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1.0
EXECUTIVE SUMMARY

The pavement management system developed by the State of Washington
was modified to meet the needs of the counties in the State of Washington
within the constraints of available data and resources. The modified
system, called the Washington County Pavement Management System (WCPMS),
was tested for Thurston and Benton counties. Results of testing show
that the WCPMS can be operated with the existing data in the county road
log and additional data to be collected in pavement condition surveys and
that computer resources are available to most counties to access the

State computer system to execute the various programs in the WCPMS.

A routine usage of the WCPMS for a network of about 1000 miles will

require a level of effort of about 150 person-days and a computer cost of
$1000.

Significant benefits —- both monetary and non-monetary -- would be
expected from the implementation and routine use of the system. The
systematic use of the WCPMS should enable a county to maintain past
pavement performance standards with a lower budget, or to improve the
performance standards with the existing budget levels. Non-monetary
benefits include: the availability of objective, reliable, and current
data base of information; improved response to legislative or publie
requests regarding roadway improvement plans; and a common basis for
evaluating pavement maintenance needs across different counties in the

State of Washington.
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2.0
POTENTIAL BENEFITS FROM USING THE PMS

As is noted in Section 3, a commitment of staff and computer
resources must be made in order to use the Washington County Pavement
Management System on a routine basis. To justify the commitment of these
resources, specific benefits of using the system must be identified. It
will be difficult to estimate monetary benefits before the system has
been in use for several years. After the system has been used for
several years to develop maintenance programs, a comparison can be made
between the maintenance dollars spent to achieve certain performance
standards prior to and after implementing the system. The experience of
several agencies that have used the system over a period of three to five
years has been that the system was responsible for producing significant
cost savings. Such savings were reflected in one of two ways. Either
the same performance standards were maintained with a lower budget, or

better performance standards were maintained with the same budget.

In addition to the potential monetary benefits, several significant

non-monetary benefits should accrue from the routine PMS usage. These

include the following:

® An objective, reliable, and current data base of information is

provided to support management decisions concerning pavement

maintenance and rehabilitation.

® The most cost-effective treatment can be determined for each

project based on the consideration of life cycle costs,
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® The impact of alternative funding levels on the performance of

the system can be demonstrated.

* A schedule for timely and economical Pavement maintenance and
rehabilitation is developed in an attempt to protect the

substantial capital investment in the road network.

¢ Improved response to special legislative, political, or public

requests regarding plans for the improvement of certain roads isg
possible.

If the WCPMS is used by most of the counties in the State of
Washington to estimate budget requirements and to develop pavement
rehabilitation programs, several additional benefits could accrue. These
benefits include the following:

® Uniform procedures would be developed for all pParticipating

counties to eveluate and summarize pavement conditions.

® A common basis would be provided for evaluating pavement

rehabilitation needs across different counties.

® An objective procedure would be developed to allocate
maintenance funds among the various counties based on the

evaluation of needs and life cycle costs.

® Common resources among the counties could be utilized more
effectively. The activities which could be shared by all the
counties include: a common training program for pavement
condition survey personnel and the appointment of a state-wide
county coordinator to assist all the counties in PMS
implementation with the best utilization of the State's computer

system.
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3.0
RESOURCE REQUIREMENTS

The Washington County Pavement Management System (WCPMS) is now ready
for implementation and routine operation by any county in the State of
Washington. To use the State's mainframe, an access code will have to be
obtalined from the Washington State Department of Transportation, State
Aid office. The activities necessary to fully utilize the WCPMS and the
resource requlrements in terms of personnel and computer costs are

described in this section.

Table 1 lists the level of effort in person-days that would be
required to complete each of the eight steps described in Section 5.
Wherever approprlate, computer costs are also estimated based on the
assumption that the Washington State Department of Transportation
mainframe computer system will be used to execute all the computer
programs in the WCPMS. At the present time, the computer programs are
being converted to run on an IBM personal computer (PC). Once this
effort 1s completed, a county will be able to install and execute the
system on a PC such as IBM—XT.

The estimates of level of effort and computer costs in Table 1 are
based on the experience of the Thurston County staff in operating the
system. For purposes of this table, a county network of 1,000 miles is
assumed. All of the routine operation activities are assumed to be
carried out by county staff with the assistance of a County Coordinator
in Olympia to coordinate computer operations on the State computer
system. A unit cost of $250/person-day is assumed in converting
person-days into labor costs. It should be noted that all the steps

involved in the execution of the WCPMS will be completed once every two

years. Thus, the estimated costs would be incurred on a biennial basis.

3-1
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The key assumptions made in estimating the resource requirements for
each step are described below.

1. Conduct a Pavement Condition Survey

A productivity of 25 miles/crew-day (with a crew of two persons) is
assumed. This is a conservative estimate, and the actual productivity
after some experience may be in the range of 40 to 50 miles/crew-day.

The use of college students to conduct condition Surveys has proved to be
quite effective and economical. A comprehensive tralning program will pe
essential to achieve consistency and reliablity in the subjective
pavement ratings. The cost of training is included in the cost of Step 1
shown in Table 1.

2. Create a Pavement Defects Data File

This step will involve keypunching the data recorded on pavement
rating forms and then executing the program REFORM to create a
reformatted data set. Alternatively, the user could directly produce the
reformatted data set using a data base nanagement software on a pC and
then transfer the data set to the sState's main Frame computer. With
either option, about 15 person-days of effort would be necessary. The
computer cost shown in Table 1 is for the option of using the State
computer. This cost would be eliminated if a local PC is used. Once the
defects data set is created, it should be checked for any inaccuracies or
inconsistencies. If any such problems are found, they should be
corrected. To get RATGEN out at this step without going to the next step
would involve minimal additional cost.

3. Create a Project Data File

This file is created by executing the program MASTINDX. After
creating this file for the first time, it may require revisions if new
road segments are added or an exlsting segment is divided into two
Separate projects because of different performance. The Master Index
file generated from this step should be reviewed to make sure that the
project data are correctly transferred.
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4, Create Master File

This step is completed by first running the program BUILDGEN to
combine the Master Index file and the Pavement Defects Data file for a
glven generation year and then running the program SORTGEN to combine
files from all generatlion years. A listing of the Master File obtained

from this step should be checked for any possible errors.

