+] ci/cooreooery [+ ||| _Traffe..
Divided: @ Lanes: T'k.il:l Tmi‘l:l COG: YMPO ] ke =] EU”;‘;:;LU”
= Traffic: [= ion: Age |l & (&
Shuulde;j.pe width  Thick MDT'jSSS Cunst..| 1571 ” Orig. BIT Constr |Z||
Lett [ Asphal ][ 40][ 0] || Gromn s0]% Rehab:| 1973 | 2535%C E][21] | (| hetelea
Right | Asphalt [ oe][ o] || Treks| 14)% Main:| 2000 Pudsuimam(ia) [7] 21| |8 mo=
prain|_[7] cub[ [F]sawk[ T[] || EStte T pgyad | &l
Intelsections:ljl Diriveweays: ljl Bl | A SN:| 411 | Surf: | 0.0 ‘ Jt_Sp:| 0.0 |
ESalc: il
. B Condition:
Ebeed L'm‘tljl Seasanal Clasure: [ ACZ;?: DD PsR| 445 R 2833 su 000
L POL| 500) Ru| 013] PR 9939
Prep. Activity: | |Z|| Quanlily.| U| Fric] 680 POL| 458
Remarks: |
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v By clicking on the Preview and Print buttons the user can produce reports for each
section detailing the highway definition, jurisdiction, geometrics, traffic, and overall
condition as shown below:

SECTION DATA REPORT
Subuet: All Sectlons

Highway
RT # Pux Dir ¥ FRam Oniy Soq Lame Frem 15355
- 8 e Temsn
Fram Dacc: To Desc:

Jurkdicdon

Fanc_ Closs: Ru,Proért- Inraio Elewrdon: 0.5 Moint Arer
Commy: Yuma Chyw: COLORSDOCITY Emdranmont: Dd
DMatrlen B2 Hahit. Orp  H250 Urbam Aronc

Gesmetlcs Shomlders

Width Peve. Types Typs
Lengie 5180 Pavedk 240 Bhurnkoua Lefz Hgh

Lamea: 2 RONV: 00 Hodion: Right- Hgh
Divided ypp Madiaic 1] Non Divided Dw alnage Typac

Trafilc Carstructon

APDT: 70 ESALe: 17581 Growtha3D %|| Cowmt O SN: 346
ESALm 175331  ESALe0 Tricksild2 %(| Aehab: 1833 MINAEpIGACHT Sl Thick: 0.0

Condloen
POl 442 SAE 0.0 PSh: 4.6 PDI: 435
PRI: 2209 Friction: E00 Rut Depth: 0.12 IF: 495

Dretn i Trindreg o Bl g BT
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v" To view the performance of a section, click on the Performance button (upper right side
of the form) to open a new form (form 5-2-a-p) showing the details of the performance of
the section, shown below. Click the Preview or Print buttons to access the text version of
this report.

]
4 |

BE|x] El-| &

Section Data {1920 sections in subset All Sections)

||ﬁ| |‘| 4 | )l }ll Location: 20530 ﬂ ASeIect...l EI E"

Sectio—pt e = ) o =
B‘_?, Section Performance Data
5' &l nl nl ? | Nl 4 | > | M | Fiough. Detaill Distress Detaill |
Geome Highway: Index Prediction Models:
pavill | [IB 8 E] of of @ 8 B c o
PSR 2,081 £.500 1501 4.300
From{ SRS POL* | 000D, 0000 0000 0000 s Pet |
et To| 2476 Sal: + 0000 0000,  0000| 0.000
Current # Predicted Condition: Distiesses: -
Divide Year Need RSL  Gap Dist. [index [RL ow [Fiot Moo [Fiot [righ [Fiot [<] struction
Dretails
psr:| 445 [ 2om|[ 2mi6|[ 18| 24 Erak ool o oof T oo I oo M Yy
Shoulc 2|Pach 0.0 0| oo | oo | oo M—
IRl:| 2833 3[Fh oo o 45 I r
Left: 2 poi| 500 | 2000 2o32|] 22 4|RutD ool o o1 n Photolog
Right: £ I om 0 5|Ravl 0.0 of ool I [N
) SAL: &|Load ool o oo I |
Lar FOl:| 456 2006|186 7|Lane ool 0o oo I [
PRI:| 999.9 8[Spal 0.0 ol oo M [m
L 9| PatH 0.0 o ool T r
Rutting/Faulting: 013 RutLevel | 015
Speed
todels |
‘ Prep. - T o | | T I '
Femarks:

v" Details on the roughness history and distress data can be obtained in a tabular format by

clicking on the

Fough. Detail| and Diztrezz Detail

buttons, respectively from 5-2-a-p (Section

Performance data)

P |Roughness Data Slox]
B x|=/d| 8|R|m|a| -] @l ~| |l 2| | A 41112
RT (# A (Dir |IntH Fmp |Ln|Seg [From To ‘rear |PSI [Owd|IRI-L |IRI-R (Rut-L |Rut-R |DuallSlope  |Date Speed |OpMo !
M- 8 E 1] 2 0| 20000f 21.000] 2003 4.16| | 5000 47.00) 0o0| 043 7| 0.0[2003/03/06 0 0
| 8 E 1] 2 0| 20000f 21.000] 2002 414 | 45.00| 5000 0o0| 045 [T|  0.0[2002/08/07 0 0
| 8 E 0 2 0| 20000f 21.000) 2001| 4.12| 7| 49.00| 45.00) 0.00| 013 7|  0.0[2001/0515 0 0
| 8 E 0 2 0| 20000f 21.000) 2000 4.27| | 3600 41.00) 000 013 7|  0.0]|2000/04/25 0 0
| 8 E 0 2 0| 20000f 21.000]1993| 4.27| ) 4000 37.00) 000 011 | 0.0[1993/06/09 0 0
| 8 E 0 2 0| 20000f 21.000]1998| 3.16| [T|105.00{119.00) 0.00| 024] 7| 0.0[1998/07/08 0 0
| 8 E 0 2 0| 20000f 21.000]1997| 286 [T|141.00{13200| 0.00| 030] [T|  0.0[1997/06/23 0 0
| 8 E 0 2 0| 20000f 21.000]1996| 288 [T|134.74{134.74| 0.00| 037| 7| 0.0[1998M1217 0 0
| 8 E 0 2 0| 20000f 21.000]1995| 3.05| [T|120.300120.30| 0.00| o200 |  0.0[1995/05/03 0 0
| 8 E 0 2 0| 20.000f 21.000]1994| 3.22| [T|107.07|107.07| 0.00] 0200 7|  0.0[1934/07/01 0 0
- 8 E 0 2 0| 20000f 21.000]1993| 278 ["|143.16{143.16) 0.00] 0.20] 7| 0.0{1993/06/23 0 0
- 8 E 0 2 0| 20000f 21.000]1992| 3.04| [T|121.50{121.50| 0.00] 015 7]  0.0[1992/07/01 0 0
| 8 E 0 2 0| 20000f 21.00001991| 294| [|129.92{129.92| 0.00] 0.20) 7| 0.0[1991/07/01 0 0
| 8 E 0 2 0| 20000f 21.00001930| 3.51| ) 8662 86.62| 0.00] 010) 7]  0.0[1990/07/01 0 0
| 8 E 0 2 0| 20000f 21.000]1989| 356 7] 83.01| 8301 0.00| 008 [T 0.0[1983/07/01 0 0
| 8 E 0 2 0| 20000f 21.0001988| 3.61| 7| 79.40| 79.40| 0.00| 010) ]  0.0[1988/07/01 0 0
| 8 E 0 2 0| 20000f 21.00001987| 366 7| 75.79| 75.73| 0.00| 0a0| ] 0.0[1987/07/01 0 0
I-I 8 | E 1] 2 0| 20000f 21.000]1986| 3.85| ) 63.76] 63.78| 0.00 0.12| |  0.0[1988/07/01 ] 0
4 L3

