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SUMMARY

This report describes the pavement management system developed by WSDOT
over a period of five years. It represents an organized appreach to providing
the Department's administration with the necessary information for more efficiently
managing its investment in roadway pavements. Both project-level and network-level
pavement management are represented within the four broad areas of data processing
which combine to constitute the foundation of the system.

Functional Aspects

There are four basic components of this system:
1. Master File

2. Interpreting Program _

3. Project-Level Optimizing Program

4. Network-lLevel Program

Master File

The foundation of this system is the Master File which combines information
from five other existing data files:
1. Roadlife History (construction history)
2. Roadway Inventory (geometric data)
- 3. Annual Traffic File
4. Surface Friction File

5. Pavement Condition Rating File : : T

The Master File is indexed according to milepost 1imits of the most recent
paving contracts and is utilized in two ways:
1. To track the progression of distress over the service life of a pavement.
2. As input to the first of three computer programs in the system, the
interpreting program.

Interpreting Program

bl e~ LR L

The interpreting program 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 rehabilitation.

The output 1listing from the interpreting program consists of the following
for each project: |
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1. A tabulated summary of the performance history.

2. A summary of traffic information for the project.

3. The constants for the performance equation with related statistical

‘ data.

4. A plot of average ratings with high and low ratings for each survey

year shown and the performance curve fitted to the points.

‘The interpreting program also generates a new data processing file that
contains all of the above-noted information on a project-by-project basis.
This file is used in two ways:

1. To study the correlation of other parameters such as design mixes,

environmental effects, traffic characteristics, etc., with trends in
pavement performance.

2. As input to the second major program in the system, the project-level
' optimizing program.

Project-Level Optimizing Program

This program 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. These 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.
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.
This program also generates a new data processing file which is used as
input to the next program in line, the Network-Level Program.

Network-Level Program

The function of this last program 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
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alternatives and performance of all project segments on the network, a schedule
of anticipated action, cost, and performance can be tabulated for a 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 are demonstrated
for what can be obtained with different budget levels and most of the "what if"
questions faced by administrators are answered.

. The system is currently in operation within WSDOT. The performance curves
produced by the interpreting phase are used to prioritize pavement sections for
rehabilitation. The optimizing program and network-level program are both used
by the districts to influence their decisions in preparing rehabilitation programs.



CONCLUSTIONS AND RECOMMENDATIONS

It is concluded that the system, operating on biennial pavement condition
ratings, provides a good solid framework for orderly analysis to estimate the
economic benefits of the type, timing, and sequence of rehabilitation activities
applied to a pavement. As such, it is expected to be a great aid to WSDOT in
providing the citizens of the state with the best pavements for their tax
dollars. '

During the course of development, the importance of maintaining pavement
condition ratings in their raw coded form became very obvious. By doing this,
weighting values can be recalibrated as each pavement survey is completed,
greater insight to the interplay of pavement distress is acquired, and the
expertise in performance analysis is improved.

. . .In this system, "optimization" is applied at the project level. All work
at the network Tevel is related to gauging the effectiveness of different pro-
grams by applying constraints--either budget or pavement condition-level. It
is concluded that network optimization would involve "trade-offs" between
alternatives applied on all projects in order to make the greatest gains in
long-term pavement condition for the doilars available. This process was not
- developed in the scope of this study, but represents an objective of further
research and development.

Successful development and ihp]ementation of this pavement management
system were accomplished with three basic considerations:

1. The production of a feasibiliity study by an outside consultant which

determined adequate information and expertise were available within
KSDOT to develop and implement a PMS.
2. The assignment of developing the system to the Materials Laboratory

which has responsibility for pavement design approval, and pavement
materials and construction specifications, as well as conducting the
biennial pavement condition survey. '
3. The formation of a steering comnittee consisting of top-level management
personnel was considered essential for implementation.
The data base and interpreting system provide the necessary tools for further |
research. The possibility exists for correlating design parameters, materials
and construction methods, and surfacing types and thicknesses to such factors
as projected pavement life, area under the performance curve, degree of curvature,

etc.
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The performance model was developed with a strong consideration for
simplicity and may not be accurate in the low ranges of pavement rating (severe
Histress). It 15 recommended that typical performance curve tails be developed
for specific pavement types when they approximate this low range of rating.

The cost models relating user-incurred costs are weak and based on out~
dated information. It is recommended that better madels be developed in the
future if user costs are to be a consideratijon.

It should be noted that the framework of this system could be utilized by
any agency that has the two basic constituents for the master file:

1. A construction history file with construction dates, types of

surfacing, etc.

