Transportation Research Record 997

Development and Implementation of a New Rehabilitation
Information and Priority Programming System (RIPPS)

M. A. KARAN, R. C. G. HAAS, A. CHEETHAM, T. J. CHRISTISON, and S. M. KHALIL

ABSTRACT

In November 1980 the province of BAlberta
(Alberta Transportation) initiated a project
to develop and implement a pavement manage-—
ment system. Stage 1 involved the design and
implementation of a pavement information and
needs system (PINS), which was completed in
October 1982, Stage 2 involved the design
and implementation of a rehabilitation in-
formation and priority programming system
(RIPPS), which was completed in June 1983,
PINS includes the use of recursive perfor-
mance models for predicting future riding
comfort index, structural adequacy index,
and visual condition index. These parameters
are also combined into a pavement gquality
index to provide an overall measure of per-
formance. The performance predictions are
used to identify the current and future
needs for rehabilitation improvements for
each inventory section in the network. RIPPS
involves the selection of candidate rehabil-
itation alternatives for each section, so
that economic and performance analyses of
each alternative for each possible implemen-
tation year can be conducted. A heuristic
procedure has been developed as a priority
programming model that employs marginal
cost-effectiveness analyses. The model can
be operated in two modes: (a) cost minimiza-
tion (given performance constraints), and
(b) effectiveness maximization (given annual
budget constraints). The cost minimization
method produces a program of rehabilitation
improvements and the required annual budgets
that will meet the desired level of network
performance. The effectiveness maximization
method produces a program of rehabilitation
improvements and the resulting network per-
formance that meets the available funds. In
this paper an overview of PINS is given, and
the major components of RIPPS and its devel-
opment are described. Sample outputs are
provided to illustrate the results obtained
from the two modes.

One of the larger highway networks among states and
provinces in North America is in Alberta. It has
approximately 7,000 miles of paved primary highways
and approximately 2,000 miles of paved secondary
roads. Over the past decade the system has been
expanding at an average rate of 200 miles per year.
This represents a substantial investment of many
millions of dollars, and like any other investment,
it requires good management.

Realizing that pavement management is the process
by which this investment can properly be managed,
Alberta Transportation initiated a project in Novem-
ber 1980 to develop and implement a pavement manage-
ment system (PMS) for the province.

In the first phase of the project a comprehensive
plan for the project was developed (l). This was
carried out as a planning project and it identified
six successive, stand-alone stages for the overall,
total PMS development and implementation project.
These stages, which are briefly summarized in Figure
1, considered Alberta Transportation's goals and
objectives, organizational structure, current prac-
tices, manpower and equipment resources, and finan-
cial constraints.

STAGE 1

Develop and implement Inizial Pavement
Information and Needs System (PINS)

STAGE 2

Develop and implement Initial Rehabilication
Informacion and Priority Programming System
(RIPPS)

STAGZ 3

Develop and implement Project Lavel Analyses
and Overlay Design System

FUTURE CONSIDERATIONS

STAGE 4

Develop and implement New Highway Pavement
Design and Life-Cycle Costing System

STAGE S

Develop and implement Demand-Based Routine
Maincenance Programming Sysctem

t

Develop and implement Operacional Deficiency
and Ipprovement Apalysis Sysctem

STAGE 6

FIGURE 1 Staging of the project.

Stages 1 and 2 of the project, which were identi-
fied as the development and implementation of a
pavement information and needs system (PINS) and a
rehabilitation information and priority programming
system (RIPPS), have been completed and implemented.
In this paper an overview of PINS, which is de-



scribed in detail elsewhere (2,3), 1s given, and the
major components of RIPPS, including its subsystems
and outputs, are described.

STAGE 1: PINS

The overall objective of Stage 1 was to produce a
computerized system for determining the status of
the highway network as well as pavement rehabilita-
tion needs. This is the PINS.

PINS processes pavement management data from the
pavement data base currently available in Alberta
Transportation and generates for immediate and
future use of department personnel the following
items:

1. Present status of the network in terms of
pavement quality index (PQI} and its components of
structural adequacy index (SAI), riding comfort
index (RCI), and visual condition index (VCT):

2, Remaining service 1life (in structural or
serviceability terms or both) of each section in the
network, based on the performance prediction models
that have been developed;

3. Pavement improvement needs ranked with re-
spect to PQI and the individual components of RCI,
SAI, and VCI; and

4, Summary statistics (in tabular and graphical
forms) of the present status of the highway network

eds €A+ “oe

...... aak 1
nd improvement needs for each region.