Total Records: 160
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| /| Distress Data

- . .
EEREEEREREDE R

%

g Segment:
I RT [# Aux |Dir[Int# |[Rmp  |Ln |Seq |From To Ovwd|Date
g E 0 2 0] 20.000( 21.000{ 2003|BIT 3.87| [|2003/0114
I- g E 1] 2 0 20,000 21.000| 2002|BIT 414| ["|2002/01/09
| g E 1] 2 0 200000 21.000] 2001 |BIT 466 ™|2001/07/01
| g E 1] 2 0 20,000 21.000] 2000|BIT 5.00| |2000/07/01
L | g E 1] 2 0 20,000] 21.000] 1999|BIT 500 ™|1999/07/01
| g E 1] 2 0f 200000 21.000] 1998|BIT 251| ™|1998/07/01
I- g E 1] 2 0 20,000 21.000] 1957 |BIT 251| [™|1997/07/01
I- g E 1] 2 0 20,000 21.000] 1996|BIT 251| ™|1996/07/01
| g E 0 2 0] 20.000f 21.000{1935)BIT 251 T [1995:07:m
| g E 0 2 0] 20.000f 21.000{1934]|BIT 3.22] T [199407:m
| 8 E 1] 2 0] 20000 21.000 I REEE R
4
Distresses:
Crak Pach Flzh RutD Ravl Load Lane Spal PotH
L. 60 00/ 40 00 00 1.0 40 00 00
k: 00 00/ 00 00 00 00 00 00 00
H:| 00 00/ 00 00 00 00 00 00 00
Indes| 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00

7  Total Records: 125

v" To plot the pavement performance of this section, click on the Plot button (upper right
side of the form 5-2-a-p, Section Performance Data) to view the historical and predicted
future performance. The following screen shows the PSR and PDI and PQI historical
and predicted data for the selected section as well as construction and maintenance
historical projects between years 1994 to 2014. Click the Print and Preview buttons as

required.
_taix]
uli| & B| =[] Al | ] 2] |
Indes:
¥ psr
¥ poI .
e B e TR e R P P PP TR R R
W ral
Send Data
G
ad T S\PERP
Years: : :
From:| 1334 = “ _ é ; :
— g : P RO
To | a4 [ A g d P
Inclex i B : :
™ Regression B TR '3 H ! O
= ! ' Palp
Index: 0.0 Y ¥y 2 ! !
g Z . .
“ear. 0.0 = = E | H
g F A b
o 5 2 = H H AFERh
Ao iglgg G
a : 2 = by H |
: = = . . Weoh
H H H
] g1 N
i 2 2 o
Z 2
Calculate - 2w Z : :
' ' FQih
Clear | Save | g g % é (]
222 N P
& 4 £ g : :
L1 A 2 B i i
g £ & £ . . WPoase yr
o | | | | | | | | | | | | | | | |
I I I | I I I | I I I | I I I |
1994 1998 002 006 010 014
2005110113 ear
Section:- & 00 ED_20.530 - 24 765
™ Include future activity: | 152 540 |z|| inyear | 2000 E | I‘ I
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Question 15

Tabular Reporting of All Sections
Different attributes and performance parameters can be extracted for the sections within
the section data view in a tabular format for further exporting. To illustrate this tool, you
are requested to produce the highway definition, pavement type, and most recent PSR,

PDI, and PQI performance data for all sections in a tabular format.

Answer:

v" Go to the Section / Table View menu to access the Section Table View form 5-3. This
form allows reporting of specific types of data in a tabular format and it is easily

customizable.

E’?, ADDT Pavement Management System (6.51) ¥FP

File Tables Models Highway | Section Analysis Feedback ‘Window Help

Section Yiew Creation..,

Dietail Wiew...

Statistics. ..

List Reports. ..

Performance Graph. ..

Graphic Reports. .,

Excel Pivok Table. ..

Map Display. ..

v The following screen will display the last user layout:

E’,", Section Data Browse -- Subset: All Sections {1920 sections)

=1o1x]

| Layout:| Default Field Set
[rata Yiew: | FY0005 - Dctober Training - Base vr 2000

Subset | 411 Sections

[=] =
Data Vievl

Sort: | Highweay |z| ‘?l

Order: & Ascending € Descending

|z| @?Subset... ™ Use Grouped Sections Section Details |

RT [RT_Mum|Aux (D [Fram Ta Age|lR] FPavemt|Width[Lanes
M- g E 0.000 2.420| 23| 45.81|BIT 24.0 2
- g E 24200 10180( 28| 41.83|BIT 24.0 2
- g E 10.180) 18.180( 17| 45.24(BIT 24.0 2
I- g E | 18180 204530) 17| 37.80|BIT 24.0 2
I- g E | 205300 24765] 21| 28.33|BIT 24.0 2
- i E | 24765 28.000) 21| 2612|BIT 24.0 2
- g E | 29.000] 33.035) 12] 8413|BT 24.0 2
- g E | 33.025| 37.080) 12] 49.61|BIT 24.0 2
l- 8 E 37.050| 45080( 21| 25.90(BIT 240 2
l- g E 45.050| 53.080( 21| 25.50(BIT 24.0 2
I- g E 53.080| &5.320( 21| 27.53|BIT 24.0 2
- g E 55.320) B3.320( 11| 64.49(BIT 24.0 2
- g E §3.320| B6.000( 11| 81.66(BIT 24.0 2
- g E G6.000) 72.000( 5| 35.75(BIT 24.0 2

By Layout
v' Click on Layout w button.
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v" Form 5-3-f will appear to allow for the selection of the required fields. This form allows
the user to define its own table from a large number of fields to select from. The fields
can be added or removed by selecting them and clicking on the arrow buttons to add or
remove them (middle of the form) from the Section Data Browse form.