2. A pavement rating history file that relates to severity and extent
of different distress types. -
With this information available, it would be Ebssib]e to calibrate distress
weightings to relate to any combination of distress types and to represent the
genesis of pavement deterioration in almost any geographical area. Once

performance curves are developed, the mechanics of the rest of this system
fall into line.



THE PROBLEM

For many years highway agencies have been managing their pavements by
providing well-designed and constructed pavements, proper maintenance, and
timely rehabilitation. In the past, funding these activities did not present
the acute problem which prevails today. The highway industry is currently
being squeezed at both ends with the influx of tax revenues steadily falling
off and inflation effectively reducing the work that can be accomplished with
a2 given amount of dollars. It is no longer possible to fund highway programs
at levels comparable to the past. An improved approach to managing our pave-
ments is needed so that we can achieve the most with every doilar available
and protect the investment we have made in providing today's highway network.

While managing means efficiently administering available funds, it also
implies a certain degree of accountability and a required effort to gain more
appropriate levels of funding if current revenues are deemed insufficient to do
the job. This poses several questions for the highway engineer:

1. Can we support budget requests with solid facts and figures?

2. Are we able to demonstrate to our legislatures and the public the

consequences of a given funding level in terms of future pavement
~condition?

3. Do we know what the present condition of our system is, or how it

_ compares with years in the past?

4. For any given section of highway can we tell how much was spent for

pavement mafntenance last year?

5. Do we know the cost of all work on a pavement, including construction,

reconstruction, resurfacing, and maintenance, over its entire lifetime?

6. Are our pavements giving us the service that was expected of them when

they were designed??

These questions represent many of the concerns faced by top-ievel highway
administrators today. There are certainly not many agencies, if any, that can
answer all of these questions with a positive "yes".

Until now, WSDOT has utilized a priority programming procedure for the
selection of projects and the allocation of funds. This consists of conducting
a biennial pavement condition survey, ranking all sections in a priority order
according to the ratings, and implementing as many projects as possible with
the funds available. A priority system is not always efficient in responding
“to present needs though.

One of the problems associated with a priority approach is the time lag
involved between the pavement condition survey and the start of a programmed
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rehabilitation project. In the Washington system there is a lag period of

2-3 years because of all the necessary steps required to assemble the rehabili-
tation program and receive approval from the Commission. During this period of
time, other low priority segments of highway may quickly deterioriate to a
worse condition and justify a higher priority at time of action. These sections
lower the overall serviceability of the system and present a significant burden
to maintenance forces because they are not in the rehabilitation program.

A means of predicting pavement performance would substantially cure this
problem. - By forecasting the pavement condition for each project, a rehabili-
tation program could be assembled based on the network as it would exist at
the time of intended action--not two years prior when the pavement was rated.

The method of forecasting should be based on everything known about the
pavements: their performance history--meaning all pavement condition surveys,
not just the most recent one; their construction history--what the pavement
consists of and when it was built; the loads being applied; and the environment.

Another problem with the priority approach is the lack of consideration for
long-term economic benefits or consequences. One of the prime considerations
(aside from structural qualities) is the Tong-term cost of providing pavement
serviceability. Over the 1ife of a highway facility, rehabilitation of the
pavement may occur several times. OQOccasionally some minor routine maintenance
is required to maintain serviceability until rehabilitation is effected. Once
the fix becomes imminent, proper selection and accurate timing could mean an
optimum return for the available funding. A variation from this "optimum"
time or fix could mean substantially smaller returns for the dollars spent, i.e.,
rehabilitation too soon would reduce the years of service per dollar spent, and
rehabilitation too late could increase the cost of fix and also increase the
cost of routine maintenance. A priority approach based only on present service-
ability cannot deal with this kind of problem.

THE SOLUTION

These guestions, needs, and problems have generated a need for improving
our approach to managing pavements. Pavement management has been defined as
"a coordinated set of activities, all directed toward achieving the best value
possible for the available public funds in providing smooth, safe, and econ-
omical pavements".? A pavement management system is thus a logically ordered
arrangement of pavement management activities.

Pavement management occurs independently in most highway agencies, with
pavement-related decisions taking place in many separate divisions such as
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design, construction, maintenance, and budgeting. To effect good pavement

management, these decision-makers should have consistent, up-to-date, and

well-founded information. This is one of the primary tasks of a PMS. Because

the information needed involves a tremendous mass of data, it is usually the
product of automated data processing, i.e., data files and computer programs.
These data files and computer programs are not a pavement management system,

but they do represent the core of a PMS--the roots of decisions in all pavement-
related activities that form the foundation to géining more cost-efficient
pavements.

