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PREFACE

Systems engineering in its broad sense is a codified procedure for
attacking complex problems in a coordinated fashion to permit realistic
decisions that can be justified on the basis of selected decision

criteria.

Highway departments have shown an increasing interest in the de-
velopment of pavement management systems starting with the publication
of the National Cooperative Research Program's (NCHRP) Reports 139 and
140 which described such a system related primarily to selection of
initial pavement design. An implementation project followed in which
the initial development was modified to meet the needs of selected
states. The results of this effort are described in NCHRP Report 160.
The major pavement attribute considered in these systems was the pave-

ment serviceability history.

In 1974, the Washington Department of Highways undertook the de-
velopment of a pavement management system using different combinations
of pavement attributes as compared with the NCHRP investigations, with

emphasis on maintenance strategies for in-service roadways.

Arizona has initiated an extensive data acquisition program which
provides the basis for a pavement management system for this state. The
investigation described herein is an effort to extend the results from

the NCHRP and Washington studies into an implementable system for Arizona.

As planned, the investigation involved extensive participation by
the staff of the Arizona Department of Transportation in all phases of
the work. The number of people who provided assistance is too large to
enumerate at this time; however, particular recognition is made to
Messers. Rowan Peters, George Way, John Burns, John Eisenberg, Benjamin
Ong and to the Engineer of Research, Gene Morris. The cooperation of
Deputy State Highway Engineer Oscar Lyons was particularly encouraging
in that interest at this level indicated a commitment to the development

of a pavement management system essential to its successful implementation.



1.0
BACKGROUND

A major responsibility of any transportation agency is to develop
and maintain a highway network which will provide a facility meeting
performance objectives at the most reasonable cost possible. A typical
decision would be the selection of a specific type of pavement construc-
tion or the maintenance alternatives and sequences (strategies) which
will provide an optimum application of resources. One generalized
procedure for achieving such goals is the development and implementation

of a pavement management system.

A pavement management system can be defined as the systematic
development of information and procedures necessary in optimizing the
design and maintenance of pavements. In a practical application the
pavement management system will help choose the best design or main-
tenance strategy from among those alternatives considered appropriate
for Arizona by members of the Department of Transportation staff.
Maintenance procedures need not be limited to those previously used in
Arizona; however, it is necessary to estimate the expected performance
based on research, demonstration projects or the experience of other

agencies involved in the design and construction of pavements.

Thus, a pavement management system is designed to assist the de-
cision maker in the what, where, and when of pavement design and main-
tenance; what type of design and maintenance to select, where and when
maintenance should be performed. It should be clear that the pavement

management system cannot make a decision; only thé person assigned the



responsibility for the decision can do that. However, the pavement
management system can provide a significant tool as an aid in making

such decisions.

It is important to realize that a pavement management system (PMS)
does not, of itself, develop maintenance alternatives, that is, pro-
cedures for the correction of pavement deficiencies. However, the PMS
provides the framework by which alternate procedures can be compared.

The system may temporarily suffer from a lack of background information
for newly developed construction or maintenance concepts; for example,
engineers know very little about the performance of pavements constructed
with recycled materials. Hence, the pavement management system tends to
lose reliability for this particular alternative. To a significant
degree the ability to predict future performance depends on observations

of past performance.

In order for the PMS to provide decision-making information, it is
necessary to determine the appropriate dependent variable, that is, what
factor or factors should be used as the major determinants for an en-
gineering decision. The first such variable that would come to mind 1is
cost. However, the decision need not be exclusively based on minimizing
cost. It could be that for some reasonable (acceptable) increase in
cost a desirable improvement in riding quality could be achieved.

Hence, some tradeoff may be possible between cost and improved long-term

performance.

The PMS should reflect the preferences of those who have the re-
sponsibility for the selection of design and maintenance policy with
regard to both general guidelines and specific project-by-project de-
terminations. It is not the purpose of the PMS to produce decision
recommendations which would be significantly at variance with those
individuals who make such decisions at the present time. The system

should generally produce information which reflects the experience,

(O3]



preference and priorities of responsible members of the Arizona DOT

staff.

In the following sections of this report an effort is made to
summarize the initial phase in the development of a pavement management
system for the Arizona DOT; the Appendices are provided for those in-
terested in further explanations and discussions regarding the details

of the investigation.



2.0

OBJECTIVE

The principal objective of this investigation was to develop a
framework or model for a pavement management system which would provide
a rationale for the decision maker in selecting (1) the optimum initial
structural design and maintenance strategy for new pavements and (2)

the optimum maintenance strategy for in-place (existing) pavements.

In order to achieve this objective it was necessary to undertake

the following tasks:

Identify pavement attributes
Identify pavement maintenance alternatives
Develop models for predicting pavement attributes

Develop models for predicting costs

(%2 I R S

. Develop appropriate "tradeoffs'" or utility functions
for the pavement attributes to be included for op-
timization by the pavement management system.

For purposes of this investigation an attribute is defined as some
pavement characteristic which is considered to significantly influence
the overall acceptability of the pavement to the user. For example,
riding comfort is probably the most significant attribute that a pave-
ment may possess; however, riding comfort is not the only attribute

desired or required for a pavement.

An additional objective for the development of the PMS is to recog-
nize uncertainties in the models with regard to the ability to predict

attributes. The inclusion of uncertainty allows the decision maker to



assign levels of reliability as a requirement for optimization by the
pavement management system. For example, on the Interstate System a
high reliability requirement of 90 or 95 percent could be used and on
the Secondary System a requirement of 60 to 75 percent would not be

unreasonable.

In order to develop a management system it is necessary to identify
maintenance alternatives; hence, one requirement was to enumerate those
procedures currently considered appropriate for Arizona. It can be
expected that additional procedures will be incorporated in the future;
however, in order to develop a complete working system at this time it
was the Consultant's recommendation to proceed with those alternatives

for which the DOT has or is accumulating the most experience.



3.0

APPROACH

In order to obtain the necessary information and to develop a data
base for performance and cost, a considerable amount of interaction was
necessary with the Arizona DOT staff. The overall approach used in
achieving the objectives is described in the following sections of this

report.
3.1 IDENTIFICATION OF PAVEMENT ATTRIBUTES

The identification of pavement attributes was accomplished in a
meeting with Headquarters personnel and the Pavement Management Steering
Committee on September 23 and 24, 1975. At that meeting the Consultant
presented a tentative list of objective functions and pavemént attributes
as shown in Figure 1. The attributes were generally identified with:

(1) safety, (2) riding comfort, and (3) physical distress. The specific
measurements for the attributes were: (1) skid number, (2) rut depth,

(3) roughness, and (4) dollar cost.

Pavement cracking did not appear in the original recommendation for

the following reasons:

1. There are no reliable procedures for predicting
cracking as to when or how much will occur;

2. There is no information to estimate the cost re-
quired to maintain a pavement as a function of the
amount of cracking;

3. There is no information for relating cracking to
pavement serviceability (riding quality); and
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4. there is no information as regards the limiting
value of cracking.
It is conceded that cracking is an important pavement attribute;
however, for the above reasons it was deferred from the present model

until such time as one or two of the above problems can be resolved.

In lieu of predicting cracking, the Consultant proposed to sub-
stitute pavement deflection, that is, deflection to serve as a proxy for
both structural strength and pavement condition. It is postulated that
the average or distributed deflection, for example, 80 percentile or
average plus two standard deviations, for a given pavement will reflect
the amount of cracking — increasing deflection with increasing amounts
and severity of cracking. This assumption is predicated on a random
selection of locations for which deflection measurements are to be

obtained.

Rut depth was also deleted since this type of physical distress is
not presently a problem in Arizona and would not be necessary for the

management system.

The Consultant recognized the need for assigning some value for
excess user costs related to any inconvenience incurred by the travel-
ling public due either to the condition of the pavement or delays re-

lated to maintenance (construction).

The ability to identify excess user costs, due to the condition of
the pavement, requiring the user to slow down has not been sufficiently
developed to justify its inclusion in the system. Kher (1976) reported
that passenger car speed reductions do occur as the pavement becomes
very rough; however, there is no evidence that commercial vehicles
reduce speed. Since there is poor agreement on the value of passenger
car time it was not considered; and since trucks seem not to be affected,

the factor becomes moot.



It is recognized that vehicle operating costs are an important con-
sideration to the user of a highway. The excess operating costs as a
function of the condition of the pavement are not known; hence, this

factor was not considered directly in the development of the System.

Though the excess user costs associated with pavement condition
were not directly included in the cost attribute, it should be pointed
out that the decision maker's perception of the benefit (or penalty) of
better (or worse) pavement condition was captured in the PMS by consider-
ing tradeoffs between cost and roughness index, and between cost and

skid number.

The final factor related to user inconvenience was the considera-
tion of delays due to construction for major maintenance. Provision has
been made for this factor in the model by including the attributed time

delays associated with major maintenance.

In summary, after discussion with the Arizona DOT, the pavement
attributes required for the PMS were determined to be: (1) skid number,
as measured by the Mu meter; (2) longitudinal roughness as measured by
the Mays meter; (3) dollar costs for routine and major maintenance; and

(4) time delays associated with major maintenance.

Based on discussions with staff engineers and review of state

reports,* tentative limits for skid number and roughness index were as

follows:
Skid number — 43 minimum for all classes of roads
Roughness index — 40 maximum for Interstate and major

primary,
50 maximum for primary, secondary
and other classifications.

*Cornell (1973); Allen, Cornmell, Burns, and Eisenberg (1974); Burns
(1973); and Arizona Highway Department Reports Nos. 3 and 10.
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3.2 MAINTENANCE ALTERNATIVES

Qur understanding is that major maintenance recommendations orig-
inate in the field at the district level and are reviewed and sometimes
revised by headquarters staff. Thus, the criteria for deciding when and
what type of maintenance tends to be somewhat subjective at the present
time. Guidelines for the selection of appropriate maintenance have been
prepared by headquarters staff and are shown in Figure 2. It is perti-
nent to note that one of the objectives of the pavement management
system is to systematize and document those decisions, but not neces-
sarily to radically change the type of recommendation which is made in
the field on the basis of experience and judgment. As a matter of fact,
in the initial stages one of the tests for the system will be the reason-

ableness of the decision as evaluated by experienced engineers.

It is necessary to divide maintenance into two categories: (1)
routine and (2) major. In our discussions it became evident that it

would be necessary to differentiate between these two types of maintenance.

For purposes of the comparisons to be included in the pavement

management system, the Consultant recommends the following:

1. Routine maintenance is that maintenance which would be
accomplished on a systematic basis according to Department
policy. This would include, as a minimum, items 101
through 109 and 119 of the PECOS maintenance management
program. Routine maintenance would also include the uses
of flush seals to be scheduled by the District Engineer.

2. Major maintenance would include all procedures not spe-
cifically included under routine maintenance, and which
generally involve treatment of the total paved area and
such modifications to the shoulder area as are required
for safety and comfort. The most common type of major
maintenance to be considered by the pavement management
system will be an asphalt concrete overlay including
seal coats on the secondary routes only.

11
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As the pavement management system is perfected and the
data bank accumulates more information it should be pos-
sible to extend major maintenance to include such fac-
tors as the flush seal or improved subsurface drainage
for the asphalt pavements and grinding or subsealing of
Portland Cement Concrete (PCC) pavements. Also, reclam-
ation of existing pavements can be included when informa-
tion becomes available.

Major maintenance to be considered at this time is as
follows:

a. For Portland cement concrete pavements -

Asphalt concrete friction course (ACFC) with and
without asphalt rubber membrane;

b. For asphalt type pavements on Interstate or major
primary routes -—

-ACFC with and without rubber membrane;
-ACFC with and without heater-remix ({scarifier);

-ACFC with increasing thicknesses of asphalt con-
crete overlays, up .to 4 inches, with and without
rubber membrane and with or without heater-remix
(Note: the limiting value of 4 inches is con-
sidered tentative and based on a paper by G.
Morris to the Rubber Reclaimers Association en-
titled, '"Asphalt-Rubber Membranes:  Development,
Use, Potential."); and

-ACFC with increasing thicknesses of asphalt con-
crete overlays greater than 4 inches, without
rubber membrane or heater-remix.

c. For asphalt type pavements on secondary and other
routes —

-All of thosé considered under Item b; and
-Chip seals on existing pavements.

A third maintenance consideration will subdivide major
maintenance (or betterment) into either preventive or
corrective categories. Preventive maintenance considers
some type of betterment before the pavement condition
falls below limiting values. Corrective maintenance
assumes the pavement is at or below a limiting value
indicating the need for improvement.

13



3.3 DEVELOPMENT OF PREDICTION MODELS

As previously discussed, a requirement of the pavement management
system is to predict the values of specific attributes with time. One
procedure to develop such prediction capability is by means of regres-
sion analysis using data obtained from measurements. For this investi-
gation there was a minimum of objective data (measurements). It was
therefore necessary to develop subjective data from experience. It is
pertinent to note that the appropriate measurements are now being mads;
however, the data base up to the present time is insufficient for the
development of the prediction models. Future updating based on field
measurements should improve the reliability of the model and strengthen

the objectivity of the models.

In order to generate the data base of information required for the
prediction of road roughness, it was jointly agreed with DOT staff that

the following factors should be included in the regression model:

1. Traffic — expressed in terms of equivalent 18 kip (8200 Kg)
single-axle loads.

2. Deflection — as obtained with a Dynaflect and converted
into equivalent Bankelman beam values for a 9 kip (4100 Kg)
dual tire loading (asphalt pavements only). ‘Deflections
for pavements which are being considered for initial de-
sign (prior to construction) can be estimated by using
layered system computer programs such as CHEVSL or PSAD,
either of which are currently in the Arizona DOT program
library. Alternatively, past experience with similar
construction can be used as a first trial. For the pres-
ent development, estimates of deflection were obtained
from the subjective judgments of engineers currently in-
volved in making such measurements.

3. Environment — the state was divided into three zones for
this initial effort as follows: (1) O to 5000 feet, (2)
greater than 5000 feet and (3) greater than 5000 feet
with swelling clay foundation.

4, Age — the age in years since initial construction or the
latest betterment (major maintenancej.

14



5. Thickness — the thickness of the PCC slab (Portland cement
concrete pavements only) or thickness of overlay (asphalt
pavements only).

The prediction model for skid number included the following types

of information:
e Aggregate Types — the dominant aggregates used in the state

are limestone, granite and basalt; each aggregate type was
coded for the regression

e Environment, Age, and Traffic — the same as used for the
roughness prediction model.

Some question has been raised regarding the use of the 5000 foot
elevation to identify a difference in environment which could signifi-
cantly influence the annual change in road roughness. Possibly this
value should be set at 3000 feet. For the development of the PMS
framework it is sufficient to recognize the potential influence of
elevation; future updating can more accurately define the most appro-

priate limits.

Traffic input for skid number could also be considered in terms of
annual daily traffic (ADT); however, again, as a first iteration it is
considered that equivalent 18 kip (8200 Kg) loads will reflect the total

traffic volume.

As previously indicated, the limited amount of field data dictated
an alternate approach for generating the type of information required
for predicting roughness index and skid number for pavements. The
alternative approach was to quantify the experience of engineers within
the DOT in such a way as to obtain sufficient information for a first
iteration of a prediction model. A general description of the type of
~ information obtained and the procedure used for generating subjective

data is given in Appendix A.

It is pertinent to discuss the use of deflection as a determinant
of future roughness since a great deal of reliance is being given to the

role of this particular measurement. A number of field studies have

15



shown that deflection can effectively be used as a determinant of per-
formance; three of the most notable would be represented by results of
the AASHO Road Test (1962), studies by the Ontario (Canada) Ministry of
Transportation and Communication (1965) and developments of the Asphalt
Institute (1969). For over 20 years the California Transportation
Laboratories have used deflection as a design parameter. Their latest
procedures are described in "Structural Overlays for Pavement Rehabili-
tation."* With this background of results, and others, the Consultant
considered deflection a reasonable proxy for pavement in-situ strength

and condition {(cracking).

The results of the analysis obtained from the subjective data base
are illustrated in Figures 3 and 4 for the change in roughness index
(CRI) and Figure 5 for change in skid number (CSN). The equations used

to predict these changes are as follows:

For new or in-service construction

In CRI = 0.8815 1n RGN + 0.6965 1n DEFL + 0.1901 1n TRAF

+ 0.4217 1n AGE + 1.6638 (1)
where
CRI = annual change in roughness index
RGN = environmental region as previously defined
DEFL = equivalent Benkelman beam deflection obtained from

correlations with Dynaflect measurements

TRAF = average annual equivalent 18 kip (8200 Kg) single-
axle loads estimated for the specific roadway

AGE = age of the pavement in years

For the example parameters shown in Figure 3 the expected change in
roughness index (CRI) in the eighth year is 5.80; thus, from the eighth
to ninth year the roughness index would be expected to increase by 5.80

units.

*Bushey, Baumeister, and Mathews (1975).
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For an overlay plus an asphalt concrete friction course
without an asphalt-rubber inner-layer or heater-scarification

1n CRI = 0.8744 1n RGN + 0.3281 1n DEFL + 0.0718 1n TRAF

- 0.0375 1n THIK + 0.4618 1n AGE + 1.2736 (2)
where
CRI, RGN, DEFL, TRAF, and AGE are the same as used in
equation (1) and
THIK = thickness of the overlay
For new construction or overlays
1n CSN = 0.2940 1n RGN - 1.0046 AGE + 0.6949 In AGT
+ 0.0594 1n TRAF + 1.9420 (3)
where

CSN = annual change in skid number
RGN, AGE, and TRAF are the same as used in equaticn (1) and
AGT = type of aggregate; 1 for basalt, 2 for gravel, and 3
for limestone.

A complete listing of all prediction equations is given in

Appendix A.

Because of the uncertainties in environment, traffic, material
properties,.etc., exact predictions of future pavement performance are
generally not possible. The decision making process must explicitly
take into account these uncertainties. To illustrate this problem,
consider an example in which, for the sake of simplicity, only the
roughness index was a consideration and suppose it is desired to for-
mulate the best maintenance strategy for an in-service pavement with a
maximum allowable roughness index of 40. Figure 6 can be used to il-
lustrate the example. Assume the current measurements on the section
indicate a roughness index of 25 which is considered a single value and
does not include any prediction errors. The best estimate of roughness

index values at 2, 4, and 6 years in the future is indicated by the
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central values of 27, 32, and 38 respectively. However, there is a
chance that the value could be higher or lower than the expected value
as indicated by the normal distribution curves at each time period.
Thus, in 6 years there is, for example in Figure 6, a 30 percent chance
that the roughness index would exceed 40. If a 70 percent reliability
were specified, corrective maintenance would be required during the
sixth year and preventive maintenance should be investigated at the
fourth year for possible implementation in the fourth or fifth year.
Thus, the level of reliability required would influence the final de-

cision recommendation.

3.4 COST INFORMATION

Cost factors included in the pavement management system are:

1. Cost of new construction will be obtained from the SAMP 6
program developed under the National Cooperative Research
Program which outputs construction costs for alternate
pavement designs on a square yard basis which can be con-
verted to a lane mile basis for input to the Arizona pave-
ment management system.

The SAMP 6 program provides a series of alternate designs
based on the results of the AASHO Road Test. The pavement
management system will project the selected optimum designs
to Arizona conditions.

The SAMP 6 program is currently operational on Arizona DOT
computers with Arizona cost information.

2. Routine maintenance or those costs which are routinely
scheduled in order to control the rate of deterioration and
to keep the general level of serviceability above minimum
levels. The amount of money required to maintain the road-
way through routine maintenance will determine to a large
degree when major maintenance will be required.

The data base of information for routine maintenance could
be the maintenance management system identified as PECOS.
Discussion with the managers of this system indicate that
additional controls and data processing will be required
before the appropriate information can be obtained directly
from PECOS.
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As an interim procedure the Arizona DOT staff has developed
an equation for estimating routine maintenance costs based
on age and condition.

RM = -200 + 10 x (Roughness Index) + 35 x (Age) (4)

3. Costs of major maintenance are those costs related to over-
lays or such other betterments as are deemed appropriate to
a major improvement in the condition of the pavement. Lane
mile costs for various maintenance alternatives were provided
by the Arizona DOT staff.

4. Salvage value was determined as a function of the remaining
1ife at the end of the designated design or comparison period,
usually 20 years although not limited to this period.

Remaining life of last overlay N Cost of
Expected life of last overlay last overlay

Salvage values =

(5)

Cost can be summarized in terms of their discounted present worth
value or in terms of equivalent annual cost per lane mile. The latter
value, which is simply an alternate way of expressing present worth, was
used since the amounts are more easily perceived by the pavement manager.

Thus, costs are calculated as follows:

Present Worth Cost = 2; RM(i) x DF(i) + %; (Cost of major

maintenance at time j) x DF(j)
- (Salvage value at end of analysis
period) x DF(n)

Equivalent Annual Cost = (Present Worth Cost) x (Factor for
Annual Cost)

where
RM(i) = routine maintenance costs per lane mile during the
ith year
DF(i) = discount factor for calculating present worth of

.th
money spent at 1 year.



3.5 DEVELOPMENT OF UTILITY FUNCTIONS

Most pavement management systems developed in the United States to
date deal with a maximum of two attributes and are concerned only with
actions based on limiting values of one of those attributes. Uncer-
tainty has not been incorporated in any definitive way although the
pavement management system developed for the Washington Highway Com-
mission (1974) recognizes the existence of uncertainty. A typical
system would be based on the attributes cof cost and riding quality. The
objective would be to determine the maintenance strategy which would
keep the riding quality at or above the specified limiting value at the
minimum cost. No consideration would be given to the level or trend of
riding quality during the period prior to the time it reaches the lim-

iting value or the uncertainty of predicting riding quality.

For the Arizona Pavement Management System it is necessary to
simultaneously consider four attributes (multiple attributes) and to
include uncertainty. In order to do this the Consultant has employed
concepts developed in decision analysis theory (Raiffa, 1970) incorpor-

ating multiattribute utility functions.

Appendix B provides a detailed discussion of utility theory as
applied to this investigation. Briefly, the procedure provides for the
determination of a preference function or utility function which allows
the history and uncertainty of a particular attribute to be summarized
in a single utility value. Additionally, the procedure provides for
combining the individual utilities for each attribute into a combined
utility function using weighting coefficients determined by the tech-

niques described in Appendix B.

Also, for a decision making problem involving multiple and some-
times conflicting attributes, for example, preference for better riding
quality at some acceptable increase in cost, it is possible to establish

how much the decision maker is willing to sacrifice in one attribute in
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order to achieve on some other attribute. These are termed as "trade-
offs" between conflicting attributes and are also considered as part of

the utility function.

The technique for obtaining utility functions was through an inter-
view process with members of the Arizona DOT. The procedure and example

questions used to obtain utility function are given in Appendix B.

Thus, the optimization for design and maintenance strategies is
based on obtaining the maximum expected utility between alternate design

and maintenance strategies.
3.6 DISCUSSION OF RESULTS

The pavement management system is represented by a computer
program incorporating all of the concepts previously described. The
computer program in this case is described by the acronym SOMSAC (Se-

lection of Optimum Maintenance Strategies for Asphalt Concrete Pavements).

The user's manual for SOMSAC is provided in Appendix C which in-

cludes an example problem with all of the input and ouput information.

A parametric study of SOMSAC was conducted to find the sensitivity
of the best maintenance strategy and its associated cost to the changes
in the input parameters. A summary of this study for in-service pave-
ments and for new designs is shown in Tables 1 and 2 respectively. The
parameters changed in the case of in-service pavements were region,
utility function, deflection, presence or absence of cracking, and
limiting roughness index. For the new designs, region, utility function,
and limiting roughness index were changed. The changes regarding region,
deflection, cracking, and limiting roughness index are self-explanatory.
A brief discussion of the two utility functions used in the parametric

study is given below.
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From the interviews with the district engineers and headquarters
personnel, two significantly different sets of preferences were ob-
tained. One preference set represented by utility function 1 indicated
that the order of decreasing relative importance of the four attributes
included in the system was: skid number, roughness index (or present
serviceability index PSI), cost, and traffic delay. The district en-
gineer with this preference structure would be willing to pay $9700 per
year per lane-mile in order to improve the skid number from 25 to 45 and

the same amount of money to improve the PSI from 2 to 3.8.

The second preference set represented by utility function 2 indi-
cated that the order of decreasing relative importance of the attributes
was: cost, skid number, roughness index, and traffic delay. In this
case the district engineer would be willing to pay $9500 per year per
lane-mile only if the skid number improved from 25 to 100 and he would

pay up to $3000 per year per lane-mile to improve the PSI from 2 to 4,

The mathematical equations for these two utility functions are
given in Appendix B. It is clear that the two functions represent
significantly different views. The question whether these functions
should be modified and which function should be used under what condi-
tions must be resolved at the management level during implementation
phase. The objective of the parametric study was to find how sensitive
the best maintenance strategy would be to the choice of the utility

function.

The notation used in Tables 1 and 2 is the following. Each box in
the table represents a particular combination of the input parameters.
A number in the left hand top corner in each box identifies the row and
column of the box; for example, the box "ij" is in the ”ith" row and in
the ”jth” column. In each box the best maintenance strategy is described
and the equivalent annual cost (EAC) in dollars per lane-mile is indi-

cated. A maintenance strategy consists of up to 3 maintenance alternatives

28



adopted at different years from the start of the analysis. The time and
type of each maintenance alternative are written in describing the best
maintenance strategy. The maintenance alternative ACFC can be applied
with or without rubber coat (RC) and with or without heat scarifier
(HS); for example, the description "ACFC W-RC, WO-HS" indicates ACFC
with rubber coat, but without heat scarifier. With regard to cracking,
if cracking is observed at the present time the program would eliminate
any maintenance alternative which did not have some provision for cor-
recting the cracking condition. For this analysis, ACFC without rubber
coat and without heat scarifier would not be scheduled at time zero if

signficant cracking was observed.

The input parameters other than region, utility function, deflec-
tion, cracking, and limiting roughness index were fixed for the examples
of the parametric study. A part of the computer output describing all

the input data is shown in Figure 7.

The discussion of the results of the parametric study is divided
into two parts, the first regarding in-service pavements (Table 1) and
the second regarding new construction (Table 2). The following comments

are pertinent with respect to the results shown in Table 1:

1. Region has a significant influence on the best mainte-
nance strategy. Generally speaking, pavement condition
deteriorates faster in Region 3 (elevation greater than
5000 ft and swelling clay) than in Region 1 (elevation
less than 5000 ft). This necessitates more frequent
major maintenance activities in Region 3 resulting in
higher costs. As an example, compare Tesults in boxes
21 and 25. Both have the same limiting roughness index
(RI), cracking condition, deflection, and the same
utility function, However, for box 21 associated with
Region 1 the best maintenance strategy consists of only
one action, namely ACFC with rubber coat and with heat
scarifier at year 2 since the start of the analysis;
the equivalent annual cost of this strategy is $711
per lane-mile. On the other hand, for box 25 asso-
ciated with Region 3 the best maintenance strategy
consists of 3 actions: ACFC without rubber coat, with
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heat scarifier at year 0; ACFC with rubber coat, with-
out heat scarifier at year 8; and ACFC without rubber
coat, without heat scarifier at year 18. The cost of
this strategy is $1238 per lane-mile, an increase of
74% over the cost of the first strategy.

The deflection of a pavement has a significant effect
on its performance and hence on the selection of the
"best maintenance strategy. A higher deflection implies
a weaker pavement and a higher rate of deterioration.
This would necessitate more expensive maintenance
and/or more frequent maintenance. Compare boxes 23 and
24 for illustrating this point. Both boxes have the
same inputs except for deflection. The best strategy
for box 23 with a deflection of 0.015 in. consists of
two actions: ACFC without rubber coat, without heat
scarifier at year 2 and ACFC without rubber coat, with
heat scarifier at year 10. The cost of this strategy
is $678 per lane-mile. On the other hand, the best
strategy for box 24 with a deflection of 0.03 in.
consists of three actions: ACFC without rubber coat,
without heat scarifier at year 0; ACFC without rubber
coat, without heat scarifier at year 8; and ACFC with-
out rubber coat and without heat scarifier at year 16.
The cost of this strategy is $829 per lane-mile which
is 22% higher than that of the previous strategy.

