FINAL REPORT

DATA SYSTEM FOR PLANNING MAINTENANCE RESURFACING

by

S. N. Runkle
Highway Research Analyst

Virginia Highway Research Council
(A Cooperative Organization Sponsored Jointly by the Virginia
Department of Highways and the University of Virginia)

Charlottesville, Virginia

April 1973
VHRC 72-R36

| -
i

) %

[

EN
b

=3






SUMMARY

Planning for maintenance resurfacing in the Virginia Department of
Highways is becoming an increasingly complex and important function. Increasing
highway mileage and traffic volumes, as well as other requirements such as maintaining
a minimum skid resistance, require that many variables be considered in order to
most efficiently allocate the maintenance resurfacing dollar.

The purpose of this study was to develop an outline of a computer based
data system for use in planning maintenance resurfacings on the interstate, arterial,
and primary highways. The study deals with the determination of how planning for
maintenance resurfacing is presently accomplished, the data that should be included
in a new system, and how the data should be analyzed and presented; i.e., what
outputs should be developed, who should receive them, and how they should be used
Also, to the extent possible, the costs and problems of making the new system
operational are identified.
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INTRODUCTION

Planning for maintenance resurfacing in the Virginia Department of Highways
is becoming an increasingly complex and important function. Increasing highway
mileage and traffic volumes, as well as other requirements such as maintaining a
minimum skid resistance, require that many variables be considered in order to
most efficiently allocate the maintenance resurfacing dollar.

The large amount of data which should be analyzed in arriving at resurfacing
decisions leads one to the conclusion that the computer may be an effective tool to
aid in this analysis. This is particularly true since most data that resurfacing
decisions are based on are generated within the Department, and, in fact, in many
cases presently exist in computer data systems maintained by the Data Processing
Division.

PURPOSE AND SCOPE

The purpose of this study was to develop an outline of a computer based data
system for use in planning maintenance resurfacings. The system developed deals
only with interstate and primary roads for the following reasons. First, as will
be discussed later, the basic locational method to be used in the new system is mile-
post, and at present there is no method to assign mileposts to the secondary system.
Second, it seemed desirable to first include only the interstate and primary system,
which contain far less mileage than the secondary system but on a per route basis carry
much more traffic and account for the majority of the dollars expended for resurfacing,

While the ultimate goal of the project is to develop a computer based data system,
this study did not include development of computer programs. The study did include the
determination of how planning for maintenance resurfacing is presently accomplished,
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the data to include in a new system, and how the data should be analyzed and presented —
that is, what outputs should be developed, who should receive them, and how they
should be used.

As indicated above, much of the data required for a maintenance resurfacing
planning data system may already exist in data systems presently maintained or being
implemented by the Data Processing Division. Later in the paper, indications are
given of what data needed for the new system are available in existing systems, how
existing systems may have to be modified in order for them to generate the necessary
data, and how data not in existing data systems can be obtained most efficiently.

To the extent possible, the costs and problems of making the new system
operational are identified so that the Maintenance Division management can decide
how much of the new system warrants implementation,

It is not planned that the system developed will deal with resurfacing overlays
on bridges. It is hoped that a compatible maintenance planning system for bridges
will be developed sometime in the near future.

PRESENT SYSTEM

It was felt that the first step in the development of a maintenance resurfacing
planning data system should be an evaluation of how the planning for maintenance
resurfacing on the primary and interstate systems is presently accomplished. The
determination of how the present process works was made primarily through discussions
with the state maintenance engineer, a state assistant maintenance engineer, and a
resident engineer.

The present process can be broken down into long- and short-range planning
as described below.

Short-Range Planning

Annually each resident engineer decides through visual inspection which roadway
sections are in the greatest need of resurfacing, using the guidelines of an eight-year
average life for bituminous plant mixes, and a five-year average life for slurry seals.
These needs are summarized in the residency on form M-32D (Figure 1), which requires
descriptive information about the sections to be resurfaced. The resident engineer uses
his judgement to determine the type of resurfacing and rate of application to use,
with the general criterion that a slurry seal surface is not resurfaced with slurry seal.
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The requests of the resident engineer are reviewed by the district engineer and
state maintenance engineer, or their representatives, by visually surveying the roadways
with the resident engineer. The work approved is then summarized in Plant Mix
ans Slurry Seal Schedules (Figures 2 and 3).

There is one additional criterion used for establishing resurfacing needs; this is
skid resistance. At present, when the average skid number for a section of roadway
is below 40 that section is resurfaced, even though the pavement may have useful
structural life remaining. Skid testing is presently done on a request basis with the
request generally arising because a section of roadway has a poor wet accident history.
Thus, usually when a section is found to have a skid number below 40 it also has a
poor wet accident history and, of course, should be resurfaced.

It was indicated by the Department engineers with whom the project was dis-
cussed that the below listed improvements could be made in the present short-range
planning process.

1. Have the data of the type required on form M-32D (Figure 1)
easily available,

2, Provide volume data, deflection data, and materials and
construction data about the surface and subsurface layers, so
that decisions regarding resurfacing needs could be based on
more than visual inspection and age alone. This information could
also provide aid in determining what type and rate of resurfacing
may be required.