Pavement management classically exists at two levels:

1. Project level - detailed information, ana]ysis, and decision-making

~ relating to specific projects, usually applied at lower management
~ Tevels..

"ﬁz;ﬂ_Network Tevel - summary information, statistics, and decisions
| related to system status before and after rehabilitation programs,
fncluding the assembling of a rehabilitation program. This is
~ usually applied at upper management levels.
Some of the goals of a good pavement management system are:
1. A means for determining the most cost-effective strateqy for main-
taining pavement serviceability. '
2. An ability to obtain the highest level of system-wide serviceability
" possible within budget constraints. '
3. The potential for projecting the level of serviceability that can be
- obtained with additional revenues. '
4. An ability to demonstrate the impact on network serviceability caused
"~ by delaying projects should a shortfall of funds be realized.

WASHINGTON'S PMS

The pavement management system developed by WSDOT is based on an organized
approach to providing the Department's administration with necessary information
for more efficiently managing its investment in roadway pavements. The system
incorporates four main areas of data processing: '

1. Building and updating a master file of pavement data which contains

information from several different areas.

2. Interpreting or analyzing the master file, i.e., tracking pavement
ratings and producing a performance curve for each project.

Optimizing at the project level, i.e., providing the most cost-effective
time and type of pavement rehabilitation for each project.
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4. Network-level programming - assembling a rehabilitation program

based on forecasted effects of the overall gain in serviceability
on the system.

Figure 1 is a conceptual flow chart of the operations involved in pro-
gressing from avaijlable data to the best time and type of rehabilitation for
each potential project, and ultimately to a complete iong-term rehabijitation
program. Data files exist in all four levels-with useful information poten-
tially impacting all highway divisions involved in pavement-related decisions.

Building and Updating a Master File

To build the master file, data were required from five existing files
within WSDOT:

1. Road Life History (construction history)

2. Roadway Inventory (geometric data)

3. Annual Traffic File

4, Surface Friction

5. Pavement Condition Survey {distress ratings and roughness measurements)

With data from these five areas all brought together in one file, the task
of uti]izing'a11 of them in pavement analysis becomes much easier. Moreover, the

potential for processing this information with computer programs is greatly
enhanced. |

The process of assembling the master file consists of dividing the highway
network into project segments based on the limits of the most recent pavement
surfacing contracts found in the Road Life History File, and then associating
data from the other files, one file at a time, with each project. To do this,
a hierarchical record structure was designed for three levels: all data related
to the project regardless of time or specific location; all data related to the
generation in time when acquired; and all data related to both generation in
time and a specific location within the project.

The prime interest of this file, of course, is to relate the biennial
pavement condition ratings to specific project 1imits. These ratings are
acquired through a combination of subjective and objective evaluations: sub-
Jective, by judging the severity of a pavement distress; and objective, by
measuring the actual extent of a distress. These evaluations are performed
by two-man teams using the evaluation form shown in Figure 2. The ride score
is obtained through objective evaluation, i.e., a modified PCA Road Meter is
mounted in a vehicle to measure rear axle deflections along a pavement profile.
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Figure 3 is an example of a listing produced from the master file with
information related to one project. The top line represents data describing
the project. Below that are all pavement condition ratings for each year noted
by mi]epost location within the project. The distress ratings are listed in
their raw coded form to indicate trends in extent and severity from one year
to the next. The first digit indicates the form column that was coded
(severity in most cases), and the second number indicates the digit that was
coded (extent, or percentage of area affected in most cases). An example of
this coding is -shown in Figure 4. To the right of the raw ratings in Figure 3
are: the raw unadjusted bump counts (ride); the speed at which the counts were
acquired; an adjusted count for the speed, meter, and vehicle used; and a ride
rating (scale 0.0 to 1.0) related to the bump count.

Because the master file is based on construction history and the last
surfacing contracts, an update necessarily begins with recording all recently 7
completed surfacing contracts. All other files are also updated and the whole
process of combining files is repeated to produce a new generation master file.
Unfortunately, an update is not achieved through a simple editing process. To
update the master file, it must literally be rebuilt with updated input files.

Interpreting Phase

The second phase of this system involves analyzing the data in the master
file on a project-by-project basis.

Early in development of this system, it became apparent that a step should
be provided prior to optimizing the rehabjlitation treatment for each project.
There was an awareness that different areas of decision are necessarily related
to different types of information. Maintenance and rehabi]jtation peoplie, for
instance, are concerned with knowing the specific types of distress present on
a pavement in order to apply the proper fix. A pavement management system must
have a predictive capability, however. This is something that can only be
accomplished with numerical ratings which can be used to provide a serviceability
vs. time relationship so that time to failure might be predicted. These numeric
ratings do nct have much meaning for maintenance or rehabilitation engineers
other than to indicate a need for some type of action.