The choice of the utility function seems to have some
influence on the best maintenance strategy. As dis-
cussed earlier, utility function 1 implies relatively
higher weights on skid number and roughness index than
on cost, With the assumption of this utility function
one would be willing to pay relatively large amounts of
money to improve skid number or roughness index from
the least desirable value to some acceptable but prob-
ably not most desirable value. Utility function 2 on
the other hand assigns relatively higher weight to cost
than to skid number or roughness index; this utility
function would require improving pavement condition
from least desirable to most desirable for relatively
smaller amounts of money. To illustrate the effect of
choice of the utility function on the best maintenance
strategy, consider boxes 21 and 23 which have the same
inputs except for the utility function. For box 21
with utility function 1 the best maintenance strategy
is ACFC with rubber coat but without heat scarifier and
the cost of this strategy is §711 per lane-mile. With
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utility function 2, one would prefer a strategy with
significant reduction in cost even though this would
make pavement condition somewhat worse. Because of
this consideration the best maintenance strategy for
box 23 with utility function 2 indicates ACFC without
rubber coat and without heat scarifier at year 2 and
ACFC without rubber coat, with heat scarifier at year
10; the cost of this strategy is $678 per lane-mile
which is 5% lower than the previous one.

‘The limiting value of roughness index has a significant
effect on the selection of the best maintenance strat-
egy. This effect is due to the fact that if somewhat
higher values of roughness index are permissible,
several strategies with somewhat lower costs would
become feasible, which in the case of higher mainte-
nance standards would not have been generated by the
program. To illustrate this point, consider boxes 11
and 31 which have the same inputs except for the limit-
ing roughness index. The best maintenance strategy in
box 11 requires more expensive maintenance, namely ACFC
with rubber coat at year 2. On the other hand the best
maintenance strategy in box 31 with higher limiting
roughness index allows less expensive maintenance,
namely ACFC without rubber coat but with heat scarifier
at a later time (year 4). The cost reduction because
of allowing higher roughness on the road is about 12%.
The cost reduction is even more prominent in Region 3.
For example, there is a 22% cost reduction from the
best maintenance strategy in box 15 to that in box 35.

Whether or not cracking is present does not seem to
have any significant effect on the selection of the
best maintenance strategy. The reason is that irre-
spective of presence or absence of cracking, an ACFC
with either Tubber coat or heat scarifier appears to be
favored at year 0 over an ACFC without either of these
features. Since a rubber coat or a heat scarifier
would have some corrective action with regard to crack-
ing, a maintenance action with either of these features
would be permissible even in case of cracking.

An observation of some significance from Table 1 is

that if a higher maintenance standard is desired (lim-
iting RI = 40) and if a higher weight is put on rough-
ness index than on cost {(utility function 1), a rubber
coat is favored over a heat scarifier, while the oppo-
site is true under other conditions. For example, an
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ACFC with rubber coat is selected in boxes 11, 12, 21,
and 22; an ACFC with heat scarifier is selected in
boxes 31, 32, 41, and 42.

The following observations can be made from the results of the

parametric study shown in Table 2:

1.

The full depth initial design is consistently selected
as a part of the best strategy. The comparison between
the full depth design and the conventional design as
used in the illustrative example shows that the full
depth design is weaker (deflection of 0.024 in. as
against 0.015 in. for the conventional design), but
cheaper (cost of $78,220 as against $93,166 for the
conventional design). Thus, even though the conven-
tional design performs better, the full depth design
with one or two relatively inexpensive ACFC's can
provide similar performance with less cost.

In Region 3 where the rate of pavement deterioration is
much higher, an early major maintenance is required
following the full depth construction. The best early
major maintenance would be an ACFC with a rubber mem-
brane (see box 13) if a high standard is to be main-
tained (limiting RI = 40) and if the relative weight on
pavement condition is higher than that’ on cost (utility
function 1). Under other conditions, an ACFC with heat
scarifier is favored.

4.0 IMPLEMENTATION

The practical application of the pavement management system is

the development of a systematic procedure for arriving at design and

maintenance procedures which will meet specific objectives of the

Arizona Department of Transportation management level personnel.

The findings of this investigation indicate the applicability of

certain principals of decision theory which have not as yet been used

in management systems and which provide for the inclusion of multiple

attributes used to optimize the decision recommendations.
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The computer programs developed under the investigation provide a
framework for incorporating current data acquisition procedures being
implemented by the state and can provide guidelines as to when and

where measurements should be made.

The benefits to be achieved by implementing the system should be
reflected in the optimum use of available funds for the design and
maintenance of individual projects and will provide the basis for a
network system designed to allocate funds according to the greatest

need.

Appendix D provides a recommended program for implementation to
field applications and includes a description of a series of tasks

necessary for the second stage investigation.
5.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the progress made in this phase of the investigation it
is concluded that a pavement management system can be developed for
the Arizona Department of Transportation which will incorporate the
desired attributes and operating preferences of the decision makers

within the organization.

It is too soon to indicate what problems might occur in the
implementation phase; however, it is considered that some adjustments
may be required in the prediction models and in the evaluation of the
impact of user inconvenience to the decision recommendations; that is,
how to evaluate the interference to traffic flow due to maintenance

operations.

The pavement management system, as proposed, deals with project-
by-project decisions; that is, assuming funds are available, what is
the optimum sequence of decisions appropriate to the design and main-
tenance of a pavement? The project does not deal with network opti-

mization which would address the problem of allocation of limited

38



funds to those projects requiring some type of major maintenance or

betterment.

It is recommended that a second and third phase program be ini-
tiated. The second phase would be to test the implementability of the
system described under this investigation. Only a limited amount of
progress and evaluation can be achieved without field application. The
third phase is the development of a framework for network optimization.
If at all possible these programs should overlap somewhat in order to

assure compatability of each system.
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APPENDIX A

DEVELOPMENT OF PREDICTION MODELS
FOR PAVEMENT CONDITION

INTRODUCTION

In order to evaluate alternative maintenance strategies it is
necessary to predict the effect of each strategy on pavement condition
measured in terms of skid number and roughness index. Typically, pre-
diction models are developed by assuming some analytical model and
estimating the parameters of such a model from observed field data.
Alternative models are attempted and one giving the best fit to the data
is generally adopted. Such an approach could not be utilized for this
project because very-little "objective" data in terms of field observa-

tions was available.

The difficulty with the current data bank is the relatively limited
period over which information has been collected and not the type of
information being collected. It can be expected that, with time, the
data bank will provide all of the information needed by the pavement

management system.

As an alternative to the present situation, it was decided to
develop "subjective' data from the experience and judgment of the pave-
ment engineers from AriZona DOT. Use of subjective information in
statistical analysis is quite valid. This is generally termed as the
Bayesian statistical approach. Because of the time constraints, it was

necessary to use a procedure which would be easily understood by the



engineers and could be implemented in a relatively short amount of time.
Because of these reasons, it was decided to assess subjective informa-
tion in the form of pavement performance curves since engineers would be
most familiar with how pavements would perform under different condi-
tions. From the performance curves subjective data points can be gen-
erated by using some simulation procedure. The details regarding assess-
ment of subjective information in the form of performance curves, gen-
eration of subjective data through simulation, and use of subjective

data in multiple regression analyses are given in the following secticns.

ASSESSMENT OF SUBJECTIVE INFORMATION

The procedure used for assessing subjective information regarding

skid number and roughness index is described below.

As a first step, the factors which would affect the changes in skid
number and roughness index of a pavement were determined in consultation
with the Arizona DOT staff. These factors for new construction and

major maintenance for asphalt concrete (AC) pavements are shown below.

Dependent Variable Independent Variables
Change in RI following new Traffic, environmental region,
construction deflection, age
Change in RI following major Traffic, environmental region,
maintenance deflection, overlay thickness, age
RI immediately after major RI prior to major maintenance,
maintenance overlay thickness
Change in SN following new Traffic, environmental region,
construction or major aggregate type, age
maintenance
SN immediately after ACFC Aggregate type

In the above list, region was taken to represent environmental variables
(rainfall, climate, swelling of clay, etc.) and deflection was assumed

as a proxy variable for pavement strength. Three regions were selected:



Region 1, low altitude (< 5000 ft); Region 2, high altitude (> 5000 ft),
no swelling clay; and Region 3, high altitude (> 5000 ft), swelling
clay.

Subjective information was assessed in the form of performance
curves for different combinations of the independent variables for the
following maintenance alternatives: mnew construction, chip seal, ACFC,
1 in. overlay + ACFC, 3 in. overlay + ACFC, and 6 in. overlay + ACFC.
The ACEC was considered without rubber coat and heat scarifier. In-
formation regarding benefits of a rubber coat and a heat scarifier was
asked separately which is described iater in this section. Twelve
different combinations of region, traffic, and deflection were selected
for each maintenance alternative (see Figure A-1). For each combina-
tion, the assessor (the pavement engineer) was asked to sketch the curve
of how the roughness index of a pavement with the given independent
variables and a given initial condition would vary with time. The
.engineer was also asked to specify the limiting RI value and the time in
years when the pavement would reach the limiting value. Because of the
uncertainties in material properties, traffic, and environmental condi-
tions, exact prediction of how a pavement would perform is generally not
possible. This uncertainty in pavement performance must be recognized
in assessing subjective information. In view of the uncertainty, the
assessors were asked to given their pessimistic, optimistic, and most
expected estimates of pavement life. With the assumption of normal
distribution, this range corresponds to (mean + 3 standard deviations).
Since the assessors were quite familiar with the concepts of mean m and
standard deviation ¢ in a normal distribution, they were able to specify
the range (m + 30) in accordance with their perception of the uncer-
tainties involved. With regard to skid number, combinations of traffic,
region, and aggregate type were considered. " Three types of aggregate
were included: aggregate 1, basalt or cinders; aggregate 2, gravel; and
aggregate 3, limestone. A typical form for specifying performance

curves is shown in Figure A-2.



REGION 2

Figure A-1. PARAMETERS SPECIFIED IN ASSESSING PAVEMENT PERFORMANCE
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AC PAVEMENTS (Routine Maintenance on Existing Pavements)

Region = Traffic = Current Deflection =

Age = Current Rl =

On the following graph

e indicate which curve most appropriately describes
the performance trend

e indicate the year when the limiting value would
be reached

. LIimiting
¥ Value

ROUGHNESS INDEX

v

0 YEARS

| Figure A-2. A TYPICAL FORM FOR THE SPECIFICATION OF
PERFORMANCE CURVE



In addition to the performance curves, information regarding pave-
ment condition immediately following major maintenance was also obtained.
For roughness index and skid number the information required is indi-
cated in Figure A-3. For different major maintenance alternatives and
for different prior conditions under each alternative, responses re-
garding posterior roughness index were obtained (see Figure A-4).
Similarly, mean and standard deviation of skid numbers immediately
following ACFC or seal coat with different aggregate types were also

obtained from the assessors.

Use of all this information obtained from the Arizona DOT staff in

generating subjective data points is described in the next section.
GENERATION OF SUBJECTIVE DATA THROUGH SIMULATION

In the previous step,‘performance curves were obtained for dif-
ferent combinations of appropriate independent variables. Next, six
hypothetical pavements were selected with the given values of the in-
dependent variables. Performance of each pavement was determined from
the assessed subjective information and pérformance data was then gen-
erated for that pavement. Because of the uncertainties indicated by the
range of pavement life, all the six pavements with the same properties
might not perform in an identical manner. A simple Monte Carlo simula-
tion procedure was used to determine which performance path a given
pavement would foliow (see Figure A-5). A random number from a normal
distribution with mean zero and standard deviation 1 was generated for
each pavement. If this number was between -1 and -3, the pavement was
assumed to have a life of (m - 20); if the random number was between -1
and 1, the mean (expected) pavement life was assumed; and if the number

was between 1 and 3, a pavement life of (m + 20) was assumed.

After the appropriate performance curve was determined, the curve

was drawn on graph paper showing the relationship between the dependent
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AC PAVEMENTS (Major Maintenance on Existing Pavements)

Indicate the effect of a given type of major maintenance
on roughness index in the following table

Type of Major RI Prior to Major R1 immediately after
Maintenance Maintenance Major Maintenance
1. ACFC without rubber 0 - 10
coat, without heat 10 — 20 -
scarifier 20 — 30
30 - 40
40 - B0
2. 1" overlay, plus ACFC 0 - 10
without rubber coat, 10 — 20
without heat scarifier 20 — 30
30 - 40
40 - 50
3. 3" overlay, plus ACFC 0 - 10
without rubber coat, 10 — 20
without heat scarifier 20 — 30
30 - 40
40 50
4, 6" overlay, plus ACFC 0 - 10
without rubber coat, 10 — 20
without heat scarifier 20 — 30
30 — 40
40 — B0

Figure A-4. A TYPICAL FORM FOR SPECIFYING SUBJECTIVE INFORMATION
REGARDING PAVEMENT CONDITION IMMEDIATELY AFTER
MAJOR MAINTENANCE



Given:

Traffic
Region
Deflection
Thickness

ROUGHNESS INDEX

7Y
Q

T R et e e P TP

o
3

YEARS

RESPONSE FROM ARIZONA DOT STAFF

_

m-30 m-

|

Q
3

v v
m-2o m m+2o

&
<

MONTE CARLO SIMULATION FOR HANDLING UNCERTAINTY

Figure A-5. USE OF SUBJECTIVE INFORMATION IN THE SIMULATION SCHEME
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variable (roughness index or skid number) and time in years. Points

were then selected from this curve for the change in roughness index or
skid number every two years (see Figure A-6). The change in the variable
rather than the absolute value was selected as the dependent variable so
as to reduce autocorrelations between successive values of the dependent

variable. The selection of a unit time period of two years (instead of,

say, one year) was predicated on the assumption that changes in rough-

ness index or skid number (SN) in two years would be significant and

show a reliable trend.

The above procedure was used for all the six hypothetical pavements

for a given combination of independent variables.

This was then re-

peated for every combination of independent variables for which per-

formance curves were assessed.

After all the subjective data points

were generated, these were tabulated in a format suitable for multiple

regression analysis.

ysis is given in the next section.

Discussion regarding results of regression anal-,

USE OF PERFORMANCE DATA IN MULTIPLE REGRESSION ANALYSES

Using the procedure outlined in the previous section, data points

were generated for the following cases:

Dependent Variable

Change in RI for new
or in-service pavement

Change in RI following
major maintenance

Change in SN for in-
service pavement with-
out ACFC

Change in SN following
ACFC or chip seal

Independent Variables

Number of Data Points

Region, deflection,
traffic, age

Region, deflection,
traffic, overlay thick-
ness, age

Region, age, traffic,

aggregate type

Region, age, traffic,
aggregate type

283

1037

352

519
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It should be noted that only one equation was developed for change in SN
following ACFC or chip seal. The reason for this was that the assessed
performance curves for skid number following the two maintenance alter-
natives, namely ACFC and chip seal, were quite similar. With regard to
traffic, average traffic at the middle year during any given time period

of two years was used.

Different forms of regression equations were tried until sufficient
predictive accuracy as indicated by multiple correlation coefficient and
standard error was obtained. After a particular form was selected,
outliers were examined and some of them were eliminated. The final
regression equations developed for the four dependent variables shown

earlier are as follows:
(1) change in RI (CRI) for new or in-service pavement

In (CRI) = 1.66 + 0.882 1n (RGN) + 0.696 1n (DEFL)
+ 0.19 1n(TRAF) + 0.422 1In(AGE)
R2 = (.838 Standard Error = 0.212
(2) change in RI following major maintenance

In(CRI) = 1.274 + In(CRH) + 0.874 In(RGN) + 0.328 1n(DEFL)
+ 0.0718 In(TRAF) - 0.0375 1n(THIK) + 0.4618 1n(AGE)
R® = 0.76 Standard Error = 0.221
The significance of the variable CRH is explained later.
(3) Change in SN for in-service pavement without ACFC

In(CSN) = 1.972 + 0.1147 1n(RGN) - 1.459 1n(AGE)
+ 0.101 1n(TRAF) + 0.9393 1n(AGT)
R? = 0.91 Standard Error = 0.2198
(4) Change in SN following ACFC or chip seal

In(CSN) = 1.942 + 0.294 1n(RGN) - 1.005 1n(AGE)
+ 0.0594 In(TRAF) + 0.6949 1n(AGT)

R2 = (.788 Standard Error = 0.304



where

RGN = environmental region

DEFL = deflection
TRAF = average annual traffic

AGE = age of the pavement in years
THIK = overlay thickness in inches

CRH = correction factor for rubber coat or heat scarifier

i

The variable CRH in the second equation above specifies a correc-
tion factor for taking into account the benefit of rubber coat or heat
scarifier. The performance information was obtained for major mainte-
nance alternatives with ACFC but without rubber coat or heat scarifier.
The change in roughness index would be smaller if either rubber coat or
heat scarifier was used. The factor CRH indicates how much smaller the
change would be. For example, a CRH of 0.7 would imply that the change
in RI is 0.7 times the change calculated assuming neither rubber coat
nor heat scarifier. To specify CRH for a maintenance alternative with
either rubber coat or heat scarifier, one could consider the increase in
the pavement life of such a treatment. Let us say that the increase in
pavement life for a particular alternative is x%. Then CRH for this

alternative may be specified as (100/(100 + x)).

In addition to the regression equations predicting change in RI or
SN following a particular maintenance alternative, it was also necessary
to predict pavement condition (RI or SN) immediately following a given
major maintenance alternative. The type of information which was ob-
tained is shown in Figure A-3. A regression equation, with roughness
index (RIa) immediately after given major maintenance as a dependent
variable and with roughness index (RIb) prior to major maintenance and
overlay thickness as independent variables, was developed. This equa-

tion is shown below.

ln(RIa) = 1,628 + 0.309 1n(RI - 0.237 1n(THIK)

b
R2 = (0.921 Standard Error = 0.099

A-14



As regards skid number immediately following ACFC or seal coat, two
parameters, namely mean SNA and standard deviation SNSD can be specified

for the aggregate type to be used in ACFC or seal coat.
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APPENDIX B

DECISION ANALYSIS APPROACH TO THE DEVELOPMENT OF A PAVEMENT
MANAGEMENT SYSTEM

The primary objective of a Pavement Management System (PMS) is
to provide decision making information regarding the best maintenance
strategy for a given pavement section. The best maintenance strategy
would be determined, with regard to its consequences (or impacts), in

terms of the following attributes:

e Skid number (SN)
e Present serviceability index (PSI) (or roughness index (RI))
e Traffic delay (TD) due to maintenance

e Equivalent annual dollar cost (EAC)

The decision analysis approach for selecting the best maintenance

strategy can be divided into the following steps:

(a) Generation of feasible maintenance strategies
(b) Determination of consequences of each strategy

(c) Calculation of relative desirability or attractiveness of
each strategy

(d) Determination of preferential ranking of the feasible
maintenance strategies
These steps are described in the following sections. Throughout
the discussion the basic concepts are illustrated in the context of a
simple example. The discussion is practical and informal; for a more
rigorous and formal description of the decision analysis, the book by

Keeney and Raiffa may be consulted.*

*Keeney, R.L. and H. Raiffa, '"Decision Analysis with Multiple Conflicting
Objectives,! John Wiley and Sons, New York, 1976.
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Generation of Feasible Maintenance Strategies

A maintenance strategy in the context of a PMS is defined as the
specification of timing and type of major maintenance to be performed
during a designated analysis period. A maintenance strategy is considered
to be feasible if it maintains pavement condition above the minimum
acceptable standards as specified by the engineer. Because of the
uncertainties in the prediction of pavement condition, one can guarantee
maintaining the minimum standards only with a specified reliability;
for example, a reliability of 90% implies that the chance that the
pavement condition would be worse than the minimum required is at the
most 1 in 10. In generating feasible strategies, both corrective and
preventive maintenance modes must be considered. Corrective maintenance
implies maintenance at or after the time the pavement condition becomes
unacceptable; preventive maintenance, on the other hand, implies

maintenance prior to reaching unacceptable condition.

The generation of feasible maintenance strategies can best be
explained by means of a simple example where, for the sake of simplicity,
only two attributes — present serviceability index (PSI) and cost — are
considered. Let us suppose that we would like to formulate the best
maintenance strategy for an in-service pavement with a present PSI of
3.0. Based on past experience and field measurements, we can predict
the future PSI of this pavement. Because of the uncertainties in our
ability to predict the PSI, we would obtain a distribution on the pre-
dicted PSI rather than a single value. Figure B-1 shows these distribu-
tions at different times during the analysis period. It must be pointed
out that the prediction of PSI at any time period i is dependent on the
on the PSI at time period (i-1) which is not known with certainty. The
probability distribution of PSI at ith time period is, therefore,
obtained by combining the probability of a particular PSI value at
period (i-1) and the conditional probability of the PSI at i given the
PSI at (i-1) and integrating over all possible PSI values at (i-1).
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In the implementation of this approach, various PSI values were generated
using a Monte Carlo simulation procedure. This procedure is described

in Appendix A.

The engineer may specify that the expected PSI of the section
should remain above a limiting value of, say, 2.5 (this would correspond
to a reliability of 50%). Following the performance history of the
original pavement shown in Figure B-1 (line 1), it is seen that the
expected PSI is 2.3 at the end of the third time period. Since this

is an unacceptable condition, a corrective action must be taken at this

time. Supppose a 2-in. overlay is applied to the pavement which brings
the PSI to 3.2. Following the overlay the expected PSI remains above
2.5 through period 9 (Figure B-1, line 1); hence, no other action except
routine maintenance is necessary for the remainder of the analysis

period.

Instead of applying a 2-in. overlay, one could also consider other
maintenance altermatives. For purposes of discussion let us suppose
that the engineer schedules a 3-in. overlay at the end of the third time
period (Figure B-1, line 2). The expected PSI is maintained above 2.5

following the overlay; hence, no further action is necessary.

Both of the strategies considered so far adopt corrective main-
tenance, that is, maintenance after unacceptable conditon is reached.
However, the option of preventive maintenance, that is, maintenance prior
to reaching unacceptable condition, must also be considered. Again for
simplicity we will consider only one preventive action, namely a 6-in.
overlay at the end of the second time period (Figure B-1, line 3). No
further action is necessary following this overlay, since expected PSI

remains above 2.5 during the remainder of the analysis period.

Thus, for the illustrative example, three feasible maintenance
strategies are generated as shown in Figure B-1. Of course, by consider-
ing other maintenance alternatives such as ACFC with or without rubber

coat and with or without heat scarifier along with different overlay
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thicknesses, many additional feasible strategies can be generated. The
objective of the example was only to illustrate the logic used in genera-

ting feasible maintenance strategies.

Determination of Consequences of Each Feasible Strategy

The process of generating feasible maintenance strategies also
provides the predictions of skid number and PSI at each time period
during the designated analysis period. Using certain time delay models
(for example, SAMP6 models), traffic delay due to maintenance activities
to be scheduled under each strategy can be calculated. Also the equiv-
alent annual cost of each Strategy can be calculated using the cost
models described in the main body of the report. Thus, the consequences
(with their associated uncertainties) of each feasible strategy in
terms of the four attributes — skid number, PSI, traffic delay and
cost — can be determined. Because of the conflict between the performance
attributes and the cost attribute, one particular strategy would not
be the best with respect to all the attributes. Generally speaking,
better pavement performance can be achieved through additional expendi-
ture. To determine the best strategy, therefore, the decision maker's
perception of incremental user benefits of better performance must be
balanced against the incremental cost of achieving better performance.

A formal preference structure of the decision maker is established for
this purpose. This part of the analysis is discussed in the next

section.

Calculation of Relative Desirability or Attractiveness of Alternative
Maintenance Strategies

Through the previous steps, the alternative maintenance strategies
are selected and consequences of each strategy in terms of probability
distributions of the attributes over time are determined. The process
of evaluating the alternative strategies in terms of overall desirability

involves the following steps:
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o Establishing scalar utility functions incorporating the
decision maker's attitudes towards risk

o Incorporating time effects
0 Assessing tradeoffs between conflicting attributes

o Calculating expected utility of each alternative strategy.

These steps are described below. The example shown in Figure B-1 is

used for illustrating the basic concepts.

Establishing scalar utility functions. A scalar utility function is a

mathematical expression for the decision maker's preferences for different
levels of an attribute. The preferences are assessed under specified
conditions of uncertainty. To illustrate the procedure involved in
assessing a scalar utility function, let us consider the situation

where there is a probability p that the PSI at a particular time period

is Xy and a probability (1-p) that the PSI is X, This is termed as a
lottery situation because of the uncertainty involved. For example,

on a particular section of road the following predictions are made based
on uncertainties associated with past experience:

(a) there is a 50% chance that the PSI will be 3.5 at the end

of ten years

(b) there is a 50% chance that the PSI will be 2.5 at the end

of ten years.

The two possible outcomes represent what will be referred to as a
lottery situation. We would like to replace the lottery by a single
number to facilitate analysis; yet, at the same time, we do not want
to change the relative preference (utility, worth) of the strategy
involving the lottery. This would be possible only if the single number
replacing a lottery is just as desirable as the lottery. Thus, in
comparision with the lottery situation, it is necessary to determine that
guaranteed level of PSI at which the decison maker would either be
satisfied or would be just willing to try the lottery; that is, he would

be indifferent whether to accept the guaranteed, sure outcome or to
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play the lottery. This guaranteed or sure outcome is referred to in

decison theory as the ''certainty equivalent (CE)" of the specified lottery.

The implication of the certainty equivalent is that if a sure
outcome slightly less desirable than the CE is offered, the decision
maker would rather take his or her chances on the associated lottery;
on the other hand, if the sure outcome is slightly more desirable than
the CE, he or she would accept the sure outcome in lieu of the lottery.
To illustraté¢ this point, consider a lottery with a 50% chance of getting
a PSI of 3.5 and a 50% chance of getting a PSI of 2.5. If the sure out-
come of 3.3 is offered, which would you choose — the lottery or the sure

outcome? Pictorially this situation is represented as follows:

Lottery .Sure Outcome
50% PSI = 3.5
PSI = 3.3
2
>0% PSI = 2.5

Most engineers would choose the sure outcome of 3.3 in the above situa-
tion. If the sure outcome is 2.6 instead of 3.3, one might prefer the
lottery with the reasoning that 2.6 is not much better than 2.5, the
worst outcome in the lottery; hence, he might as well take his chances
at getting a PSI of 3.5 by playing the lottery. As we can see, the
decision maker's certainty equivalent for the lottery lies in between

3.3 and 2.6. By discussing various intermediate levels with the decision

maker, his certainty equivalent can be assessed. Let us label this CE..

1
Thus, the above procedure can be represented as follows:
Lottery Sure Outcome

0 PSTI = 3.5 —3TI

50%
(indifferent to)
50% PSI = 2.5 il
) 26



The crossed out numbers indicate those sure outcomes which were considered
but were ruled out as not being the certainty equivalent of the lottery.
Finally, at 2.9 for a sure outcome, indifference was found implying

CE1 = 2.9. This response is boxed in the above diagram.

By assessing a few representative certainty equivalents it is generally

possible to establish a preference function (also referred to as a

utility function) over the range of interest of the attribute under

consideration. This preference function (utility function) can then be
used to compute certainty equivalents of all the uncertain situations

which may have to be studied in determining the best maintenance strategy.

Incorporating time effects. In evaluating alternative maintenance

strategies, consquences of each one in terms of the selected attributes
must be compared over an analysis pericd of, say, 15 to 20 years. Because
of uncertainties, the consequences are specified by probability distribu-
tions at each time period. The scheme for converting a string of proba-
bility distributions into an equivalent number is shown in Figure B-2.
First, each probability distribution is replaced by its certainty
equivalent calculated by using the scalar utility function. Next, the
average of the utilities of all the certainty equivalents is calculated
and finally, the equivalent level of the attribute corresponding to

the average utility 1s obtained. This procedure assumes additive
preferences over time. The implications of this assumption are that

the scalar utility function remains unchanged over time and that

a given level of an attribute at any time during the analysis period is

equally desirable.

Continuing with the illustrative example shown in Figure B-1, let
us suppose that the assumption of additive preference over time is
reasonable. Using the above procedure, the attributes of PSI and
annual cost in dollars per lane for the three alternative maintenance

strategies can be summarized as shown in Table B-1.
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Table B-1.