5. Execute Interpreting Program

To complete this step, a direct data file containing interpreting
parameters is first created (or reviewed, if such a file already exists)
and then the program INTERP is executed. As is discussed in Section 5,
the performance curves produced in the INTERP output should be carefully
reviewed to make sure that the projections of future performance are

reasonable and meet prior expectations based on engineering judgments.

6. Obtain Various Outputs from Phase I Programs

The wvarious outputs that could be obtained from Phase I are described
in Sectlon 5. The output reports will be generated by executing the
necessary programs on the State's mainframe computer. These reports can
then be transferred to the county's computer system (a PC, for example)
and printed at the county office. Alternatively, hard copies of the

reports can be generated on the State computer system and mailed to the
county.

7. Execute Optimizing Program

To complete this step, a direct data file containing optimizing
parameters is first created. If such a file already exists from a
previous run, it should be reviewed to decide if any revisions would be
necessary. The computer program OPTAL is then executed to determine the

optimal maintenance strategy for each project.

8. Execute the Network-Level Program

To complete this step, a direct data file containing network

parameters is first created (or reviewed, if such a file already exists)
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and the program NETWORK is then executed to develop a six-year
maintenance program for the county-wide road network. The program
NETWORK probably will be executed several times in order to evaluate the
effect of different budget and condition constralnts. Based on the
analysis of the various output reports from the program NETWORK, a
six-year maintenance pregram should be prepared that best meets the
performance objectives of the county administrators within a realistic
budgetary constraint.

3-4
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4.0
BACKGROUND AND TECHNICAL APPROACH

4.1 BACKGROUND AND STUDY OBJECTIVES

A feasibility study conducted for Thurston County had concluded that
it would be feasible and desirable to adopt and operate the Washington
State Pavement Management System (WSPMS) for the needs of the counties in
the State of Washington (1). The objectives of the study (described in

this report) were to:

e Modify the computer programs in the WSPMS to fit the needs and

available resources of the Washington counties.

¢ Demonstrate the operations of the modified pavement management

system.

® Provide a step-by-step procedure for implementing the modified

system by any county in the state of Washington.

¢ Identify resource requirements for system implementation and

operation.

4.2 RESEARCH APPROACH

The feasibility study had identified the specific modifications that
should be made to the WSPMS in order to make it suitable for a county
road network. These modifications were made, and the modified system was

tested with two counties -- Thurston and Benton. Only one year of

4-1
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pavement condition survey data were available in thesge counties. 1In
order to fully test the capabilities of the three major computer programs
in the system (INTERP, OPT, and NETWORK), synthesized data were Prepared
for a selected number of projects (16 for Benton and 18 for Thurston).
These data covered four to seven generations of pavement condition
surveys. The input requirements and output description of each step in
the execution of the county system were demonstrated to the personnel in
the two counties. Using thisg experience, a stepwise pProcedure was
developed for the implementation of the system by any county in the state
of Washington. It was assumed that the computer programs for the county
PMS would reside on the Washington State's mainframe computer and that a
county would transfer the necessary data files to this computer and
execute the various computer programs via a remote terminal or a personal
computer (PC). At some future time, the various computer programs will
be modified to fit on a pC. The counties then should be able to install
the entire system on a pC available to them and would not need access to

the State computer system.
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5.0
USER MANUAL FOR THE IMPLEMENTATION OF THE WASHINGTON COUNTIES
PAVEMENT MANAGEMENT SYSTEM

The Washington Counties Pavement Management System (WCPMS) can be
implemented in three successive phases, with each phase providing output
that can be used in its own right and can also serve as input to the next
phase. A major advantage of a phased approach is that the user agency
can begin to derive benefits from the system immediately and build on
each of the completed phases to obtain more advanced capabilities. The

three phases for the implementation of the WCPMS are:

Phase I - Obtain priority listing of all projects* in the network.
Phase II - Determine optimal rehabilitation strategy for each
project,

Phase IIT - Develop network-level multi-year rehabilitation program,

Each phase will involve a series of distinct and well-defined steps
which are described below. Instructions for completing each step are
provided and the completion of each step is illustrated by an example

drawn from the demonstration of the system for Thurston County.

Since the WCPMS computer programs will reside on the State's
main-frame computer at the present time, it will be necessary for a
county that plans to use the WCPMS to access the State computer via a

remote terminal or a personal computer (PC). The State computer will

*See Step 4 (page 5-4) for the definition of a project.

5-1
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have to be accessed for: (a) trangferring data files from the county PC
to the State computer, (b) transmitting instructions to execute the
necessary computer programs, and (c) retrieving data fileg including
program output on the county PC. Table 2 summarizes the instructions to
access the State's main-frame computer from the county's terminal to
accomplish these three functions.

5.1 PHASE T - OBTAIN PRIORITY LISTING OF ALL PROJECTS IN THE NETWORK
The primary objective of this phase is to prioritize all projects in

the county-wide network based on pavement defect ratings sorted by

functional class. The major steps involved in this phase are described

below.

Step 1: Conduct a Pavement Condition Survey

It will be necessary to conduct a pavement condition survey of the
entire network at least once every two years., The surveys should be
scheduled for the same time of year and should be completed in no more
than three months. The preferred time to do the survey would be in early

spring before heavy maintenance Programs are initiated.

In order to assure uniformity in the condition data from Year to year
or between agencies, a condition survey manual will be required. The
manual prepared for Thurston County (Trowbridge, 1983) can be used for
this purpose. This manual describes the procedures to be used by field
personnel in identifying and recording observed conditions of the
pavement. Figures 1 and 2 ghow the forms that should be used for
recording surface defects for bituminous and Portland cement concrete

pavements, respectively.

It is recommended that two-person teams be used for the condition
surveys. A range of choices are available in selecting personnel for

Pavement condition surveys. Experience indicates that some maintenance
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people do well as surveyors since they are usually familiar with the road
network and also with distinguishing characteristies of various types of
distress. Part-time employees (e.g., college students) have also been
used for condition surveys. 1In either case, a thorough training program
is essential in preparing personnel for a condition survey. A
centralized training program for all county surveyors should be
considered to reduce costs per county and promote uniformity of

procedures.

Figure 3 shows an example of a completed Pavement Condition Rating

form for Thurston County (note the use of road name) .