The interpreting phase was developed to accommodate both approaches. In
using this method, raw coded data indicating severity and extent of each
distress type are maintained in the master file. These data are then translated
into a combined rating in the ﬁnterpreting phase for tracking a project's per-
formance. These combined ratings are calculated with the following equation:
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5000
(pavement rating)(ride rating)

Rating = (100 - £0){1.0 - o.3(ﬂ)2) or

Rating

lIn thisxequation, ID represents the sum of weighted values for all distress
categories as shown in Figure 5, and CPM represents the counts per mile for the
rating section acquired with the ride meter. Since the ratings are acquifed for
each mile of the system and project limits occur at odd mileposts, the mean
combined rating for each project is computed using length as a weighting factor.
By plotting the history of combined mean ratings for each paving project, the

progression of pavement deterioration is tracked with time and projected into

the future. This is accomplished in the interpreting program by utilizing three

different methods of producing performance equations:

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

a typical equation for the specific pavement type, surfacing depth, and

geographical area is assigned. This is justifiable because the pavement

would be relatively new and should not need rehabilitation for some time.
The equation generated is used primarily in network analysis. Should
the project 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.

2. Regression analysis is applied to all projects that have at least three
ratings. This is the basic approach to fitting performance equations.

3. When regression analysis does not produce a reasonably good fit, (RZ

value less than minimum acceptable), a "typical" curve is fitted through
the first and last values.

These three methods of developing performance equations are applied in the
interpreting program as an algorithm for automation and can be considered a
general rule that has many exceptions. They do not always produce good fitting
curves with accurate equations. '

In order to be assured that the performance curves and equations for each
project are reasonable and represent the best forecast of future pavement condi-
tion, the plotted ratings with fitted curves for each project are carefully
reviewed one at a time. The type, thickness, and date of last surfacing are
noted while inspection of the curve shape, fit, and time to failure are studied,
Most projects demonstrate reasonable curve fit as analyzed by the interpreting
program. Those that do not show a good fit (usually caused by a random fluctua-
tion in ratings) are reviewed in detail in the Master File. Trends in distress

are inspected carefully and engineering judgment is used to provide a performance

~14-
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Weighting Values
Coding: (AB) A = Column Coded
B = Number Coded ZD = 0+0+40+0+5+10+415 =

Note: "N" jndicates no distress present. Figure 5. Example of Weighting Values
‘ Assigned to Ratings

Figure 4. Example of Coding Shown
on Master File Listing

: eqyation for predicting future pavement ratings as well as the specific type
of rehabilitation. It is important to note that the eguation provided with this
approach is intended only to forecast future ratings and may not fit past ratings
at all. Projects that fall into this category are not considered good prospects
for the optimizing analysis and are routed directly to the network phase.
Another item which is addressed in this review is the amount of variance
in the high, Tow, and mean ratings for each generation. If a high amount of
variance is noted, the Master File 1isting and the Construction History File
are studied. The Master File points out exactly where the high and low ratings
are located, while the Construction History File demonstrates old surfacing
contract 1imits that might be correlated with the high and low ratings.
If it is found that a specific portion of the project is performing sub-
stantially different from the rest, the project can be divided into two or
more units with new project 1imits.

Figure 6 is an illustration of the model relating pavement rating (service-
ability)} to age that is used in the interpreting program. The general form of
the performance eguation adapted is:

R = C- mAB

where C usually approximates 100, R and A represent rating and age respectively,

m is & coefficient controlling the slope of the curve, and B is an exponent
that controls the degree of curvature.
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Figure 6. General Form of Performance Figure 7. Example of Different Curve

Equation ® Shapes

Figure 7 is an example of the different shapes the curve might assume.
Curves 1 and 2 are linear and demonstrate the influence of the slope, m.

Curves 2, 3, and 4 demonstrate the control that B exerts on the degree of
curvature. Note that exponents greater than 1 indicate curvature increasing
from horizontal, while exponents less than 1 indicate curvature increasing
from vertical.

In fitting the best curve to the acquired ratings with regression analysis,
the program substitutes a number of different exponents (B} in order to transform
the independent variable, age. The best fit is determined by the highest R2
value (coefficient of determination)'using the sum of least square method.
Statistics generated with the performance equation are the R2 value and the
standard error of estimate.

Figure 8 is an example of the interpreted data listing which identifiés
the project across the top, similar to that on the master file. Listed under
that are the performance history, approximate traffic data, and the constants
used in the performance equation, with associated statistical data. Note that
if regression analysis does not produce an equation with an R2 number greater
than some arbitrarily set value, say 0.75, one of the alternative methods will
be applied, and the statistical data will be zeroed.