77 |Field Selection ~10| x|

| %l Xl Layout:| Drefault Field Set |z|
Available Figlds: Selected Fields:

Huwy 10 County - Huy [D: Route Tupe
Huway 1D County Seq. # Huw ID: Foute #

Hwy ID: Interchange B Huw ID: Route Aus. 1D

Hwwy 1D: Ramp 1D Huuy [D: Direction

Lane I Begin Distance

AGE From Last G Activity
AGE Since Last Construction

End Distance
AGE

AL

Accident Yalue IR

Activity [Construction) Pavement Type
Activity [Lazt Maintenance. ] < Width [Paved]
Activity [Last Rehab.) Lanes - Mo, of

Activity Default (Rehab)

Activity “rear [Construction]

Activity Year [Maintenance. ]

Activity Year [Rehab.)

Adminstrative Spatem

Begin Description =

P Tl [ 1
d Selection

==

Data View: |

Subset: l

Available Fields: |
RT |RT_Mur POl Year 15 [Predicted) lz‘
POl Year 16 [Predicted] |
POl Year 17 [Predicted] i
POl Year 18 [Predicted) ;
PGl Year 19 (Predicted) I
POl Year 20 [Predicted) !
PSR Coefficient & -
PSR Coefficient B ! IR
PSR Coefficient C i ;I Pavement Type
PSF Coefficient O — ‘width [Paved)
PSR Deterioration Gap I:‘ £ |Lanez - No. of
PSR Deterioration Rate )
PSR todel Default
i Meed Year
PSR Percent Remaining Lite

PSR Year
PSR Year 1 [Predicted)

Selected Fields:

Huwy ID: Route Type
Hwy ID: Route #

Huwy |D: Route Aux. 1D
Huwy 1D Direction

~ Beqin Distance

» | EndDistance

AGE

1k
J POl Most Recent
; PSR Mast Recent
t
i
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Close form 5-3-f and form 5-3 will appear including the layout specified as shown below.
You can then export this data for use with other applications by clicking on the Export

button and specifying a file name, type and location.

% section Data Browse — Subset: ll Sections {1920 sections) =10l =]
Layout; | Default Field Set |Z| Bl Layout | Sort: | Highway |ZI il
Drata View: | 0005 - October Training - Base Yr 2000 A Data Vievl Order: % Azcending € Descending
Subset | 411 Sections |Z| E?Subset... I™ Use Grouped Sections
RT [RT_Mum|Aux (D [From To Age|lR1 Pavemt|Width(Lanes|PDI_MREM|PQI_MREM|PSRE_MRM ﬂ
oI g E 0.000 2.420( 23| 4581|BIT 24.0 2 5.00 4.3 414
I- g E 24200 10180 28| 41.83|BT 24.0 2 5.00 4.37 4.21
I- g E | 10180 18.180] 17| 45.24|BIT 24.0 2 5.00 4.33 416
- i E | 18180 20530) 17| 37.80|BIT 24.0 2 5.00 4.42 4.28
- i E | 205300 24765) 21| 28.33|BT 24.0 2 5.00 4.46 4.45
- g E | 24765 289.000) 21 2612|BIT 24.0 2 5.00 4.54 4.449
- g E | 29.000] 33.035) 12] 8413|BT 24.0 2 4.74 4.15 4.00
- g E | 33.025| 37.080) 12] 49.61|BIT 24.0 2 4.55 417 4.08
- g E | 37.050| 45.080) 21] 2580|BIT 24.0 2 4.68 4.42 4.449
- g E | 45.050] 53.080) 21| 25.80|BIT 24.0 2 5.00 4.60 4.50
- g E | 53.050| 55320) 21| 27.83|BIT 24.0 2 5.00 4.58 4.47
l- 8 E 55320| B3.320( 11| 64.48(BIT 240 2 3.85 3.84 384
l- 8 E 53.320| EB.OOO| 11| 81.66(BIT 240 2 366 360 358
l- g E GE.000) 72.000[ & 35.75(BIT 24.0 2 4.80 4.42 4.32 _ILI
4 ¥
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Question 16

You are requested to produce and print Maintenance History Report for the entire
network.

Answer:

v" Formatted reports can be produced using the List Reports form 5-5, accessed via the
Section/ List Reports menu.

P Section List Report

&R s| &l 2
Report Type: Performance History Report:
|Maintenance Histary E| Year: From| 2005 = Format: & |ndex Only
1o 2005 = ((: Digtress Only
Options: Combined
Order: €7 Ascending
Order: & fscending € i
zoending €7 Descending AdHoc Report:
[ Exclude Sections With Zera PQI E _;l ﬁ
Description: |AADT |Z||

Subzet:

|A11 Sections |ZH & Subset... |

T Use Grouped Sections

[ ata Wiew:

| Fy0005 - Dctober Training - Base v 2000 ‘ Data Viewl

v" From this form, different types of reports, including the performance history,
rehabilitation needs, sections data, etc., can be accessed via the Report Type pick list.
A screen capture of the reports available via the Report Type pick list is shown below.

x4
&|R|
Report Type: Performance Histary Report:
X ‘Year: From:| 2005 =+ Fomat: & [ndex Only
To | 2005 € Distress Only
Oider € scerd € Combined
o Distress Data ol (B ] .
Remaining Service Life @ Descending ml
Frehabilitati 4
Ad-Hoc Report:
o=
Description: |MDT |Z||
Subszet:
|All Sections |Z|| B Subset... |
T Use Grouped Sections
D ata View:
| Training on Building S0 | Cata Viewl

il
v All reports provide a list of the sections sorted by a number of different parameters, such
as the highway definition, performance, and traffic.
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v" The Maintenance History Report for All Sections subset is shown in the figure above. .
You can then export this data for use with other applications by clicking on the Export

button and specifying a file name, type and location or you can view the data by
clicking the Print and Preview buttons as required. The following form will be displayed:

¥ Report Designer - sec_mnth.frx - Page 1

x]
A o [ ] B | &
[
S ADOT PHIS 2005/10113
ADDE Section Maintenance History Report

Subset: All Sections

Highway:
RT # Aux Dir In# Ram Cnty Seq From: 0.000
- 8 E 7 Te 242
Length: 2335 Lanes:2 Pave. Type: BIT Func. Class:INR Maint. Org: Yuma
Width: 240  Lane ID: PSR 414 PDI 500 Pal 431
Last Rehab: 1577 /OC-BIT Year  Date Activity
1896 19960703 PremixPatch (101)
1997 19570109 PremixPatch (101)
1897 19971020 Level wPremix (102)
Highway:
RT # Aux Dir It Ram Cnty Seq From: 2420
8 BT T T T 1t
Length: 7813 Lanes:2 Pave. Type: BIT Func. Class: INR Maint. Org: Yuma
Width: 240  Lane ID: PSR 4.21 POl 5.00 PQl 437
LastRehab:1972 /OC-BIT Year  Date Activity

1896 1996/07.03 PremixPatch (101)
1897 1997/0109 PremixPatch (101)
1897 1997/09.09 Tight Blading (112)

: | o
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Question 17
Graphical Reports
You are requested to generate the following graphical reports.
= PSR performance distribution by index range - @ 1.0 points — 5 bins

= PSR performance distribution by Category - 4 ranges: Poor (<2.0), Fair (2-3),
Good (3-4), and Excellent (4-5)

» Pie chart showing needed distribution by year in terms of the PSR.

Answer:

v All graphical reports for the network at the section level can be obtained via the “Section
Graphic Reports” form 5-7 accessed via the Section / Graphic Reports menu.

v A variety of graphical reports can be generated illustrating the network condition via the
“Section Graphic Reports” form, shown below.

W, sectional Graphic Report

3I e
Graph Type: Index ta Flat;
‘ Performance Distribution |z|| [T Psr
& Humeric Ranges o
[ ral

€ Condition Categories
[T Critical Distress

I Exclude ho Data

Subset:

ALl Sections [ Bsubset..|
r hiuttiple Subssts... T use Grouped Sections
Data View:
| F0005 - October Training - Base Yr 2000 | Data V\evl

Categoriesé—button. The “Index Category Ranges” form is then displayed.
For this exercise, we will leave the settings on this form as they appear. Click OK to
close this form.
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o m
¥ Index Category Ranges =l % Index Category Ranges

EI il rnnww " 3-1-cat EI il il ™ Apply Change t-;:-;‘ 7‘:: ¢ 3-1-cat
|

Gondition Gategory Numeric Ranges Condition Category || Mumeric Ranges
ﬁufHanges.Iﬂ Categaries: m Route:
PSR FOI sal Pl IRl I Category PSR FOI 54l Fal IRl
t0o¢=| 1o [ voo| [ 1e0] [ 100 »<[ 250 1:| [ Poor [[«<=] 2m| = 2m| | 2m| [ o000 = 2s0m]
2 «=| z2m| | zo| [ 2o | zo0] .| 15000 2| Fai [[«=| 20| zma| | 3o00) | s000) »- 15000
3 <=| 300 [ 3o [ 3o [ 300]s=[ 10000 3| | Giood [[«=| 40| = am| | 400] [ s000) - v0000
g <= 400 [ 400 | am0) | 40| ><| sam| | || Excelent |{¢=| so0] | soo| | 50| [1o000] =) oo0
5 <[ sw| [ sm0| [ s [ 5o -] om] 5| | <] | | | | | | | > |
& <[ B00] [ e08] [ Em) [ 608 »-[4m0m &|| | <= | | | | | | | >=] |
7 «[ 380 [3m| [ 3m] [ 35] »-[Fmm] 7| | <] | | | | | | | > |
g <[ %m| [ #0o] [ #m] [ 409] »-[zon00] & ||« | | | | | | | »] |
3 <[ 450 [#50] [ %] [ 4% >-[10am) IN = | <= | | | | | | | >=] |
10 <=[_5m) [ 8m| [ 50 [ 00| »-[ om] HINRTT | <= | | | | | | | ><] |

The requested plots are as follows:

PSR performance distribution by index range - @ 1.0 points — 5 bins.
Click on the PSR check box iui ier rii ht portion of the “Section Graphic Report” form)
then choose the Plot button m to display the graph shown below.

1
E’F, Sectional Graphic Report

iI i

Graph Type:

| Performance Distribution

& Numeric Ranges

¢ Condition Categories

Ranges / Categories |

T critical Distress

[ Exclude Mo Data

Subset:
|All Fections |z|| @Subsat...l
(| Muttiple Subsets... ™ Use Grouped Sections
[Drata Wiew:

g | Fv0005 - October Training - Base ' 2000

| Diata \u"ievl
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E’?, Sectional Graphic Report (ol x|

[ W PSR Awg: 3.6 bile: 7865

. PERFORMANCE INDEX DISTRIBUTION
| 2
&

E

4000
iy 3z00 4

Iﬁ i, 2400 o
!I 1800 H

Indes:
[ psk 800 1
I~ POl
[ Pl 0
0-1.00 1.01-2.00 2.01-3.00 3.01 - 400 4.01-5.00
I_D(i:srtr::ecsasl 200510412 - Indde: Range i i )
Eta ViEwe: FY000S - October Training - Baze ¥r 2000 Subset: All Sections (1920 sections, TEES Mi )

% Mumeric Ranges ( Condition Categaries | Fanges / Categories...

v Also you can display this distribution in a pie chart form by pressing the Pie Chart
button!l on the left side of the screen.

E’?, Sectional Graphic Report 13l x|
:-Ill ? | PERFORMANCE INDEX DISTRIBUTION

=] 0.0%

=] 0.4%

Ho-100
iy Biot-200
A

Index: Bz01-400
¥ PSR

" FoI

I ra Bao-s500
I critical )

. PSR Avg 3.6 Mile: 7665
Distress ||y 300G P05 - October Training - Baze ¥r 2000 Subset: All Sections (1920 sections, 7955 Mi )

| Mumeric Ranges | Condition Categories | Fanges / Categories...
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PSR performance distribution by Category - 4 ranges: Poor (<2.0), Fair (2-3), Good
(3-4), and Excellent (4-5).

Remove the check mark beside the Numeric Ranges check box (upper left portion of the
“Sectional Grai hic Report” form) and select Condition Categories then choose the Plot

button to display the graph shown below. You may need to click the

“Condition Categories” radio button at the bottom of the graph to view the Condition
ranges.