Maint. Strategy # Equivalent PSI Eqﬁivalent.Annual Cost
1 2.6 $2,000
2 3.0 $2,800
3 3.6 $4,000

Assessing tradeoffs between conflicting attributes. If only one

attribute was of concern, the decision of best strategy would be relatively
simple. For example, from the consideration of cost alone, maintenance
strategy #1 in the above table is best while from the consideration of
PSI alone, maintenance strategy #3 is best. When both cost and PSI are
to be considered, the best strategy is intuitively not so obvious. It
appears that maintenance strategy #2 requires an incremental cost of

'~ $800 per lane-mile per year to maintain the PSI at 3.0 instead of at
2.6. Similarly maintenance strategy #3 requires an additional cost of
$2000 per lane-mile per year to maintain the PSI at 3.6 instead of at
2.6. To decide the best strategy, one must determine whether the speci-
fied increase in the PSI is worth the corresponding increase in the
cost. Issues of this type must be resolved on the basis of the decision
maker's perception of incremental benefits of higher PSI in relation to

the incremental cost of maintaining the higher PSI.

Thus, for a decision making problem involving multiple and often
conflicting attributes, it becomes necessary to establish how much the
decision maker is willing to sacrifice on one attribute in order to
achieve on some other attribute. These aré termed the preference tradeoffs
between the conflicting attributes. To illustrate the procedure for
assessing tradeoffs, consider maintenance strategies #1 and #3 for the
illustrative example shown in Figure 1 and summarized in Table B-1.

Which of the two strategies would you prefer? This would depend upon
whether one is willing to sﬁend an additional amount of $2000 per lane-

mile per year in order to maintain the PSI at 3.6 instead of at 2.6.

B-10



Let us suppose that strategy #3 is preferred; that is, benefits of higher
PSI are perceived to be greater than the corresponding increase in cost.
Suppose that the PSI of strategy #3 is maintained at 2.8 instead of at 3.6.
Now strategy #1 might very well be preferred with the argument that
increasing PSI from 2.6 to 2.8 is not worth the additional cost of $2000
per lane-mile per year. Obviously between the PSI of 3.6 and 2.8 there

is a level of PSI at which the decision maker might feel indifferent
between the two strategies, that is, at that level both the strategies
might appear to be equally attractive. The objective of the tradeoff
analysis would be to establish the indifference point between various
levels of confliciting attributes. It is not necessary to establish
tradeoffs between all possible combinations of the concerned attributes.

By assessing a few typical tradeoffs, it is generally possible to establish
an overall utility function which would be applicable to all practical

situations one may have to face in making decisions.

Calculating expected utility of each alternative strategy. The

individual utility functions assessed for each of the attributes
represent the preferences for various levels of the attribute. The
multiattribute utility function can be expressed as a simple function
of the individual attribute utility functions under certain conditions.
These conditons are referred to as preferential independence and

utility independence.

A pair of attributes (Xi, Xj) is said to be preferentially inde-
pendent of other attributes if preferences among (Xi’ Xj) pairs do not
depend on the level at which the others are fixed, given that the
others are held fixed at some level. Preferential independence implies
that the tradeoffs between attributes Xi and Xj do not depend on the

values of the other attributes.
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The attribute Xi is said to be utility independent of the other
attributes if preferences among lotteries over Xi {that is, lotteries
with uncertainty about the level of Xi only), given that the other
attributes are held fixed, do not depend on the level at which these

other attributes are fixed.

If the number of attributes is three or more, aﬁd if for some Xi,
(Xi, Xj) is preferentially independent of the other attributes for all

j #1i, and Xi is utility independent of all the other attributes, then

either
n
u(x) =izlkiui(xi) if ¢ ki = 1 (B-1)
or
n
u(x) = ({m [1 + kkiui(xi)]} - 1)/k if & ki £ 1 (B-2)
i=1 ’
where:

u = multiattribute utility function scaled between 0 and 1
x. = level of itb attribute

ui(xi) = individual utility function for Xi scaled between 0 and 1
k = constant with value -1 or greater

k. = scaling constants with values between 0 and 1.

The ki are scaling constants which express the tradeoffs that
exist among the attributes. The constant k can be determined from
the ki‘s. Thus, the multiattribute utility function can be completely
defined when the individual attribute utility functions and the scaling

constants, ki’ are known.

The expected utility of each alternative maintenance strategy
can be calculated from the multiattribute utility function and the
equivalent levels of all the attributes for the strategy. Let ;g denote
the equivalent level of ith attribute for the jth strategy. The
expected utility E(uj) of the jth strategy assuming a multiplicative

form for the overall utility function is given by:



_ 1 g . j
E(u) = ¢ {i[l v kku (/)] - 1} (B-3)

Determination of Preferential Ranking of the Feasible Maintenance
Strategy

In decision problems involving uncertainty, the expected utility
is the appropriate criterion for determining preferential ranking of
alternative actions. This property follows from certain behavioral
assumptions postulated by Von Neumann and Morgenstern.* The alternative

with the highest expected utility is the most preferred.

The direct interpretation of the differences in the expected
utility of alternative strategies to identify the magnitude of differences
in the relative desirability of the strategies is difficult. One
useful exercise in this respect is to calculate the 'net benefit' in
dollars of the best strategy over all other strategies. The net benefit
of the best strategy over another strategy can be defined as the in-
crement in the cost of the best strategy which would make its expected
utility equal to that of the other strategy. The difference in the
expected utilities of the two strategies can be interpreted as being

equivalent to the net benefit in dollars.

Implementation of the Decision Analysis Approach for Developing a
Pavement Management System

Development of the prediction models for determining consequences
of a given maintenance strategy is described in the main report and in
Appendix A. In this section the assessment of the multiattribute

utility function is described.

A number of people were assessed for their preferences regarding

individual attributes and tradeoffs between attributes. The procedure

*Von Neumann, J. and O. Morgenstern, "'Theory of Games and Economic
Behavior,'" 2nd Edition, Princeton University Press, 1947.
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used was one-on-one interviews. The assumptions of preferential and
utility independence, and additive preferences over time were checked
with each assessor and were found to be reasonable. fter studying

the results of all the assessments, two distinct preference structures
were identified. Each preference structure was quantified by averaging
over the responses of the persons who were close to that preference
structure. Preference structure 1 was identified as that for District
1 and preference structure 2 was identified as that for District 7.

The multiplicative form of the utility function was applicable for both

the Districts. The two functions are given below.

Scalar Utility Functions

Attribute Worst Level Best Level Scalar Utility Function

Xi=skid number 25 100 ul(xl) 1.OSl{l-exp[-O.0345(x1—25)]}

for both Districts

X2=PSI 2 4 u2(x2) = (x2-2)/2 for District 1
uz(xz) = l.385{1-exp[—0.6396(x2—2)]}

for District 2

X3=traffic delay 30 0 US(XS) = (SO-XS)/SO for both Districts
in minutes

X4=equivalent 10000 300 u4(x4) = (1OOOO-X4)/97OO for both
annual cost Districts

in § per lane-mile

Scaling Constants

District El_ Eg Eé Ei
1 0.70 0.42 0.292 0.378
7 0.685 0.216 0.036 0.70
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The significant differences between the two utility functions are with
respect to the tradeoffs between attributes and the resulting scaling
constants. The order of decreasing relative importance of the four
attributes for the District 1 function is: skid number, PSI, cost,
and traffic delay. The decision maker with this preference structure
would be willing to pay $9700 per year per lane-mile in order to
improve the skid number from 25 to 45 and the same amount of money

to improve the PSI from 2 to 3.8.

The utility function for District 7 indicates that the order of
decreasing rleative importance of the attributes was: cost, skid
number, PSI, and traffic delay. In this case the decision maker
would be willing to pay $9500 per year per lane-mile only if the skid
number improved from 25 to 100 and he would pay up to $3000 per year per

lane-mile to improve the PSI from 2 to 4.
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USER'S MANUAL FOR THE COMPUTER PROGRAM SOMSAC

INTRODUCTION

The computer program SOMSAC (acronym for Selection of Optimum
Maintenance Strategy for Asphalt Concrete Pavements) is prepared as a
part of the pavement management system developed for the Arizona Depart-
ment of Transportation. The program SOMSAC generates a number of feasible
maintenance strategies for a given pavement section, makes predictions
of pavement performance under each strategy, and ranks all the alterna-
tive strategies on the basis of their overall desirability. This User's
Manual gives a brief description of the analytical methods used in the
program, discusses input requirements and output characteristics, and
provides a summary of the program operations in the main program and in

the subroutines.
The analysis in the program SOMSAC consists of the following parts:

1. Selection of feasible maintenance strategies,

2. Prediction of pavement performance under each feasible strategy,

3. Calculation of expected utility of each feasible strategy, and

4. Ranking of all the feasible strategies on the basis of their
expected utilities.

A brief description of these parts is given below,

Selection of Feasible Maintenance Strategies. A maintenance strategy

consists of different maintenance actions or alternatives to be adopted
at specific times during the designated analysis period. Feasible
maintenance strategies are determined from the consideration of limiting
skid number for the pavement section, limiting roughness index, and
desired reliabilities for not exceeding these limiting values. Both
corrective maintenance (maintenance immediately after reaching unaccept-
able pavement condition) and preventive maintenance (maintenance prior

to reaching unacceptable condition) are considered in selecting feasible



strategies. The program first checks whether an umacceptable condition
in terms of either the skid number or the roughness index would ever be
reached if only routine maintenance is performed during the analysis
period. If such a condition would be reached, the program adopts some
corrective major maintenance alternative from the list of alternatives
specified by the engineer. Following the first major maintenance action,
the program checks for the necessity of a second corrective action. A
maximum of three possible actions are considered during the analysis
period. In preventive maintenance mode, a major maintenance alternative
is adopted prior to reaching an unacceptable condition and subsequent
pavement performance is examined. If after adopting a particular major
maintenance alternative the pavement condition does not exceed the
limiting value for roughness index, more expensive maintenance alterna-
tives are not considered. The program also has a provision for elimi-
nating some specified maintenance alternative if cracking is observed on
the pavement. In the case of new construction, the program considers
alternative initial designs and, for each design, selects feasible major
maintenance alternatives. A maximum of two major maintenance alterna-

tives are considered following the initial design.

Prediction of Pavement Performance Under Each Feasible Strategy. Four

factors are used for evaluating pavement performance. These are skid
number, roughness index, traffic delay in minutes due to maintenance
activity, and equivalent annual cost in dollars per lane-mile. Regression
equations are used for calculating expected value and variance of skid
number and roughness index at each time period during the analysis

period. Traffic delays for different maintenance actions are specified
as a part of the input data. The equivalent annual cost is calculated

by converting all costs to their present worth values and multiplying

the present worth cost by a factor dependent on effective interest rate
and analysis period. The cost components considered in this calculation

are routine maintenance cost, major maintenance cost, and salvage



value. Routine maintenance cost in each year is calculated as a function
of roughness index and age. Costs of different major maintenance alterna-
tives are inputs to the program. Salvage value is considered as negative
cost and is calculated by multiplying the ratio of usable life still
left in the pavement at the end of the analysis period and the total

life of the last major maintenance action by the cost of that action.

Calculation of Expected Utility of Each Feasible Strategy. A multiattri-

bute utility function is used for calculating the expected utility of
each strategy. A multiplicative form as shown below is applicable:

4
1+ Ku) = Il (1 + KKi ui) (C-1)
i=1

where u is the overall utility function; ui's are individual utility
functions for the four attributes of skid number, roughness index, traffic
delay, and cost; and K and Ki‘s are scaling constants. Either linear or
exponential functions can be specified for the ui'sn The scaling con-
stants Ki‘s are a part of the input data and the constant K is calculated
in the program. Using the individual utility functions and the predicted
values of mean and variance, a single equivalent number is obtained for
each attribute under each feasible strategy. These equivalent values

are then used in equation 1 to obtain the expected utility of each strategy.

In addition to expected utility, the net benefit of the best strategy
over each of the other feasible strategies is calculated. The net benefit
is a dollar quantity which represents the advantage of implementing the

top strategy over some other strategy.

Ranking of all the Feasible Strategies. All the feasible strategies are

ranked on the basis of their expected utilities. The higher the expected

utility, the more desirable the strategy.



OPERATIONAL CHARACTERISTICS OF THE PROGRAM SOMSAC

Description of the Program Operations. The program SOMSAC consists of

one main program and nine subroutines. A schematic representation of
the program is shown in Figure C-1. A brief description of the cperations

in the main program and the subroutines is given below.

Main Program. The main program reads the number of pavement sections

to be analyzed, prints the title page, and calls the subroutines SDATA,
SOFMS, EXPUT, and RESULT successively for each of the sections.

Subroutine SDATA. This subroutine reads and prints input data.

Annual traffic numbers are also calculated in this subroutine from the

input parameters of initial traffic and annual traffic growth factor.

Subroutine SOFMS. This subroutine selects feasible maintenance

strategies on the basis of predicted pavement condition, and specified
limiting values and reliabilities for skid number and roughness index.
Both corrective and preventive maintenance modes are considered. Equiva-
lent skid number, roughness index, traffic delay, and annual cost of
each feasible strategy are calculated by calling the subroutines PERFM
and PREDT..

Subroutine PERFM. This subroutine calculates expected value and

variance of skid number and roughness index at each time period following
a given-major maintenance alternative or initial design. Utilities of
the certainty equivalents of the predicted distributions for skid number
and roughness index are also calculated using the specified utility

functions.
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Subroutine PREDT. This subroutine calculates equivalent skid

number, roughness index, traffic delay, and annual cost for each mainte-
nance strategy selected in the subroutine SOFMS. For skid number and
roughness index, utilities of the certainty equivalents at each time
period during the analysis period are summed and the average utility is
found. Using the average utility, a single equivalent number is obtained
from the appropriate utility function. Regarding traffic delay, the
utilities of certainty equivalents of traffic delays during different
major maintenance activities included in the given strategy are summed,
the average utility is calculated, and the equivalent traffic delay is
obtained for the strategy. For costs, the sum of present values of
routine maintenance costs and major maintenance costs is obtained, the
present value of the salvage value is subtracted from this sum, and
then the net present worth cost is multiplied by an appropriate interest

factor to obtain the equivalent annual cost of the strategy.

Subroutine EXPUT. This subroutine calculates the expected utility

of each feasible maintenance strategy using equation C-1. Utilities of
the equivalent skid number, roughness index, traffic delay, and annual
cost obtained in the subroutine PREDT are used in the calculation of the
expected utility. All the feasible strategies are then ranked in a
decreasing order of expected utility. The net benefit in equivalent
dollars of the top strategy over other strategies is also calculated in

this subroutine.

Subroutine SCALC. The constant K in equation C-1 is calculated in

this subroutine and returned to the subroutine EXPUT.

Subroutine RESULT. This subroutine displays the results of the

analysis.
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Subroutine PLOT. This subroutine is called by RESULT for plotting

predictions of skid number and roughness index for some of the top

maintenance strategies.

Subroutine PHEAD. This subroutine is called by RESULT for printing

page headings and page numbers.

Flexibility and Limitations of the Program SOMSAC.

The following comments

are pertinent with respect to flexibility and limitations of the program:

1.

The program is written in Fortran IV language and it conforms
with the standard ANSI Fortran requirements.

. The program is modular in nature. Any changes in the predic-

tion models, cost models, traffic models, or utility functions
can be easily accommodated with minimum modifications in the
program. All the parameters for the prediction models are
initialized in Block Data Subprogram SOMDAT through the use of
DATA declaration statements. If the prediction equations are
refined in the future on the basis of field observations, the
new parameters can be specified as the inputs without any
modification in the program. The cost and traffic information
is read for each pavement section to be analyzed. Thus,
different costs and traffic levels for different pavement
sections can be easily accommodated in the program. With
regard to utility functions, the program assumes linear form
for cost and exponential form for skid number. For the re-
maining attributes of roughness index and traffic delay either
linear or exponential form can be specified. The constants in
the individual utility functions as well as the scaling con-
stants in the overall utility function are input.through DATA
statement cards.

. The program can handle a maximum analysis period of 15 time

periods (30 years) and a maximum number of 15 maintenance
alternatives including routine maintenance and initial designs.
Also, a maximum of 500 feasible maintenance strategies can be
analyzed in the program. These provisions are adequate for
the analysis of most practical problems.

. The order of the maintenance alternatives to be specified must

be as follows: Troutine maintenance, chip seal (optional),
initial designs in an increasing order of cost (optional), and
major maintenance alternatives in an increasing order of cost.



5. Any number of pavement sections can be analyzed in one run.

6. Execution time for program SOMSAC is highly variable, and
depends, for the most part, on how many feasible maintenance
strategies are generated. Experience to date indicates run
times ranging from 1/2 second for the analysis of 10 strategies
to 90 seconds for 464 strategies (CDC 7600, MNF OBJECT CODE).



INPUT REQUIREMENTS FOR THE PROGRAM SOMSAC

Introduction

Certain conventions have been adopted for ease of use of this

write-up with respect to batch set-up for execution of SOMSAC:

1. Problems may be "stacked" in one run with use of Card A - the

number of problems card.

2. Certain options require additional input cards, hence, slight
modifications to the input stream. Parentheses around the card-label-
character indicate the card(s) is optional.. All other input cards are

mandatory.

3. Right-justify all integer input; floating point format is
expressed generally in this write-up. As long as the decimal point is
punched on the card, data may appear anywhere within the limits of the
field. For example, suppose the format specification for a certain data
field was F10.0 in columns 1-10, and the data point to be entered in
those columns had the value 3.33. As long as these four characters
(3.33) are placed contiguously within the ten-column field specified,

the value will be correctly interpreted.

4, Certain problems may require more data than will fit on one
card. In this case, simply "extend" the data card by continuing entries

on another card starting the next data field in column one.

5. The input stream is essentially maintenance alternative-
specific. Enter the maintenance alternatives always in ascending order
of cost beginning with routine maintenance (then initial designs or chip
seal coat if appropriate). Other alternative-related data (that is, costs,
traffic delays, deflections, thicknesses, etc.) should be input respec-

tively.

Figure C-2 shows the arrangement of input data cards required for

batch execution of this program. For ease of identification, all input

C-9
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has been identified with both an
describing the information to be
similar cards). A more detailed

follows:

A, Number-of-Problems Card

Cols. 1-5 NPROB =
B. Problem Description Card
Cols. 1-80 DESC =
C. Control Parameters Card
Cols. 1-5 NP =
Cols. 6-10 NINTX =
Cols. 11-15 NA =

alphameric character and general label

included on the input card (or group of

explanation of input.requirements

- (One card per batch rum)

Total number of problems included in

this run in I5 format

Enter a maximum of 80 columns of

alphanumeric information describing
the problem. (Read in 20A4 format.)

The total number of time periods to be
included in the analysis in IS5 format.
(The program assumes that one time

period is equal to two years.)
Maximum = 15

The total number of feasible initial
designs included in the analysis in IS5
format. If none are to be considered,

enter a zero in column 10.

Total number of alternatives to be con-
sidered (in IS format). The total number
of alternatives includes routine mainten-
ance, seal coat and initial designs if
used, and major maintenance alternatives

in that order. The routine maintenance
alternative is always specified as the
first one in the list of alternatives.

If chip seal is one of the alternatives

to be considered, this should always be
specified as the second alternative. A
maximum of 15 alternatives can be specified
in any given problem and should be specified

in an increasing order of cost.

(See Card E.)
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C.

Control Parameters Card (continued)

Cols.

Cols.

Cols.

Cols.

Cols.

Cols.

16-20 NOPT
21-30 LRI
31-40 LSN
41-50 RRI
51-60 RSN
61-65 IND

i

A user option to either print-input-data-
only (a nice way to check your data set
before spending money on execution) or
print input data and execute the program.
For print only, enter a zero in column
20; to print and execute, enter the
number one.

The limiting value of roughness index in
F10.0 format.

The 1imiting value of skid number in
F10.0 format.

The reliability level for not exceeding
the limiting value of roughness index
(LRI) in F10.0 format. A reliability
level of, say, 90% implies that there is
less than 10% chance that the limiting
value specified by the analyst could

be exceeded. A table of reliability
factors for different reliability levels
is shown below.

Reliability Level Reliability Factor

.50 0
.55 .126
.60 .253
.65 . 385
.70 .524
.75 .674
.80 .842
.85 1.036
.50 1.282
.95 1.645
.99 2,326

Reliability level for not exceeding the
limiting value of skid number (LSN) in
F10.0 format. (See comments for RRI.)

If initial (new) designs are to be con-

sidered, enter a zero in column 65,
otherwise enter the number one.
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C. Control Parameters Card (continued)

Cols. 66-70 NACR = The total number of alternatives to be
eliminated due to cracking. If signifi-
cant cracking is observed on the pavement
section under analysis just prior to
implementing the program and if some major
maintenance is warranted at the present
time, the engineer may specify that main-
tenance alternatives which do not have any
provisions for cracking should not be
considered. For example, any maintenance
alternatives without either rubber coat or
heat scarifier may be eliminated in case
of cracking. The parameter NACR is read
by the program in I5 format.

D. Alternative Elimination Card - (Optional)

Include this card only if NACR is greater than zero.

Cols. 1-5 INDCR(1) = The index number of the 1st maintenance
alternative to be eliminated due to
cracking (IS5 format).*

Cols. 6-10 INDCR(2) = The index number of the 2nd main-
tenance alternative to be eliminated
due to cracking.

Cols. 11-50: Continue listing indexes in 5-column fields
and in increasing order of magnitude until all
eliminations have been specified. The number
of entries must equal NACR and NACR must not
exceed a total of ten.

E. Description of the Alternatives Cards

Cols. 1-60 DESCM = For each alternative (routine maintenance,
seal coat, initial designs and major
maintenance) a 60-column alphanumeric
description must be provided. One card
per alternative is required. The first
must be routine maintenance, followed by
either initial design or chip seal if
specified, to a total of 15 cards. Each
card is read in 15A4 format,

*For example: If INDRC(1) = 4, then the fourth maintenance alternative
input is to be eliminated. Entries on this card should be in ascend-
ing order.
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F. Pavement Section Card

Col. 5 IACFC = If ACFC is present on the pavement
section, enter the number one in
column 5; if not, enter zero.

Col. 10 ICRACK = The number one in column 10 indicates
that cracking is observed in the pavement
section. A zero in column 10 indicates no
cracking. (See comments under NACR.)

Col. 15 ISEAL = If chip seal is to be considered in the
analysis, the number one must appear in
this column. If no chip seal is involved,
enter zero.

Cols. 16-20 AGT = Aggregate type of the pavement section
at present time. Codes for AGT are:
1 - Basalt or Cinders
2 - Gravel
3 - Limestone
AGT is read in F5.,0 format.

Cols. 21-30 AGF = Aggregate type to be used in future
ACFC. Code the same as for AGT.

Cols. 26-30 PAGE = Pavement age in years at the present
time. If initial design is specified
as an alternative, enter zerc for PAGE.

Cols. 31-35 RGN = is the environmental region of the pave-
ment section:

1.0 = low altitude, low rainfall
2.0 = high altitude, high rainfall,
no swelling clay
3.0 = high altitude, high rainfall,
swelling clay.
Cols. 36-40 D = Deflection (in inches) of the pavement

section., If initial designs are
specified, estimates for deflection
must be input for each design. (See Card G.)

Cols. 41-45 RIO = Present roughness index of the pavement
section in F5,0 format.

Cols. 46-50 SNO = Present skid number of the pavement
section in F5.0 format.



(G.) Deflection Estimate(s) Card

Include this card only if IND (column 65 of Card C) is equal

to zero.

Cols. 1-10 DINTX(1) Enter deflection estimate for first

initial design (F10.0).

Cols.11-20 DINTX(2) Deflection estimate for second

initial design.

Cols.21-30 DINTX(3) Deflection estimate for third initial
design and so on until all designs

have been included.

H. Overlay Thickness Card(s)

Thickness for each overlay included in the list of main-
tenance alternatives must be specified on this card. Use

more cards if required.

Cols. 1-10 THICK(1)

i

Thickness (in inches)'for the first
overlay specified (F10.0).

Cols.11-20 THICK(2)

Thickness (in inches) for the second
overlay. Continue in this fashion
until all overlays have been included.

I. Correction Factors Card

Enter correction factors (CRH) starting with the first

major maintenance alternative.

Cols. 1-10 CRH(1) = Correction factor for first major main-
tenance alternative mentioned in input
list (F10.0). Continue (in 10-column
fields) for all major maintenance
alternatives respectively.

Note — These parameters (CRH) specify a correction for
taking into account the benefit of rubber coat or heat

- scarifier on the pavement. The change in roughness index
is always calculated assuming that neither rubber coat nor
heat scarifier is applied. This change in roughness index
is then multiplied by CRH to obtain the appropriate change
in roughness index.



Correction Factors Card(s) {(continued)

For example, a correction factor of 0.7 for an alternative
would imply that the change in roughness index is only 70%
of the calculated change assuming neither rubber coat nor

heat scarifier. To illustrate how the corrective factors

may be specified, let us suppose that the following main-

tenance alternatives are to be considered:

Alternative No. 1: ROUTINE MAINTENANCE
Alternative No. 2: ACFC WITHOUT RUBBER COAT, WITHOUT HEAT

SCARIFIER

Alternative No. 3: ACFC WITHOUT RUBBER COAT, WITH HEAT
SCARIFIER

Alternative No. 4: ACFC WITH RUBBER COAT, WITHOUT HEAT
SCARIFIER

Alternative No. 5: 2'" OVERLAY + ACFC WITHOUT RUBBER COAT,
WITHOUT HEAT SCARIFIER

Alternative No. 6: 2'" OVERLAY + ACFC WITHOUT RUBBER COAT,
WITH HEAT SCARIFIER

Alternative No. 7: 2'" OVERLAY + ACFC WITH RUBBER COAT,
WITHOUT HEAT SCARIFIER

Since alternatives 2 and 5 contain neither rubber coat nor
heat scarifier, there is no additional benefit to these
alternatives and hence the correction factors (CRH(2) and
CRH(5)) would be one (1.0).

Let us assume that application of heat scarifier and rubber
coat with ACFC would increase the pavement life by 50% and
200% respectively. For 2" overlay + ACFC, let the increases
in expected life for heat scarifier and rubber coat be 50% and
100% respectively. This implies that roughness index would
not increase as rapidly with heat scarifier or rubber coat as
it would if neither of them is used. 1In fact, a reasonable
assumption for alternatives 3 and 4 would be the change in
roughness index is 100/(100 + 50) = 0.67 times the calculated
change with heat scarifier and 100/(100 + 200) = 0.33 times
the calculated change with rubber coat. Similarly, factors
for alternatives 6 and 7 would be 0.67 and 0.50. With these
calculations, the factor CRH for the different maintenance
alternatives can be specified as follows:

Cols. Maintenance Alt.# CRH
1-10 2 1.0
11-20 3 0.67
21-30 4 0.33
31-40 5 1.0
41-50 6 0.67
51-60 7 0.50
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I.

J.

K.

L.

Correction Factors Card(s) (continued)

It should be noted that the factor CRH is not specified for
routine maintenance, initial designs or chip seal coat.

Skid Number After ACFC Card

Cols. 1-10 MSNA = Enter expected mean value of skid number

immediately after ACFC in F10.0 format.

]

Cols.11-20 SDSNA Enter standard deviation of skid number

immediately after ACFC in F10.0.

Reduction in Deflection Card

Entries on this card reflect the percentage reduction in
pavement deflection following the application of some major
maintenance alternative. On this card, enter percentage
reduction estimates in 10-column fields beginning with the
first maintenance alternative and maintain a one-to-one
correspondence between entries here and the maintenance
alternatives list:

Cols. 1-10 PRDEFL(1) = Percent reduction in deflection for
first major maintenance alternative.

Cols. 11-20 PRDEFL(2) = Percent reduction in deflection for
the second major maintenance alternative.
Continue in this fashion for all
major maintenance alternatives.

Traffic Delay Card(s)

Entries on this card represent traffic delay in minutes in-
curred due to the application of some major maintenance al-
ternative. The last entry must be coefficient of variation
in traffic delay (CVTD). Enter traffic delays beginning
with the first major maintenance alternative and continue
respectively until delays are specified for all appropriate
alternatives. Follow the last traffic delay entry with CVTD
as shown below:

Cols. 1-10 TD(1) = Traffic delay in minutes during major
maintenance for the first appropriate
maintenance alternative in F10.0 format,

Cols. 11-20 TD(2) = Traffic delay in minutes during major

maintenance for the second appropriate
maintenance alternative.
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L. Traffic Delay Card(s) (continued)

€ols. 41-50 TD(5)

Last traffic delay entry.