The bottom portion of the interpreted data Tisting is dedicated to the plot
of ratings since the last surfacing activity. This plot also shows the perform-
ance curve fitted to the ratings and indicates the range of ratings for each
generation with a high and low value plotted. When reviewing the performance
curves for each project as described earlier, this plot is an invaluable tool.

-16-




Buiasyy vyeg paraddusjul g aunbiy

o *
o HSY3IA o
“ &
06 71:] 0@ SL %
o0IIQll#llGll0IIO||0ll4‘l0|l§l‘oil+ll0l|+ll0ll+ll+lli||4ll0ll0
0 + . 0
I agb
H L]
I ¢ 9]
02 +« * + 02 N
I * I
I * 1
I v
0% » * + {9 |
JniyA 1 s
Q3iNdHW0D = * m *. %
ANAYA NV3A = = 09 m -.- + (9 m
ANTWA MO = - i “ee T A
30TOYA HOIH = « 08 m ..n.. m 08 M
eauesr JLI0N evaa i e - - I .
: I pttt* g I wan I~
OO” + - .O......ﬂ-...lg..g‘ OOH —
P o an i o o T ot o o e gy TS Y R g A R b e O i
02 S1 0l S ¢
™ o
& 39Y »
i #
G A R R L L L T A AL A R L T TR R LT R LY TR R R T T T R E R R e FIR A R Y ¥ U W g g
QE"%1 = (02 0L 3IWIilL % 0*v = SMJINHLl F7Ixv § 0s B4 &9 e h NOTLIOIHA oAy
24°Cl = Q€ Ol 3wil B g*0 = SMONdL Fqxvy 4 &h Vi g4 (W) £Ew NOTLOIdd MO
LO®E] = 0% 0Ol 3Iwldl % S*2 = SMINUL d0xv £ 25 s 0% g% Q% NU[LI]HA HOLH
HE*21 = 0§ Di IWIL % L*2 = SMINEL 33Xy & 869 vy c*68 Le68 6"L6 ONILlvY MO
0S* 1T = 09 041 3WIL %65 = @ FIT0 = M 6*he L*66 666 0*00T 6'66 ONIlva HOIH
66°1 = HOMHF (LS &£° L XJANI DI ddvdl 1°08 5L G*Eo §5°L6 £*66 ONILVd QHAUD
79lE6°0 = VIR ERE. | %9 SNOTLYNIHWOD 2*'18 g'th m.nw c.ww o*uldl uzmhqu dIN4ls
G2 = MIMOd vND3I H4 SLINN FONIS 66°0 go*l 0o0* oo* 66y ON]LlvH agly
%8E10°0- = 44300 vi03 ¥9*q 3lvd HLADHY 6 L 4 € 1 wum
BL°86 = LSNOD vinO3 00ERL 1Qv 0 6L Ll 5L €L 1A Hyd
NOILYNG3 3INVAHOJIYId VIVO J1l4d4vdl 3AVHIX0odddY AHOLSIH JINVWHOIYIG
11 €€ 0% 02 0i=-5 €09890 01 01 8+ 4 £ d S-N 96E 96t 0 6.2 0G86ET #wSsEl § £
#itn BUEsben B GLOLLE SOLUD GRRSDDODNLS GO0 A0S S800 HOf HOUT ABHL SHUR ABG0 BOUDE ALGdD SO0 o
wa>h HHL=dAl dAL HA=W &bzow SHIQIM SN dAl 391 WJ ZwJ dHS) dWSD) SD dWiS dhES HS @
Sv8 32v4unsS AIND FJ&:OU kmd HST=HSd=Mad WNN AMH N4 fQad ON3 938 ON3 938

AL R T L TN

AETEARE ~ R . - 9 o et B
EIRRNETEEY 5T BRI TP L - o v B R TRD B

R ETE PN




AR T v

Project-Level Optimizing

This phase utilizes the performance equations produced at the interpreting
leye] to establish the most cost-effective rehabilitation strategy for each
preject.

Figure 9 is a typical performance curve relating the pavement rating

(serviceabi]jty) to the age of the pavement. As a pavement ages, its condition

gradually deteriorates to a point where some type of rehabilitation should be
applied. This is a state of deterioration at which distress is showing, but
might not yet be severe enough to call for immediate remedial action. Unfor-
tunately, this point is all too often passed and the pavement continues to
deteriorate until something must be done to rehabilitate it. These two points
on the performance curve, aptly named the "should" and "must" levels, define
the most probable rehabilitation period. In the event that the "must" level
is surpassed without action, maintenance forces are then faced with applying
temporary fixes until a major remedy can be applied. Temporary fixes tend to
retard the rate of deterioration and flatten out the performance curves. How-
ever, the frequency of application and associated cost of a temporary fix are
high compared to the benefit returned.