E’?, Sectional Graphic Report ;Iglil

: PERFORMANCE INDEX DISTRIBUTION
.Ill ?l [ W PSR Awg: 26 hile: 7665
=i

<4000

i

lﬁ ] 2400
!I 1600

Indes:
¥ PsR 800
" FOI
[ P o

)
[

F200

Poor Fair Good Excellert

I critical
. Inclex Range

Distress || 20084012 £v0005 - Octaber Training - Base v 2000 Subset: All Sections (1920 sections, 7965 Mi ]

" Numeric Rangss ' Condition Categorir Fanges / Categories...

* Pie chart showing needed distribution by year in terms of the PSR.

2 il
Graph Type: Index ta Plat:
Meed ear Distribution |Z| ¥ PsR
[ Foi
" Fa

[ Critical Distress

I Exclude Mo Data

Subset:
A1l Hections |Z| @Subset...l
(] Muttiple Subsets... ™ Use Grouped Sections

[Drata Wiew:

FY0005 - Dctober Training - Base v 2000 Data \u"ievl
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v If Figure 5-7 is selected leave the check mark beside PSR but select “Need Year
Distribution” from the drop down list under the Graph Type on the upper left side on the

form. Click the Plot button to display the graph shown below. Note, the Plot

button will not become available until you choose PSR, DMI or PCI.

E’?, Sectional Graphic Report N [=] 5I

Mk
&

[y
m
[ ]
Indes:
¥ Psr

™ Poi
[ P

™ Critical

MEEDS DISTRIBUTION

00

400

o300
hdi

200

100

o

2005 2007 009 n 03

Meed Year

Distress

ZDD?é%I%ew: F40005 - October Training - Base r 2000 Subset: All Sections (1920 sections, 7865 Mi )

“rear From:

205 | vearTo: 20131 lu

v The resultant graph may be a bar chart as shown in figure above. To view a pie graph

simply click on the Pie Chart button !I

E’-_?, Sectional Graphic Report =] |
:_|l| ? | NEEDS DISTRIBUTION
- 134, 10.2% ¥ 005
1 z008
iy W zo07
A B zo0s
ﬂl 0 zo00
I. W zo10
Index:
[V PSR .
I~ FDI v o
I ra 0z
[ critical )
: PSR Mile: 3140
Distress || (2009001200005 - Dctaber Training - Base ¥r 2000 Subset: Al Sections (1920 sections, T955 Mi |
“r'ear From:

2005 VearTor 2013 iu
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Question 18a — gis maps

You are requested to display the entire state of Arizona road network using the GIS
module in the HPMA
Answer:

v" Go to the Section menu and choose Map Display... from the drop down list.

E’F, ADOT Pavement Management System {6.51) ¥FP

File Tables Models Highway | Section Analysis Feedback ‘Window Help
ﬁ Section Yiew Creation,..

@ Detail Yiew, ..
7] Table Yiew. ..
Statistics. ..

List Reports...

& Performance Graph. ..
igh Graphic Reports. .,

[ze] Exxcel Pivat Table...

v Select the appropriate Section Data View from the main screen (5-9) and click on the
Disflay  putton. In this case, SDV FY0005 should be used

|”

Map Display For:

Drizplay

Drata Wiew:
Fro005 & vear Analysis - Baze Year 2000 ‘ [rata Vievl
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v The following base map should be displayed

E’?, Map Yiew (SD¥}: FYDOD5 5 Year Analysis - Base Year 2000

HEFERN e R R

<l
[~ DISTRICTS N

v COUNTIES

Dizplay Mouze Hover Data:

—
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Question 18b — gis maps
You are requested to display the network condition, in term of the most recent PSR, for

ADOT road network on the GIS map. The condition should be displayed in 5 bins as
follows:

Range Display Color
<20 Red

2.0to 3.0 Magenta
3.0to 3.5 Green
3.5t04.0 Blue

>4.0 Yellow

Answer:

v" From the drop down Field Selection menu, select the PSR Most Recent, and then click
on the | = button.

ke Year 2000 ol x|

] ;E Eﬂgl‘l@lﬁ fl> EINone j%lNone j
,—‘—.L; AR [Previous Year] a

PSR [Previous] ‘l

PSA Deterioration Gap
P5H Deterioration B ate

F5R Most Becent
F5F Meed Year
P5F Percent Bemaining Life -

v" On the Map Color by Range Value screen, you need to:
= Specify the number of bin —in this exampleitis “5”.

= Define the bin limits by entering them in the range limit boxes in an ASCENDING
order. Note that the last Range Limit has to be the maximum value of the PSR
scale.

» Define the line thickness and the color of each bin by clicking on the color field. A
pop-up screen with the color palette will be displayed for the selecting each color.
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¥ Map Color By Yalue Range | P¥Map Color By ¥alue Range |

Ranges For: PSR Most Recent

Mumber of Fanges: =

Ranges For: PSR Most Recent

Mumber of Ranges: =

Range Limit Calar Line Thickness R " - EIEI 3%
2.000 B azic colors:
2000] - Sl el

s

||

= | wm

o =

':‘ =
L -

o
i ‘ =]
- =
(S =1

—_
()

7
1.500

o

3289

w

513 3 1
ITITI—IE_TI__!—H—ITII—H—\

i

Define Custom Colors »» |

T ] I Cancel | el

]
e

Cancel
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v Click OK button and the map should be displayed as follows:

E’?, Map Yiew (SD¥): FYOD05 5 Year Analysis - Base Year 2000

W ROADS
A
[~ ROADS-BKGD
e
¥ CITIES
O
[~ COGS
O
[~ DISTRICTS

|

v COUNTIES

Dizplay Mouse Hover D ata:

—
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Question 18c — gis maps

You are requested to display the proposed work program by year starting from the year
2000 through 2007. Each project should be labeled by the proposed treatment in that
year. The final map should be zoomed to show the area around Phoenix

Answer:

v Similar to the previous question, from the drop down Field Selection menu, select the
Treatment Year (Proposed), and then click on the = button.

v Assign the number of ranges should be set to “8”, which is the number of years starting
2000 though 2007

v Assign different colors and line thickness for each bin and press OK.
v" The main map will be displayed with the projects highlighted by year

v" From the Select Label pull down menu, select Treatment ID (Proposed), as follows:

E’?, Map Yiew {SD¥): FYODO05 5 Year Analysis - Base Year 2000 _ ||:||1|

ﬂgl@lgl ’]5 o {ﬂ-?_i__'l _E_E'l] ;E Ec g 4 IE ﬁl = ITreatmentYear Il 'l L& Treatment D (Prilg E Moane -

Traffic: Comnm Yehicles -

Treatment Activity [Proposed)

Treatment Cost [Proposed)

Treatment |D [Proposed)
Treatment Modifier

/ Treatment 'ear [Proposed] _I

Trh. Lane 2

[~ DISTRICTS

¥ COUNTIES
L

Diizplay Mouse Hover D ata:

I None 'l
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v Click on the button to display the Labels Properties screen, and choose the
Optimized Placer option and then click OK, as follows:

E’F, Map Display Label Properties

Label Properties For: Treatment 1D [Propozed)

' Optimized Placer

V¥ Mask Labelz  Mask Colar: I:l
" Standard Labeler

Text Calar:

Font: | Arial

Size: [~ Bold
™ Rotate: El

| Spline

g [ 3]
59

B
I
S
o
-]
2
e
:3.
-
E
ol
B
L]

v ROADS

L3

[~ ROADS-BKGD

3

v CITIES

O

[~ COGS
O

[~ DISTRICTS
O

[ COUNTIES
0

Dizplay Mouse Hover Data:

—
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v On the main screen select the |2 button for zooming, and select the rectangular area to
zoom in:

g’rﬂ Map ¥iew (SD¥): FYODO5 5 Year Analysis - Base Year 2000

ﬂ Qﬂ% ’“Iﬁ [i ] w . 1 & ] ;E Elgl 4 @lﬂ EI Treatment Year [Ij EI Treatment 1D [Pre It

2
'\
j‘;b
Vet d
ACFCAGE:

RR ;CRRPAC*FC g
%% i
%

[~ ROADS-BKGD

P
¥ CITIES

5 :
[ COGS =

]

DISTRICTS mni
: A s s

[ COUNTIES
0

RR fp

Dizplay Mouse Hover Data:

I Maone 'I p.RFg-
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Question 19 — Creating Subsets
You are requested to create a subset for the flexible pavement sections located beyond
milepost 90 on I-10 W direction.

Answer:

v The “Subset Selection” form SS can be accessed via a number of different forms in
the HPMA software. As an example, the subset definition form can be accessed via
the Section/ Section Detailed view menu and then clicking the Select/Define Subset

button M to open the “Subset Selection” SS form.

E’ﬁ Subset Selection x|
Ol 3| ;
Subset:
|All Sections ;]
Count |
QK. I

v' To define a new subset, click on the Add button and the “Subset Builder” form will be
displayed. You can now specify the parameters defining the required subset and choose
a name for the subset.

v' To create the subset, click the Add button to add a record then specify the Field, the
Condition, the Value and the Logic as shown below. Hint: you will need to click the Add
button to create each row in the subset definition.

v Enter a name for the subset beside Description (Training Arizona Subset) and then click
the Verify button to ensure the subset definition is valid.

x|
* | nl Werify |
Orded [ Fields Condition Walue Logic ;l
LI Hey ID: Route Type = Interstate AND
Hum 10: Route # = n AND
Hug 10 Direction = Wwiest AND

Begin Distance

r
n

30.000

AND

| e L | P2

Pavement Type

Bituminous

Descriptar: | Training_Anzona_Subset

kK.

Cancel |

v Press OK when your subset definition is completed - you can click on the Count button
to view the number of sections within this subset. There should be 61 sections.
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Question 20 — Creating Subsets
You are requested to create a subset for the flexible pavement sections located on 1-10 or

I-8 W direction where the PSR most recent is greater then 3.5.

Answer:

v The “Subset Selection” form SS can be accessed via a number of different forms in the
HPMA software. As an example, the subset definition form can be accessed via the
Section/ Section Detailed view menu and then clicking the Select/Define Subset

button M to open the “Subset Selection” SS form.

E’F, Subset Selection

O =[] =]

Subset:

7 lx

gctions

Count

()3 |

v" To define a new subset, click on the Add button and the “Subset Builder” form will be
displayed. You can now specify the parameters defining the required subset and choose
a name for the subset.

v' To create the subset, click the Add button to add a record then specify the Field, the
Condition, the Value and the Logic as shown below. Hint: you will need to click the Add
button to create each row in the subset definition.

v Enter a name for the subset beside Description (Training Arizona Subset) and then click

the Verify button to ensure the subset definition is valid.

| P
77Subset Builder

x|
o x| = =] veily |
Orderd [ Fields Candition| Yalue bl Lagic ﬂ
y 1 Hway ID: Route Type = Interstate AND
[ Hewy ID: Route # = 10 aR
Huuy |D: Route # = a ] AND
Huay |D: Direction = Wwiest AND

(=] R NN O )

Pavement Type

Bituminous

AND

PSR Most Recent

wr
n

350

Diescriptor: | &nzona training _01

ok | Cancel |

T

v" Press OK when your subset definition is completed - you can click on the Count button
to view the number of sections within this subset. There should be 122 sections.
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Corrective Maintenance Analysis & Reporting
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Corrective Maintenance Analysis & Reporting

Question 21
You are requested to perform a Corrective Maintenance analysis for all Interstates

Routes.

v" The Maintenance Analysis Module provides maintenance activity planning based on a
single year maintenance budget.

v The maintenance programming function is directed towards determining maintenance
needs based on condition (surface distress) data and analysing the effects of financial
constraints on network performance. There are two steps to the analysis:

1. Needs Analysis where the maintenance needs are defined based upon
the distresses evident in the pavement and appropriate treatments
selected.

2. Budget Analysis where the annual maintenance program is developed
using the constraints of budget and performance.

Analysis Parameters

For this case study, the Needs Analysis and Budget Analysis parameters are defined on
the screen 6-1 “Maintenance Analysis, Needs Analysis tab, as follows:

Answer:

A list of maintenance activities that are commonly used in ADOT and a set of
maintenance decision trees were first set.

The hierarchy that defines competing treatments was selected.

A separate SDV having the min. length of 1.5 miles and the maximum of 4 miles was
built.

A subset with all Interstates Routes was created.

Budget limit for Budget Analysis was set at $ 500,000.

Budget Analysis:

v" Go to the Analysis menu and choose Maintenance Analysis from the drop down list

DT Pavement Management System (6.64) ¥FP

ables Models Highway Section | snalysis Feedback window Help

Maintenance Analysis...

M M&R Alkernatives Analysis...
g Optimization Analysis. ..