The PINS program has the capability of first
determining the present status of a section in terms
of its RCI, SAI, VCI, and PQI parameters, as shown
in Figure 2, These analyses can be conducted for
every section in the network or in a region or on a
highway. Once the analyses are completed for every
section, the program produces detailed output for
every such section as well as a status report for
the network, region, or highway.

The next step in the analysis is to prediot the
performance for each performance parameter (i.e.,
RCI, SAI, VCI, and PQI). Prediction models specifi-
cally calibrated to Alberta conditions are used in
the analysis. The development of these models is
described in detail elsewhere (4,5).

Similar to present status analysis, performance
prediction and needs analyses can be conducted for
every section in the network or in a region or on a
highway. The program produces graphical outputs
(i.e., performance curves) for every section; it
also gives the year in which the parameter will
reach its minimum acceptable level. A sample output
is shown in Figure 3.

The needs analysis can be conducted over a prede-
termined programming period, which can be 5, 10, 20,
or 30 years. Thus pavement improvement needs (based
on RCI, SAI, VCI, or PQI) are established for each
year in 5-, 10-, 20-, or 30-year programming periods.

Although PINS does not establish a true priority
program (this requires economic analysis and optimi-
zation), it does have the capability of ranking the
sections in the order of their improvement needs and
in terms of each performance parameter. This con-
stitutes the network summary information that PINS
produces. Figure 4 shows an example ranking 1list
based on RCI. Also, three-dimensional histograms,
like the one shown in Figure 5, are produced so that
regions, districts, or highways in Alberta can be
compared.

Needs tables are also produced for each perfor-
mance parameter and for each year in the programming
period. Figure 6 shows an example needs table,

In summary, the PINS program developed for Al-
berta analyzes the data base to (a) determine the
present status, (b) predict performance, and (¢)
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FIGURE 2 General structure of PINS,

establish needs for each performance parameter for
each year in the programming period of 5, 10, 20, or
30 years. The results are detailed in tabular form
and graphical ormat for every section. Network
summary information is also produced in tabular and
graphical formats.

The PINS program has been installed on Alberta
Transportation's computer facilities and is now
fully operational and is being used on a day-to-day
basis.

STAGE 2: RIPPS

System Overview

The overall objective of Stage 2 was to produce a
computerized system to analyze alternative rehabili-
tation strategies for the needs identified in PINS
and to produce an optimum program of projects to be
implemented over the programming period of up to 10
years. This is the RIPPS.

RIPPS basically processes the output of PINS and
generates the following for department personnel:

1. Complete engineering and economic evaluation
of alternative rehabilitation strategies for every
needs section identified in PINS,

2. For a given set of annual budgets it produces
an optimum (based on effectiveness maximization)
priority program of pavement improvements for a
programming period of up to 10 years, and

3. For a given set of annual performance stan-
dards it produces an optimum (based on cost minimi-
zation) financial plan (i.e., annual budgets re-
quired) for a programming period of up to 10 years.
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FIGURE 5 Sample three-dimensional histogram produced by PINS.

RIPPS, which 1is described in more detail by
Cheetham et al. (6), is shown in outline form in
Figure 7. It has two main subsystems: rehabilitation
analysis (REHAB) and priority programming (PRIOR-

tation analyses for each section and involves gener-
ation of rehabilitation alternatives, performance
prediction of the alternatives, economic analyses,
and effectiveness analyses.

| RIH

ITY), also shown in outline form in Figures 8 and 9.
The REHAB subsystem (Figure 8) performs rehabili-

The PRIORITY subsystem (Figure 9) uses the output
files from REHAB and conducts priority or financial
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FIGURE 6 Example output of needs report by PINS,
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planning analysis by using a heuristic optimization
procedure employing marginal cost-effectiveness
analyses. The priority analysis can either be run in
cost minimization or effectiveness maximization
modes.

REHAB Subsystem

Alternative Selection

The subsystem allows for the analysis of up to five
different types of alternatives for each inventory
section analyzed. The alternative types from which
the five can be selected are as follows: overlay,
milling, milling plus overlay, recycle, recycle plus
overlay, recycle plus seal coat, widening plus
surfacing, widening plus overlay, heater plane plus
overlay, heater plane plus seal coat, and recon-
struction,

The selection of the five alternatives for each
section using this master list can be accomplished
by using one of the four methods built into the
subsystem:

1. Defining a fixed set for the network;

2. Specifying different alternative sets for
different sections, with default to the fixed set
for unspecified sections;

3. Using an automatic
selection procedure; and

4. Specifying different alternative sets for
different sections, with default to the automatic
selection procedure for unspecified sections.

alternative type set

Performance Prediction

The performance of the alternatives is predicted by
using the same recursive models used in PINS. For
some of the alternatives, the models have been
modified to reflect the difference in performance
expected from these alternatives. The performance
prediction models used in PINS and RIPPS are de-
scribed in detail elsewhere (2,4).