Step 2: Create a Pavement Defects Data File

In this step, the data recorded on the Pavement Condition Rating
forms are transferred to the computer to create a Pavement Defects Data

File. This can be done in one of two ways:

(i) The data on the Pavement Condition Rating forms can be
keypunched and, using an IBM utility program on the State

computer, read to create the required data file, or

(ii) Using a PC available to the county, the county personnel could
directly create the Pavement Defects Data File in the format
shown in Figure 4-a and then transfer this data file to the
State's main-frame computer either via telephone lines or by

sending a tape to a coordinator who would put the tape on the
State system.

Thurston County has developed a program utilizing KeepiIT Software for
uploading and downloading rating data to and from the State's mainframe.
For those jurisdictions with KeepIT software, this program is available
from Thurston County. Once the Pavement Defects Data file has been
transmitted to the State's mainframe, the file structure is rearranged in
the format shown in Figures 4-b and 4-c.
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Step 3: Obtain Reports from RATGEN

The program RATGEN can be used at this stage to obtain a consecutive
listing of raw condition ratings with their translated scores for all
rated segments within a project. This will provide an early output from
the WCPMS without having to go to any of the subsequent steps. The
RATGEN report can be downloaded to a PC for data manipulation. Figure S
shows the file format for RATGEN output as it is downloaded to a PC.

Step 4: Create a Project Data File

The Project Data File contains the project limits (beginning and
ending mileposts) for the most recent consecutive surfacing contracts
throughout the entire county road network. Each project is selected so
ags to represent a homogeneous roadway section. The information to be

recorded for each project is shown in Figure 6.

All the data items in Figure 6, with the exception of "year of last
construction”, "last construction thickness",* and "traffic index”, are
contained in the County Road Log. The three data items that are not in
the County Road Log will either have to be estimated or based on other
records. For traffic index, the following values were suggested in the
feasibility study report:

Principal arterial: 7.0 and above
Minor arterial: 6.5

Major collector: 6.0

Minor collector: 5.0

Local access: 4.0 or less.

A computer program has been written to create the Project Data File

from the County Road Log. The data file is created by selecting all

*Thickness of the last major maintenance activity (e.g., 2¢ overlay)

R4
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paved roads within a given county's jurisdiction. The required data for
each road segment are copied to a new data set. For the three data items
that are currently not in the County Road Log (namely, year of last
construction, last construction thickness, and traffie index), the Road
Log file has been adapted to store these data items in the following

unused fields:

Unused Field Data Jtem Stored For WCPMS
Pavement Rating Year of Last Construction
Median Width Field Last Construction Thieckness
Equivalent Accidents Per Mile Traffic Index

The following steps should be followed to create the Project Data

File for a given county after accessing the WSDOT computer system:

(i) Type "EX 'HWY.MVS.CLSTLIB(CLSTLAPS)'", and hit the "ENTER" key.

(ii) Type “"¥" to continue, "N" to abort.

(iii) Type "Y" to run overnight, "N" to run at daytime rates.

(iv) Enter the two-digit county number.

(v) Type in account number and hit the "ENTER" key.

(vi) Type "Y" to complete submittal, "N to break off.

(vii) JOB # and JOBNAME will appear on the screen.

(viii) Output will be placed in computer bin.

The resulting data file will be named "UID.PMSXX.DATA" where "UID" is
the Logon User Identification used when logged on the WSDOT mainframe



7158¢c-7

computer and "XX" is the two-digit number of the county selected., The
county may edit the file, if necessary, before transmitting it to the
State's main-frame computer.

Figure 7 shows an example of the Project Data File created for

Thurston County. This listing is referred to as the Master Index Listing.

Step 5: Create Master File.

The Master File contains the Project Data File and the Pavement
Defects Data File. For each project, the data from the Project Data File
are first printed on one line. This is followed by pavement defects data
for each of the rating segments within the project limits by the

generation year of a pavement condition survey (see Figure 12).
Two options are available to a county to create the Master File:

(i) Execute the computer program BUILDGEN on the State's
main-frame computer. This program will need the Pavement
Defects Data File and the Project Data File. These two files
will be merged by the program to produce the Master File. A
listing of this file can then be obtained. Note that the
program BUILDGEN should be run for each generation year of a

Pavement Condition Survey.

(ii) Using a data basge management software available on the PC, the
county personnel can directly merge the Pavement Defects Data
File and the Project Data File to create the Master File. The
format for this file should be as shown in Figure 8. Note
that all of the fields in Figure 8 starting from Column 7%
should be repeated for each generation year of a pavement
condition survey. The Master File can then be transmitted to

the State's main-frame.

A listing of the Master File is best obtained after the next step and is
described in Step 7.
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Step 6: Execute Interpreting Program

The interpreting program, INTERP, translates the raw distress codes
contained in the Master File into average ratings for each project. This
is accomplished by applying weighting values to the extent and severity
of each distress category. Regression analysis is then applied to the
ratings to fit a performance curve which is used for predicting future

pavement performance and the potential time of next rehabilitation.

Two data files are required to run INTERP: Master File and
Interpreting Parameters. The Master File will have been created in
Step 5. The data file containing interpreting parameters should be
created directly by the user agency on the PC and transferred to the
State's main-frame computer. 1Included in these parameters are the
weighting values assigned to different severity and extent levels of each
distress category in each pavement type, the present year, the number of
exponents to be used in applying transformations to the independent
variable in regression analysis, the minimum Rz (square of the
correlation coefficient) acceptable, an identification number to be used
when making several runs on the same data (each with different weighting
values), an array of exponents to be used for the transformation, and
arrays of default performance equation parameters. A data file with the
required interpreting parameters has been created for Thurston County and
is shown in Figure 9. It is recommended that, at least initially, the
same file be used by all counties in the State of Washington. As each
county gains some experience with the WCPMS operation, the weighting
values shown in Figure 9 could be modified if necessary. Note that the
present year included in Figure 9 should be changed to correspond to the
year at which the program is being executed. The field containing the
present year is highlighted in Figure 9.