When rehabilitation treatment is eventually applied, the pavement rating
increases abruptly, marking the beginning of a new cycle. Over the total
existence of a pavement, many restorative actions like this occur, demonstrating
a new performance cycle each time rehabilitation is appiied. Obviously many
different fixes are possible when the need for rehabilitation is faced, and
each fix generates its own performance curve following application. Not only
are many fixes possible, but a tremendous number of different combinations are
possible when the timing, sequence, or type of action are changed over an
extended period. A rehabilitation strategy is thus defined as a combination
of rehabilitation alternatives designated by type, sequence, and application
time. Figures 10a, b, ¢, and d illustrate this concept with a few examples of
strategies. ’

The primary motive for improving our approach to pavement management is to
minimize the cost of providing satisfactory pavement service. The methods
presented here can achieve this by analyzing economically all strategies possible
within a set time frame called a consideration period. Basic to the analysis
is the stipulation of a minimum level of serviceability ("must level") to be
maintained through the consideration period. A1l costs associated with each
Strategy can then be totaled and brought back to present worth for comparison

-18-
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100

PAYEMENT CONDITION RATING
(SERVICEABILITY)

i

ROUTINE MAINTENANCE

SHOULD REHABILITATE AT THIS LEVEL

[
REHMABILITATION REQ'D

MUST REHABILITATE AT THIS LEVEL

REHABILITATION PERIOD

AGE

Figure 9. Typical Performance Curve

CONSIDERATICH PERIOD

PAVEMENT RATING (SERVICEABILITY)

10a 10c

= 1%

ME IN YEARS 104
10b
Figure 10. Examples of Different Strategies

with other strategies--the desired strategy being the one with the Teast total

cost.

N B W N e

Costs considered in this analysis consist of:
Construction costs for each rehabilitation alternative applied.
Routine pavement-related maintenance costs (annual).
User-incurred costs related to the condition of the pavement.
User-incurred costs related to delay during rehabilitation.
Salvage value of the pavement at the end of the consideration period.
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It is important to note that strategies can be selected on the basis of
all these costs, or any combination of them, depending on management's prefer-
ence. _

! Figure 11 is a flow chart demonstrating the operations and work flow in
the optimizing program. Each box on the flow chart represents a program module
(subroutine) which can be easily replaced or modified as new data become avail-
able and exﬁertise in each of these areas is improved. .

The objective of the pavement management system is to produce cost-effective‘:

- rehabilitation. - To do this, performance equations developed by the interpreting
Program are applied in the optimizing program. This program also uses a second
~data set containing optimizing parameters as shown in Figure 11. Included are:
constant and coefficients for the cost models; should and must trigger levels;
all rehabilitation alternatives to be considered; a selection matrix for the
array of alternatives to be considered for each project; and the effective interest
rate {current interest less current inflation rate) to be used for discounting to
“present worth.

Figure 12 is an example of the output 1isting for one project, indicating
the benefits and consequences of applying rehabilitation alternatives in certain
sequences. Shown also on this 1isting are: all performance data as produced by
the interpreting program; all optimizing parameters; a description of the
rehabilitation alternatives with performance equations, construction costs, and
predicted time to "should" and "must" levels after application; and a summary of
the best rehabilitation strategies with their associated itemized costs.

Programming the Optimized Projects at the Network Level

“The last phase in this system is network-level programming which is based
on the optimum rehabilitation strategy (or alternatively one of the other
strategies) as determined and projected by the project-level optimizing program.
By aggregating the recommended rehabilitation actions in each year and tracking
the performance and cost of all project segments on the network, a schedule of
anticipated action, cost, and performance can be tabulated for a future number
of years,

The network level program generates three summaries for each year of the
proposed program:

1. Action Surmary

2. Cost Summary

3. Rating Distribution Summary
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Figure 11. Flow Chart of Optimizing Program
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g - - Figure 13 is an example of the Action Summary generated. Since different

nchould" and "must” levels can be applied for different functional classes of
highway, the particular levels used to develop the schedule of action are
indicated at the top. Below that is a summary of all projects required in
that year defined by state route number and inclusive milepost Timits, with a

description of the action required and the associated cost--both in present
dollars and dollars inflated to the respective year. The costs shown on the
Action Surmmary and Cost Summary include only the construction and preparation
_costs since the other costs considered in the optimizing program would not enter
into budget considerations.
Figure 14 is an example of the Cost Surmary. This summarizes by functional

class the gain in average pavement rating on the system to be expected by funding
(and constructing) the project itemized on the Action Summary, and indicates the
total demand on budget dollars for that year. Three types of dollars are shown:
present dollars, inflated dollars, and discounted dollars. Inflated dollars
are used to indicate the cost expected at the time of construction. Present
dollars are used as a direct comparison to current-day funding levels, and the
discounted dollars are shown to gauge the effect of interest and inflation on
the particular time of expenditure.