B Project Level Analysis,..

v" The following screen shows the analysis parameters set as described above.
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B’?, Maintenance Analysis ﬂ

ki

Needs Analysis Budget Analysis

Analysis:

Parameters: Besults exist: g.ﬂ\nalyze |
ForyT | Replace all analysis results \-’iew Log |
BRI [T Exclude Optimized Sections for n= U
- [T Exclude Sections Witk Programimed Work Browse |
Decision Trees... |

Activity Hierarchy. .. | Reports:
% Meeds Analysis Feport %l @.l

Sort by T,
% Highweay

T Summary Analysis Report...

—

,/ e
Subset:
@ | | Interstate_Routes

\ [T Uze Grouped Sections

v Click on the Analyze button M in order to start the Needs analysis process.

- s — - .
E’F, Maintenance Analysis

X

Needs Analysis Budget Analysis

Analysis:

Parameters: Results exist
(| Replace all analysis results p
e Eriew Log
wl |_ Exclude Optimized Sections for _l,lrs -

| el 77 Maintenance Need Analysis, Press <Esc> to abort: 1 il M
l- 10 % 00 299.000- 302.000

Activit
| = NNENNEENEEENR
G-M 44% &l
% Highway
" Summary Analysis Feport...
Subset: Data Yiew:

] El | Interstate_Routes
B

I Use Grouped Sections

al

v Verify - the log file as shown in the next figure:
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% ¥iew File: mntanal.msg

@l El ﬁl IElcn:kman e E
I-

4an 1) a0 267.500 - 270.000
Treatment: Friction Course AR

I- 4n 1) oo 270.000 - 274.000
Current distress walue iz out of date. Analysis skipped.

I- 40 1) oo 274.000 - 275.000
Current distressz walue is out of date. Analysis skipped.

I- 4an 1) a0 278.000 - Z280.000
Treatment: Friction Course AR

I- 40 i o o 250.000 - 284,000
Treatment: Friction Course AR

I- 40 1) oo 284.000 - Z28§.000
Treatment: Friction Course AR

I- 4n 1) oo 288.000 - Z292.000
Treatuent: Friction Course AR

I- 40 w00 292.000 - Z96.000

v" Note: As shown in the log file some sections have not been considered in the analysis
and have a statement “Current distress value is out of date. Analysis skipped”. The
reason that those sections were not analyzed is that they had some sort of maintenance
or rehabilitation done after the performance data was collected. (i.e. the as built date is
more recent then the date of the performance data.)

V7 Maintenance Analysis

Meeds Analysis | Budaet Analysis

Analysis:

Parameters: Fesults exist: g.ﬂ.nalyze |
- Replace all analysis resuts .
- | [Er Wiew Log |
Activities... [T Exciude Optimized Sections far _l,lrs =
L. [T Exclude Sections With Programmecd \vark Browse |
Decision Trees... |

Activity Hierarchy. .. | M
¥ {Needs Analysis Report
G - M Interaction. . | < Sortby: T CE.

@ Highway
\lemary Analyziz Report...

8| R

Subszet: Data View:

%l | Interstate Routes |Z|| @I |.-’-\DDT_1Year Analyzis_Baze vVear 2006

[T Use Grouped Sections

v" Two reports can be generated based on the Maintenance Needs Analysis performed, as
shown in the figure above:
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1. Needs Analysis Report which presents the outcome of the decision trees. Each

section of highway is reported as well as the selected treatment(s), cost and
cost-effectiveness. The user can choose to report in highway order or
descending Cost Effectiveness.

2. Summary Needs Analysis Report: presents the results of the needs analysis
grouped by maintenance activity.

v" To print or preview the Needs Analysis Report use %l or ﬁ button located under
Reports Box of the form 6-1 as shown in the following screen capture:

% ADOT PMS 2006/0314
ADDE MAINTENANCE NEEDS ANALY SIS REFORT
Subset: Interstate_Routes
Hig hway
RT # Aux Dir In# Ram Cnty Seq From To Lane
Maintenance Increase
Year PDI Activity PDI Cost(})  Area C.E.
After Maintenance PDI : 5 Total Cost: $ 14396
| I- g WY 175.000 178.330
2003 475 Friction Course AR 0.25 13654 36835 066
After Maintenance PDI : 5 Total Cost: $ 13654
[ E 0.000 3000 \
2003 420 Friction Course AR 0.80 20177 5668 4120
After Maintenance POl @ 5 Total Cost: $ 20177
[ o E 3000 7.000 \
2003 285 Friction Course AR 215 52422 14725 11.444
After Maintenance ppl @ 5 Total Cost: $ 52422
[ E 7.000 11.000 \
2003 304 Friction Course AR 1.96 45845 12878 11.826
After Maintenance PDI : 5 Total Cost: $ 45845
[ ]

v To print or preview the Summary Needs Analysis Report use %l or & button
located under Reports Box when Summary Analysis Report check box is selected. The
following report will be displayed:

% ADOT PMS 2006/03/13
ADOT MAINTENANCE NEEDS ANALY SIS SUMMARY REPORT
Budget: Subset: nterstate_Routes
Subset Activities Cost Area
Interstate_Routes Seal Coat (107) 527628 15522
Friction Course AR § 7346005 2063478
Totals $ 7373633 2079000

206



Budget Analysis:

v" From screen 6-1 click on Budget Analysis tab, click on Add budget Scenario button and
define the budget scenario as indicated in the form below.

V¥ Maintenance Analysis X

2

Meeds Analysis Budget Analysis

i I .
Budget Scenari —;
- E’?, Add Budget Scenario x|
@2

A 6-1b

Budaet_Correcti Budget Scenario:
| |D: | EBlOG

Drescription: | Budget_Cornrective_Maintenance |

I k. Activi Budget: | 50CO00

Analysis:

Subset:

%I | Interatate_Routes IZ”

[T Use Grouped Sections

Data View:

@l | ADOT_1Year Analysis_Basze Year 2006

v/ Start analysis process by clicking on the Analyze button b€ Analpee

E’-_?, Maintenance Analysis

2|

Meeds Analysis Budget Analysis
Budget Scenario: Reports:
= . . & Mairt. Program Report
=¢?| x| ID:[BIG | Budget 500000 gram Fep
- Soit by & CE.
|Budget_Ennective_Mainlenance |z|| " Highway

€ Cost Summary Report...