The execution of the program INTERP will produce a printout
containing plots of performance curves. An example of this printout for
one project is shown in Figure 10. The top line of the printout

describes the project with the same format as that used in the Master
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File listing. Below the description is a tabulation of performance
history and details of the performance equation that is fitted to the
data points. Note that the tabulation contains the average rating for
the project as well as high and low ratings for the segments in the
project. The form of the equation is

R=C-n AB

where R is the pavement rating at age A; ¢ is the model constant {(called
EQUA CONST in the printout) for the maximum rating which approximates
100; m is the slope coefficient (called EQUA COEFF in the printout); and
B is the degree of curvature exponent (called EQUA POWER in the
printout). Alsc printed are: RZ, standard error, equation type
(explained below), and presence or absence of edge patching,

Three equation types are considered in the program:

1. When the project being considered does not have at least three

ratings, a typical equation for the specific pavement type and
surfacing depth is assigned. Should the pProject have only two
ratings, with the second rating falling beyond that allowed for in
the typical equation, the performance equation is modified so as to
reflect that rating. The parameters of the typical equations for
different pavement types and surfacing depths are included in the
data file containing the interpreting parameters.

2. Regression analysis is applied to all projects that _have at least

three ratings. This is the primary method of developing performance

equations.

3. when regression analysis does not produce a reasonably pood fit

(R2 value is less than acceptable), a typical curve is fitted

through the first and last values,
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The lower half of the printout contains a plot of the performance
curve. An examination of this plot provides an understanding of how well
the curve fits the ratings, when pavement rehabilitation may be required,
and how much variation there is in the ratings (by noting the high and

low values for each year).

The final report on the Washington State PMS {2) contains useful
guidelines for reviewing the performance curves produced by the INTERP

output. These guidelines are repeated below.

In order to be assured that the performance curves and equations for
each section are reasonable and represent the best forecast of future
pavement condition, each performance curve should be thoroughly
reviewed. The performance of most sections should conform to the
algorithm utilized in the interpreting program. Pavement sections with
rating histories that do not fall in line with this algorithm should be
individually analyzed and provided with typical performance curves which
are intended only to forecast future ratings and may not fit past ratings
at all. Sections that fall into this category are not considered good
prospects for the optimizing analysis (described later). Instead, they
should be subjected to an engineering analysis to determine a suitable

repair action.

Several aspects of the performance curves are considered in the

review process. These include:

® the shape and length of curve for the type of pavement it

represents,

¢ the variance in high and low ratings indicated for each year,

® the performance curves for adjacent sections, and

® cycling of pavement ratings that may indicate unrecorded

rehabilitation or maintenance
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substantially different from the rest, the Project may be divided into
two or more projects with new project limits. Thig may occur when there
is undocumented maintenance or a rehabilitation project has been
overlooked and subsequently was not coded. Such a situation may also
cause a high degree of variance between the high and low ratings for each
year and, again, the solution may be to divide the project into two or

more projects.

After the first review, the Master File should be edited to reflect
changes in mileposting for specific sections and then reanalyzed with the
interpreting program. This process should be reiterated untijl
satisfaction is obtained that all performance sections and the curves
representing them are ag good as they can be. Ultimately, performance
curves for the entire county road network are stored in the Interpreted
Data File. 1t is important to note that although the Master File may be
originally based on past surfacing contract limits, these limits may
eventually be adjusted to represent the best divisiong of pavement
rerformance. However, such changes may be required only on a very small

percentage of the network.

In addition to producing plots of performance curves, the progran
INTERP generates a data file that includes the resultsg of all
processing. This file is used as input to the next program in the

system, namely, the optimizing program.

Step 7: Obtain Various OQutputs from Phagse I Programs.

The following outputs can be obtained from Phase I Programs:

(i) Use program LINDEX to obtain Master Index Listing, which is a
listing obtained from the Project Data File. One page of this
listing for the Thurston County road network is shown in

Figure 11,
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(ii)

(iii)

(iv)

Use program LISTMSTR to obtain a listing of the Master File
that lists the raw distress values and defect ratings for all
of the rating segments within the limits of a given project.
One page of this listing is shown in Figure 12.

Use program LISTRATE to obtain a prioritized list of all
projects in the order of lowest to highest rating within each
functional class. Figure 13 shows an example of such a
prioritized list for a selected number of projects in Thurston

County.
Use program RATGRP to obtain summaries of the distribution of
pavement ratings for a given generation year. The output of

this program consists of the following parts (see Step 3):

a. Defect Rating Summary - This lists the number of miles of

pavements within each pavement type and in different
ranges of defect rating (0-10, 11-20, ——-, 91-100) by
functional class (see Figure 1l4-a for an example of this

output for asphalt pavements in Thurston County).

b. Pavement Condition Deficiency Sunrmary - This lists the

number of miles in different combinations of severity and
extent of a given pavement defect. The miles are sorted
by functional class. One surmacy is produced for each
defect within every pavement type. Figure 14-b shows an
example of this summary for alligator cracking on asphalt

concrete pavements.

¢. Exemptions Report - This contains the number of miles in

each functional class which are not surveyed for one of
the following reasons: unpaved road, under construction,
bridge, impassable, or other. Figure 14-C shows an

example of this report for asphalt concrete pavements.
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(v) Use program RATGEN to obtain a consecutive listing of raw
condition ratings with their translated gcores for all rated
segments within a project. Figure 15 shows an example of this
report. This listing can be output in priority of condition

rating or road number sequence.
5.2 PHASE Il - DETERMINE OPTIMAL REHABILITATION STRATEGY FOR EACH PROJECT

Phase I provides the basic information regarding pavement surface
defects of each project in the county-wide network of roads. This
information is used to obtain a prioritized list of all Projects sorted

by functional class.

Phase II provides the additional capability of evaluating alternative
rehabilitation strategy for a given project based on life cycle cost
comparisons. Since each of Phase IT and III builds on the previous

phases, the steps are numbered consecutively starting from Phase I.

Step 8: Execute Optimizing Program,

The optimizing Program OPTAL utilizes the performance equations
produced in the interpreting Phase to establish the most probable period
of rehabilitation for each project. After selecting a set of viable
alternatives and developing their associated performance equations, the
Program generates all possible rehabilitation strategies which might be
considered within a specified period. Thege strategies are defined as a
combination of rehabilitation alternatives designated by type, sequence,
and application time. Each strategy is evaluated on the basis of
economics and the best are tabulated on an output listing for each

project.

Categories of cost considered in the evaluation process are:

1. Construction cost of rehabilitation.

2. Annual cost of routine maintenance.
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3. Cost incurred by the highway user due to pavement condition.

4, Cost of delay time incurred by the highway user due to traffic
interruption during rehabilitation.

5. Salvage value of the pavement at the end of the consideration

period.