The last 1listing produced by the network program on a yearly bas1s is the
Rating Distribution Summary shown on Figure 15. This listing indicates how many
lane-miles are present in each pavement condition rating group before and after

the proposed rehabilitative action for that year.

The network-level program described is actually a summarizing program that
takes into account the performance of existing projects as analyzed in the inter-
preting program, and the recormended time of rehabilitation with a performance
equation commensurate to the type of fix for each project requiring rehabilitation
as determinad in the optimizing program. On inspection of a six-year program,
as summarized directly without any constraint (Figure 16}, one quickly realizes
that there is an enormous volume of work to be accomplished in the first year or
two with just as large a demand placed on funding. Sufficient resources in terms
of manpower or funds are simply not available to address this size of task--nor
would it be desirable to do so if resources were available.

To manage a highway or transportation agency efficiently, steady workloads
and rates of expenditure may be preferable to drastically fluctuating resource
requirements. To "balance" this fluctuation requires a shift in timing for some

of the projects. What actually occurs in network-level programming is a modification
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of project timing in the optimized data file prior to summarizing with the
network-level program. This modification in timing is a process of selecting
projects on a priority basis for the good of the system.

UNCONSTRAINED
: MILEAGE

YEAR  BEFORE - AFTER  _Z AFF, cosT*

1981 53.1  88.6 46T $62,752,668
1982 83.6 8.6 82 11,758,111
1983 833 86.4 5% 6,624,903
1984 8L.4 834 ux 5,661,168
1985 772 8L9 87 14,155,899
198 75,4 831 15% 33,893,546
6-YR AVG RATING = 80.4 $134,846.295

*ALL COSTS ARE INFLATED COSTS

Figure 16

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 goals in building a rehabilitation program:

1. To identify those projects that can be constructed with available

funding--the budget constraint.

2. To identify those projects that must be constructed to attain some

desired level of serviceability--the serviceability constraint.

For the administrator, many questions can be answered through application
of these two constraints. For instance, application of the budget constraint
results in a certain level of serviceability. By applying several different
funding levels, the administrator gains insight on what can be accomplished
with more or less funding. Figures 17 and 18 represent budget-constrained
programs which can be compared with the unconstrained program in Figure 16,

A plot of the average serviceability obtained with each funding level is illus-
trated in Figure 19.

Conversely, appliéation of the serviceability constraint results in a
certain level of funding. Through application of serviceability constraints,
the administrator can determine the level of funding required to keep the
network serviceability where it is today. He could also lay out an improvement
schedule in terms of serviceability and determine levels of funding required as
well as the percentage of the network to be acted on to attain the specified
Tevel. Figure 20 is an illustration of the figures that can be generated.
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BUDGET #1 BUDGET #2
MILFAGE ’ MILEAGE
YEAR BEFORE AFTER % AFF, COST YEAR BEFORE AFTER %z AFF,
1881 53.1 59.3 7z $9,050,095 1981 53.1 62.0 11
1982 52.3 57.4 7% 9,048,675 1932 55.4 61.9 8%
1983 51.2 57.5 7 10,299,085 1983 55.9 63.3 9z
1984 51.7 56.1 6% 10,300,148 lagy 57.6 63.4 7%
1985 50.5 52.8 4 9,449,439 1985 58.0 65.0 ox
1986 47.4 49,7 ux 9,449,286 1936 59.7 4.6 8z
$57,596,728
6-YR AVGVRATING = 53,2 6-YR AVG RATING = 60.0_
Figure 17 figure 18
b ¢
0 T~ - LHOONSTRAINED
=
—
§ .
p_
o
5
>
=
w - BUDGET #2
= & —
g e
of]
& —
Y o5 ) «—— BUDGET #1
1521 152 1535 184 155 1%
YEAR

Figure 19. Plot of Average Serviceability
Obtained with Budget Shown in Figures 16,
17, and 18
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95 .