Cols. 51-60 CVTD

Coefficient of variation of traffic
delay in F10.0 format.

The above represents an example where 5 major maintenance
alternatives were specified. Placement of CVTD depends on
the number of traffic delay entries.

M. Costs of Major Maintenance Card(s)

Enter cost (units in dollars per lane-mile) in ten-coiumn
fields (F10.0 format) for each alternative excluding routine
maintenance.

Cols. 1-10 CMM(1)

t

Dollar per-lane-mile cost of second
major maintenance alternative.

Cols.11-20 CMM(2)

Dollar per-lane-mile cost of third appro-
priate alternative, and so on for all
major maintenance alternatives.

N. Cost Vdriation and Interest Card

Cols. 1-10 CVCT = Enter to coefficient of variation of

costs in F10.0 format,

Cols.11-20 EI

Enter effective interest rate in F10.0
format (that is, .06 = 6% interest rate).

0. Traffic Loading Card

Cols. 1-10 Tl = Average annual traffic during the first
year of the analysis period.

Cols.11-20

=~
it

Enter the rate of traffic growth (yearly)
in percent (that is, 5.0 is 5% per year).
A tabular formﬂof the input data cards is shown in Table C-1. A
sample problem has been includéd in this manual to illustrate the
input/output characteristics. Figure C-3 shows an actual card-image
listing of the input data used in the sample problem. The program

listing is given in Figure C-4.
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OUTPUT CHARACTERISTICS OF THE PROGRAM SOMSAC

Introduction

SOMSAC output may be generally categorized as follows:

e Title Page

e Description of the input data and prediction models
e Maintenance alternative table

® Dictionary of acronyms

® Maintenance strategy table

® Pavement condition table

@ Pavement condition plot

While the output was designed to be virtually self-explanatory, some
comments pertaining to the above mentioned categories may prove helpful

to the user. Sample output is shown in Figure C-5.

Any one problem may generate from 16 to 21 pages of output depending
on the number of feasible maintenance strategies extracted. If the option
to specify printing of input data only was specified (NOPT=1), output
terminates after the second category — Description of Input Data and

Prediction Models.

Title Page

The title page is always the first page output by SOMSAC and contains

documentary information about the program.

Description of Input and Prediction Models

All data input to SOMSAC are regurgitated on these pages. Prediction
models and the routine maintenance cost algorithm are additionally output.

Optional data are output if specified.
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Maintenance Alternative Table

A complete list of alternatives is printed and includes an ordered
description of each alternative input to the program. When the cracking
option is enabled, a message is printed next to alternatives which are

to be eliminated from primary consideration in the selection of strategies.

Dictionary of Acronyms

This table provides definitions of the acronyms that are used as

column headings in the Maintenance Strategy Table.

Maintenance Strategy Table

The Maintenance Strategy Table summarizes the maintenance strategies
selected by SOMSAC. The strategies are output in decreasing order of
magnitude in overall expected utility. The program provides space for
a total of 500 strategies to be selected of which a maximum of the
"best" 50 are output. The following parameters are summarized in this

table for each maintenance strategy selected:

® Relative rank of the maintenance strategy

e Equivalent annual roughness index

e Equivalent annual skid number

® Average traffic delay

e Equivalent annual cost

® The expected utility

e Net benefit

e Time at which maintenance action is to be taken

e Specific maintenance alternative applied to pavement.

Pavement Condition Table

A probabilistic prediction of pavement condition in terms of roughness

index and skid number is output for the top three maintenance strategies.
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Expected values and standard deviations are output for each time interval
in the analysis period. Routine, preventative or major maintenance
applications are noted at each time interval as well. Expecte values
for pavement condition just prior to the application of a maintenance

alternative are noted in parentheses.

Pavement Condition Plot

Finally, SOMSAC generates plots depicting pavement condition for
the top three maintenance strategies. Two plots, one for roughness
index, the other for skid number, are output following each Pavement
Condition Table. Expected value (the ordinate) is plotted against
time (the abscissa) and is graphically represented by asterisks(*). Two
standard deviations above and below the expected value are symbolized
by shaded areas of plus (+) and minus (-) signs respectively. Drastic
changes in expected value (that is, a significant drop in roughness
index) indicate the application of some maintenance alternative on the

pavement section of that particular point in the analysis period.
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Figure C-4. LISTING OF THE PROGRAM SOMSAC
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PROGRAM SOPMSAC (INPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT)

srx¥EF2E3¥+% PROGRAM SOMSAC PPy S Y I X

SELECTION OF GPTIMUM MAINTENANCE STRATEGIES FOR
ASPHALT COMNCRETE PAVEMENTS

THIS PRGGRAM RANKS ALTERNATIVE MAINTENANCE
STRATEGIES FOR AC PAVEMENTS ON THE BASIS OF THEIR
OVERALL DESIRABSILITY. THE PROGRAM FIRST DETERMIMNES
A FEASIBLE SET OF MAINTENANCE STRATEGIES FOR A
GIVEN PAVEMENT SECTION CONSIDERING CORRECTIVE AS
WELL AS PREVENTATIVE MAINTENANCE ALTERNATIVES,

FOR EACH STRATEGY, PAVEMENT CONDITION IN TERMS OF
SKIC NUMBER AND ROUGHNESS INDEX IS THEN PREDICTED
AT EACH TIHE PERIOD DURING THE ANALYSIS PERIOD.

THE COST ANC TRAFFIC DELAYS ARE ALSC ESTIMATED FOR
EACF STRATEGY. THE PREDICTION MOBELS ARE DEVELOPED
ON THE B3ASIS OF MULTIPLE LINEAR REGRESSION ANALYSES
USING 80TH SUBJECTIVE AND OBJECTIVE DATA. FINNALY,
PREFERENTIAL RANKING OF ALL THE FEASIBLE STRATEGIES
IS DETERMINED ON THE BASIS OF EXPECTED UTILITIES

OF THE STRATEGIES. A MULTIATTRIBUTE UTILITY
FUNCTION OVER SKID MIMBER, ROUGHNESS INDEX,

TRAFFIC DELAY AND COST IS EMPLOYEZD IN THE
CALCULATIGN OF EXPECTED UTILITIES.

THE PROGRAM CONSISTS OF THE FOLLOWING PARTS =====-=

(1) SUBROUTINE SOATA = READS AND PRINTS INPUT DATA.

(2) SUBROUTINE SOFMS = SELECTS FEASIBLE

MAINTENANCE STRATEGIES.

(3) SUBROUTINE PREDT - PREDICTS PAVEMENT CONDITION,
COST ANC TRAFFIC DELAY OF EACH FEASIBLE
STRATEGY.

(4) SUBROUTINE FERFM = EVALUATES PAVEMENT
PERFORMANCE FOR EACH FEASIBLE STRATEGY s

{(5) SUBROUTINE SCALC - CALCULATES THE K VALUE FOR
THE UTILITY FUNCTIONS.

(6) SUBROUTINE EXPUT = CALCULATES EXPECTED UTILITIES

FOR THE MAINTENANCE STRATIEGIES AND THEN RANKS
THEM IN OROER OF MAGNITUDE.

(7) SUBROUTINE RESULT = QUTPUTS THE RESULTS OF THE
ANALYSIS.

(8) SUBROUTINE PLOT = PRINTS A GRAPHIC REPRESENTAT-
ION OF PAVEMENT CONDITION.

(9) SUBROUTINE PHEAL = PRINTS PAGE HEADINGS.

(10) BLOCK DATA SUBPROGRAM SOMOAT = INITIALIZE
SOME OATA.

REAL LRI sLSNyMRIsMSNsMSNA

SMC
SMC
SMC
SHMC
SMC
SMC
SMC
SHC
SMC
SMC
SHC
SMC
SMC
SMC
SHMC
SHMC
SMC
sMcC
SHC
SHC
SMC
SHC
SMC
SHC
SMC
SHC
sSMC
SMC
SMC
SMC
SHMC
SMC
SMC
SMC
SMC
SMC
SMC
SHC
SMC
SMC
SMC
SHC
SMC
SHC
SMC
SMC
SMC
SMC
SHMC
SMC
SHC
SHC
SMC
SMC
SHMC
SMC
SMC
SHC
SMC
SMC
SHMC
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INTEGER AL yAJSAKAKLAK24AK3 SHC

DIMENSION STAR(25) SMC
SMC
COMMON /I0/ IN,IGUT SMC

COMMON /SDATA/ NP sNINTXsNASNOPTyLRISLSNyRRISRSN,INDsIACFCyICRACK)ASHO
LGTAGF s PAGE RGN yO9sRIC,SNCsTHICK(15) yOINTX(10)5C11,C12,C13,C145,C15,SMC
25cCRI1,C21,022,C234C24,C25,C26,SECRI2811,812,B13,81448155SECSNL,CSHC
SRH(15),821,822,B23,824+825,SECSN2,XC0+XCLsXC2,SERIASMSNA,SOSNAsFRDSHC
SEFL(13),TD(L5),CVTO,CMM(L15) ,CVYCTHEITIsyRy,CUL,CU2,NACP,INOCR(10),ISSHC
SEAL,TRFC(70) s UKI (L) ,UK,0ESCM(15,15),0ESC(20),IPAGE,NLINE,IPROB,AULSMC
64AL2,8U1,8U2,831,832,833,B34,835,SECSN3 SMC

SMC

COMMON /PERFM/ MRI(15,20),VRI(15,20) sMSN(L15,23) 4VSN{15,20) yNPRIOR,SMC
INREMyKPRIOR yKCURyOPRIOR, IRI(15) 3 ISN{15),0P0ST,ARIL(15,20),VRI1 (15,SMC
22C),ASNLI(15+20) ¢VSNL(15,520) yURI(15,20),URIL1(15,20) ;USN(15,20) sUSNLSMC
3(15,20) SMC

SHC

COMMON /SOFMS/ NTOUTAL,IK1(500),IK2(3500),IK3(500),AKL1(500),AK2(500)SMC

1AK3(500),RIA(500,15)4RISD(500,15) sSNA(SG0+15) ,SNSD(500,15),0F (40)SMC

2yFEAC,ARIB sMC
SHC

COMMON /PREDT/ AL AJsAKyKL13K2;K3,ICASE,ERI(500),65N(500),EAC{500),SHC
LETOU(50C) yUERI(EG0) sUZSN{S00) JUEACIST5) »UETO(500) ,JST SMC
SMc

COMMON /EXPUT/ IRANK(S500),EXPT(5030) 43ENFTI(500) SMC
SMC

SMC

DATA STAR/25%LH***%/ SMC
SMC

REALC THEZ NUMBER OF PAVEMENT SECTIONS TO BE ANALYZED SHMC

. IN THIS RUN., SMC
READ (INs2) NSEC SMC
SMC

START A GC=LOCP FOR THEZ NUMBER OF PAVEMENT SECTIONS SMC

TO BE ANALYZED IN THIS RUN. SMC

- SMC

SMC

PRINT PROGRAM TITLE. SMC

SMC

D=SC=EIGHTY COLUMN OESCRIPTION OF THE PROGRAM. SMC

SMC

WARITE (I0UT3) (STAR(J)d=1,22) SMc
WRITE (ICUT.4) (STAR(J) sJ=1:24) SMC
WRITE (ICUT b)) (STAR(J) 9d=14524) SHMC
WRITE (ICUT$S) (STAR(J) sd=1,14) SHC
WRITE (I0UT¢6) (STAR(J}sJ=1,11) SMC
HRITE (LOUT,7) (STAR(J) sJd=1,11) SMC
WRITE (I0UT58) (STAR(J)3J=1,17) SMC
WRITE (I0UT9) (STAR(J) 9J=1:17) - SHC
WRITE (I0UT,10) (STAR(J)sJ=1,18) . SHC
WRITE (ICUTs11) (STAR{J) od=1,12) SMC
WRITE (I0UT912) (STAR(J)} pd=1,11) SMC
WRITE (I0UT3$13) (STAR(J) +d=1,12) SMC
WRITE (I0UTeLl4) (STAR(J) sJ=1,20) SMC
WRITE (I0UT.14) (STAR{J),J=1,20) SMC
ARITE (I0UTs14) (STAR(J) sJ=1,20) SMC
WRITE (IOUTs15) SHC
00 1 IPKCB=1,NSEC SMC
SMC

READ AND PRINT INPUT DATA. SHC

SMC

CALL SDATA SMC

62
63
Bl
65
XS
&7
68
53
70
71
72
73
74
75
75
77
73
79
840
81
32

-
~

34
85
86
87
33
83
34
91
32
93
b
g5
9e
37
38
99
100
101
102
103
104
102
id0e
197
108
id¢g
110
111
112
113
114
115
ileg
117
118
118
1240
121
122
123
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12
13
14
15

SMC

IF CNLY INPUT DATA IS TO BE PRINTEDsGO TO END. SMC

SMC

IF (NOPT.EQe0() GG TO 1 SHMC
SMC

CALL SUSRCUTINE SCFMS FOR SELECTION OF FEASIRLE SMC

MAINTENANCE STRATEGIES AND CALCULATION OF EXPECTED SMC

UTILITIES. SMC

CALL SOFMS SMC
SMC

CALL SUBROUTINE EXPUT FOR RANKING THE FEASIBLE SHMC

STRATEGIES CN THE BASIS OF THEIR EXPECTEOD UTILITIES. SHC

SHMC

CALL EXPUT SMC
SHC

CALL SUBROUTINE RESULT TGO DISPLAY RESULTS OF THE SMC

ANALYSIS. SMC

SMC

CALL RESULT SMC
CONTINUE SMC
STOP SMC
SHC

FORMAT (I5) SMC
FORMAT (1HL1,10(/)10X,2(3AL,A3,4X AL 7XsAly3(4X3344L,A3)) SMC
FORMAT (10Xs2(3A4sA334XIALsALsSX AL AL 34X s3A45A3)) SMC
FORMAT (10X s2 (Ag7X sAlsiaX) 3AL A2 33X Al sA2,3(4XsAbe7XsAL)) SHC
FORMAT (10X 3AUe1SXsAuws7ApAbstX At A3 91X AG A3 4X9AL 15X AL TX ALy LSHC
1X s ALY SHMC

FORMAT (10X ALy 1S5X A 97X AL sb4Xs3ALA3 94X sA%sdSX AL 7X AL X AL) SHC
FORMAT (10X s3A4 sA3+suX9AlLs7X3AbsuXs3A00A34X93AL A3 ¢uXoAls7XsALsuXySMC

1A4) SMC
FORMAT (10X93A4,A3y‘+X,A4,7K AbobXsAbgiXsAbsAls 1A Aok X3 3AL A3 34X ASMC
143 7X sl XgAL) SMC
FORMAT (10X, 3AQyA3,%X,QQ,7X,AQ,#K9A472X1A392K,AQ;QX93A4yﬁ3,4Xg3A4gSMC
LA3 44X s Ak) SMC
FORMAT (21X oAl ol X sAl g7 X oAb o X sAL 33X 3AL 93X sAGs15XeAbsbXs33ALA34XASMC
14} SMC
FORMAT (21X 92 (AL 4X AL 97XV AL 15X s AL 44X 3AL A3 34X AL) SHMC
FORMAT (10X B (ALe7XsAL s4X)) SMC

FORMAT (10X 32(3 A0y A3 obX) ALy 7TX AL 36X33A83A3 LXKy A%,?X,&Q,QX,3A4,A3) SHMC
FORMAT (//77/26Xs85H** SELECTION OF CPTIMUM MAINTENANCE STRATEGIESSMC
1 FCR ASPHALT CONCRETE PAVEMENTS **//////10X3114HA COMPUTER PROGRAMSMC
2 DEVELOPED UNDER CONTRACT TGO THE ENVIRONMENTAL SYSTEMS OIVISION CFSMC
3 WOODWARD=CLYDE CONSULTANTS////63Xs3HFOR////737TX52HTHE STATE OF ARSMC
4+IZONA == DEPARTMENT OF TRANSPORTATION////64Xs2HBY////30X,27HDR. RASMC
SMCHANORA Be KULKARNIssiXs41HMRe. FRED Neo FINN ANO MR. JOHN Ko MCMORSMC
BRAN///7c0Xs10H JUNE 1978) SMC
END SHC
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SUBROUTINE SOFMS S50F

SOF

THIS SUBROUTINE SELECTS FEASIBLE MAINTENANCE SOF

STRATEGIES ON ThHE BASIS OF PREDICTED PAVEMENT S0F

CONDITIUN AND SPECIFIED LIMITING VALUES AND SOF
RELIABILITIES., BOTH CORRECTIVE AND PREVENTIVE SOF

MAINTENANCE MOOES ARE CONSIOEREZOD. EQUAVALENT SOF

SKIC NUMBER, ROUGHNZSS INJEX, TRAFFIC DELAY AND SOF

ANNUAL COST OF EACH FEASIBLE STRATEGY SOF

ARE CALCULATED BY CALLING THE SUBROUTINE PERFHM SOF

AND PREDT. SOF

SOF

REAL LRI sLSN,MRIsMSNyMSNA;MCSNyMCRI SOF
INTEZGER AL sAJ»AK s AKLAKZ2 3 AKS SOF

COMMON /SDATA/ NP ZNINTXsNASNOPTsLRISLSNyRRISRSNyINDyIACFC,ICRACK,ASOF
16T sAGF 4PAGE yRGNsC s RIOsSNOs THICK(15) yDINTX{13),C11,4C12,5C13,C14,C15,S0OF
2SECRIL,C214022,C234C245C25,C26,SECRI2,+811,B12,813,814,815,SECSNL1,CSOF
3RH(15) 4821,622,B823,82L 48259 SECSN2yXC0+sXCLyXC29ySERIAyMSNA,SDSNAPRDSCOF
GEFL{15),TO{15)4CVTD,CHM(LE) yCVCTHEXIyTIyR,CUL,CU24NACR, INOCR(10)41ISSOF
SEALYTRFC{70) s UKI (L) sUK,DESCH(15,15),0ESC(20),IPAGE,NLINE,IPROB,AULSGF
5yAL2:3L1,BU2,B31,832+333,83%983543ECSNS SOF

SQF

COMMON /PERFM/ MRI(15,20)4VRI{15,20) yMSN{15,20),VSN(15,20)+NPRICR,50F
INREM, KPRIORyKCURSOPRIOR,y IRI(L15) 3 ISN{15),0PCST ARTIL(15,20),VRIL(L5,50F
220)9ASNL(15520) yVSNL{15,2G) sURI{15,20) sURIL1{15,2C0) USN{LF,20) sUSNLSOF
3(1€,20} SOF

SCF

COMMON /SOFMS/ NTOTAL.IKL1(503C),IK2(5C0),IK3(500),AKL(500),AK2(5003)30QF

1sAK3(500)4RIA(500,15)3RISN(500,25) ySNA{(S5G0,15),SNSD(500,15),0F (40)S0OF

2y FLACARIB SOF
' SOF

COMMON /PREDT/ AIsAJsAKsK14K23K3,ICASELERI(500),ESN(500),EAC(500),SOF
1ETD(S00) JUERIA(50G0) sUESN{500) 4UEAC(500),UETD(500),JST SOF
SOF

COMMON /EXPUT/ IRANK{S500)+EXPT(500),BENFT(500) SOF
COMMON /I0/ INSIOUT SOF
. SOF

SPECIAL UTILITY FUNCTION FOR SKID NUMBER SOF

SOF

UTSN(XMy VARX)=CUL* (1.0 ~EXP{=CU2¥25 0 +CUZ2*XM+QS*¥CUZ¥CU2*VARX)) SOF
SOF

IF THEZ UTILITY FUNCTION FOR RCUGHNESS INDEX SOF

IS LINEARs USE THE NEXT FUNCTION===- SOF

SOF

UTRI(XMy VARX)=1e00=0.0212%XM SOF
SOF

IF THE UTILITY FUNCTIGN FOR ROUGHNESS INDEX SOF

IS EXPONENTIAL, OZACTIVATE PREVIOUS FUNCTION BY SQF

PLACING A C IN COLUMN ONE AND ACTIVATE THE : SOF

FOLLOWING FUNCTION BY REMOVING THE C IN COLUMN SOF

ONE» SOF

SOF

UTRI (XM, VARX)=BUL*{1.0-EXP(BU2%2 ,12-8U2%0,0424*XM+0.,5%8U2 SOF
1*C.0R826%BUZ2¥0 L L425*VARK)) SOF
SOF

SQF

CALCULATE DISCOUNT FACTCRS FOR CONVERTING SOF

FUTURE CASHFLOWS TO THEIR PRESENT HWORTH SOF

VALUES SOF

SOF

NYEARS=2*NP SOF

- oW e N OV NN
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DO 1 I=1,NYEARS
DF(I)=1.0/((L.0+EI)**])

CALCULATE THE FACTOR FOR EQUAVALENT
ANNUAL COST.

FEAC=0.c

JST=1

00 2 J=1,NYEARS
FEAC=FEAC+10/({1.0+cI)**J)
IL=2

CHECK WHETHER THE CURRENT PROSLEM IS REGARDING

SELECTION OF INITIAL DESIGN.
IF (INU.EQ.0) GO TO 32
INITIALIZE VARIABLES.

KRI={

KSN=G
IRI(L)Y =P+
ISN{L)=hNP+1
AGe=PAGZ

DETERMINE WHETHER THE APAVEMENT WGULD FAIL IN
SN OR RI IF ONLY ROUTINE HMAINTENANCE
IS SCHEDULEL.

COLN=C11+C13*ALOG(RGN) +C IL*ALOG(D)
BOLN=B11+313*ALOG(RGN) +B14*ALOG(AGT)
00 9 I=1¢NP

II=2+*1I-1

Kz=I-1

AGE=AGE+2,.0

IF (KRI.GT.0) GO TO 5
CILN=COLN+C12*ALCG(TRFC(IIN)
XLMCRI=CILN+C15*%ALOG(AGE)
VLCRI=SZCRI1*¥SECRIL

MCRIZEXP (XLMCRI+0.5*VLCRI)
CVCRI=SQRT(EXP(VLCRI)=1.0)
VCRI={(CVCRI*MCRI)*®*2

IF (I.Ncesl) GO TO 3
MRI(1,I)=RIO+MCRI
VRI(1,I)=VCRI

GO TO &
MRI(L,I)=MRI(1 4K} +MCRI
VRI(1,:I)=VRI(1,K)+VCRI
CONTINUE
URI(1+I)=UTRI(MRI(1,I),VRI(1,1))
SRI=SQRT (VRI(1,1I))
ZRI={LRI=MRI(1,I))/SRI

IF (ZRI.LT.RRI} KRI=xXRI+1

IF (KRI.EQ.1) IRI(1V¥1=1I

IF (KSN.GT.0) GO TO 8
BILN=BOLN+B812*ALOG(TRFC(II))
XLMCSN=BILN+B815*ALOG(AGE)
VLCSN=SECSN1#SECSNL

MCSN=EXP (XLMCSN+0 5*VLCSN)
CVCSN=SQRT(EXP (VLCSNI=1,0)
VCSN={CYCSN¥*MCSN) #¥¥2

IF (I.NE.1) GO TC o

SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SQOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SQF
SOF
SOF
SOF
SOF
SOF
SQF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SGF
SOF
SOF
SOF
SOF
SOF
SOF
SQOF
SOF
SQOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF

62
63
b4
65
65
67
68
69
70
71
72
73
74
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77
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86
a7
83
83
S0
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93
94
95
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108
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111
112
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114
112
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MSN({1,1)=SNO=-HMCSA

VSN(1,I)=VCSN

GO T0 7

MSN{L1,yI)=MSN{1,K)=MCSN
VSN{1,I)=VSN{1sK)+VC3N

CONTINUE
USN{L,yI)=UTSNIMSN(L,I),,VSNI(L,1I))
IF (USN{1,I)e6To1s3) USN(1,1I)=1.0
SSN=SQKT(VSNI({1,1I))
ZSN==(LSN=MSN(L151I))/3SN

IF (ZSN.LT.RSN} KSN=KSN#+1

IF (KSN,EQe1) ISN(1)=I

CONTINUE

IF (KRI.GT«0.ANDsKSN.GT0) GO TO 11
CONTINUEZ

CONT INue

IF (SNO.LT.LSN) ISN=(

IF (RIC.GT.LRI) IRI=D

IF (ISN(1)+GT NP ANDLIRI(1)GT.NP) GO TO 11
GO TO 12

JST=JST+1

NO MAJOR MAINTENANCE IS NECEZSSARY QURING THE
ANALYSI3S PERIOCD.

IK1(JST) =99

IK2{dsT)1=99

IK3{JST) =99

AKL{JST) =1

AK2(JST) =1

AK3(JST)=1

ICASE=1

CALL PRZCT

GO T0O 83

CONTINUE

IF (ISN(1) LENP,AND.IRI(1)GT«NP) GO TO 57
IF (IRI(1).LE.ISN(L)) GO TO 31

THE PAVEMENT WOULD FAIL BOTH IN SN AND RIS
HOWEVER IMPROVEMENT IN SN IS NEZOED FIRST.

KT1=ISN(1)
IF THE PRESENT SN IS LESS THAN THE LIMITING
VALUE, IMMcCIATE CORRECTIVE ACTION IS NECESSARY.
Ki=KT1
APPLY ACFC (R SEAL COAT AT TIME PERIOD Ki.
Al=2

CHECK FOR CRACKING AT PRESENT TIME

IF (K1eNE-0.OR<ICRACK.ZQ-0) GO TO 16
D0 15 I=1,NACR

IF (AI.NE.INOCR{I)) GO TO 15

AI=AI+1

CONTINUE

IF (AI.GT.NA) GG TO 83

CONTINUE

KPRIOR=1
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KCUR=AIL
DPRIOR=D
NREM=zNP=K1
NPKIOR=K1
IF (K1,2Q.0)

G0 TO 17

ARIB=MRI (KPRIORsK1)
VRIB=VKI (KPRIOKsK1)

GC 7O 13
ARIB=RIU
VRIB=U0.0
CONT INUc

CALL PcRFHM
01=0POST

FIND WHETHES THE PAVEMENT WOULD FAIL

IN RI FOLLOWING THE ACTION AI.