Input Requirements of OPTAL

The input required for this program comes from two sources:
® The Master File created previously in Step 5.

® A direct access data set that contains optimizing parameters.

The format of the Master file was described previously. 1It combines
the Project Data File and the Pavement Defects Data File for each

generation year of a pavement condition survey.

The various optimizing parameters required and the input formats for
these are described in Table 3. Figure 16 shows a listing of the
optimizing parameters used in Thurston County. It is recommended that
initially the same parameters, except for the two noted below, be used by

any Washington county. The two exceptions are:

¢ CONSTC (I) - Construction cost in $§ per 12 ft-lane of ith

rehabilitation alternative
. th R .
® AEQ (I) - Equation factor for i rehabilitation alternative

The construction cost specific to the user agency should be input.

The equation factor is defined as:
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Equation Factor = Typical life of altern. for Pavement type A

Typical life of pavement type A

Assume, for example, that a bituminous surface treatment (BST) hag a
typical service life of 10 years. When overlaid with 0.15 feet of
asphalt concrete (AC), the pavement, under normal conditions, will last
an additional 15 years. The equation factor for the 0.15-foot AC overlay

on the existing bituminous surface treatment would be:

Equation Factor — 15 years (for 0.15 ft. AcC overlay) - 1.5,

10 years (for BST pavement)

The user agency should specify equation factors that reflect the agency's
past experience with the serviceability lives of alternative

rehabilitation treatments.

After some experience with the WCPMS programs, a Washington county
may revise other optimizing parameters, if appropriate. Guidelines for
estimating various optimizing parameters is given in the feasibility

study report (pages 55-62 in Reference 1).

Description of OPTAL Output

Figure 17 shows an example of OPTAL output for one project in
Thurston GCounty. The output consists of five major parts which are

described below.

(i) Project description and performance - This part is identical to

the upper half of the output listing generated by the interpreting
program (see Figure 10). It identifies the project, gives its
performance history, and gives the parameters of the mathematical
equation fitted to the past ratings.

(ii) Optimizing parameters - The two top statements list the should and

must levels and identify the specific year when these rating

levels will be reached on the existing pavement. The next
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statement defines the consideration span in terms of period and
defines the length of each period. The last line of information
in this part indicates the effective interest rate applied in
discounting and the equation factors used for the rehabilitation

alternatives.

(iii) Rehabilitation alternatives — Each rehabilitation alternative is

described, and its performance equation is provided. To the right
of the performance equation is the unit construction cost of each
rehabilitation alternative. The final columns of data in this
part are labeled "Minimum life at should” and “Maximum life at
must”, These figures indicate the number of years expected to
elapse to reach the should and must levels, respectively, from

time of construction.
(iv) Cost summary - This is a summary of costs accumulated in the

consideration span for each category of cost for each of the

strategies shown.

(v) Summary of strategies - The strategies are summarized based on the

time and type of first rehabilitation action, i.e., several
different strategies may all begin with the same alternative in
the same time period but differ in types and timing of following
actions. Of prime interest to the decision-maker, however, is the
first action. For this reason, the strategies are divided into
groups based on the time and type of first action. The least
expensive strategy in each of these groups is listed in this
summary. The column of numbers on the left side of the strategy
description indicates the total number of strategies analyzed

(possible) and how many strategies were included in each group.

An example of how this block of information would be read is as
follows (Figure 17):
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- There were 26 rehabilitation strategies analyzed for this

specific project.

applied in 198¢.

~ The least costly strategy in the first ECQup was followed by an
alternative 2 in 1994 and again in 2003.

5.3 PHASE 11T - DEVELOP NETWORK-LEVEL MULTI-YEAR REHABILITATION PROGRAM

The function of thisg last program in WCPMS is to establish a
network-level six-year rehabilitation program based on the optimum
strategies as determined by project-level optimizing. Through a system
of aggregating the recommended rehabilitation alternatives ang
performance of all project segments on the network, a schedule of
anticipated action, costs, and pPerformance can be tabulated for g future
number of years. By applying budget and condition-level constraints for
each year, the network program will produce an entire balanced
rehabilitation program. By varying the budget and condition-level
constraints and tabulating the results in projected performance with
proposed budgets, good comparisons can be demonstrated for what can be
obtained with different budget levels, and most of the "what if"

questions faced by administrators are answered,

Program WETWORK. This step is described below.

Step 9: Execute the Network-Level Program. (See also Page A-11)

The inputs required for the program NETWORK are ag follows:
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* Interpreted Data File produced by the program INTERP (Step 6).

Output of the program OPTAL for each project in the network
(Step 8).

¢ A direct access data set that contains network parameters.

Job Control Language (JCL) and program modules for applying

constraints.

The following network parameters are required:

YEAR - present year

INFL - rate of inflation

EI - effective interest rate (discount rate - rate of
inflation)

ENGCOST - engineering cost (as a percentage of construction

cost) to cover design and administration costs

SHUD(S)

f

"should" levels for the five functional classes

MUST(5)

"must” levels for the five functional classes

Figure 18 shows the data set of network parameters used in Thurston
County. This data set may be revised by each county to fit its

conditions.

The program NETWORK can be run with budget or condition constraints.
This will require specific Job Gontrol Language and additional program
modules. These have been set up for Thurston County and can be used by

any other county with appropriate changes in the available budget or
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desired average condition rating for the county-wide network.

Instructions for making desired changes are provided in Appendix A.

Description of NETWORK Output

The program NETWORK generates three summaries for each year of a

proposed program:

® Action Summary
® Cost Summary
® Rating Distribution Summary

Figure 19 shows an example of the Action Summary generated for one of
the years. Since different "should" and "must" levels can be applied for
different functional classes, the particular levels used to develop the
schedule of action are indicated at the top of the listing. Below that
is a summary of all Projects programmed for the year specified by
functional class, project number, road hame, road number, inelusive
milepost limits, project length, and rating before the action, with a
description of the proposed action and the associated cost -- both in

present dollars and dollars inflated to the respective year.

Figure 20 is an example of the Cost Summary. This summarizes by
functional classification the gain in average pavement rating on the
system anticipated as g result of funding and constructing all projects
itemized on the Action Summary and indicates the total demand on budget
dollars for that Year. Three types of dollars are shown on the Cost
Summary: present dollars, inflated dollars, and discounted dollars.
Inflated dollars indicate the estimated cost at time of construction.
Present dollars Tepresent a direct comparison to current-day funding
levels, and the discounted dollars are shown to gauge the effect of

interest and inflation.
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All costs shown on both the Action Summary and the Cost Summary
relate only to construction and preparation costs, since the other costs
generated in the optimizing program are not considered in the budget

analysis.