Analysis: él &l
I Mairt. Activity Prioritized by | Activity Priority... |

< &Analyzel ) faly Pl |

\/
Suffzet:
| Interstate_Routes
J7 Use Grouped Sections

v' Two reports can be generated based on the Maintenance Budget Analysis performed as
shown in the figure above:
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1. Maintenance Budget Analysis Report which presents the outcome of the

decision trees. Each selected section of highway is reported as well as the
selected treatment(s), cost and cost-effectiveness. The user can choose to
report in highway order or descending Cost Effectiveness.

2. Summary Budget Analysis Report: presents the results of the Budget

analysis grouped by maintenance activity.

v To print or preview the Maintenance Budget Analysis Report use

§| or & button

located under Reports Box when Maint. Program Report check box is selected. The

following report will be displayed:

Q ADOT PMS 2006/03./14
m MAINTENANCE BUDGET ANALY SIS REPORT
Budget scenario: Budget_Corrective_Maintenance
Total budget: § 500000 Total used: § 495234
Subset: Interstate_Routes
Highway
RT # Aux [E In_tﬂ RL'“ (ﬂy&q From To Lane
Maintenance Increase

Year PDI Activity PDI Cost($)  Area C.E.
[ 1o Wy 255.000 259,000 |

2003 405 Friction Course AR 095 33743 9478 37712
[ 10w 128,000 132.000 |

2003 430 Seal Coat (107) 070 12819 7202 21.253
[ 10w 116,000 120.000 |

2003 314 Friction Course AR 186 BB44F 18BB5 13,670
[ 10w 168.000 172.000 |

2003 385 Friction Course AR 115 29116 8179 12747
[ 1o W 247.000 251,000 |

2003 4.46 Friction Course AR 0.54 23940 6725 11879
[ 1o E 7.000 11.000 |

2003 3.04 Friction Course AR 1.96 45845 12878 11.626
[ 10w B.000 12000 |

2003 3.09 Friction Course AR 1.91 45980 12916 11.503

v" You can export the Budget Analysis program in an excel file using | button located
under Reports Box of the form 6-1, as shown in the following screen capture:
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-i0
J File Edit Yiew Insert Format Tools Data MWindow Help ;Iilﬂ|
D2 ey | tRR S| v-o-|@= A 250 00 -0,
| aril <10 ~|B 1 U] B s %, 88 &AL
G7 | =[D
A B | F [ &6 H [ 1 J K | L Mo N 0 P Q R 5=

Route Route Begin  End_ =
| 1 | type  num Direction Intchg Rampid _mile | mile Lane_ID PDI_mrm Activity Act_desc PDl_inc Cost | Area Cost_effec
| 2 |- 10 E 0 3 7 2.85 202 Friction Course AR 215 52422 114725 11.444
| 3 I 10 E 0 7 1" 3.04 202 Friction Course AR 196 45845 12578 11.826
| 4]l 10 E 0 2581 285 47 202 Friction Course AR 03 28843 8102 8829
| 5 |- 10 W 0 4 g 3.4 202 Friction Course AR 16 38076 10895 8.917
| B |I- 10 W 0 g 12 3.09 202 Friction Course AR 1.91 45980 12316 11.503
L7 10 W I 0 .| 116 120 3.14 202 Friction Course AR| 1.86 EBB446 18665 1367
| 8 |- 10 W 0 128 132 43 107 Seal Coat (107) 07 12819 7202 M.283
1 9 |- 10 W 0 168 172 3.85 202 Friction Course AR 1,15 29116 8179 | 12747
| 10 |- 10 W 0 191 195 414 202 Friction Course AR| 086 24041 6753 7.894
|11 |- 10 W 0 207 251 4.46 202 Friction Course AR 054 23940 6726 | 11.879
|12 |- 10 W 0 285 289 4.05 202 Friction Course AR 0895 33743 9478 37.712
| 13 |- 10 W 0 287 2N 3.98 202 Friction Course AR 1.02 (31477 8842 9193
| 14 |- 17 = 0 217.89 22189 3w 202 Friction Course AR 109 29817 8376 | 10.848
| 15 |I- 19 N 0 B0 | B3.09 4.81 202 Friction Course AR 043 15110 4244 7624
| 16 || 19 = 0 B0 B3.09 4.29 202 Friction Course AR 071 17589 4832 | 11.048 :
144 [ [pih o trainning ¢ sz_budget 500000 4] ] JJ

Ready

1 o v e
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v To print or preview the Summary Budget Analysis Report use %I or &

button

located under Reports Box when Cost Summary Report check box is selected. The
following report will be displayed:

Q ADOT PMS 2006/03/14
m MAINTENANCE BUDGET ANALY SIS SUMMARY REPORT
Budget: BIOG - Budget_Corrective_Maintenance Subset: Interstate_Routes
Subset Activities Cost Area
Interstate_Routes Seal Coat (107) §12819 7202
Friction Course AR § 452415 135510
Totals $ 495234 142712

v" You can plot ﬂl the Budget Analysis results if you select the
Budget_Corrective_Maintenance from the first drop down list, as shown in the figure

below:

Is BI0E

=3

"
tenance Budget Analysis Plok

=0lx|

MAINTENANCE BUDGET ANALYSIS PLOT
NOW, $0

b 11 e e R L L L L L T L L T e P )

1260 f 20—

1401/ G0

Zero Budget
Unconztrained Budget

[
All Above
_—/

20080315

0- 200 2.01-400 4.01 - 4.50 451 - 4500

PO
Subset: InterstateRoutes

& Numeric Fanges  Condition Categories Hangesftategories...l

v" You can also plot both Budget Analysis and Needs Analysis results if you keep the
above selection, select the Unconstrained Budget from the second drop down list and
have “All Above” box checked, as shown in the figure below:
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E’?, Maintenance Budget Analysis Plot ;lglll

MAINTENANCE BUDGET ANALYSIS PLOT
il BIOG, $495234

0- .00 3.01-4.00 4.01 - 4.50 4.51-45.00

IE!I 20080315 PO

Subset: Interstate_Routes

% Mumeric Ranges  Condition Categories  Ranges / Categories...l

v The following screen capture will be displayed:

E’?, Maintenance Budget Analysis Plot _1ol x|

MAINTENANCE BUDGET ANALYSIS PLOT

2336 £ 100—

1868 ¢ 30
1401 ¢ 60
w*®
=
B BioG, 405234
034/ 40
467 1 20
rPlat Type B uch, $7373633
. of o
I[".l 0-3.00 3.01 - 4.00 4.01- 450 4.51 - 5.00
20080315 PO

Subset: Interstate_Routes

@ Numeric Rangss ' Condition Categories Ranges / Categories...l

o —
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