IF (IRI{AI).GT.NREM) GJ TC 1©

GO 10O 2u
JST=JdST+1
IKL1{JST) =K1
IK2{JST)1=93
IK3(JST) =99
AKL(JST) =A1
AK2(JST)=1
AK3I(JST) =1
ICASE=

CALL PRECT
GO TGO 3
KTe=IRI(AID)
K2=KT2
KPRIOR=AL
OPRICR=D1

AJ=2+ISTAL

NPRIOR=K1+KZ2
NREM=NP=-K1=K2

APPLY ACTION AJ AT K2

ARIB=ARIL(KPRIOR,K2)
VRIB=VRIL(KPRIOR,K2)

CONT INUc
KCUR=AJ

CALL PERFH

FIND WHETHER THE PAVEMENT WOULD FAIL

FCLLOWING THE ACTION AJ

IF (IRI(AJ} .GT.NREM) GO TO 23

GO TO 2«
JST=JST+1
IK1(JST) =K1
IK2(J4STr=K2
IK3(JSTI=99
AKL(JST)=AI
AK2(J4ST)=AJ
AK3(J4ST)=1
ICASE=3
CALL PReOT
GO TO 29
CONTINuZ
KT3=1IRI{AJ)

SOF
SOF
SOF
SOF
SOF
SOF
SOF
SQF
SOF
SOF
SQF
SOF
SQF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SCF
SOF
SOF
SOF
SQOF
SOF
SOF
SOF
SOF
SOF
SQF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SOF
SQF
SOF
SOF
SOF
SOF
SQOF
SOF
SOF
SOF
SOF
SOF

13¢€
187
138
189
190
131
132
193
194
195
1986
1387
198
199
200
201
202
203
20 4
20 ¢
2l¢
207
208
209
210
211
212
213
214
215
21 €
217
2138
219
2210
221
222
223
224
22¢
22¢€
227
2218
229
230
231
232
233
234
235
23¢€
237
238
239
260
241
242
243
24k
245
2L €
247



TR OOO

nNO OO

29

>

QOO0 OO0 W

W
n

W WwOOOO

o

36
37

K3=KT3

AK=2+ISZAL
JST=JST+1
IK1{(JST) =K1
IKZ(JST)=K2
IK3(JST)=K3
AK1(JST) =AL
AK2(JST) =AJ
AK3(JST) =AK
ICASE=4
CALL PRzZOT

APPLY ACTION AK AT K3

NREMZ=NP =K1 =K2=K3
IF (IRI(AK) +LT.NREM2) GO TO 27

GO 170 28
JST=JST~1
AK=AK+1

IF (AK.LEWNA)

K3=K3-1

GO TO 286

CONSIDER PRZVENTIVE MAINTENANCE ALTERNATIVES

IF (K3eGTo{KT3=IL)AND.X3.GT.0) GO TG 25

Ad=Ad+l

IF (AJJLENAY

K2zKZ2=1

GO TOo 22

IfF (K2,6T.(KT2=IL)AND.K2,GT.0) GO TO 21

AI=AI+1

IF (AI.LEWSNA)

Ki=Kil=1

GO TO 14

1F (K1eGTo{KT1-IL).AND«K1:,GEsO) GO TO 13

GO T0 &3
CONTINUE

KT1=IRI(1)

Ki=KT1
GO TO 33
CONT INUC
Ki=0

AI=2+ISEAL

THE PAVEIMENT WOULDO FAIL IN RI BEFORE OR
AT THE SAME TIME IT FAILS IN SN»

IF THE PRESENT RI IS GRZATER THAN THE LIMITING VYALUE,
AN IMMEOIATE CCRRECTIVE ACTION IS NECESSARY,

APPLY ACTION AI (EITHER MAJOR MAINTENANCE OR
INITIAL DESIGN) AT K1

IF (K1.NE+0«ORsICRACK.EQ+0) GO TO 386
DO 35 I=1,NACR
IF (AI.NZeINDCR(I)) GO TO 35

AlI=ATI+1
CONTINUZ

IF (AI.GT.NA)

CONTINUC
CONTINUEZ

GO TO 63
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CHECK WHETHER INITIAL OESIGN IS TO BE

CONSIDERED

IF (IND.EQ.0) GO TO w0
KPRIOR=1

KCUR=AZI

CPKIOR=D

HREM=NP=K1
NPRIOR=K1

IF (K1.EG.0)Y GO TO 38
ARIB=MRI (KPRIORsK1)
VRIB=VRKI (KPRIORsK1)
GO TGO 39

ARIB=RIC

YRIB=0.4

CONTINUE

GO TO =1
O=0INTX(ALD)
KPRIOR=1

KCUR=ATL

NREM=NP

K1=0

NPRIOR=K1

CONT INUC

FIND WHETHER THE PAVEMENT WOULO FAIL IN RI
FOLLOWING THE ACTION AI.

CALL PERFHM

IF (IND.EQ.0) GO TO &2
01=0P0OST :

GO TO &3

D1=0

CONT INUE

IF (IRI(AI).GTo.NREM) GO TO &&
GO TC &> :
JST=4ST+1

IK1(JST) =K1
IK2(JST)=99
IK3(JST) =99
AKL1(JST)=AI

AKZ{(J3T)=1

AK3I(JST) =1

ICASE=2

CALL PREDT

GO TO Sb

KT2=IRI{(AD)

Ke=KT2

KPRIOR=AT

OPKIOR=01

APPLY ACTION AJ AT K2

AJ=2+ISEAL+NINTX
NPRIOR=K1+K2
NREM=NF=-K1=K2
ARIB=ARIL(KPRIORKZ)
VRIB=VRI1(KPRIORsK2)
CONTINUE

KCUR=4J

FIND WHETHER THE PAVEMENT WOULD FAIL IN
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RI FOLLCOWING THE ACTION AJ

CALL PERFHM
IF (IRI(AJ) «GT.NREM} GO TO 48
GO TO &9
JST=JST+1
IK1(JST) =K1
IKZ(JST)=K2
IK3(JST) =99
AK1(JST)=AT
AK2(JSTY=AJ
AK3(JST) =4
ICASE=3
CALL PKREDT
GO TO 54
CONTINUE
KT3=IRI(AN
K3=KT3

APPLY ACTION AK AT K3

AK=2+ISEAL+NINTX
JST=JST+1

IKL(JST) =K1
IK2(JST)=K2
IK3(JST) =K3
AKL(JST)Y=A1
AKZ(JST)=Ad

AK3(JST) =AK

ICAScE=x

CALL PEECT
NRZIMZ2=NP=K1=K2=K3

IF {IRI(AK).LT.NREMZ)Y GO TC E2
GO TO £3

JdST=JST=-1

AK=zAK+1

IF (AK.LEZsNAY GO TO 51

CONSIDER PREVENTIVE MAINTENANCE

K3=K3=1

IF (K367 {KT3=IL)2ANBsK3sGT+0) GO TO
AJ=Ad+1

IF (AJ.LESNA) GO TO «7

K2z=K2=1

IF (K2+:GTs(KT2=IL)ANDKZ.GT.0) GO TO
Al=AI+1

IF (INC.EQ.0) GO TO 55

IF (AI.LE.NA) GO TG 34

GO TO %o

IF (AI.LZ.,(L#NINTX}) G3 TO 37

GO TO 83

Kiz=K1i=1
IF (K1eGTe(KTLi=IL)sANDeKL1sGESDQ) GO TO
GO TO &3
CONTINUE
THE PAVEMENT FAILS IN SN
THE ANALYSIS PERIOD
KT1i=ISN(1)

IF THE PRESENT SN IS LESS THAN

50

Lo

33

5UT

ALTERNATIVES

NOT IN RI GURING

THE
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LIMITING VALUE, AN IMMEOIATE CORRECTIVE ACTION

IS NECEZSSAKRY

IF (SNO.LT.LSN) KT1i=1
Ki=KT1

APPLY ACFC CR SEAL COAT AT Kl

KPRIOR=1
DPRIOR=0
Al=2

CHECK FOR CRACKING

IF (KL.NE,0,O0R.ICRACK-EQ.D) GO TO 53
00 58 I=1sNACR

IF (AI.NE.INDCR(I)) GG TO 58
AI=AIl+1

CONTINUE

IF (AI.GT«NA) GO TC 83
CONTINUE

KCUR=AI

NREM=NP=-K1

NPRIOR=K1

IF (K1.5Q.0} GO TO 61
ARIB=MRI (KPRIOK,KL)

VRIB=VRI (KPRIOR¢K1)

GG TO 82

ARIB=RIO

VRIB=4dJ eu

CONTINUE

CALL PERFHM

JST=JST+1

IK1(J4ST)=XK1

IKZ2(JST) =89

IK3(JST) =99

AKL{JST)=AIL

AKZ2(JST) =1

AK3(JST) =1

ICASE=2

CALL PKRECDT

KizKi=1

IF (KL-GT.(KTl’IL)vAND-Kl.GE.U) GO TO &40

SET THE TOTAL NUMBER OF FEASIBLE MAINTENANCE

STRATEGIES TO NTOTAL

NTOTAL=JST
RETURN
END
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SUBROUTINE SODATA

THIS SUBROUTINE RZADS AND PRINTS INPUT DATA

REAL LRI SJLSNyMRIZMSN,MSNA
COMMON 7IO/ IN,IGUT

SDA
SDA
S0A
SOA
SDA
SDA
SDA

COMMON /SDATA/ NPZNINTX,NA;NGPT, LRI, LSNyRRI RSNyINDsIACFCsICRACK,ASDA
1GT,AGFyPAGE yRGN Do RIUsSNCyTHICK(15) yOINTX(10),C11,C12+C13,C1%,C15,S0A
2SECRI15021+022+4C23+C245C25,C26,5ECRI25811,812,813,814,315;SECSNL,CSDA
3RH{15),821,+8229yB23,824+9825,SECSN2yXCU+XC1yXC2sSERIA,MSNA,SDOSNA,PRDSODA
GCFL{15),TO(15)3CVTOsCHY¥(15) yCVCTyEIH,TI4RyCUL,CU2,NACKyINDCR(10),ISSDA
SEALyTRFC(7 ) yUKI{4) yUK,DESCM{15,15) ,0ESC(20) yIPAGE yNLINE,IPROB,AULSOA
o AU2,BUL1,8U2,B31,832,833,B34,+835ySECSN3

READ

INITIALIZE THE TRAFFIC DELAY VECTOR

REAC ANO PRINT PROJECT OESCRIPTION
DESC= EIGHTY COLUMN ALPHANUMERIC DESCRIPTICN OF
THE PROJeCT

(INs16) (DESCH(I)yI=1,20)

CALL PHtAD (IPAGE,CESC+NLINE,IPRCB)

READ
WRITE

IF

REAC AND PRINT CCNTROL PARAMETERS

NP= NUMBER OF PERIOOS IN THE ANALYSIS
(ONZ PEZRICO IS EQUAL TO TWC YEARS)
NINTX= NUMBER OF FEASIBLE INITIAL DESIGNS
NA= MUMBER OF INITIAL DESIGNS AND MAINTENANCE
ALTEZRNATIVES
NOPT= OPTION CF PRINTING INPUT OATA ONLY
0= PRINT INPUT DATA ONLY
1= EXECUTE THE PRCGRAM
LKI= LIMITING VALUE OF RCUGHNESS INDEX(RI)D
LSN= LIMITING VALUE OF 3KIO NUMBER(SN)
RRI= ReLIABILITY FACTOR FOR NOT EXCEEDING
© THE LIMITING RI VALUE LRI
RSN= RELIABILITY FACTOR FOR NOT EXCEEOING
THE LIMITING SN VALUE LSN
INO= INDICATOR FOKR NEW ODESIGN
0= NEW DESIGN OF PAVEMENT
1= IN=-SERVICE PAVEMENT
NACR= NUMBER OF ALTERNATIVES TO BE ELIMINATED
IF CRACKING IS O3SERVED AT PRESENT TIM

REAC AND PRINT CONTROL PARAMETERS

(INyL7) NPSNINTXsNASNCPToLRIJLSNyRRIZRSNyINDsNACR

(I0UT918) NP¢NINTXsNAyJNOPT,LRIJLSNyRRIZRSN,INDsNACR

CHECK THE NUMBER OF ALTERNATIVES TO 8E ELIMINATED
IF THEY EXIST. IF YES REZAD AND NOTE THEM IN
THE ALTERNATIVE DOESCRIPTION LIST

(NACR,EQ.0) GO TO 3
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INDCR(I)= NUMBER OF THE ALTERNATIVE WHICH
IS TO B ELIMINATED IF CRACKING
IS OB8SERVED

J=NACR+1
DO 2 I=Jds510
INDCR(I) =0

READ

(INy13) (INDCR(I),I=1sNACKR)

CONTINUE

K=1
WRITE

READ AND PRINT OESCRIPTICN CF MAINTENANCE
ALTERNATIVES.

(IGUT-,20)

30 5 I=1,NA

READ

(INs16) (DESCM{IeJ)sd=1,15)

IF (NACR.NE+0oANDe INDCR(K)WEG.I) GO TO =

WRITE
GO0 T0O
WRITE
K=K+1

{ICUT+21) I,{(DESCM(Isd)sd=14s15)
5
(I0UT22) I,(DESCM(IsJ)sd=1,15)

CONTINUE

READC AND PRINT INFORMATION PIRTINENT TO THE
PAVEMENT SECTICN UNDER CONSIDERATION

IACFC= PRESENCE OR ABSENCE OF ACFC
0= PAVEMENT WITH ACFC
1= PAVEMENT WITHOUT ACFC
ICRACK= INDICATOR FOR CRACKING AT PRESENT TIME
0= CRACKING NOT OBSERVED
1= CRACKING OBSERVED
ISEAL= INDICATOR FOR USING SEAL COAT
J= SEAL COAT NOT TO BE USED
= SEAL CGCAT TO g& USeD
AGT= AGGREGATE TYPE IN PRESENT CONDITION
1= BASALT OR CINOERS
2= GRAVEL
3= LIMESTONE
AGF= AGGREGATE TYPZ TO BE USED IN FUTURE ACFC
(CODE SAME AS FOR AGTs ABOVE)
PAGE= PAVEMENT AGE IN YEARS AT PRESENT TIME
RGN= ENVIRONMENTAL REGION
1= LOW ALTITUDE, LOW RAINFALL
2= HIGH ALTITUDE, HIGH RAINFALLS
NO SNELLING CLAY

3= HIGH ALTITUDE, HIGH RAINFALL, SWELLING CLAY

‘D= CURRENT OCEFLECTION=-INCHES

RIO= PRZSENT RI OF THE PAVEMENT

SNO= PRESENT SN OF THE PAVEMENT
THICK{I)= THICKNESS OF THE I-TH OVERLAY

CALL PHEAD (IPAGE,DESC,NLINE,IPR(B)

READ

WRITE
WRITE
WRITE

(INs23) IACFC,sICRACK;ISEALyAGT ;AGF,PAGEsRGNsOsRIOSSNC
(I0UTs24) IACFCsICRACK
(I0UT25) ISEALsAGTAGF,PAGE »RGN,D
(I0UT,26) RIQySNQ

IN CASE OF NEW DESIGN, READ AND WRITE
_ESTIMATED OEFLECTION FOR ALTERNATIVE
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INITIAL DESIGNS

IF (IND.NE.G) GO TO 7
I2=1+NINTX

READ (IN,29) (DINTX(I)sI=2.12)
WRITE (IOUT,,27)

D0 6 I=251I2

WRITE (I0UT,28) ISDINTX(ID)
CONTINUZ

CONTINUE

READ AND PRINT OVERLAY THICKNESS

I1=2+NINTX+ISEAL

READ (IN29) (THICK(I),I=I1,NA)

WRITE {(ICUT30)

CO 8 I=I1,4NA

WRITE {I0UT¢31) I,THICKI(I)

CONTINULE
READ AND PRINT PARAMETERS OF PREDICTION
MODELS, THE FILLOWING REGRESSION EQUATIGCNS
AND STATISTICAL INFCRMATION ARE TO BE
SFeECIFIZD™

(1) CHANGZ IN RI FOF NEW OR IN=3ZRVICE PAVEMENTS
LN(CRIN)=ULN(C11) +CL2*LN(TRAFFIC) +CL3*LN(REGION)
+C14*LN(DEFLECTION) +C1S*LN(AGE) +E1
WHERE E1 IS THE ERROR TERM WITH MEAN ZERO AND
STANDARL DEVIATION SzCRrIL

CALL PHZIAD (IPAGE,DESC,NLINE,IPRCB)
WRITZ (IQUT,32)
WRITE (ICUT,33) C11,012,C13,C145C15,SECRIL

{2) CHANGE IN RI FOLLOWING MAJOR MAINTENANCE
LIN{(CRI)= LN{CRH)+LN(C21)+C22*LN(TRAFFIC]
+C23*LN(RZGION) +C243LN(DEFLECTION)
+C2S5*LN(THICKNESS) +C26*LN(AGE) +E2
WHERE £2 IS THE ERROR TERM WITH MEAN ZERO
AND STANDARD DEVIATION SECRIZ2, AND CRH IS A
CORRECTION FACTOR FOR INDICATING EFFECT OF
RUBBER COAT OR HEAT SCARIFIER ON PERFCRMANCE

WRITE (I0UTs34) C214C22,C23,5C249C25,C26,SECRIZ
READ (IN,29) {(CRH{(I),I=I1,NQ)

WRITE (I0UT,35)

D0 9 I=I1,NA

WRITE {(IOUT+36) IsCRH(I)

CONT INUE

{3) CHANGE IN SN FOFR NEW OR IN-SERVICE PAVEMENT
LN(CSN)= LN(B11)+B12* N(TRAFFIC)+313*LN(REGICN)
+BLL*LN(AGG. TYPEZ)+3IS*LN(AGE)}+E3
WHERE E3 IS THE ERROR TERM WITH MEAN ZERO AND
STANDARD DEVIATION SECSNL.

IF (IACFC,EQ.1) GO TO 10
811=B21
B12=822
313=823
Blu=824
815=825

SOA
SDa

SOA
SDA
SDA
SODA
SDA
SOA
SOA
SOA
SOA
SOA
SDA
S0A
SOA
S0A
SDA
SOA
SDA
SOA
S0A
SCA
SDA
SDA
SDA
SODA
SDA
SOA
SDA
SDA
SOA
SDA
SDA
SOA
SDA
SOA
SOA
SOA
S0A
S0A
SDA
SOA
S0A
SBA
SDA
SDA
SDA
SDA
SDA
SDA
SOA
SO0A
SOA
SOA
SDA
SDA
SDA
SDA
SBA
SDA
SDA
SDA

124
12¢
12¢
127
128
129
130
131
132
133
134
13¢
13¢€
137
138
139
140
141
142
143
lbg
14%
iue
147
148
143
1590
151
152
153
154
15¢
15¢
157
158
159
160
i1
162
163
104
16¢
i6¢e
167
168
169
170
i71
172
173
174
17¢
17¢
177
173
174
180
181
132
183
184
185
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SECSNL=SECSN2Z

GO TO 11

B11=831

B12=832

813=833

Bli4k=83%

815=835

SECSNL=SECSN3

CONTINUE

WRITE (I10UT,37) B11,312¢813,8164s315,SECSNL

{4) CHANGZ IN SN FOLLOWING ACFC

LN{CSN)= LN(B21)+B22*LN(TRAFFIC)+B23*LN(REGION)

+B2L4*LN{AGG. TYPE)+B25*LN(AGE) +EL
WHERE E4 IS THE ERROR TERM WITH MEAN ZERO AND
STANDARC DEVIATION SECSNZ.

WRITE (ICUT,38) B21,322,B23,824+325,SECSNS

(5) RI IMM{cDIATELY AFTzR AN OVERLAY
LN(RIAI=LN(XCO) +XCL*¥LN(RIB) +XC2*LN(T)+E>5
WHERE E5 IS THE ERRIR TERM WITH MEAN ZERO
AND STANDARD DEVIATION SERIA.

T IS THICK(AI) WHICH EQUALS THE THICKNESSOF
THE I-TH MAJOR MAINTENCE
ALTERNATIVE

WRITE (I0UT339) XCO4XCL1lsXC2,SERIA

(15}

(6) SN IMMEOIATELY AFTER ACFC~-
TWO PARAMETERS ARE TO B8t .SPECIFIED.

MSNA= AVERAGE SN IMMEODIATELY AFTER ACFC.
SOSNA= STANDARD DEVIATION OF SN IMMEDIATELY
AFTER ACFC.

CALL PhRZAD (IPAGE,DEZSC,NLINE,IPRCB)
WRITES (I0UT=0)

RELD (INs29) MSNA,SDSNA

WRITE (IOUT,41) MSNA,SOSMA

(7) REOQOUCTICN IN CEFLECTION FOLLGOWING
MAJOR MAINTENANCE-
PRDEFL(I)= AVERAGE PERCENTAGE REDOUCTIONM IN
DEFLECTION FOLLOWING I-TH TYPE
OF MAJOR MAINTENANCE.

WRITE (I0UT42) .
READ (INs29) (PROEFLI(I)sI=I1,NA)
DO 12 I=I1,NA

WRRITE (I0UTs43) I,PROEFL(I)
CONTINUE

{(8) TRAFFIC DELAY DURING MAJUOR MAINTENANCE
OPERATIONS=
TO(I)= AVERAGE TRAFFIC DELAY ASSOCIATED WITH
I+TH TYPZ OF MAJOR MAINTENANCE
CVTO= COEFFICIENT OF VARIATION OF TRAFFIC DELAY

I114=2+NINTX
READ (IN,29) (TDO(I)eI=I11,NA),CVTD

SOA
S0A
SDA
SDA
SOA
SDA
SOA
SOA
SDA
SDA
SDA
SDA
SOA
SDA
SDA
SOA
SOA
SDA
SOA
SOA
SOA
SDA
SDA
SDA
SOA
SOA
S0A
SOA
SDA
SOA
SOA
SDA
sDA
SDA
SOA
SDA
SOA
SdA
SDA
S0A
SOA
SOA
SOA
S0A
SDA
SDA
SDA
SDA
SDA
SDA
SOA
SOA
SDA
SDA
SDa
SDA
SOA
SDA
SDA
S04
SDA
SDA

18¢
187
188
1849
1310
191
192
193
194
193¢
19¢€
137
133
13¢
2043
201
202
203
204
205
20¢€
207
27 8
209
2190
211
212
213
214
215
21¢€
217
218
213
2240
221
222
223
224
225
22¢
227
228
229
230
231
232
233
234
2335
23 €
237
238
239
240
241
242
243
24
245
2Le
247
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WRITE (ICUT44) SOA
JO0 13 I=I1,NA SOA
WRITE (IQUT43) L,7D(D) SOA
CONTINUG SDA
WRITE (ICUT,45) CVTD SDA
SOA

READ ANO PRINT COST INFCORMATION ; SOA

SOA

SOA

CMM{K)= CJ3ST OF K=TH TYPE OF MAJOR MAINTENANCE S0A

IN COLLARS PER LANE MILE SBA

CVCT= COEFFICIENT OF VARIATION OF CCST ESTIMATES SDA

SDA

CALL PHEAD (IPAGE,DESC,NLINE,IPRCB) SDA
SDA

PRINT ROUTINE MAINTENANCE FUNCTION SDA

SDA

WRITe (IOUT,u6) SOA
READ (INs23) {(CMM(K) sX=2,4NA) SDA
READ (IM,29) CVCT.EI SCA
WRITe (ZOUT,,47) SDA
0O 14 I=2,NA SDA
WRITE (I0UT,48) I,CHMM{I) SOA
CONT INUL SDA
WRITE (1CUT,43) CVCT,EL SDA
SDA

REAQ ANJ PRINT TRAFFIC INFORMATION SOA

SOA

Ti= AVERAGZ ANNUAL TRAFFIC CURING THE FIRST SOA

YEAR OF ANALYSIS SBA

Rz ANNUAL RATE GF GROWTH OF TRAFFIC ] SDA

IN PERCENT SDA

SDA

READ (IN,29) T1,R SDA
WRITZ (IOUTs50) Ti,R SDA
SOA

CALCULATE ANNUAL TRAFFIC DURING THE ANALYSIS PERIQO SOA

SDA

DO 1% I=1,71 SOA
TRFC(I)=T1¥((1.,0+R/100.0)**1) SDA
RETURN SDA
SOA

FORMAT (23A4) . SOA
FORMAT (41544F10.045215) SDA

FORMAT (//1X¢18HCONTROL PARAMETERS//15X,34HNUMBEK OF PERIODS IN THSODA
1E ANALYSIS 36(1H=),I5/15X,35HNUMBER OF FEASIBLE INITIAL OESIGNS +SDA
235 (1H=),I5/15X,3SHNUMBER GF MAINTENANCE ALTERNATIVES +35(1H=),I5/1SDA
35Xs35H0PTION OF PRINTING IMNPUT DATA CONLY $35(1H-),I5/25X+26H(0= PRSDA
LINT INPUT DATA ONLY)/725X,24H(1= EXECUTE THE PROGRAM)/15X,21HLIMITISOA
5NG VALUE OF RI +49{1H=)4F5.1/15X,24HLIMITING VALUE OF SN +49(1H=),SDA
6F5 41 /15X ,59HRELIABILITY FACTOR FOR NOT EXCEEZDING THE LIMITING RI VSDA
7TALUE 411 (1H=)¢F7+3/15X+5CHRELIABILITY FACTOR FOR NOT EXCEEDING THESDA
8 LIMITING SN VALUE s11(1H=)sF7.3/15X,25HINDICATOR FOR NEW DESIGN ,SOA
945 (1h=),15/25X,27H{0= NEW DESIGN OF PAVEMENT)/725X,24H (1= IN-SERVICSODA

SE PAVEMENT)/15X,40HNUMBIR OF ALTERNATIVES 7O SE ELIMINATED ,30(iH-SOA
5),15) SDA
FORMAT (101I3) SDA
FORMAT (/1X,33HDESCRIPTICN OF MAINTENANCE ALTERNATIVES/) SDA
FORMAT (15X s15HALTERNATIVE NOssI2s3H ™ $15A%) SDA
FORMAT (15X ,15HALTERNATIVE NOs3sI2,3H ™ ,28HEZLIMINATED DUE TO CrRACKSDA
LING= ,15A4) SOA

FORMAT (3I547F5.0) SOA



24

25

27
28
29
30
31

32
33

35
36

37

38

39

40
w1
42

43
YA

FORMAT (//1Xs47HINFORMATION PERTINENT TO GIVEN PAVEMENT SECTION//1SDA
15X ,42HINDICATOR FOR PRESENCEZ OR ABSENCE OF ACFC 428(1H=) ,I5/29X,14SDA
2H(0= WITH ACFC)/29X,17d (1= WITHOUT ACFC)/15X,23HINDICATOR FOR CRACSDA
3KING y47 (1H=)415/29X,16H (0= NG CRACKING)/29X,13H{1= CRACKING)) SoA

FORMAT (15Xs30HINDICATOR FOR USING CHIP SEAL &40(1H=),I5/29X,29H(0SDA
1= CHIP SZAL NOT TO BE USED)/29X.25H{1= CHIP SEAL TO BE USED)/15X,3SDA
26HAGGREGATE TYPE IN PRESENT CONDITION »34{LlH=)sF5.1/29X,22H{1= BASSODA
3ALT CR CINDERS) /29X, 11H (2= GRAVEL)/29Xs14H (3= LIMESTONE) /15X, 41HAGSDA
4LGREGATE TYPE TO BZ USED IN FUTURE ACFC 329 (1H=),F5.1/729X+29H{(CODE SOA
5SAME AS PRESENT==ABOVE)/15X,38HPAVEMENT AGE IN YEARS AT PRESENT TISODA
BME $32(1H=)3F5,1/15X,47HENVIRONMENTAL REGION OF GIVEN PAVEMENT SECSOA
7TION 423 (1H=)F5.1/29X,3LH(1= LOW ALTITUDE, LOW RAINFALL)/239X,51H(SOA
82= HIGH ALTITUDOE, HIGH RAINFALLs NO SWELLING CLAY)/29X,48H(3= HIGHSODA
9 ALTITUDE, HIGH RAINFALL, SWELLING CLAY)/15X,55HPRESENT CEFLECTIONSODA
$ (IN INCHES) OF THE PAVEMENT SECTION 1S5S (1H=)sF8.4) SOA

FORMAT (15X ,52HPRESENT RI(ROUGHNESS INDEX) OF THE PAVEMENT SECTIONSDA
1 318 (1H=)4F5.1/15X,4S5HPRESENT SN(SKIO NO.) 0F THE PAVEMENT SECTIONSDA
2 325 (1H=)4F5,1) SpDA
FORMAT (//1X+S2HNEW DESIGN INOICATED = ESTIMATES FOR DEFLECTION ARSDA
18~//715X,43HINITIAL DESIGN NC. ESTIMATED DEFLECTION/) SDA
FORMAT (29XsIbLs1CXsFBe3) SOA
FORMAT (8F10.0) SOA
FORMAT (//1X,17HOVERLAY THICKNESS,//15Xs31LHMAINT, ALT. THICKNESSSDA
1 {INCHES)) SoA
FORMAT (22X91298X3F6.3) SOA
FORMAT (//1X,17hFREDICTION MODELS) SDA

FORMAT (/5X,a8H1) CHANGE IN RI FCR NEW OR IN=-SERVICE PAVEMENTS=/9XS0DA
1492HLN(CRI) = C11 + C12 * LN(TRAFFIC) + C13 * LN(REGION) + Ci4 * LSOA
2M(CEFLECTICN) + C15 *®* LN(AGE) /9X,24HREGRESSION COEFFICIENTS ,5H CSDA
311:,F8-'~+,5H ClZ:de.%yEH C13=9F8.475H Cl%:,FS.LnSH C15=9F80‘+/9X915SDA
$HSTANDARD ERROR=+8F3.4) SDA
1) = CRH + C21 + C22 * LN(TRAFFIC) + C23 * LN(REGION) + C24 * LN(DESOA

FORMAT (/5X37H2) CHANGE IN RI FCLLOWING AN OVERLAY=/S9X,11SHLN(CRISDA
2FLECTION) + C25 * LN(THICKMNESS) + C286 * LN(AGE)/SX,39HREGRESSION CSODA
3OEFFICIENTS(ZXCLUDING CRH) +5H C21=4FBs435H C22=9F8.4,5H C23=4F8,4SDA
4s5h C2bLz ¢FBsly5H C25=4F8,4y5H C26=,F8,4/9X,15HSTANDARD ERROR=3F8,4SDA
5) SOA