The last listing produced in the network program on a yearly basis is
the Rating Distribution Summary shown in Figure 21. This listing
indicates the number of rating-miles present in pavement condition rating

groups before and after completion of all proposed action for each year.

The network-level program is, thus, a summarizing program which takes
into account the performance of existing projects and the recommended
time of rehabilitation with a performance equation commensurate to the

type of fix for each project requiring rehabilitation.

The flow of network analysis utilizes these three listings for a set
number of consecutive years (say six years) to compare different
programs. By tabulating directly, without any constraint, the summaries
for six years, it is realized that there is an enormous volume of need
for rehabilitation within the first few years. This need places a
corresponding demand on funding which is neither available nor
necessarily desirable. Simply, it may not be possible to fund a program
like this, nor would it be good management. A tremendous fluctuation in
workload from one year to the next is not desirable from a management
standpoint because a fairly consistent work force must be maintained. A
shift in timing for some of the projects is required to dampen this
fluctuation. The specific projects to be delayed are sclected by placing
them in a priority order based on the "effect of delay", i.e., how much

the project condition rating will be changed if the action is delayed.

The assembling of a balanced rehabilitation program by shifting
project timing then becomes constrained by what we are trying to
accomplish. There are basically two objectives in building a

rehabilitation program:
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(1) To identify those pProjects that can be constructed with
available funding -- the budget constraint.
(2) To identify those projects that must be constructed to attain
some minimum acceptable level of pavement condition —- the
condition-level constraint.

The application of these constraints is discussed below,

Budpet Constraint

The optimizing program identifies a number of projects scheduled for
rehabilitation in each year of the next several years. The projects for
the first year are arranged in the priority order based on the effect of
delay. Total estimated cost for the year is accumulated in that order,
one project at a time, until the constrained limit for that year is
reached. The residual projects are delayed to the following year, and a
second iteration of this Same process is applied. This Process is
repeated for the specified number of vears in the program and summarized
with the network program. Figures 22-a, -b and -c¢ show the output of
NETWORK under a budget constraint.

Condition-Level Constraint

The approach for applying the condition-level constraint is very
similar to the budget constraint. The factor accumulated and compared is
net gain in average rating. Because the average pavement condition ig
weighted by miles, the constraint and accumulation figures are both

expressed as a product of miles and average rating.
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Table 2. INSTRUCTIONS FOR ACCESSING WSDOT MAINFRAME COMPUTER

One will need an IBM-compatible micro, a Logon ldentification code,
an account name, and WSDOT manual "Remote Access to WSDOT Mainframe
Computer (SC5)"* (and if you wish to upload and download data, "RLINK"

communications software) to gain access to the WSDOT mainframe computer,

If you are a city or county user of the WSDOT System, contact the
WSDOT State Aid Office for assistance.

The RLINK communications software will be provided on floppy disk,
and the manual will lead you through the necessary steps to Logon to the
WSDOT system.

*3C5 = Service Center Five
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Table 3. PARAMETERS FOR OPTAL

Variable Format Description

YEAR | Present year

TRAFYR 12 Year of traffic data

NPRDS 12 Number of periods used for planning
complete strategies (e.g., 20)

NETPRD 12 Number of periods included in action and
cost summaries in program NETWK (e.g., 6)

LPRD F4.2 Length of the periods

EFFINT F4.2 Effective interest rate

NOPR Il Not used

TFACT(I)} F3.2 Thickness factors for determining
equations for alternatives

EXPACT(T) F4.2 Equation factors for determining
equations for alternatives when original
pavement has been overlayed before

SHOULD(TI) ¥2.0 "Should” levels for each functional class

MUST(I) F2.0 "Must"” levels for each functional class

TIR(I) 13.1 Traffic index ranges to be used for
selecting the correct strategy for a
given project.

FTMTRX(I,J,K) 5I1 Matrix which gives number of strategy to
be used according to functional class,
traffic index, and surface type of project

RMATRX(I,J) 311 Matrix containing the rehabilitation
alternatives for each strategy

DES(I,J) 6A4 Description of rehabilitation strategy I

CONSTC(I) 18 Construction cost of rehabilitation
strategy I per 12 ft. lane

OTHK(1I) F3.2 Traffic interruption cost factor for

rehabilitation alternative I.
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Table 3. PARAMETERS FOR OPTAL {(eoncluded)

Variable Format Description

AEQ(1) F4.2 Equation factor for estimating life of
rehabilitation alternative, used when
existing surface has a surface type "A"
(asphalt)

BEQ{I) F4.2 Equation factor for surface type "B"
(bituminous surface treatment)

CEQ(I) 4.2 Equation factor for surface type “Cv
(portland cement concrete)

MAXRAT(I) F6.2 Constant to be used in performance
equation for rehabilitation alternative T,

MS(1) F7.2 Slope of performance equation for
rehabilitation alternative I.

NOTCOS 12 A switch. 1If NOTCOS equals 1, then costs
due to traffic interruption are not
included in strategy evaluation

NOMC 12 A switch. If NOMC equals 1, then
maintenance costs are not included

NOPC 12 A switch. If Nopc equals 1, then
preparation costs are not included

NOouC 12 A switch. If NOUC equals 1, then user

costs due to pavement condition are not
inecluded
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Figure 4-c. Example of Pavement Defects Data Qutput File from State’s Mainframe
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Figure 16. List of Optimizing Parameters
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APPENDIX A
USERS GUIDE

The Programs used in the Pavement Management System are: REFORM,
RATGEN, RATGRP, MASTINDX, BUILDGEN, SORTGEN, MASTLIST, INTERP, OPTIM,
NETWORK, and MASTRAT. This is a brief description of the JCL (Job
Control Language) which one would use to run or execute these programs on

the Washington State Department of Transportation computer system.

To run each of the JCL Datasets, one uses the SPF (System
Productivity Facility) package of the WSDOT computer system. At the
ready prompt on the terminal, type "SPF 2" (with a space between the "F"
and "2"), then hit Enter or Return to gain access to the SPF Edit mode.
In this mode, one may make the modifications necessary to use the
agency's data. When the SPF Edit Menu screen appears, enter the
appropriate JCL dataset name on the line asking for "other partitioned or

sequential data set:

DATA SET NAME =".