Economic and Effectiveness Analyses

Each rehabilitation alternative that meets the
minimum life constraints is subject to an economic
analysis. This involves calculation of the capital
cost and expected annual maintenance cost streams
for a 25-year period from the start of the priority
programming period. Inflation of the rehabilitation
and maintenance costs can also be considered through
the input of an inflation rate. The present worth of
the total costs (rehabilitation plus maintenance) is
calculated for use in determining the cost-effec-
tiveness of the strategy.

The effectiveness of each rehabilitation alterna-
tive is also calculated. It is related to the dif-
ference between the rehabilitated PQI performance
curve and the nonrehabilitated performance curve, as
shown in Fiqure 10, The difference between the two
curves in each year is weighted by annual average
daily traffic (AADT) and section length and summed
over time to determine the total effectiveness of
the alternative.

The total effectiveness is used to calculate the
cost-effectiveness for the alternative. This is
similar to a benefit-cost ratio, except that the
benefits (total effectiveness) are not in terms of
dollars.

Output Reports

The REHAB subsystem, in the network mode, produces a
rehabilitation information report for each section
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FIGURE 10 Effectiveness calculation.
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analyzed, as shown in Figure 1l1. This report con-
sists of an information matrix of 5 columns of
rehabilitation alternative ¢types and 10 rows of
implementation vears, which represent a maximum of
50 strategies (alternative/implementation year com-
binations) that can be analyzed for a section. For
each information cell in the table the alternative
description, rehabilitation capital cost, present
worth of the maintenance costs, and the cost-effec-
tiveness are given for the strategy.

In each implementation year the alternative with
the highest cost-effectiveness is highlighted with a
line of dashes above and below the information cell.
The strategy with the overall highest cost-effec-
tiveness for the section is highlighted with a line
of asterisks above and below the information cell.

In the detail mode a rehabilitation performance
report is produced for each section, rehabilitation
alternative, and implementation year combination
analyzed. Fiqure 12 shows an example rehabilitation
information report from a detailed analysis. In this
analysis mode the output consists solely of a report
of this type for each section, alternative, and
implementation vear specified for detail analysis.
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plot shows the performance with and without rehabil-
itation and the needs years with and without reha-
bilitation. A detailed description of subsystem
REHAB and its outputs is given elsewhere (7).

PRIORITY Subsystem

The PRIORITY subsystem forms the priority or finan-
cial planning analysis part of the RIPPS system. A
heuristic procedure has been developed specifically
for RIPPS for the purpose of optimizing investments.
The procedure uses the marginal analysis concept and
can be employed for either cost minimization or ef-
fectiveness maximization purposes or both.

The heuristic procedure developed eliminates the
problems related to solving large networks by using
linear or integer programming techniques while
producing close~to-optimum solutions in an efficient
way, as subsequently discussed in the paper. It is
believed that this new procedure is a distinct
advance over the mathematical programming techniques
previously used by the authors of this paper, and
others, for optimization and priority analyses.
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FIGURE 12 Detailed rehabilitation information report.
The report consists of four performance plots Cost Minimization Method
similar to those produced by the PINS system. Each

Cost minimization is based on highest cost-effec~
tiveness and marginal cost-effectiveness analyses.
Strategies are selected on an annual basis because
the implementation of an alternative in a given year
affects the performance in all subsequent vyears.
When a strategy is selected for a section, the
marginal cost-effectiveness is calculated for any
other strategy available for that section for that
year. Strategies in other years for the section are
then eliminated from further consideration. The
following performance constraints are built into the
procedure (others can easily be incorporated) :

1. Annual average network PQI level specified,
and

2., Annual percentage of network allowed to be
below the minimum acceptable PQI level.

Cost minimization is a budgeting tool because the
annual expenditures required to achieve a desired
performance level are produced. The program can be
rerun with different performance constraints to test
the effects of desired performance levels on the
required funding level.



Effectiveness Maximization Method

The effectiveness maximization method is also based
on highest cost-effectiveness and marginal cost-ef-
fectiveness analyses. Iun Lhis wethod, however, all
of the implementation years are treated simulta-
neously because the implementation of an alternative
affects only the budget for the implementation year.
When a strategy is selected for a section, the
marginal cost-effectiveness is calculated for all
other strategies available for the section. The
constraints imposed on this analysis method are
simply the annual available rehabilitation budgets.
This method is not a budgeting tool, but rather
it is a programming tool for determining rehabilita-
tion programs. The end result of this method is a
program of rehabilitation strategies to be imple-
mented that will provide the maximum effectiveness
for the available funding levels. The program can be
rerun with different budget 1levels to test the

affogts of funding lavel
TURALINnG LiSVELS On

performance.