FORMAT (9X,102HCRH ARE CORKECTION FACTORS INDICATING EFFECT OF RUBSDA

LBER COAT OR HEAT SCARIFIER ON PAVEMENT PERFORMANCE /9X,43HCORRECTISDA
20N FACTURS (CRH) FOR GIVEN OVERLAYS/9X,22HMAINT. ALT. CRH) SODA
FORMAT (15X412,3X,F6.2) SDA

FORMAT (/5Xs47H3) CHANGZ IN SN FCR NEW OR IN-SERVICE PAVEMENT=/9X,SOA
190HLN(CSN) = B11l + BL2 ¥ LN(TRAFFIC) + 813 * LN(REGIGN) + B1i4 * LNSDA
2(AGGs TYPE) + B15 * LN(AGE)/9X,24HREGRESSION COEFFICIENTS +5H B11=3S0A
39FB8elkySH B12=3FB8sbyS5H B13=,FB8ely5H BluzsF8s4¢SH B15=,F8.4/9X,15HSTSOA
LANDARD ERROR=z=sF8.4) SOA

FORMAT (/5Xs31H4) CHANGE IN SN FCLLOWING ACFC=/9X,90HLN{(CSN) = BZ21S0A
1 + B22 * LN(TRAFFIC) + B23 * LN(REGIONJ + B24 * LN(AGG. TYPE) + B2SDA
25 * LN(AGE)/9X24HREGRESSION COEFFICIENTS +5H B21=,F8.%,5H B22=,FB8S0A
Sely5H B23=yF8eko5H 324=,F8eu4s5H B25=,FE4/3X,15HSTANDARD ERROR=,F8SDA
L#QLP) N SDA

FORMAT (/5X,35H5) RI IMMEDIATELY AFTER AN OVERLAY=/9X,43HLN(RIA) =S0A
1 XCO + XCi * LN(RIB) + XC2 * LN(T)/9X,24HREGRESSION COEFFICIENTS ,SDA
25“ XCU:ngo‘#ySH XCl:yF&s“’SH XCZ:,F&-Q/QX,isHSTANDARD ERRDR‘—'QFBQQ)SDA

FORMAT (//1X,23HFREDICTION MOOELS = CONTINUED//) SOA

FORMAT (/5X,29H6) SN IMMEDIATELY AFTER ACFC=/9X,34HAVERAGE SN IMMESOA
1DIATELY AFTER ACFC=,F5,1/9X,48HSTANDARD CEVIATION OF SN IMMEDIATELSOA
2Y AFTER ACFC=4F6.3) SOA

FORMAT (/5X,55H7) REOUCTION IN ODEFLECTION FOLLOWING MAJOR MAINTENASDA
INCE=/9Xs49HMAINT. ALT. PERCENTAGE REDUCTIOM IN DEFLECTION) SOA

FORMAT (15X3I1297XF5.1) SOA

FOKRMAT (/5X,53H8) TRAFFIC DELAY OURING MAJOR MAINTENANCE OPERATICNSDA

310
311
312
313
314
318
31 ¢
317
318
319
320
321
322
323
324
325
32€
327
328
329
3340
331
332
333
334
335
33¢€
337
3338
33¢
340
342
341
343
344
345
3b¢
347
348
k<
350
351
352
353
354
355
35¢
357
358
35¢
360
3614
362
363
384
365
366
367
368
36¢
370
371
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48

48
49

50

1S=/9Xs w7 HMAINT. ALT., AVERAGE TRAFFIC DELAY IN MINUTES) SDA
FORMAT (/9X,42HCOEFFICIENT OF VARIATION OF TRAFFIC OELAY=,F8.&) SOA
FORMAT (//7/1X,;26HROUTINE MAINTENANCE COSTS=//11iXs70HCOSTS FOR ROUTSOA
LINE MAINTENANCE ARE DERIVED FRGM THE FCLLOWING FUNCTION=//11X:<«0HRSDA

2HCOST = =200.0 ¢ 10,0 * RI + 35.0 * AGE) SOA
FORMAT (/771X 322dMAJUR MAINTENANCE COST//L1Xe28HMAINT. ALT. MAISOA
INT . COST) SOA
FORMAT (17X9I2s7X+F10.2) SCA
FORMAT (/11X 33HCCEFFICIZNT CF VARIATION OF COST=43F8eL//711X,24HEFFSUA
1ECTIVE INTEREST RATE=,F5.2) SDA

FORMAT (//1X519HTRAFFIC INFORMATION//SX53HAVERAGE ANNUAL TRAFFIC SDA
1DURING FIRST YEZAR OF ANALYSIS=,F10.2//9X,39HANNUAL TRAFFIC GROWTH SDA
ZRATE(IN PERCENT)I=4F5,2) SDA

END SOA

372
373
374
375
37¢€
377
378
37¢
380
331
382
383
384
385~
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SUBROUTINE SCALC (RKsNgVALK)

CALCULATE K (RETURNEDO AS VALK) FROM KI VALUES

DIMENSION RK(20)
SK == SUM OF KI
SK=0,
SKIP == SKIP INTZRVAL
SKIP=,.1
B=0,
AzL.
AGP==,1
CALCULATE SuUM GF KI
00 L I=1,N
SK=SK+RK (1)
IF (SK=1,) 24259
AG=,.1
ALFT=1.+A0
KHS=1.0
DO & I=13N
A= (1, +AG*RK(I))
RHS=A®KHS
IF (ABS(ALFT=RHS)=.001) 84:8,5
IF {(ALFT=RHS) 73846
AG=AG+SKIP
GO TC 3
SKIP=SKIP/2.
AG=AG=SKIP
GO TO 3
VALK=AG
J=0
RETURN
SUM OF KI oGT 1.0
ALFT=1.+AGF
RHE CALCULATION
RHS:l'
00 10 I=14N
Bzl +AGF*RK(I)
RHS=zRHS*8
IF (ABS(ALFT=-RHS)=,001) 14e1i,11
IF (ALFT=RHS) 1351412
AGP=AGP=SKIP
GO T0 9
SKIP=SKIRP/2.0
AGP=AGP+SKIP
60 T0 9
VALK=AGF
RETURN
END

(RK)

SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
SCA
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SUBROUTINE PREDT PRE

PRE

THIS SU3ROUTINE CALCULATES EQUIVALENT SKIOD PRE

NUMEER; ROUGHNESS INDEXsANNUAL COST,ANJ TRAFFIC PRE

DELAY FOR EACH MAINTENANCE STRATEGY SELECTED PRE

IN THE SUBROUTINE SCFMS, PRE

PRE

REAL LRIZLSNeMRIMSNyMSNA PRE
RELL MRIOJMCRIZMCSNyMSNOsARIZ2(15,20),VRIZ2(15,20) 4ASN2(15,20),VSN2(PRE
115,20),,URI2(15,206) USN2(15,20) PRE
INTEGER AI yAJAK;AKLAK2sAKS3 PRE
PRE

COMMON /SOATA/ NPyNINTXyNAyNOPT,LRI SN, RRI RSN, INDy, IACFC,ICRACK;sAPRE
16T sAGF 4 PAGEZ yRGNs Gy RIOy SNy THICK(15) s DINTX(10),C11,C12,C134C165C15,PRE
2SECRIL1,C21+C225C234C24,C25,C26,5ECRI2,+814,812,813,814,815,SECSNL,CPRE
3RH(15) 48219822+823+8244825,SECSN23XCJ4XC1,XC29SERIA+MSNAL,SDSNA,PRDOPRE
LEFL{15),TO(15)sCVTOsCMF(15) 3CVCT 4ELI4TIsR,CUL,CU2,NACK, INOCR(10),ISPRE
SEAL,TRFC(70) ,UKI(4) yUK,0ZSCM(15,15) 4DESC(20)IPAGEsNLINE,IPRCB,AULPRE
by AUZ,BUL,BU2,B31,832,833,834,835,SECSN3 PRE

PRE

COMMON /PERFM/ MRI(15,20) 4VRI{154520) ¢MSN(15,20),VSN(15,20),HPRICR,PRE
INREMyKPRIOR yKCUR,DPRICR, IRI(15),ISN(15),0P0ST,ARIL(15,20),VRIL1(15,PRE
220 )5 ASNL (15,20) yVSNL(15520) yURI(15,23) yURI1(15,20)USN{15,20) sUSNLPRE
3{13,20) PRE

PRE

COMMON /SOFMS/ NTGTALsIK1(500),IK2(550),IK3(500),AK1{500),AK2(500)PRE

15AK3(5C0),RIA(500,15)5RISO(500,15) ySNA(S00,15)sSNSO(500,15),DF (40)PRE

23 FEACLARIB PRE
PRE

COMMON /FPREDT/ AT sAJ+sAKsK1,K29K3,ICASELERI(S00),&£SN{500) ,EAC{500),PRE
1ETO(E0L) sUERI(SOC) yUESSNISGT) sUEAC(S IS ) HUETD(500) 4JST PRE
COMMON 710/ IN,IOQUT PRE
PRE

PROVIDE UTILITY FUNCTICNS AND FUNCTICNS PRE

FCR CALCULATING CERTAINTY EQUIVALENTS PRE

OF SNsRIsTOs AND EAC. PRE

PRE

PRE

SPECIAL UTILITY FUNCTION FOR SKID NUMBER PRE

PRE

UTSN XMy VARX)=CUL* (1, 0=-EXP(=CU2%25 ,0+CU2¥XM+0.5%CU2*¥CUZ*VARX)) PRZ
PRE

IF THE UTILITY FUNCTION FOR ROUGHNESS INDEX PRE

IS LINZARs USE THE FOLLOWING FUNCTION===-=- PRE

PRE

UTRI (XM, VARX)=1,.06-0,0212%XH PRE
PRE

IF THE UTILITY FUNCTION FOR ROUGHNESS INDEX PRE

I35 EXPONZNTIAL, DEACTIVATE THE PREVIOUS PRE

FUNCTION BY PLACING A C IN COLUMN ONE AND PRE

ACTIVATE THE FOLLOWING FUNCTION BY REMOVING PRE

THE C(S) IN COLUMN ONE. PRE

PRE

UTRI (XM, VARX) =BUL*¥{1.0=-EXP(BU2*2,12=-8BU2%(. 0424*XM+(,5¥BU2*0.0424 PRE
1¥8U2%0.0L24%VARX)) PRE
PRE

IF THE UTILITY FUNCTION FOR TRAFFIC ODELAY IS PRE

LINEARy USE THE FOLLOWING FUNCTION === PRE

PRE

UTTO(XMe VARX) =1 .0=-XM/30.0 PRE

PRE

OR~NOUE N
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IF THE UTILITY FUNCTION FOR TRAFFIC DELAY IS

NONLINEAR, DEACTIVATE THE PREVIOUS FUNCTION

BY PLACING A C IN COLUMN ONE AND ACTIVATE THE

FOLLOWING FUNCTION BY REMOVING THE C(S) IN

COLUHN ONEQOOGOQOCOQ
UTTD(XM,VARX)=AU1*(1.D-EXP(°AU2*30.D+AU2*Xﬁ$O.5*AU2*AUZ*VARX))
UTEAC(X)=(10000.0-X)/9700.0

PRCVIDE FUNCTIONS FOR CALCULATING CERTAINTY
EQUIVALENTS OF RI, SN TO AND EAC.

CESN(X)=(ALOG(1,0=X/CUL)}/CU2+25.0

IF THE UTILITY FUNCTION IS LINEAR FOR ROUGHNESS
INDEXy USE THE FOLLOWING ===~

CERI(X)=(1,06=X)/0.0212

IF THE UTILITY FUNCTION FOR RI IS NON=LINEAR,
OEACTIVATE THE PREVIOUS FUNCTION 3Y PLACING A

C IN COLUMN GNE ANC ACTIVATE THE FOLLOWING FUNCTION

BY REMCVING THE C(S) FROM COLUMN ONE.

CERI(X)=(2+,12=(ALOG (1, U=X/BUL)/BUR2)) /70,0424

IF THE UTILITY FUNCTION FOFR TO IS LINEAR,
USE THE FOLLOWING FUNCTICN ===

CETD(X)=(1.6=-X}*30.10
IF THE UTILITY FUNCTION FOR TD IS NON~LINEAR,
DEACTIVATE THE PREVIOUS FUNCTION B8Y REMOVING
C IN COLUMN ONE AND ACTIVATE THE FCLLOWING
FUNCTION BY REMCVING THE C(S) IN COLUMN ONE.
CETD(X)=(ALOG(1.,8=X/AUL))/AU2+30.0
CEEACI(X)=10003.0=-37083.0%X
RMCOST(X,Y)==200,0+10,0%X+35,0%Y

RNP=FLOAT(NP)
NYEARS=2*NP

SELECT THE APPROPRIATE CASE FOR THE CURRENT
MAINTENANCE STRATEGY.

GO TO (155+15526)ICASE

CONTINUE
CASE NUMBER 1™ ONLY ROUTINE MAINTENANCE IS
SCHEDULED DURING THE ANALYSIS PERIQE.
CALCULATE EQUIVLENT RI AND SN OF THE CURRENT
MAINTENANCE STRATEGY.

Ii=1

I12=NP

PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
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339

91

32
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AVUL=0.0

AvU2=0.0

PHTC:U o U

B0 & J=I1s1I2
RIA(JIST;J)=MRI(L,J)
RISO{JSTJ)=SQRTIVRI{1,J))
SNA{JSTsJI=MSN{L, D)
SNSO(JST+J)=SQART(VSNI(L y4))
IF (JekQel) GO TO 2
X=RIA(JSTsd=1)
Y=2U*FLCAT(J)=2.0
JY=2*%*J=2
RMC=RMCOST (X, Y)*2,0*0F (JY)
GO TC 3

X=kIQ

Y=PAGE

RMC=RMCOST(X,Y)¥2,0

IF (RMCoLTe00) RMC=0.0
PHTC=PWT C+RMC
AVUL=AVUL+URI{L )
AVUZ2=AVU2+USN{Ll,4)
UERI{JSTI=AVUL/RNP
UEZSN{JSTI=AVU2/RNP
ERI(JIST)=CERI(UERI(JST))
ESN(JST)=CESNIUESNIIJST))

CALCULATE EQUIVALEZNT ANNUAL COST OF THE
CURRENT MAINTENANCE STRATEGSY.

EAC(JST)=PWTC/FEAC
UEAC(JST)=UTEACI(ZAC(JST))

FIND EQUIVALENT TRAFFIC DELAY FOR THE CURRENT
STRATEGY.

ETO(JSTI=0.C
UETD(JST)=1.0

G0 TO &>

CONTINUE
CASE NUMBEZR 2 ONLY CNE ACTICN=AI AT KI=-
IS SCHEDUALED [JURING THE ANALYSIS PERIOCD.
CALCULATE EQUIVALENT RI AND SN OF THE
CURRENT MAINTENANCE STRATZGY.

I1=1

I2=K1

AVUL=0.0

AVUZ2=0.0

PWTC=0.0

IF (K1.,EQ.0) GC TO 9

00 8 J=i1,12
RIA(JISTSJi=MRI(1,:J)
RISD(JST 4JI=SQART(VRI(1,J))
SNA(JUST s J)=MSN(L )
SNSDUJST;J}=SART(YSN(L1,J1})
IF (JU.EQ.1) GO T0 o
XK=RIA{JSTyd=1)

Y=2. 0*FLCAT(J)=2,0+PAGE
JYz2¥J=2
RMC=RMCOST (X, Y)*2,0%0F (JY)

3
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GO TO 7

X=RIO

Y=PAGE
KRMC=RMCOST (X, Y)*2.0

IF (RMCOLTQDQO) RMC:GnO
PHTC=PWT C+RMC
AVUL=AVUL+URI(1,J)
AVU2=AVU2+USNI{Ll,J)
I1=xK1+1

IF (I1.GT.NP)Y GC TO 12
I2=NP

TJd=G

00 11 u=I1,12

IJd=1ddel
RIA(JSTyJ)=MRI(AL,IJN
RISD(JSTJ)=SART(VRI(AL,IJJ))
SNA(JIST J)Y=HMSN(AISIJI)
SNSO(JST,,Jd)=SQRT(VSN(AI,IJJ))
Jd=Jd=I1+1

IF (J.c2Qel) GO TC 10
Xz=RIA(JSTed=1)

Y=z2e 0¥*FLCAT (JJ) =20
JY=2¥%J=2
RMC=RMCOST (X, Y)*2.0*0F (JY)
IF (RMCsLTeCed) RMC=0.d
PHTC=PHTC+RMC
AVUL=AVUL+URI(AI,IJI)
AVUZ2=AVUZH+USNI(AL,IJJ)
UERI(JST)=AVU2/RNP
UESN(JST)=AVU2/RNP
ERI(JUST)=CERI(UERI(JST))
ESN(JST) =CESN(UESN(JST))

ADD CONSTRUCTION COST OF THE ACTION Al.

KK1=2%K1

IF (KK1.EQsG) GO TO 13
PHTC=PRTC+CMM(AI) *DF (KK1)
GO TO 1«
PWTC=PWTC+#CMM(AL)
CONTINUC

SUBTRACT SALVAGE VALUE.

NRLIFE=IKI (AL)=-NREM

XX=FLOAT (NRLIFE)/FLOAT (IRI(AI))
SALV=CMM (AT) *XX*DF (NYEARS)
PWTC=PWTC=SALV

FIND EQUIVALENT DNNUAL COST OF THE CURRENT
MAINTENANCE STRATEGY.

EAC(JST)=PHTC/FEAC
UEAC(JST)=UTEAC(EAC(JST))

FIND EQUIVALENT TRAFFIC DELAY FOR THE CURRENT
MAINTENANCE STRATEGYs

AVX=TOD (AT
VARX=(CYTD*®AVX) *¥2
UETD(JST)I=UTTO(AVX, VARX)
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ETO(JST)=AVX
GO TO &5

CONTINULE

CASE NuUMBER 3™

CALAULATE EQUIVALENT RI AND SN OF ThE
CURRENT MAINTENANCE STRATEGY.

I1=1

I2=K1

AVUL=0.0

AVU2=0.¢

PWATC=0.0

IF (Ki.£Q@s0) GO 7O 19

00 18 J=I1,12

RIA(JIST »J)=MRI(1,J)
RISO(JST o) =SART(VRIL ;UM
SNACJSTsJd¥=MSN{L,J)
SNSO{JUST;J)=SQARTYSN{1l,4))
IF (JsEQ+1) GO TO 16
X=RIA(JSTsd=1)
Y=2:.0*FLCAT(JU)=2.0+PAGE
JY=2*J-2
RMC=RMCCST (X Y)¥2,0%0F (JY)
GO TO 17

x=kIO

Y=PAGE

RMC=RMCOST (XY} *¥2,.0
PHTC=PWTC+RMC
AVULzAVULYURI (1 54)
AVUZ2=AVvU2+USN(LJ)

I1=K1i+1

I2=K1+K2

I1Ju=0

00 21 J=11,1i2

IJdd=IJJ+1
RIA(JST,JI=ARIL (AL IJJ?

RISD(JST»J)=SQRT(VRIL (AT ,IJJ})

SNA{JSTsJ) =ASNL (AL, IJ4dN)

SNSO{JSTJ)=SART (VSNL(AIIJuM)

JJd=Jd=-I1+1

IF (Je.EQ.1) GO TO 20
X=RIA(JSTd=1)
Y=2,0*FLOAT{(JJ) =2.0
JY=2% =2
RMC=RMCOST{(X,Y)*¥2.0%DF (JY)
IF (JJe.cQsl) RMC=0.0

IF (RMCelLTelel) RMC=03,0
PRTC=PWT C+RMC
AVUL=AVUL$URIL(AI LI U
AVUZ2=AVUZ2+USNL{AI,IJJ)
I1=K1+K2+1

IF (I1.GT.NP) GG TO 23
I2=NP

I1J4J=0

DO 22 J=1I1,12

Jd=Jd=I1+1

TWO ACTIONS=AI AT K1 AND AJ AT
K2=Ake SCHECUALED OURING THE ANALYSIS PERIGO.
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IJy=1dJd+1
RIACJIST;J)=MRI(ASIJJ)
RISD(JST+J)=SART (VRI(AJ,TJJ)}
SNA{JST,J)=MSN(AJ,IJD)
SNSD(JSTJ}1=SART(VSN(AJ,IJJ))
X=RIA(JSTJd=1)
Y=2,0*FLCAT(JJ) =2.0

JY=2%J=2
RMC=RMCOST(X,Y)*2.,0%0F (JY)

IF (JJ.EGe1) RMC=0.4

IF (RMC.LT.0.0) rRMC=0.4
PHTC=PHTC+RMC
AVUL=AVUL+URI(AJIJD)
AVUZ=AVU2+USN{AJ, I
UERI(JST)I=AVUL/RNP
ERI(JST)=CERI(UERI(JST))
UESN{(JST)=AVUZ2/RNP
ESN{JST)=CESN(UESN(JST))

ADD CONSTRUCTIGN COSTS OF ACTIONS AI AND AJ.

KK1=2*K1

KK2=2*K2 +KK1

IF (KKL1.EQe.G) GO TO 24
PRTC=PWTC+CHM{ATI) *OF (KK1)+CMM (AJ) *DF (KK2)
G0 TO 25
PWTC=PWTC+CMM(AL) +CMM(AJ) *DF (KK2)
CONTINUE

SUBTRACT THE SALVAGE VALUE OF THE PAVEMENT FROH

THE TOTAL COST.

NRLIFE=IRI(AJ}=NREM

XX=FLOAT (NRLIFEZ)/FLOAT {IRI(AJ))
SALV=CMH (AJ)¥XX*DF (NYEARS)
PHTC=PHTC=SALY

FINO EQUIVALENT ANNUAL COST QOF THE CURRENT

MAINTENCE STRATEGY.

EACUJST)I=PUTC/FEAC
EAC(JST)I=UTEAC(ZAC(JST))

FIND EQUIVALENT TRAFFIC OcLAY FOR ThE
CURRENT MAINTENANCE STRATEGY

AVXLi=TO(AD)
VARX1={CVTD*AVX1L)#*2
AVX2=TD(AJ)
VARXZ2=(CVTD*AVX2) **2
UX1=UTTOLAVXL s VARXL)
UX2=UTTO(AVX2,,VARX2)
AVU= (UX1+UX2)/72 .0
UETD(JST)I=AVU
cTOWJSTI=CETO(AVY)
GO TO &>

CONTINUE
CASE NUMBER 4~ THREE ACTIONS=AI AT Ki,AJ

AT K2 AND AK AT K3= ARE SCHEDULED DURING
THE ANALYSIS PERIOO.
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31

32

CALCULATE EQUIVALENT RI AND SN
0F THE CURRENT FAINTENANCE STRATEGY.

Ii=1

I2=K1

AVU1=0.4

AvU2=0,0

PHTC=0.0

IF (Ki1+z2Q.C) GG TO 33

00 29 JU=Iielc
RIACIST»d)=MRI(1,4)
RISOD(JST s J) =SQART(VRI(L1,J})
SNA(JST s J)=MSN{1,4)
SNSDUJST sJ)1=SART (VSNI{1,4J))
IF (JsEQe1) GO TC 27
X=RIA(JSTyJd=1)

Y22 0¥FLCAT(J)=2.,0+PAGC
JY=2*J=2
RMC=RMCOST (X, Y)*2.,0*DF (JY)
GO TO 2o

X=RIO

Y=FAGE

RMC=RMCOST(X,Y)*2.0

IF (RHC.LT.0.0) RHC:JOU
PHTC=PWT C+R&NMC
AVUL=AVUL+URI(L, )
AVUZ=AVU2+USN{1,4)

I1=K1+1

I12=K1i+K2

Idd=0

Oc 32 J=Iis12

I1Ju=1du+1
RIA(JST,,J)=ARIL(AI I JJ)
RISOD{JST I =SQRTWRIL(ALI,IJUJY)
SNA(USTJI=ASNL(AL,IJD)
SNSO(JST sJ)Y=SQART (VSNL(AI,,IJUJ))
Jd=d=I1+1

iF (J.EQ.1) GO TO 31
X=RIA(JISTyJ=1)

Y22, 0¥FLCAT(JJ)=2.0
JY¥=2%J=¢
RMC=rRMCIST (X Y)*2,0*3F (UY)
ifF {(JdeoQsl) RMCZQaQ
PHTC=PWT C+RMC
AVUL=AVUL+URILI (AL 1IJD)
AVUR2=AVUZ2+USNLI(AI ,IJJ)
I1=K1+K2+1

I12=K1+K2+K3

IJJ=0

00 33 J=11,1I2

fdd=1dd+l
RIA(JIST;JI=MRI(AJ,IJI)
RISD(JST s JIY=SARTIVRI{(AJ,IJU))
SNA(JISTyJ)I=MSNAJ T JJ)
SNSO(JSTJ)=SQART(VSNI{AJ,IJI))
Jd=Jd=I1+1

X=RIA{(JSTsd=1)

Y22, 0*FLCAT(JJ) =2,0

JY=2% =2
RMC=RMCOST (X, Y)*2,0%*DF (JY)
IF (JJ.EQs1) RMC=03,1
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PWTC=PWT C+RMC
AVUL=AVUL+URI(AJyIJJ)
AVU2=AVUZ2+USN({AJ; IJJ)

FIND PAVEMENT CCNOITION FOLLOWING THE ACTION AK.

NREMLz=NP =K1 =K2=K3
T=THICK(AK)
D2=DPOST*(1.0=PRDOEFL (AK}/100.0)

COLN=ALUG(CRH(AK))+C21+C23*ALGG(RGN) +C24*ALOG (D2) +C25*ALOG(T)

BO0LN=821+823*ALOG(RGN) +324*ALOG(AGF)
ARIB=MRI (AJ,K3)
XLMRIO=XCO+XC1*ALOG(ARIB) +XC2¥ALOG(T)
VLRIO=SERIA*SERIA
VLRIO=SZRIA*SERIA

MRIO=EXP (XLMRIO+] .5¥VLRIO)
CVRIO=SQRT{(EXP(VLRIO)=1.0)
VRIO={CVRIO*MRIQ)**2

MSNQO=MSNA

YSNO=SOSNA*SISNA

KRI=G

IRI(AKY=106

DO 39 I=1,15

II=2%(K1+K2+K3+I) =1

Kzl=1
C3LN=COLN+C22*ALOG(TRFC{(II))
XLMCRI=C3ILN+C26*ALOG(FLCATI(2%I))
VLCRI=SECRIZ*SECRIZ

MCRI=EXP (XLMCRI+Q.5¥VLCRI)
CVCRI=SQRT(EXP(VLCRI}=1.d)
VCRI=z(CVCRI®MCRI) **2

IF (I.NZeo1) GO TC 34

ARIZ2 (AKyIV=MRIC#MCRI

VRIZ (AK,I)=VRIO+VCRI

GO TO 35
ARIZ(AKSI)=ARIZ{AKyK) +MCRI

VRIZ2 (AK,I)=VRIZ2(AK,K)+VCRI
CONTINUE

SRI=SART (VRIZ2 (AK,I))}
ZRI=(LRI=ARI2(AKsI))/SRI

IF (ZRILT.RRI) KRI=KRI+1

IF (KRI.EQ.1) IRI(AK)=I
URI2(AKsI)=UTRI(ARIZ(AK,,I)sVRIZ2(AK 1))
IF (I.GT.NREML) GO TO 33
B3LN=BOLN+B22*ALOG(TRFC(II})
XLMCSN=B ILN+825*ALOG{FLOAT(2*%*1))
VLCSN=SECSN2#SECEN2

MCSN=EXP (XLMCSN+0 «53#VLCSN)
CVCSN=SQRTI(EXP(VLCSN)=1.U)

VCSN= (CYCSN#MCSN) #%2

IF (I.NE.1) GO TO 3¢

ASN2 (AKy I} =HMSNO=MCSN

VSN2 (AKy 11 =VSNO®VCOSN

GG TO0 37

ASN2(AKs I)=ASN2(AKsK)=MCSN
YSNZLAK, I) =VSN2(AKsK)+VCSN
CONTINUE

USN2 {AKy I)=UTSN(ASN2 {AK,I) s VSN2(AK I}
IF (USN2(AKsI)eGTel.0) USN2{AK,I)=1.0
IF (KRI.GT.0) GO TO &G

COGNTINUE

CONT INUZ
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IF (IRICAK) «LT-NREML)Y GO TO 4§
IT1=K1+KZ+K3+1

IF (I1.GT.NP) GO TO =22

I2=NP

TJu=g

DO &1 J=11512

IJd=1JJd+1
RIA(JST, )= ARIZ(AKsIJJ)
RISDUJST s3I =SARTIVRIZ(AK I JJ))
SNA{JSTsJ)=ASN2(AK, I Jd)
SNSD(JSTsJ)=SQRT (VSN2(AKIJJ})
JJd=J=I1i+1

X=kIA{JST,d=1)
Y=22e0¥FLCAT(JJ)=2.0

JY=2¥%J=2
RMC=RMCOST (XY )¥*2,0%*0F (JY)

IF (JJ«£GQel) RMC=0.0

PHTC=PWT C+RMC
AVUL=AVULI+URIZ2{AK I JJ)
AVUZ=AVU2+USN2{AK,,TJJ)
UERI{(JSTY=AVUL/RNP
cRI(JSTI=CaRI(UERI(YSTH
UESN{JST)I=AVUZ/RNP

ESNIJST) =CESNLUZSNIJST))
KK1i=2%K1

KKZ2=2*K2 +KK1

KK3=2*K3+KK?2

ADD CCONSTRUCTICM COSTS OF ACTIONS AI»AJSAND
AK

IF (KKL1.EQ.3) GO TO &3
PATC=PWTC+CMMIAL) ¥OF (KKL)+CHM (AJ I *DF (KKZ2 I +CHMTAK) *OF (KK 3)
GO TO 44
PHTC=PWTC+CHM(AL) +CHMMHIAJ) *OF (KK2 ) +CHMM (AK I *¥DF (KK 3)
CONTINUE

SUBTRACT SALVAGE VALUE OF THE PAVEMENT FROM
THE TOTAL CCST.