After typing in the name and pushing Enter, the dataset appears on
the screen as in the examples. Make the changes to run the data, move
the cursor to the "COMMAND" line of the screen, and type in "SUB” and hit
Enter. This will submit the JCL dataset to the run mode screen, which

will show:



L L.
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"ENTER ADDITIONAL RUN PARAMETERS
le * L3

Hit Enter at this time to run the job at premium cost rate or type in
"CLA(7)" to run at discount rate overnight. After hitting Enter, one
receives a Job MNumber. Hit Enter again to return to the Edit Mode
screen. Type in "CANCEL" on the COMMAND line and hit Enter to exit from
the SPF Edit Mode.

REFORM

REFORM reformats survey data from its raw format (as it was coded)
into a format useable to the Pavement Management System. It is run by
the dataset CRABPMS.JCLLIB. DATA(REFORM)". To edit this dataset: change
line 300 to the name of the raw survey dataset and line 1700 to the name
of the reformatted dataset. (Recommended names are
"UID.RAW,SURVEYyr.DATA” and "UID.SURVEYyr.DATA", where UID stands for the
LOGON USER IDENTIFICATION, and yr is the year in which the survey was

conducted.)

:‘_‘-.’._'.}.'_"'.‘.'.?----'4:-:"3'-_'.-+....--—~----.4-“--..'5'.'_-_4----b-_-..+_;;'.7.,'__-4.'.-_-5
1 //soar EX[C °GH=SCPT 00000100
1 R DDISP %Hr DSN=UID ,RAK . SURVEYEBS JOATA T "38383%38
= Nl: - 5a
1 8 B Bs»-acv EP3A ,UNT 1 cHORR 00000400
1 7 7 Gp=é£CFHSg SPAgEs gg&o l2°2§9£j§%§F" oooogsgg
‘“1"‘ffsgkruxcx‘nn oSRT ek » SPAEEE byco ity ' : 85833 00
1 7/30RINKO? DD ONIT = k[PK.SPACEz <y, 2.2 00000800
| Z730R1HKS Db UnITIHCER SPACE={CYL1(2,2 90003090
N .

LI 8 seeeitee
i ,‘T cl- ’ 25 eA 426451 ,A), 8880}280
STEP1_FXEC PCHM=REFUR i ! 0
S TEPL 10 66 DERZXXX Py -LUAD.LTE,DISP~SHR 00001500
1 7/FTOSFO01 DD DSN=#, SORT . SCRYNUT,UNT T=WORK 40 15P= (CLED DELEYE) 00001600
Rl BRGSO A N R DR RN 111

, _ CH=(REC L CL= = .
“1 ‘é{rtbsr%oq BRLSLEaEE L * * srem Ly 90001800
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RATGEN and RATGRP

RATGEN and RATGRP both use the reformatted dataset from REFORM as
input. While output is paper or hardcopy, no computer file is created.
They are run by using their respective JCL Datasets,
"CRABPMS . JCLLIB.DATA({XRATGEN)" and "CRABPMS.JCLLIB.DATA(XRATGRP)", and
changing line 400 to the name of the dataset and changing line 700 to the

year of the survey.

SESE‘J:::;;:;;:l““--4-_;-2_.;*+;_;;3-;_;.---;‘--;;.----5---;44;__6-:;;;;;;;1-;:;,;__;g

1 //RATGEN EXEC PGM=RATG 00000100

- /SIEELIR DD Dsg=xxx.rn§ LOADLLIBLDISP=SHR ... .. .00000200

4 SN-x XX .LiB.0AfA PARMINIP!.DISP=SHR 00000309

L //€T05E00L DD DSN=UT0.SURVEVES DATA,DISP=SHR 00000409

1 776700001 B0 3vsOuTEA 00000500

b 7/FT10F00T 0 3 _ . _ 00000609

85 00000700

1 /% 60000800
START

Rt B e B Do L T tEP G =P U YIS S

1 //RATGRP EXEC PGM=RATGRP 00020100

_1. //STEPLIB DD pBSNTXXX BHS. LOAD, DI$P=SH

7220 O 0D DSN=xX 3 SOLPatdReRldka it ﬁrpl.olspssua T 36930380

1 //FToSEa01 0B SULD SR VEY85 DATASDISPe 00000400

1 77e106F001 “Bo ivsduted 00000500

1 /7FTioF001 0D 0 0

i cagsoens

00000800
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MASTER INDEX FILE

To build the Master Index File of project segments from the County
Road Log, use the COMMAND LIST (CLIST) created for the State Aid
Section. To print this file, use "CRABPHS.JCLLIB.DATA(HASTIHDX)"—-change

line 300 to match the Master Index File dataset name.

':::;;;;:;];;_;1;-;-p----;---_3_-_;4;;--q;---4---—5-a--§-aa-6--—-4-:--7--;-4_-_-5

F/MASTINDX EXEC PGM=MASTINDY 00000100
L/STEPLIP DD OSH=XXX .PMS, LOAD,L IB DISP=SHF o . oo —— .. .00000200

FOO1 DU‘DSN=UID.PHSUO.DATI.ﬁTSPESHR 00000300
;‘FTObFOOl DD SYSOUT=4A 00000;38
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BUILDGEN - COMBINE MASTER INDEX FILE AND SURVEY DATA

To combine the Master Index File with the Survey data, edit
“CRABPMS.JCLLIB.DATA(BUILDGEN)"-—change line 400 to match the Master
Index File name, line 300 to match the Survey data file name, line 600 to
match the output dataset name, and line 900 to match the respective year

of survey data being combined or built.

START

o0 R S B S B B B - s Tty TSRy SRS Y=
1 //PU'%DC%]H [XII;CNPI;.:;‘;G})JALDC[!: " 00000100
B e
1 /Z/FT10S5FQC1 DD DSN=U]D.PHSOO.D&TA.UIS&-SHR 00000400
| Hasio o SRy "

- G OORDRL. BECRRYEFE | DrC el BT 26 Bl k&128 267305 IS e 383 T ,msrr*’og 898
1 //FTL0F001 DD » 0800
1 8% 00000900
B U o I ‘ . 00001000
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SORTGEN - COMBINE ALL YEARS OF SURVEY

To combine all years of survey, use
"CRABPHS.JCLLIB.DATA(SORTGEH)“——Change lines 300 through 500 to match the
names of the datasets built previously in BUILDGEN, add as many other
input lines as necessary to add all generations of data together, and
change line 600 to the ocoutput dataset name. This utility will sort all
years of generation together by project and within each Project by year
of survey from oldest to most recent and within each year by lowest

milepost to highest milepost.