o o
o it
A Unlimited m "
=
o 30
=
D Upgrade @
& : Maintain o
v 85¢ O— —0
& o ¥ o
ws w3 0
© S <
80
1983 1985 1987 1939
Unlimited 36,114,882 25,286,924 28,367,426
Budget (20%) (13%) {15%)
tUpgrade 19,226,745 24,439,130 42,077,816
Serv. tevel (10%) {13%) (22%)
Maintain 16,572,007 21,205,024 32,500,680
Serv. Level (8%) (11%) (162)
Figure 20. Example of Figures Obtained by

Applying Serviceability Constraints

It is important to note that the shift of project timing applied using

It was stated earlier that
The method used in generat-
ing the figures in this paper is called the "effect of delay". As can be seen

in Figure 21, projects 1 and 2 deteriorated at significantly different rates.

either constraint requires a prioritizing function.
projects are prioritized for the good of the system.

The effect of delaying project 1 would have far greater consequences than delay-
ing project 2. By prioritizing projects based on a predicted rating a year after
anticipated action, a better gain in serviceability is achieved.

It should be understood that this is only what was used to generate the
figures in this paper. In the real world there exist several other aspects
which might be considered in this type of prioritizing function.
Effect of Delay - Rating (Yr. +1)

ADT - Functional Need

Effect on Maintenance Cost

Among them are:

Other deficiencies - i.e., V/C, Safety, Geometry, etc.
Administrative Priority - Commitment

N B N e
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OTHER APPLICATIONS OF PMS

To this point, the basic framework of Washington's PMS has been described.
Its use to administrators in assembling cost-effective rehabilitation programs
should be immediately obvious. There are, however, many other applications of
this system which impact other regions of decision-making. Data files and other
computer programs exist at all levels of the PMS framework for influence in o

design, construction, maintenance, and pavement research. Pavement management, =
after all, is concerned with all facets of improving our efficiency in gaining -

more cost-effective pavements, as well as rehabilitation programming.

IMPACTS ON PAVEMENT DESIGN

Pavement design formulas have traditionally been related to load applica- .

al

tion, subgrade strength, frost susceptibility, and the attributes of surfacing ﬁff
materials used. Many of the pavement design formulas in use today were I
developed 20-25 years age when materials and loading characteristics may have

differed greatly. With a PMS, these design formulas can be verified or modified .
to reflect more current thinking. Items such as axle loadings, paving thickness;_
envirenmental conditions, and others can be correlated with pavement service life.
The cost-effectiveness of new designs such as pavement recycling, sulfur-extended
asphalt, stress-absorbing membranes, and open-graded friction courses can be
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gauged for further consideration. These represent only a few of the design-
related PMS benefits--there are certainly many others.

IMPACTS ON CONSTRUCTION

It is well known that a pavement's service life is related not only to the
design factors just mentioned, but also to material characteristics and its
construction quality. Regardless of how well anything is designed, it must be
built according to plans and specifications or it will not attain the expected
service 1ife. Some of the more obvious construction items which can be cor-

related with the service life of a pavement are:
1. Air void content in asphalt concrete
Asphalt grade and viscosity or penetration
Type of compaction employed and degree of compaction

2
3
4. Mix temperatures at the plant or when placed
5. Degradation values of mineral aggregate
6. Sand equivalent of crushed surfacing
7. Conformance to thickness requirements
“g lith this system it is possible to monitor pavement performance and correlate
! with any recorded construction parameters, thus providing the necessary informa-
tion to improve specifications and more efficiently gauge materials and construction

performance.

IMPACTS ON MAINTENANCE

Applications of the pavement management system for a maintenance engineer
differ greatly from those of the design or construction engineer. It should be
noted that the Washington State DOT differentiates between routine pavement
maintenance and rehabilitation. Routine maintenance consists of activities such
as pothole patching, blade patching, minor chip seals, crack filling, pavement
removal and replacement, etc. Rehabilitation is major rejuvenation of the
structural and surface character through rebuilding the pavement or resurfacing.

Pavement-related maintenance problems pertain basically to three different
areas:

1. Identify the specific pavement problems faced and anticipated in the

future.

2. Preparing a maintenance budget to address the problem.

3. Allocating manpower, machinery, and materials to accomplish the tasks

at hand.
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P

to be fixed. This list represents all highway se

The last two items are functions of a maintenance management system. The
first item, however, is provided by the pavement management system.
viding a 1ist of projects, the PMS identifies those which can be acte
iﬁmediateiy and those that, because of budget constraints,

In pro-
d on
will have to wait
gments that have pavement
by maintenance forces until there is enough

. The 1ist of pavement problems can be ysed as

direct input to the maintenance management system by identifying the pavement
problems and their location.

problems and must be cared for
money in the budget to fix them

I~
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