NRLIFE=IRI(AK)=NREML

XX=FLOAT (NRLIFE)/FLOAT(IRI(AK))
SALV=CMM {AK) *XX*5F (NYEZARZ)
PWTC=PHT C=3ALY

FIND EQUIVALENT ANNUAL COST.

EAC(JST)I=PHTC/FEAC
UEAC(JST)=UTEACIEAC(JST))

FIND EQUIVALENT TRAFFIC DELAY FOR THE CURRANT

MAINTENANCE STRATEGY.,

AVXL=TOD(AI)
VARX1=(CVTO®AVXL)**2
AVX2=TD(AY)
VARXZ2=(CVTD*AVX2 ) **¥2
AVX3=TD({AK)
VARX3=(CVTD*AVX3)**2
UX1=UTTO (AVXL,s VARXL)
UX2=UTTD (AVX2 4 VARX2)
UX3=UTTD (AVX3 ¢ VARX3)
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AVU= (UX1 +UX2+UX31/3.0
UETD(JST)=AVU
ETD(JST) =CETL(AVU)
CONTINUE

RETURN

END
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SUBROUTINE PERFHM PER

PER

THIS SU3ROUTINEZ EVALUATES PAVEMENT PERFORMANCE PER

IN TEFMS OF RI ANC SN FOLLOWING A GIVEN PER

MAJOR MAINTENANCE ALTERNATIVE OR INITIAL PER

DESIGN. UTILITIES IF THE PREDICTED RI AND SN PER

ARE ALSO CALCULATED USING ThE SPECIFIED PER

UTILITY FUNCTIONS, PER

PER

REAL LRISLSNyMRIsMSN,MSNA PER
REAL MRIOyMCRIsMCSNyMSNC PER
INTEGER AL sAJsAKsAKL sAK2,AK3 PER

COMMON /SOATAZ NPysNINTXsNAsNOPT, LRIJLSNsRRI ¢RSN,INDOsIACFC,ICRACK,APER
1GT»AGFPAGE yRGNsCyRIGsSNCHTHICK(15) »OINTX{10)+yC11+C12,C013,C1%sCL5,PER
25ECRIL1,C21,C22+C23,C24,C25,C264SECRI2,+811,B12,813,814,815,SECSNL,CPER
SRH(15) 4821382258234 B2433254SECSN24XC0sXCLsXC2ySERIA, MSNA,SOSNA,PROPER
wEFL{15),TO(15) s CVTDsCMM(15) yCVCTHEIZTIsRsCULSCU2yNACRL,INDCR(10) ,ISPER
SCAL, TRFC(70) yUKI(4) sUK,0ESCM(15,15) 0ESC(25) yIPAGE sNLINESIPRCB,AULPER
63 AL2s3UL 4BU2,831L,832,833,5834,4335,SECSN3 PER

PER

COMMON /PERFM/ MRI(L5520)3VRI{15,20) ¢MSN{L5,20) 4VSN{15,20) yNPRIOR,PER
INREMyKPRIORyKCURSDPRIOR,IRI(15) 3 ISN(13),0PCSTLARIL1(154520),VRIL{15,PER
220),ASNL{15420) ,VSNL(15,20) sURI(15+y20) URIL(15,20)3USN(15,20) ;USNLPER
3(15,20) PER

, PER

COMMON /SOFMS/ NTOTAL,IKL(50C)IK2{550),IK3(500)+AKL1(500)sAK2(500}PER

1,AKI(S5C0)»RIA(S500,15) yRISD(500415) sSNA(SU3,15) 3SNSD(500,515) 40F (40)PER

2yFEAC,ARIB PER
' PER

COMMON /PREDT/ AI yAJ4AK,K1,K2,K3,ICASE,ERI(500),ESN(S00),EAC(5G0),PER
LETO(5GC) yUERI(53C) »UESNI(5G60) yUEACIBI0) yUETD(SC00) »JST PER
PER

COMMON /EXPUT/ IRANKI(500)EXPT(500) ,8ENFT(500) PER
COMMUN /I0/ INSICUT PER
PER

PER

SPECIAL UTILITY FOR SKID NUMBER PER

PER

UTSHN XMy VARX) =CUL* (1,0 ~EXP{=CU2%25 0 +CU2*XM+0 «S¥CU2*CU2*VARX)) PER
PER

IF THE UTILITY FUNCTION FOR ROUGHNESS INDEX PER

IS LINEZEARy USE THE FOLLOWING FUNCTION === PER

PER

UTRI(XM, VARX) =1,06=0.0212%XM PER
PER

IF THE UTILITY FUNCTION FOR ROUGHNESS INODEX PER

IS EXPONENTIAL, DEACTIVATE THE PREVIOUS PER

FUNCTIONN 8Y PLACING A C IN COLUMN ONE AND PER

ACTIVATE THE FOLLOWING FUNCTION BY REMGVING PER

THE C(S) IN COLUMN ONE., PER

PER

UTRI(XH VARX)=BUL¥ (L. 0=EXP (BU2%2,12-BU2*0,0424*XM+0,5*BU2*0,0424 PER
L*¥BUZ*C G L42LFVARX)) PER
PER

IF (IND.EQe0sANDoKCURGLE, (1 +ISEAL+NINTX)) GO TO 1 PER
IF (ISEAL.EQ.L1+AND.KCUR,EQ.2) GO TO 2 PER
T=THICK{KCUR) PER
DPOST=DPRIOR*(1.,0=-PROEFL (KCUR)/100.0) PER
COLN=ALOG{(CRH{KCUR) ) +C21+C23*ALOGI(RGN) +C24*ALOG(LPOST) +C25*ALOG(TIPER
XLMRIO=XCO+XCL*ALOG(ARIB) +XC2*ALOG(T) PER

VLRIO=SoRIA*SERIA PER

O W ~N OIS NP
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MRIO=EXP (XLMRIO+0.5%*VLRIOQ)
CVRIO=SQRT(EXP(VLRIO}=1.1)
VRIO=(CVRIC*MRIQ) ¥*2

GO TO 2

CONTINULC

COLN=C11+C13*ALOG(RGN) +CLL*ALCG(D)
30LN=811+813*ALOG (RGN) +314*ALOG(AGT)
MRIO=RIO

VRIO=0,0

MSNO=3SNO

VSNO=0,0

GO TO 3

CONTINUE

IF (ISEAL.EQels ANDsKCURSEG.2) GPOST=0PRIGR
BOLN=B21 +B323*ALOG (FGN) +324*ALOG(AGF)
MSNO=MSNA

VSNO=SDSNA*SOSNA

KRI=0

IRI(KCUR)=16

PREDICT ROUGHNESS INDEX OF THE PAVEMENT

DO 10 I=1s15

II=2*(NPRIOR+I) =1

K=I-1

IF (KRI.GT.0) GO TO 11

IF (INDeEQoeO s ANDoKCURWSLES (L+ISTAL+NINTX)) GC TO &
IF (ISEAL.EQ.L1.AND.KCURK.EQ.2) GO TO 7
C3LN=COLN+C22*ALCG(TRFC(IL))
XLMCRI=C3LN+C26*ALCG(FLOAT(2*I))
VLCRI=SECRIZ2*SECRIZ

GO TO 5
C3LN=COLN+C12*ALOG(TRFC(II))
XLMCRI=CILN+CL15*ALOG(FLOAT(II+1))
VLCRI=SECRIL*SECRIL
MCRI=EXP (XLMCRI +( +«5*VLCRI)
CVCRI=SQRT(EXP(VLCRI)=1.0)
VCRI=(CVCRI*MCRI) **2

IF (I.NZ.1) GO TQ &
MRI(KCURsI)=MRIG+MCRI

VRI(KCUR sI)=VRIC+VCRI

GO TO 8
MRI{KCURI)=MRI{KCUR,K)+MCKI
VRI(KCURsI)=VRI(KCUR,K) +VCRI

60 TO 8

KJ=K1l+1

MRI(KCUR yI)¥=MRI (14KJ}
VRI(KCUR,I)=VRI(1,:KJ)

CONTINUE
URI(KCUR,I)=UTR1(HRI(KCUR,I),VRI(KCUR:I))
IF (KPRIOR.NE.L) GO TO 9
ARI1(KCURsI)=MRI{KCURSsI)
VRI1(KCUKsI)=VRI(KCUR,LI)
URIL(KCUK, I)=URI(KCUR,I)

CONT INUE

SRI=SQRT (VRI(KCUR,IM)

ZRI= (LRI=MRI(KCUR,I))/SRI

IF (ZRI+LToRRI) KRI=KRI*+1

IF (KRI.EQo.1) IRI(KCUR)=I
CONTINUE

CONTINUE

PER
PER

PER

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER

62
63
b

b2
65

638
69
74
71
72
73
74
75
76
77
73
79

81
82
33
84
85
86
87
88
89
90
91
92
93
94
95
35
97
98
99
100
101
i02
103
104
10¢
10¢
107
108
1083
110
111
112
113
114
1158
1186
117
118
119
120
121
122
123
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13

1

16

PREDICT SN AND CALCULATE ITS UTILITY

00 1& I=1yNRE?

II=2%(NPRIUK+I) =1

Kzl=1

IF (IND.EQe0sANDKCURSLE. (L +ISEALENINTX) )
S3LN=BOLN+B22*%ALCG{TRFC(IIN
XLMOCSN=83LN+22S*ALOG{FLOATI(2%1))
VLCSN=SZCSN2*SECSN2

GO TO 13

B3LN=BCOLN+B12*¥ALCG(TRFC(II))
XLMCSN=83LN+8L1S*ALOG(FLCAT(II+1))
VLCSN=SZCSNL¥SECSNL

MCSN=EXP {XLMCSN+(.5%VLCSN)
CVCSN=SAQRT{EXP (VLCSN)Y=1.0)

VCSN= (CVCSN*MCSN) #*2

IF (I.NEa1) GO TO 14

ASNIKCUR yI)=MSNO=MCSN
VSNIKCUX 31 ) =VSNO+VCSN

GO 70 15

MSN{KCURyI)=MSN(KCURsK) =MCSN
VONIKCUR s 1) =VYSN(KCURSK)+VCSN

CONTINUE
USN(KCUR>IYsUTSNIMSNIKCUR IV s VSNI{KCURSI)
IF {USN(KCURs I} :GT-1.0) USN(KCUR,I)=1.C
IF (KPRIORWNEZ.L) GO TO 15
ASNL(KCUR;I)=MSN{KCUR, 1)

VONL (KCURSsI)=VYSN(KCUR,I)
USNL{KCURsI)=USN(KCUR,I)

CONT INUE

RETURN

END

GO TO 12

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PE|

PER
PER
PER
PER
PER
PER
PER
PER
PER
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SUBROUTINE PHEAD {IPAGE ¢DESCsNLINE s IPROB)
BR R ERRE R SUBROUTI&E PHEAD ®®*xsxyry

QUTEUT PAGE HEADINGS ANC KEEP TRACK OF QUANTITY
OF LINES(NLTNE) AND PAGES{(IPAGE)

DIMENSION CESC(20)

COMMON 710/ IN,ICUT
IPLGE=IPAGE+L

MLINE=O

WRITZ (IOUT,1) IPROB.DESC,IPAGE
RETURN

FORMAT (1HL1,iXs11HPROBLEM NO»sI353H = 92 0AL s 12X s bHPAGE s I4)
END

PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
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SUBROUTINE RESULT RES

RES

THIS SUBRJOUTINE OUTPUTS RESULTS OF THE ANALYSIS RES

RES

DIMENSION X (200, Y(23), SO(20) RES
REAL LRIHZLSNsMRISMSNyMSNA RES
ReEAL MRi10,MCRIsMCSN,MSNO RES
INTEGER AL sAKsAJsAKL AK2,5AKS3 RES
COMMON /107 INLICUT RES

COMMON /SDATA/ NPyNINTXsNAsNCFTsLRIZLSNSRRIsRSNyINDyIACFC,ICRACKARES
1GTsAGF sPAGE RGN s D9 RIO9SNCs THICK{15) y0INTX(10)43CL15,C125C135C144C15,RES
25ECRI1,C21,022,C234C244C25,C269SECRI29811,812,813,814,815,SECSNL,CRES
SRH(15) 4521,B22,B823,32448259SECSN2yXC0sXC14XC2,SERIA, MSNA,SDSNA,PRDRES
4EFLI{15),TO(15),CYTO,CHIM{(15) yCVCTHELI,TI»R>CUL,CU2,NACR,INDCR{1L0),ISRES
SEALyTRFC(70) sUKI(4) yUKyDESCM(15415) yDESC(20) s IPAGE sNLINE,IPROB,AULRES
6sALZ,BUL,BU2,831L,832,833,834+835,SECSN3 RES

RES

COMMON /PERFM/ MRI(15,20)3VRI(15, 20),HSV(15,20)vVSV(LS 20) s NPRIGR,RES
INREMyKPRIOR ) KCURHDPRIORSIRI(15),ISN({L5),0P0OST,ARIL{15,20),3VRIL(15,RES
22009 ASNL(L54,20) yVSNL{15420),URI{15520),URTIL{15,20),USN(15,20}),USNLRES

3(15,20) RES
RES

COMMCN /SOFM3/ NTCTALLIKL{S00),IK2(500)+,1K3(500),AKL{5G0),AK2¢{500)RES

1o AK3I(500),RIA{S00,15),KIS0C(500,15),SNA(500,15),SNSD{500G415) +0F (L0)}RES

23FcACARIB RES
RES

COMMON /PRECT/ AIsAJsAKyK1yK24K3 4, ICASEZSRI(500)ESNIS00) 4EAC(500)4RES
1=TO(500) sUERI(500) sUESN{530),UEAC(560) ;UE TD(DOU)vJST RES
RE

COMMON ZEXPUT/ IRANKI(S00)EXPT{300),3ENFT(500) . RES
RES

QUTPUT PALAGEZ HEADING RES

RES

CALL PHEAD (IPAGESDESCsNLINE,IPRCB) RES
RES

OQUTPUT OESCRIPTICON CF THE MAINTENANCE ALTERNATIVES RES

RES

WRITE (ICUT25) RES
K=1 RES
DG 2 I=1,NA RES
IF (NACRSNE <0 «ANL.INDCRI(K)EQ.I) GO TO 1 RES
WRITE (I0UTs26) I;(DESCHM{IsJ)sd=1415) RES
GO 70 2 RES
WRITzZ (I0UT»27) ILs{(DESCMA(Isd)ed=1515) RES
K=K+1 RES
CONTINULE RE
RES

QUTPUT STRATEGY INFCRMATION RES

RES

CALL PHEAD (IPAGEDESC,NLINE,IPR(B) RES
WRITE (ICUT,28) RES
ARITE (I10UT29) RES
WRITZ (I0UT,30) RES
WRITEZ (I0UT,31) RES
WRITE (I0UT,30) RES
ARITE (I0UT,29) RES
WRITE (I0OUT.30) RES
WRITE (I0UT,32) RES
WRITE (IQUT+30) RES
HWRITE (I0UT,33) : RES

WRITE (ICUT,30) RES

O8N OO NN



WRITE (I0UT+34) RES 62

WRITE (IOUT+30) RES 63
WRITE (I0OUT,35) RES 64
WRITE (I0UT,+30) RES 65
WRITE (I0UT+36) RES &6
WRITE (IOUT+30) RES 67
WRITE (IOUT37) RES 68
WRITE (IOUT,30) RES 69
WRITE (IGUT,38) RES 70
WRITE (I0UT$30) RES 71
WRITE (I0UT,39) RES 72
WRITE (I0UT,3Q) RES 73
WRITE (IOUT,40) RES 74
WRITE (IQUT,30) RES 75
WRITE (ICUT429) RES 76

‘ ‘ RES 77
PRINT MAINTENANCE STRATEGIES RES 78

RES 79

CALL PHEAD (IPAGE,0ESCsNLINE,IPRCB) RES 80
NTCP=5C RES 81
IF (NTGTAL.LT.50) NTOP=NTOTAL RES 82
WRITE (ICUT,41) NTOTAL,NTOP RES 83
WRITE (IOUT,42) RES 84
WRITE (IOUT,43) RES 85
WRITE (IQUTsbb) RES 86
ARITE (IQUT,43) : : RES 87
WRITE (ICUT,42) RES 88
NLINE=1Z RES 89
DO 7 I=1,NTOP RES 90
K=IRANK(I)} RES 91
IF (IK1(K).NEL99) IKL(KI=IKL(K)*2 RES 92
IF (IK2(K) e NE+99) IK2(KI=IK2(K)*2 RES 93
IF (IK3(K)eNEL99) IK3(K)I=IK3I(K)I*2 . RES 94
IF (IKL(K)WEQ+99) GO TO & , RES 95
Ji=IK1(K) RES 96
J=AKL (K) RES 97
IF (IK2(K)eEQe99) GO TO 3 RES 98
WRITE (IQUT,45) JL1, {OESCMIJeN)4N=1515) RES 99
NLINE=NLINE+1 RES 100
J=AK2 (K) RES 101
J1zIKL(KI+IK2 (K) RES 102
IF (IK3(K).EQ.93) GO TO 3 RES 103
WRITE (ICUTs45) J1,(DESCHM{JsN)sN=1,y15) RES 104
NL INE=NL INE+1 RES 105
J=AK3 (K) RES 10€
J1=IKL(K)+IK2({K)+IK3(K) RES 107
WRITE (IOUT,46) ILERI(K)ESNIK)ZETDIK)SEACIK) sEXPTIK) ¢BENFTIK) »JLsRES 108

1 (DESCM(J4N) sN=1,15) RES 109
NLINE=NL INE+1 RES 110
GO TO 5 RES 111
WRITE (IOUT+47) I ERIK) sESNIK)sETD(KY EACIK) sEXPTIK) «BENFT (K)o (DERES 112

1SCM{JsN) sN=1,15) RES 113
NLINE=NLINE+1 RES 114
WRITZ (I0UT,42) RES 115
NLINE=NL INE +1 RES 11€
IF (NLINE.GE.B0) GO TO 6 RES 117
GO TO 7 RES 118
CALL PHEAD (IPAGE,DESC,NLINEsIPRCB) RES 119
WRITZ (IOUT,41) NTOTAL,NTOP RES 120
WRITE (IOUT &42) RES 121
WRITE (IOUT¢43) RES 122

WRITE (1CUT,44) RES 123
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12

13

14

15

HRITE (I0UT,43)
WRITE (ZI0UTL2)
NLINE=12
CONTINUZ

PRINT PROBAEILISTIC PRECICTION OF PAVEMENT

NTOP1=3

N=NP+1

00 24 I=14NTOPL

CALL PHEAD (IPAGESDESCyNLINZ,IPR(B)
WRITE (IQUT.48) I

K=IRANKI(I)

X(1)=0.G

800 13 J=1,N

WRITE (IQUTs=9)

Ji=(Jd=1)*2

Jh=Jd-1

IF (IK1(K)sEQeudil) GO TO 11

IF (IKL1(K)+IK2(K)sEQ.J1) GO TC 10

IF (IKL(K)+IK2(KI+IK3(K).EQ.J1) GO 7O 8

IF (JsEQ.1) GO TO 138
MRI(L3J)=RIAIKJG)
VRI(154)=RISO(KyJ&)
MSN{1,J)=SNA(K, J&)
VSN{14J) =SNSD(Kqedi)

CONDITIGN

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

WRITE (I0UTs50) J1yMRI(L,J) s VRI{L,J) sM3IN(L5J)sVSNIL,J)» (DESCHM(L,03RES

1)5J3=1,15)
GO TO 13
JZ2=AK3 (K)
GO 70 1z
J2=AK2(K)
GO 7O 12
J2=AK1(K)
IF (JeNEW1) GO TC 12
IF (INO.EGQ-0) GO TO 15

IF (ISEAL.EQelsAND.J2.EQ.2) GC TO 15

ARIB=RIU

T=THICK({J2)

GO TO 14

IF (ISEAL.EQ.0) GO TO 13
IF (J2.NEs.2) GO TO 13
MRI(L,J)=RIA(K,J&)
VRI(LsJ)=RISOD(KyJb)

GO 70 1o

ARIB=RIA(KsJu)
T=THICK{J2)

XLMRIO=XCO+XC1*ALOG(ARIZ) +XC2¥ALOG(T)

VLRIO=SERIA®*SERIA

MRIV=EXP (XLMRIC+3.5*VLRIOQ)
CVKIO=SAQRT(EXP(VLRIO})=1.0C)
VRI(1,J)=CYRIQO*MRIC
MRI(1,J)=MRIO

GO TO 18

MRI(1,4)=RI0

VRI(154)=0.0

MSN(1yJ) =MSNA
VSN{1,sJ)=SOSNA

IF (J.EQ.1) GO TO 17

RES
RES

RES

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

WRITE (I0UT,51) JL1,RIA(K,Jdb)yMRI(14J)sRISO(KsJb) s VRI(Lsd)ySNAIKZJLRES

1) 9 MSN{LsJ) sSNSD (K sJ&) s VSN(15J) s (DESCF(J29U43)5J3=1415)

GO TO 1¢

RES
RES

124
125
126
127
128
129
130
131
132
133
130
13¢
135
137
1338
139
140
161
142
143
144
143
148
147
143
143
159
151
152
153
154
15
15¢€
157
1538
153
160
161
162
163
16 4
165
L16€
167
163
16¢
170
171
172
173
174
175
17¢
177
178
173
180
181
182
183
184
18 S



17

18

19

240

22

23

24

26
27
28
5=

31

32

WRITE (I0UT451) JLsRIOsMRI(L3J) s X (L) sVRI(L+J)sSNOsMSNILed) o X{1),VSRES

IN(1,J) s (DESCMIUZ5d3) 5J3=1415)
GO TO 19

MRI(1,4)=RIQ
VRI(1sJ)=0.0
MSN{1,J)=SNO
VSN{1sJ)=0.0

GO TO 8

CONT INUE

WRITE (I0UT.49)

WRITE (I0QUT,52)

WRITE (ICUTs53})

WRITE (I0UT,54)

WRITZ (I0UT,.53)
J1=IPAGE +1

J2=IPAGZ 42

WRITE (I0UTs53) Jil,42
WRITE (IGUT$53)

WRITE {(I0UT,56)

WRITE (I0UT,53)

WRITE {(IQUTs57)

CALL PhcAD (IPAGEZ,0ESC,NLINE,IPRC(CB)
WRITE (IQUT,58) I

0C 21 Jd=1¢N

IF (J.EQs1) GO TG 20
X{(J)=2*(J=1)
Y{(J)=RIA(KyJ=1)
SO(JI=RISD(KsJ=1)

GO TO0 21

X{(J)=0.0

Y{J)=RIO

S0(JY=0.40

CONT INLc

CALL PLOT (X3YsNySDOs1)
CALL PHEAD (IPAGE.DESC.NLINE,IPRCB)
WRITE (ICUT,59) I

00 23 Jd=1sN

iF (JsEQ.1) GO TO 22
X{Jy=2*(J=-1)
Y{J)=SNA(Kyd=1)
S0(J)=SNSO(KsJd=1)

60 7O 23

X(J)=0.u

Y (J)=SNO

SD(JU)=0.0

CONTINUE

CALL PLOT (XsYsNsSD,s0)
CONTINUE

RETURN

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

FORMAT (////15X,Q5H* * % % » » % & % & % % ¥ JQpFSCRIPTION OF THE MARES

L1INTENANCE ALTERNATIVES * * * * ¥ % ¥ % % % ¥ % 3////15X416HMAINT.
2ALT, CO0Z,20Xs11HDESCRIPTION/LEXslbHemomeeccnccc= e=e s 5X 60 (1H=1})
FORMAT (/25X3I4s7X515A4)

FORMAT (/25X I4s7Xs28HELIMINATED DUE TO CRACKING= 15A4)

FORMAT (//77)

FORMAT (13X,1080 (1H*))

FORMAT (10X s1H¥,38X,1H*)

RES
RES
RES
RES
RES
RES
RES

FORMAT (10X s1H*,10X,46HOICTIONARY OF ‘ACRONYMS USED IN COLUMN HEADIRES

INGS,42Xs LHF)

RES

FORMAT (10Xs1H*,,2X;31HACRONYM DEFINITION OF ACRONYM.65X,1H¥/10XsRES

L11H¥32X y3lHmmmmmea  =-cecececcsccccescmca y 65Xy LH*)

RES

18¢
187
188
189
199
191
132
193
1946
139¢
13¢€
137
193
199
200
201
202
203
204
205
20¢
207
208
209
2139
211
212
213
214
215
21¢
217
218
219
2240
221
222
223
224
22¢E
22¢
227
228
229
2340
231
232
233
234
235
23¢€
237
238
239
240
241
242
243
244
243
24 €
247



33
3k

35

37
33
39
&G

41

49
50
51
52
53
54
55

59

FORMAT {(10X31H* 46X, 33HMSC = MAINTENANCE STRATEGY CODE NUMBER.9s53X3RES
11H*) RES
FORMAT (10X ,1H*,6X,78HZRI = EQUIVALENT ANNUAL RCUGHNESS INDEX OF TRES
1HE SPECLFIED MAINTENANCE STRATEGY s liX,;1H¥) RES
FORMAT (10Xg1H¥,6X,74HCSN = EGUIVALENT ANNUAL SKID NUMBER OF THE SRES
1PECIFIED MAINTENANCE STRATEGY.s13X,1H*) RES
FORMAT (10Xs1H¥,6X,80HETL = AVERAGE TRAFFIC DBELAY FOR THE SPECIFIERES
10 MAINTENANCE STRATEGYs, (IN MINUTES) »12Xe1lH®) RES
FORMAT (10Xs1H¥,0Xs93HZAC = EGQUIVALENT ANNUAL CCST OF THE SPECIFIERES
10 MAINTEINANCE STRATEGY (IN DOLLARS PaR LANE MILED#®) RES
FORMAT (10X s1H¥* 531X, 686HEXP.UTL. = EXPECTED UTILITY OF THE SPECIFIZORES
1 MAINTENANCE STRATEGY.31X,1H*) RES
FORMAT (LOX91H*,42Xs73H3ENEFIT = NET BENEFIT (IN OOLLARS) OF THE SPRES
1ECIFIED MAINTENANCE STRATEGY.23Xp1H¥) RES
FORMAT (10Xs1H*,5X,80HYEAR = YEAR AT WHICH THE MAINTENANCE ALTERMNARES
1TIVE (0K INITIAL DESIGN) IS ADCPTED.313Xs1H*) RES

FORMAT (//7/1Xs1HI 4128 (1H=) s1HI/1Xe1HI 128X 1HI/1X,72HI * * M A I NRES
1 TENANECE STRATEGIES S ®* ¥ NOITE - A TOTAL OFI3,55HRES
2 FEASIBLE MAINTENANCE STRATEGIES HAVZ BEEN SELECTEO. I/1X,1HI,81XRES