The marginal analysis optimization procedure
briefly described in the preceding paragraphs has
been compared with the linear programming (LP)
technique (using MPSX package) by using three dif-
ferent data sets that were available from other
projects. The pavement networks involved were the
region of Waterloo--rural (23 sections) and urban
{6 secticns)--and the borough of BScarborough (63
sections). In the effectiveness maximization mode
the marginal analysis procedure was 93.1 percent of
the LP for the Waterloo rural, 96.7 percent of the
LP for the Waterloo urban, and 97.4 percent of the
LP for the Scarborough project. The resulting prior-
ity lists were almost identical, with the exception
of one or two projects. Most of the difference was
caused by the fractional solutions that LP produced.
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Similarly, in the cost minimization mode, the one
test conducted using Waterloo rural data resulted in
better effectiveness using marginal analysis, but
the total dollars spent was higher. This is simply
because of the way the marginal analysis procedure
is set up, where effectiveness is also being con-
sidered while trying to minimize the cost, which was
not the case in the LP formulation. Hence marginal
analysis in the test run spent more, but the return
for the dollars spent was higher,

These marginal analysis tests were conducted by
using a PDP-11-34 minicomputer, and in the maximi-
zation mode the following CPU times were observed:

1., Waterloo rural (23 sections, 2 alternative
strategies per year, 5~year period): 0.22 min;

2. Waterloo urban (66 sections, 2 alternative
strategies per year, S5-year period): 0.89 min; and

3. Scarborough (63 sections, 2 alternative
strategies per year, 1l0-year period): 1.42 min.

Drs. Moore and Magazine of the University of
Waterloo, who have been involved in the assessment
of the marginal analysis approach, both believe that
this procedure is appropriate for the purposes of
optimizing pavement investments within the context
of pavement management. (Note that this information
is from correspondence from Dr. J.B., Moore to Dr,
M.A. Karan, July 7, 1983,)

Output Reports

Three types of output reports can be obtained from
the PRIORITY subsystem:

1. priority programming report by highway,
2. Priority programming report by year, and
3. Performance summary report.
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FIGURE 13 Priority program report by highway.
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FIGURE 14 Priority program report by year.

These three reports can be obtained for different
levels of the network (i.e., for the province,
sorted by region, and sorted by district).

Figure 13 shows an example of a priority program-
ming report by highway. This report lists the sec-
tions in the order they appear in the input file and
gives the rehabilitation strategies selected for
implementation. This report can be produced for each
separate district or for each separate region or for
the whole network.

Figure 14 shows an example of a priority program-
ming report by year. This type of report is repeated
for each year in the programming period. Only those
sections that have a rehabilitation strategy se-
lected appear in this type of report. This report
can also be produced for each separate district or
for each separate region or for the whole network.

Figure 15 shows an example of a performance
summary report, This report is produced for the
network and can also be produced for each district
or for each region. The annual costs shown in this
report and the percentage budget usage have dif-
ferent meanings, depending on the mode of operation
and the report level. For district and region re-

region or district and the percent budget usages are
the annual costs as a percentage of the total annual
network costs. For the network report in the effec-
tiveness maximization mode, the costs are the total
costs for the network and the budget usages are the
annual total costs as a percentage of the input
annual budget limitations. For the network report in
the cost minimization mode, the costs are the total
costs for the network and the budget usage has no
meaning and is therefore not written in this case.
Figure 16 shows an example output for the cost
minimization mode.

The average annual PQIs and annual percentage
below the minimum acceptable PQI are weighted by
traffic volumes (AADT) and section 1lengths. These
values are also plotted in the performance plots to
give a visual representation of the performance
trends with and without rehabilitation. A detailed
description of the PRIORITY subsystem and its out-
puts is given elsewhere (8).

application of RIPPS to Primary Highways in Alberta

RIPPS has been applied to portions of the primary

ports, the annual costs are the total cost for the network in Alberta. These test runs have been
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FIGURE 15 Performance and cost summary for effectiveness maximization.
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FIGURE i6 Performance and cost summary for cost minimization.

thoroughly evaluated and have resulted in
modifications that are now completed.

The computer programs for RIPPS have now been
installed on Alberta Transportation's computer
facilities in Edmonton. RIPPS 1is expected to be
fully operational in late 1983 and used on a day-to-
day basis along with PINS.
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