START
(i igne -—--*-—-;T--—-+-—--2--—-4——’-3---—4—---6-—-—0--—-5----4-—--e--*-+----7----4--——5
1 27808 0ur GRS BonssoRT 00909308
—1 7 eURY N — D0 DISP=SHR,DSN0ID.CENERB4 .DATA 00890585
1 77 00 DlSP=<HR.CSNSUID.GFNERBS.DA¥A 00000400
1 77 DD DISP=SHR,OSN=UID . CENERBG -DATA 00000500
1 //SCRYIDUT DO_DSN=UTC.ACLCENTYR JUNTT-USER 00000600
1 77 “GISP={,CATLC),S plcr=f5120.izo 20} ,RLSE), 00000760
1 77 DCB={RECF1= -FE LRECE =170 BlkS12E=61203 06000800
{Aﬁjfgng}zggl o 8N}T =hOPE [=¢ch.(5.2ji 06000900
L N . _ 000
4730k Thkds %n OnNiE=tRRE: ?piEE tE3tatse 00901108
1 //§751N 0D ¢ 00001200
3 ORY FIELDS= (33.5 Ar84,5,A,75,2,A,77,5,A 1 FORMAT=CH 00001300
S N . i 00001400
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MASTLIST

To run MASTLIST, which is a listing of all survey data for each
project, use "CRABPMS.JCLLIB.DATA(MASTLIST)"--change line 400 to match

the Master File Dataset, which was the output from the latest attempt at
SORTGEN.

1
e e e R e e B B R B it L it il Etalatet S L)
//MASTLIST EXEC PGM=MASTLIST 00000100
_ZZSTEPLIG DD OSN=X¥X.PPS.LOAD.LIB,D15P=SHR . 00000200
7 /ETU4FOO] DD DIN=XXX.PHS.L IB.DATA (PARNINTP} ,DTSP =SHR 0000030¢
Z7FTOSFOOL1 DD D3N=UTD.ALLCENYR .DATA,DISP=SH 00000400
Z/FT06FO01 DD SYSCUT=A 00000500
VL 00000600
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INTERP

To run INTERP, use "CRABPMS . JCLLIB, DATA (INTERP)"
the Master File Dataset name as input and line 600 t

file output name,

--change line 400 to
o the interpreting

START
oL - B e e s B T RAN SCI Iy S SO
L TR RS e N ERe 0L IBDISPesHE 00099309
17 77ETGAFODI DD DSN=XXX.P g.llB:blTi(xiRH NTP},DISP=SHR 88388383
I 77ETOSFO00L DD DIN=OTD-ALCEERES D DATA,DISP=SHR ooooo«oo
1 7/FYO&F00! DD SYSOUT= 0500
1 //FT09F001 DO DSN=UID,.INTERPSS.DATA,DISP={,CATLG},UN] T=USER _ 8 20
1 7/ SPACE=U6015,(10,101,RLSED ,DCB=VRECFM=FE, LREC{=401, BLKSZE~6015) 9000706
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OPTIMIZING

To run OPTIMIZE, use "CRABPMS.JCLLIB.DATA{OPTIM)"--change line 400 to

the input file which would be the output from an interpreting run and

line 600 to the name of the optimization run filename.

START
coL”

1 //70PTIM EXEC PGM=0PTIM

—-7EThikb - B Bk R pRE: LERSaRI RIBARGRYY orseasun

1 77EY0SFOI1 0D DSN-UlD.INTERPBS.DAThDISP-S
T JIETesESal B3 EEE"BID‘M N85 NIT
= - =
a S Y ab et e TR B ST Y e b et A iou RLSED ,
1 “ oca caéc;nzrs.mecuzso.au&sx 6800

4

B e B e S L s ittt S LT E LAY St Sl iy gy

00000100

[
00000400
00000500

. 0600
0§§8 Q0
0o c

Q9
o000
ol

o
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NETWORK

To run NETWORK, use "CRABPHS.JCLLIB.DATA(HETHORK)“-—Change line 300
to the optimized output dataset name, line 600 to the start year, and

line 900 to the county name.

—----t——-—1———-4---—2---—4----3---—-0----6—---—0--—-——5--—-4-----6---——0----7---—0----8

b 7i3TERE1at ES DeN=NE THRK LIB,DISP=SHR 20099349

{—ﬁf-‘r 5&501‘ ob 'DS“-G!B.&#\‘?QS&.H?R. ISB=SHR 00000300
1 7/FT06F001 DO SYSOUT=A 00000400

1 /7/FT04FO0L O©OD + 60000500

11985 0.05 0 0.0¢ 0.25 00000500
1750 50 40 40 40 00000703

I &0 40 30 30 30 00000800

1 THURSTON 00000900

5 2 00001202
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NETWORK CONSTRAINTS (See also Page 5-16)

There are two types of constraints which may be used for network
analysis. One may use a budget constraint, that is, one decides how much
funding will exist for each year of a six (6) year budget cycle and put
those values in the JCL to arrive at how many and which projects will be
rehabilitated each year. At the conclusion of this run, one would know
what effect those budget constraints would have on the serviceability of

the highway system.

The other type of censtraint is service level. One selects the
minimum level of service at which the system must be performing at the
end of each year. At the conclusion of this run, one would know how much

it would cost the agency each year to achieve these levels of service.

Both of these JCL statements are quite large, however, the actual
number of lines which must be changed are not so large. To run Budget
Constraints, use "CRABPMS.JCLLIB.DATA(BUDGNET)"--change line B0OO to the
optimized output dataset name; lines 1800, 4000, 5500, 7700, 9200, 11400,
12900, 15100, 16600, 18800, 20300, and 22500 to the year and budget level
for each respective year of the six-year program; line 24400 to the start
year; and line 24700 to the county name. To run Service Level
Constraint, use "CRABPMS.JCLLIB.DATA(SERVNET)"--change the line numbers

as for BUDGNET, only this time use a level of service in place of budget.