338HTHE TCP 3I2,58H ARE OESCRIBED IN THIS TASLE FROM BEST TO WORST,.RES
& I) RES
FORMAT {(1Xy7HI=wmwe- 13{3Hlewewen= 133 (i0HIweenmcne= Y9 1HIGZE7 (1H=) s1HRES
11) RES
FORMAT (AXgdHIZB6X33(1HIs7X) 33 {1HL:9X) slHI 487X 91HI) RES
FORMAT (1X,130HI MSC I EkKI I ESN I =270 I Al I EXP UTL RES
LI BENEFIT I YEAR =AND= MAINTENANCE ALTERNATIVE THAT IS ACOPTED RES
2 ) RES
FORMAT (1Xo1HIe0X33{1HI7X) s3(1HT 49X) s1HI 91Xs12s3H = 315A4,1Xs1HI)RES
FOrRMAT {1XsAHIsI0s2Xs3(1HIsFEodlelX) 31HIsFB8231X31HIF7:%32X31HIZFBRES
chin,lHI?l){’1293ﬁ b leAL*’qulHI) RES
FORMAT (1X31HI»I0432X s 3(1HI sFCale1X) s1lHIsFB8+2¢1Xy1lHIsF7 442X s1HISFBRES
1.2¢1XelrlelX,0BALL = $152441HI) RES

FORMAT (///771X531HI 9128 (4H=) 31HI/1X31HI128X31HI/Z1X,1HIs1Xs11{2H *)RES
1,7¢eH PROBABILISTIC PREODICTION COF PAVEMENT CONDITION FOR MAINTENANCRES
2t STRATEGY NU.sI3s1X,11(2H *) 33X y1HI/AXs1HI 128X, 1HI /41X 1HI 7 (1H=)RES
391kl 428 (1H=) g lHI 328 (LH=) o1HIT sBZ(1H=) s1HI/LX sLHI s7X5s1HI 28X s1HI28XRES
B3 AHI€2X91HI/1X39HT  YEAR I,6X,1EHROUGHNESS INDEXe7X31HI»8Xs11HSKIRES
SO NUMBER»9X s 1HI 18X, 23HMAINTENANCE ALTERNATIVE 21X LHI/Z1X, 1 HI 7 {1HRES
B=) 31HI 428 (1H=) y1HI 323 (1h=) s1HI 62 (1H=) gAlHI/1Xs1lHI 97X 1HI 2 (3X422HERES
7XPo VAL, STDe DEVes3Xy1HI) s82X531HI) RES

FORMAT {1XgiHIT s 7Xe1HI 28X HI 38Xs1HI 862XeinHI) RES

FORMAT (1Xg1HIsI5 92X s 1lHI 92 {(5XeF7e1 95X 3F8.2¢3X31HI) 31X s15A4,51X,1HIIRES

FORMAT (AX 3 LHIsI5 42X o1l 2 iXsiH(sFLelelh) oF5:132Xslh(3Fhs291H),F5RES
123X 1HI) s1X315A4s1Xe 1K) RES

FORMAT (1XsdHIs7{iH=) ¢lHI 28 (1H=)31HI;28(1H=) 4HIs62 (1H=),1HI) RES

FORMAT (1Xe1nIls128X451HI) RES

FORMAT (1Xs1HI+5Xs28(2H* ) s5SHNOTE $28(2H* ) 36X 31HI) RES

FORMAT {(1X4130HI EXPECTED VALUES(THE VERTICAL AXIS) FOR ROUGHNRES
1E£8S INDEZX AND SKID NUMBER ARE PLOTTED AGAINST TIME(THE HORIZONTAL RES
2AXIS) I/71Xs16HI ON PAGES,I3s4H AND,I3+s106H. AN ASTERISKRES
3(*) INDICATES EXPECTZD VALUE. TWO STANDARD DEVIATIONS ABOVE AND BRES
LELCW THE EXPECTEL I/1X586HI VALUE ARE SYMBOLIZED BY SHARES
SOED AREAS OF PLUS(+) AND MINUS(=) SIGNS RESPECTIVELY.43X,1HI) RES

FORMAT (1X,130HI DRASTIC CHANGES IN EXPECTED VALUE INODICATE THRES
1E APPLICATION OF SOMEZ MAINTENANCE ALTERNATIVE ON THE PAVEMENT SECTRES
2I0N I/71X487HI AT THAT PARTICULAR PCINT IN THE ANALYSISRES
3 PERIOCD AS SUMMARIZEO IN THE ABOVE TABLE. ¢42Xe1HI) RES

FORMAT {1XiHI 128 (1H=},1HI) RES

FORMAT (//71Xs11(2H* ) eitlH ROQUGHNESS INDEX PLOTTED AGAINST TIME FORRES
1,28H MAINTENANCE STRATEGY NUMBERI3s114(2H *)}//) RES

FORMAT (/71X L1(2H *)6iH SKID NUMBER PLOTTED AGAINST TIME FORRES
1+28H MAINTENANCE STRATEZGY NUMBER,I3,11(2H *)/7) RES

248
2493
2590
251
252
253
254
255
25¢
257
258
259
2610
261
262
263
264
265
26¢&
267
264
2649
2710
271
272
273
274
275
27 ¢
277
278
273
288
281
282
283
284
235
28 ¢
287
283
28¢
293
291
292
293
294
295
29¢
297
293
299
3049
301
302
303
304
305
308
307
3038
303
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SUBRCUTINE EXPUT EXP

EXP

THIS SUSBROUTINE CALCULATES THE EXPECTED EXP

UTILITY OF ZACH MAINTENANCZ STRATEGY EXP

SELECTED IN THE SUBROUTINE SOFMS. ALL THE EXP

FAESIBLZ STRATEGIES ARE THEN RANKED ON THE EXP

BASIS OF THEIR EXPECTED UTILITIES, EXP

EXP

REAL LRISLSNsMRI,MSN,MSNA EXP
INTEGER AL sAJAK)AKLAKZHAK EXP

COMMON /SDATA/ NPyNINTXsNAyNCPT, LRISLSNyRRI+RSNyINDyIACFC,ICRACK,AEXP
1GTHyAGFyPAGE yRGNsT s FIOsSNOSTHICK(15) yJINTX(13),C11,C12,4,C13,C14,5CL5,EXP
2SECRI1,C21+sC225,0235C24,C25,0269SECRI2+811,812+813,8143,8B15,SECSNL,CEXP
3Rh{15)4821,822,8323,824,825,SECSN24sXCU+sXCL,XC2,SERIA;MSNA,SOSNA,PROEXP
SEFL(15) 3 TD(15)sCVTDCMM(LE) CVCTHELI,TI4RyCUL,CU2,NACR,INDCR(10)ISEXP
SEALyTRFCI(70) ;UKI(4) yUK,DESCM(15,15) yJESC(20)sIPAGENLINESIPROB,AULEXP
69 AU2 +sBUL sBUZ24B831,832+,833:B834,B35,SECSNSI o XP

ZXP

COMMON /PERFM/ MRI(15420)sVRI{1L5,20) ;MSN{15420)VSN{15,20) ¢NPRICR,EXP
LNREM KPR JOR3XKCUROPRIORyIRI(LE) 3 ISHI{L5),0P0OSTARIL(15,20),VRIT(L5,EXP
220) s ASNL(15,20) »VSNL(15,208) ,URI(15,20)URIL{(15,20) ,USN{L15,20) ,USNLEXP
S(LE,20) £X?

EXP

COMMON /SCFMS/ NTOTAL,ZKL(560)sIK2(500),IK3{5006),AKL(500},AK2(500)cX?

19AK3 (500 ) s RIA(Z03915) yRISC(500,13) sSNA(SLD 5157 ,SNSD(5080,515),0F(40)EXP

2,FEAC,ARIB EXP
cxXp

COMMON /PRECT/ AI AJ,AK,K1,K2,K3,ICASEL,ERI(500),ESN(500),EAC{500),EXP
LETD(500) yUERI(500),UZSN(5G0),UEAC(500) ,UETD(500),JST EXP
. . Zxp

COMMON ZEXPUTZ IRANKI{SO0)EXPT(500) »3ENT(500) EXP
EXP

CEEAC(X)=10C00.0=970640%X EXP
EXP

CON(X)=(1.0+UK*X)/CONL ' EXP
EXP

CALCULATE THE CONSTANT K IN THE OVERALL EXP

UTILITY FUNCTION, EXP

EXP

CALL SCALC (UKI,&,aUK) EXP
. EXP

¢ CALCULATE THE OVERALL EXPECTED UTILITY OF EACH £XP
FEASIBLE MAINTENANCE STRATEGY OVER THE ATTRIBUTES EXP

OF SKID NUMEER, ROUGHNES INDEX, TRAFFIC EXP

DELAY AND ANNUAL COST. ExP

EXP

DO 1 I=1,NTCTAL EXP
PROD= (Lo G+UK*UKI(1)*UESNI(I) ) *(1.,0+UK*UKI(2)*UERI(II ) *(1,0+UK*UKI{3=XP
1)YFUETDI(IN ) * (1. G+UK*UKI (4)*UEAC(I)) EXP
EXPT(I)=(PROD3=1,0)/UK EXP
CONT INUE . EXP
ExP

RANK THE FEASIBLE MAINTENANCE STRATEGIES EXP

ON THE B8ASIS OF THEIR EXPECTED UTILITIES EXP

EXP

Jd=0 EXP
J=Jd+i EXP
UMAX=040 EXP
I=4 EXP
I=I+1 EXP

IF (J.EQ.1) GO TC 5 EXP

W oo~ UL N
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Iii=¢

Ji=d=1i

J0 4 K=1,J1

IF (I.ceQ.IRANK(K)) I1i=T11+4
CONTINUE

IF (I11.NE Q) GO TO 7

IF (EXPT(I}.GZeUMAX)Y GO TO ®

GO TO 7
UMAX=EXPT(I)
IRANK{J) =1

IF (I.LT.NTOTAL) GO TO 3
IF (J.LT.NTOTAL) GO TO 2
K=IRANKI(1)
CONL=1.0+UK¥UKI(1)*UESN(K)
CONZ2=1.0+UK¥UKI(2)*UERTI (K)
CON3=10+UK*UKI(3I*UETO(K)
CON4=CONL1¥*CUONZ2*CON3
BENFT(K)=0U.0

JEIRANK(L)

D0 8 I=2,JST

K=IRANK(I)

CC=eXPT{K)

CC1L=CON{CC)

Ut=(CCL1=-1.0)/ (UK*PUKI(&)}
Co=CEEAC (UL)
BENFT(K)=Cu=2AC (J)

CONT INUE

RETURN

eND

EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXe
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP

62
63
6k
65
66
67
68
59
70
71
72
73
T4
75
76
77
78
79
84
g1
32
83
84
a5
86
87
33
89
30~
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SUBROUTINE PLOT (X,Y4NXY330Y,IS) PLT
OCIMENSION X{22), Y(20)s SOY(20)s B{(20), XM(20), IBUF (101}, SOSL(20PLT

1), 30B(20) PLT
REAL LREISLSNyMRISMSNsMSNA PLT

PLT

REAL MRIOQyMCRIsMCSNs MSNG PLT

PLT

INTEGER AL sAJUsAKsAKL AK24AK3 PLT

PLT

COMMON /I0/ INSIOUT PLT

COMMON /SODATA/ NPyNINTXsNAsNGPTy LRISLSNyRRIVRSNsINDsIACFC,ICRACKAPLT
1GT,AGF yPAGE yRGNyD 9y ®KIOsSNC,THICK(15) y0INTX(10),C11,C12,C13+,C14,5C15,PLT
2SECRI1+C21,+C225C23,C245Cc5,C26,5ECRTI29311,812,813+8145815,SECSNL,CPLT
SRH(15) ,021,822,823+8244+325,SECSN2yXC0A+XCLyXC2,SEFRIAyMSNA,LSOSNA,PRDPLY
wZFL{15),TO(13) 4CVTDsCMM(15) 4CVCT4yEIsTIsR,CULyCU2SNACR,INDCR(10),ISPLT

SEAL,TRFC(70) sUKI(4) yUK,OESCM(1E,15) ,DESC(20),IPAGE,NLINE,IPROB,AULPLT
5y AL2,8UL,BU2,831,332,B33,B834,835,SECSN3 PLT
PLT

COMMUN /PERFM/ MRI(13,20),VRI(15,20) 4sMSN{15+20),VSN{15,20) ¢NPRIOR,PLT

INREMyKPRIORsKCUROPRIOR, IRI(15)53ISN(15),UPGCSTARIL(15,20),VRIL(L5,PLT
220 )9 ASNL(L15,20) sYSNL(15420) yURI(15,20) sURIL(154+20) yUSN(L5,20) USNLPLT
3(13,20) PLT
PLT

COMMON /SOFMS/ NTOTALsIKL(S50G) IK2(500),IK3{(500),AK1(500),AK2{(500)PLT
LsAK3(300)sRIAI5004515)sRISO(5C0+15)sSNA(SG0 ¢15) +SNSO(5004415),,0F (LB)PLT
2 FEAC,ARIB PLT
PLT

COMMON /PREDT/ AI AJyAKsKLsK2eK3I+ICASE,ERI(500),ESN(S00),5ZAC(500),4PLT
LETO(SCC) yUERI(5G0) yUESNISEL) UEAC(500) JUETD(500) 3JST PLT
. PLT

COMMON /EXPUT/ IRANK(500),EXPT(500),BENFT(500) PLT
PLT

DATA IPyIR.IM,IB/1H+,1H*31H=y1H / PLT
PLY

XINC=0.20 PLT
XMIN=0.0 PLT
YMIN=993999, PLT
YMAX=0,.0 PLT
SD2=6.0 PLT
IF (IS.£Q.0) GO 70 2 PLT
0O 1 I=14NXY PLT
IF (SDY(I)eGT,SD2) S02=S0Y(I) PLT
IF (VRI(1,I)sGT.S02) S32=VRI(L1,I) PLT
IF (Y(I)eLToYMIN) YMIN=YI{I) PLT
IF (MRI(1sI)eLToYMINY YMIN=MRI(L,:I) PLT
IF (Y{I).GT.YMAX) YMAX=Y(I) PLT
IF (MRI(15I)eGT.YMAX) YMAX=MKI(1,1) PLT
CONTINUE . PLT
GO TO & PLT
00 3 I=1,NXY PLT
IF (SDY(I)+GT.SD2) SD2=SD0Y(I) PLT
IF (VSN(1sI),GT+S02) S02=VSN{1,I) PLT
IF (Y{I)eLT-YMIN) YMIN=Y(I) PLT
IF (MSN{(1sI)eLTo¥YMIN) YMIN=MSNI(L,I) PLT
IF (Y(I)eGToYMAX) YMAX=Y(I) PLT
IF (MSN(1,I)aGTYMAX) YMAX=MSNI{L1,I) PLT
CONT INUE PLT
YHIN=YMIN=2.,0%SD2 PLT
YMAX=YMA X+2.,0*SD2 PLT
YINC=(YMAX=YMIN)/50.0 ‘ PLT

YMAXLI=YMAX PLT

OO N U NN
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10

11

1

13

15

D0 9 I=2sNXY

J=I=1
XM=Y (D) =Y (U Z(X{I)=X{J})
IF (ISeEGel e ANDAM(JI)elLT0,0) GO TQO
IF (ISeEQel oANDXM(J)sGT0a0) GO TO
GO TO &

Y{J)=MRI (1sJ)

SOY(JY=VRI(1,4)

GO TO 7

Y{J)=MSN ({1 ,J)

SDY(JI=VSN{i1,J)

XM ()= (Y (D) =Y (UM /XTI }=X{(J})
Bl =Y (J)=XM{J)*X(J])
SD1=2.0*S0Y(J)+Y (J)
SD2=2.0%SOY (1) +Y (D)
SOSL{J)=(S02-SDL) 7 (X{I)=X{J))
SOELJI=S01-=SOSL{JI*X ()
CONTINUE

NX=NP

NIBUF=NX*10

IF (NIBUF.GT.1C0) NI3UF=100
NIBUF=NIBUF+1

D0 11 I=NIBULF,101

IBUF(I)=1I8
YMAX=YMAX+YINC+YINC

WRITE {(IOUT,22) YMAX,YMAX
WRIT. (I0UT.19)

K=1

XMINL=XMIN

YMAX=zYMA X=YINC

00 13 I=z1,52"

YMAX=YMAX=YINC
XXMIN=zXMIN=XINC

J2=0

J1i=1 .

IF (NP«GTeNX) Ji=11

00 13 J=1¢NIBUF

Je=Ja+i

XAMIN=XXMIN+XINC
SIGP=XXMIN*SOSL{J1) +S08B(J1)
YHAT=XXMIN®*XM(J1)+8(J1)
SIGM=YHLT=(SIGP=YHAT}
IBUF(UJ)=18

oy WU

IF (YMAXoGTtYHATQANDGYHAXoLEtSIGP) IBUF(J)zlp
IF (ABS(YMAX=YHAT) LEeYINCoAND.YMAXaGTYHAT)
IF (YMAX LT e YHAToANDoYMA X GELSIGM) IBUF(J)=IM

IF (J2.EQ.,10} GO TO 12

G0 TO 13

J2=0

Ji=Ji+1

IF (NP.LE.iOnANDoJl.EQDNXY) Ji=Ji=1
IF (NPeGT-10AND.JLZQoNXY) Ji=di=1
CONT ZNUE

IF (KeEQel) GO TO 14

WRITE (I0UT 203 (IBUFI{N) yN=1,101)
K=1

60 TO 15

K=0

WRITE (I0UT,21) YMAXs(IBUFIN)sN=1,101),YMAX
CONTINUE

YMAX=YMAX=YINC

HRITE (ICUTs22) YMAXsYMAX

IBUF (J)=1IR

PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT

PLT

PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT

62
63
64
65
€6
67
68
69
78
71
72
73
74
75
76
77
78
79
80
81
82
83
84
8%
8o
87
38
349
30
91
32 .
93
94
935
96
97
93
39
100
131
162
103
104
108
10¢€
147
108
1G9
114
iid
112
13
114
118
116
117
118
119
120
121
122
123



le

i7

18

19
20
21
22
23
2l

YHAT=XINC*10.0

X{1)=XMLINL

00 16 I=2,11
XAI)=X(I-1)+YHAT

CONTINUE

WRITE (ICUT423) (X(I)sI=2511)
IF (NXeGTe10) GO TC 17

GG TO 18

NX=NP=10

CALL PHEAD (IPAGE,DESC,;NLINE,;IPR(CB)
WRITE (I0UT.24)

YMAX=YMA XL

GG TO 10

RETURN

FORMAT (LlO0X31HIs101X31HI)

FORMAT (10Xs1HI101A1,1HI)

FORMAT (1X3F3e14s2H #,101AL,1H+F541)

FORMAT (1Xy3F3e193H =+310 (10Hmooteccat) lH=,F5.1)
FORMAT (8X,5H w.0s16F13.1)

FORMAT (//1Xs16HFLOT CONTINUED ~//)

END

PLT
PLT
PLT
PLT
PLT
PLT
PLY
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLT
PLY
PLT
PLT
PLT
PLT
PLT

124
12¢
126
127
128
129
130
131
132
133
134
13¢
13€
137
133
139
140
141
142
143
14y
14€
146



BLOCK DATA DAT
COMMON /107 INSICUT DAT
COMMON /SDATA/ NP ¢NINTXsNASNOPT,LRIZLSNyRRIsRSNsINDsIACFC,ICRACKsADAT
lGT’AGF,PAGE'RGNoD;RIO,SNC9THICK(15)’DINTX(107vCllyClZvCl3,Cl&gCi§,DAT
2SECRIL,C21,C22,C23,C24+9C255C269SECRI2,8L1+,B812,813,8149815,SECSNL,COAT
IRH(15) 4821,822,323,82Ls325,SECSN2sXC0XC1sXC2:SERIA, MSNA,SDSNA,PRDDAT
4EFL(15),TD(15)yCVTD9CMM(15)9CVCToEI1TI9R9CU19CU2,NACR’INDCR(10)9ISDAT
SEALyTRFC(TO),UKI(k)9UK'OESCM(15915),DESC(ZG)9IPAGE,NLINE?IPRGBvﬂUlDAT
6y AU2 4BUL1,8BU2,831,832 ¢833+834+835sSECSNS OAT
DAT

COMMON /PERFM/ MRI(15,20),VRI(15,20) yMSN{(L15+20)sVSN(15,20) 4NPRICR,DAT
1NREN9KPRIORyKCUR,DPRIGR,IRI(15)9ISN(15)9090579AR11(15920)9VRIi(15yDAT
220),ASN1(15920);VSN1(15920)9URI(15,20)9URIL(15;20),USN(15920)QUSNlDAT
3{15,20) DAT
OAT

COMMON /SOFMS/ NTOTAL,IK1(500),IK2(500),IK3(500),AK1(500)5AK2(500)3AT
19AK3(500)9RIA(500'15)9RISD(SGG,1E)ySNA(SGUqls);SNSD(EGD,153;DF(403DAT

2,FEAC,ARIB DAT
OAT

COMMON /PREDT/ AL AJsAKsKL1yK2sXK3yICASE,ERI(500),ESN(500),EAC(500),0AT
L1ETD(E0G) yUERI(500) ,UESN(S500) yUEAC(5080),UZTD(500)+JST OAT
COMMON /EXPUT/ IRANK(5J31,EXPT(53C) s3ENFT(500) DAT
DATA AULAU2/=0,3091,=0.,04811/ OAT
OATA BUL,BU2/1.385,~0.53S6/ DAT
OATA CUL,CU2/1.031:=0,33448/7 OAT
GATA UKI (L) oUKI(2) sUKI(3)UKI(LY /067 +0s42,06292+0.3787 OAT
CATA IN, IOUT/S,86/ DAT
DATA C11/1.650C/ DAT
DATA C12/.1900/ OAT
DATA C13/.8820/ DAT
OATA Ciw/.6960/ ’ DAT
DATA C15/.4220/ OAT
DATA SECRI1/.2120/ DAT
CATA C21/1.2740/ DAT
DATA C22/.0718/ OAT
DATA C23/.8744/ DAT
DATA C24/+3281/ DAT
DATA C25/7,0375/ DAT
DATA C20/.4618/ DAT
DATA SECRIZ2/.220€&/ ' DAT
OATA B3L/1.9720/ DAT
DATA B32/.135G7/ DAT
DATA B33/.1147/ DAT
DATA B34/.S393/ DAT
OATA B35/=1.4590/ OAT
DATA SECSN3/.219¢&/ R DAT
DATA B821/1.942G/ ) DAT
DATA B822/.0594/ DAT
OATA B23/,0294/ DAT
DATA B2%/.0649/ OAT
JATA B25/=1.0050/ DAT
CATA SECSN2/.3G040/ OAT
DATA XCG/1.6280/ DAT
DATA XC1/,.,30307 DAT
DATA XC2/=-.2370/ DAT
OATA SERIA/Z.0990/ DAT
END DAT
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Figure C-5. SAMPLE QUTPUT OF THE PROGRAM SOMSAC
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APPENDIX D

IMPLEMENTATION PROPOSAL FOR THE PAVEMENT
MANAGEMENT SYSTEM FOR ARIZONA DOT

BACKGROUND

In Phase I of this investigation, a framework for the development
of a pavement management system has been prepared for the Arizona Depart-
ment of Transportation. Phase II is proposed in order to prepare the
system for implementation and to carry out field trials for reliability
check.

To date, a management system for flexible (asphalt) pavements has
been completed. Approximately 80 percent of the basic information re-
quired for a rigid pavement system has been obtained and is readily avail-

able for analysis and development of a management system.

A series of solutions (128) illustrating the operational character-
istics of the pavement management system, Selection of Optimum Mainte-
nance Strategies for Asphalt Concrete Pavements (SOMSAC), have been
obtained. An analysis and review of these parametric solutions indicate
the need for further refinements in specific aspects of the system as
part of Phase II, implementation phase. No modification in the basic
approach is considered necessary at this time; therefore, with only
minor changes in utility values the flexible system should be ready

for field trials.

It is proposed that a continuation of Phase 1 be undertaken as soon
as possible which will involve four tasks: (1) refinements in flexible
system, (2) procedures for interfacing management system programs with
data bank information currently projected by DOT, (3) finalize rigid

management system, and (4) field trials with selected projects.



Task 1. Refinements in Flexible Management System - SOMSAC

It is proposed to undertake an in-depth evaluation of SOMSAC to
determine if optimum decisions obtained from computer programs reflect
the preferred criteria of decision-makers within the DOT. For example,
do the trade-offs between cost and performance represent the preferences
of those persons responsible for making decisions regarding major

maintenance?

Two specific areas can be modified in order to improve the relia-
bility of the system: (1) performance prediction models and (2) utility

functions.

Adjustments in prediction model can be obtained by comparisons with
specific field experience. In all probability some modifications in
prediction models will be necessary in order to accommodate variations
in thickness of the asphalt layer, for example, conventional thicknesses
and full-depth.

Several items will need to be resolved with regard to the utility
function(s), specifically: (1) how many utility functions are to be
used or available to the program and (2) the specific names of persons

to be incorporated in each utility function.

Based on information in Phase I, it can be concluded that differences
in individual utility functions can have a significant effect on the
recommended maintenance strategies produced by SOMSAC. These differences
represent the individual preferences, experience and present assignment
of the person for whom the utility function has been developed. To have
individual preferences representing 10 to 12 persons within the DOT

would create confusion in implementing SOMSAC.

In all probability, two sets of utility functions will be useful:
one for interstate, major primary and primary, and one for secondary

and others.
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In order to obtain a reasonable consensus for each utility function
required, it is proposed to pool the separate utilities of selected DOT
representatives. Such selections to be made by DOT management should
include at least six assessors at the District Engineer level or

equivalent in terms of present input for decision-making.

In summary, Task 1 will adjust the SOMSAC system in order to obtain
maintenance strategies judged to be reasonable by decision-makers within
Arizona DOT.

Task 2. Interface SOMSAC With Data Bank Information

At the present time, the Arizona DOT is acquiring all of the types
of information required by SOMSAC. The purpose of this task will be to
prepare the necessary electronic data processing procedures needed to

access this information.

Two programs currently on line by Arizona DOT are SAMP6 (Systems
Analysis Model for Flexible Pavement Design) and PMIS (Pavement Manage-

ment Information System) .

SAMP6 is a structural design model which considers the influence of
overlays on the selection of initial designs. This program is based
completely on the performance prediction models from the AASHO Road Test
in Illinois. SAMP6 is expected to produce cost information for the best
design strategies based on the AASHO Road Test prediction model. SOMSAC
is designed to accept information from SAMP6 including specifically:
structural designs (thickness and materials), and cost information
(flexible pavement only). SOMSAC will then proceed to select the design

and maintenance strategy appropriate to Arizona.

PMIS contains the data base of information required for the per-
formance prediction and cost models including traffic, deflection (in
service), environment, age and construction costs. Project limits and
other pertinent identification jinformation will also be obtained from
PMIS.



Information pertinent to the initial deflection of new construction
will need to be developed either through regression analyses or by the
use of the layered system structural program called PSAD. It is pro-
posed under this task to develop procedures for interfacing SOMSAC with
SAMP6 and PMIS. If possible, it will be desirable to complete such
programs as are necessary to achieve this goal; however, within the
funds available this may not be possible. As a minimum, procedures for

such interfacing will be completed.

In summary, Task 2 will provide the necessary data processing
capability to access appropriate data sources necessary for the implemen-
tation of SOMSAC.

Task 3. Finalize Rigid Pavement Management System (Optional)

Task 3 is considered optional in order to stay within available
funding without detracting from the completion of SOMSAC for flexible
pavements. It is proposed that this task be deferred in order to take
advantage of the experience obtained in Tasks 1 and 2. When completed,
this task will produce the same type of information as obtained from
SOMSAC for flexible pavements. Information regarding alternate designs
for initial construction will need to be developed external to the
management system program. This is not considered a significant defi-
ciency since the number of alternate designs can reasonably be limited

to approximately 6 to 10.

Task 4. Field Trials

It is proposed that implementation be undertaken by applying the
SOMSAC program to selected projects within the state. Projects should
be selected which represent a variety of circumstances and environments
and need not be from one specific district. In selecting projects,
consideration will need to be given to the availability of the necessary

information (inputs) required for SOMSAC.
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