3. Provide skid data so that resurfacing required because of low skid
resistance would be known,

Long-Range Planning

The primary purpose of long-range planning for maintenance resurfacing is
to establish the amount of funds required for resurfacing in the coming years. The
present planning is accomplished by determining the center line miles of primary and
interstate highways, exclusive of those having portland cement concrete surfaces,
and then adding the anticipated growth in lane miles. In determining the resurfacing
requirements for non-portland cement concrete surfaces the following assumptions
are made.

1. The average surface life is 8 years, and

2, slurry seal treatments will account for 10% of the resurfacing and
bituminous concrete plant mix 90%.
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Resurfacing requirements are not programmed for portland cement concrete
surfaces since this type of resurfacing would normally be handled as a construction
item. Also, surface treatments are not included since this type of surface is not
normally used on the primary, arterial, or interstate systems.

Thus, annual resurfacing requirements are programmed by determining the
total center line mileage for the year in question using the base year mileage and
growth criteria, and dividing this mileage by eight, since the assumed average service
life is eight years. This mileage to be resurfaced is then apportioned on the basis of 90%
of bituminous plant mix and 10% slurry seal.

At present, there is no direct link between the short- and long-range planning
processes.

In discussions of the current long-range planning procedure, Maintenance
Division personnel stated that it had deficiencies and that additional data would be
desirable so that predicted resurfacing requirements could be based on criteria other
than age. This additional information included:

1. Lane mile totals rather than center line mileage totals, since
center line miles do not distinguish between two-lane and
other types, e.g., four-lane highways.

2. Summaries of lane mile totals for each mix type subdivided by age.

3. Summaries of lane mile totals having below minimum skid
resistance, or above maximum 18 kip equivalent accumulated
volume, broken down as described in No. 2 above.

4. A summary of miles of paved shoulders broken down by age.
(At present, no planning is done for the resurfacing of paved
shoulders. )

PROPOSED SYSTEM

As a result of many discussions with personnel from the Maintenance Division,
Districts, Residencies, and the Research Council the system as outlined below is
proposed. It should be understood that the system proposed is an ideal system, and that
portions of it could be implemented without implementing the entire system.
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The system has two basic characteristics, One, the basic unit in the new
system is a surface mix section, which is defined as a section for which the surface
mix type, age, materials data, and other descriptive data remain constant, Data
on most outputs from the new system will be: summarized in terms of surface mix
sections. Two, the locational method used in the system is milepost as derived
from the graphic logs maintained by the Traffic and Safety Division. The use of some
locational method such as milepost is the only effective way of correlating data from
several computer data systems and milepost is the most acceptable method used by the
Virginia Department of Highways.

Table 1 shows the data desired for each surface mix section, As shown, the
data can be broken down into eight basic categories as discussed below.

Discussion of Desired Data

Section Location and Descriptive Data

The desired location and descriptive data would define the exact location of
each surface mix section, and also provide a general description of the section, In
Table 1, highway system refers to the interstate, arterial and primary systems and
will allow breakdowns of the resurfacing needed for each. District, residency,
county/city/town, route, direction/lane, beginning milepost, and ending milepost
define the location of the surface mix section, and, of course, allow outputs to be
generated by district, residency, or county/city/town. Descriptive beginning and
descriptive ending are included to aid field personnel in their use of the output from
the new system. Maintenance section is the section used for the allocation of
maintenance costs, and is included in this data system so that projected resurfacing
needs can be shown. Highway type indicates if the highway is two-lane, three-lane,
four-lane divided, etc,, and can be useful in several ways, but particularly will be
used to determine how many surface mix sections exist across the highway at any
point. For instance, a north-south four-lane divided highway may require separate
surface mix sections for the northbound and southbound lanes. Also, highway type
permits data to be summarized by lane mile rather than center line mile, Length
and width are necessary to determine the area to be resurfaced (length, of course,
can be determined from the beginning and ending mileposts). Mix type will indicate
if the present surface is portland cement concrete, surface treatment, slurry seal,
mix-in-place, or bituminous concrete (for bituminous concrete the particular mix
type such as S-5 is required). Special feature refers to particular characteristics
about the surface such as grooved pavement and will be most useful in selecting data
for future research studies. The last data item shown in this category is age, which
is required so that output can be provided by age, age and mix type, etc.
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With the exception of maintenance section and width, all the section location
and descriptive data are available in the Pavement Information Data System now
being implemented by the Research Council and the Data Processing Division,
However, while this system is complete on the interstate and arterial systems, it
is complete on the remainder of the primary system only for the areas resurfaced
during 1972, In this manner the file for the rest fo the primary will not be completed
until resurfacing occurs over the entire system. Thus, before implementing a main-
tenance resurfacing planning data system it will be necessary to develop some
limited pavement information for that portion of the primary system for which it is not
yet available, It is estimated that the development of these data would require 24
man-months,

With regard to maintenance section and width, these items could easily be assigned
to each surface mix section using the graphic log as the source of information. Of
course, the Pavement Information Data System should be altered to automatically
include this information in the future.

Surface Mix Materials and Construction Data

The materials and construction data are desired so that estimations can be made
about the useful life remaining for surface mix sections, and to faciliate research
work on the performance of materials. For instance, surfaces containing limestone
aggregates likely will become slippery sooner than those containing other aggregate
types and therefore require resurfacing sooner. Also, these data may show that
aggregates from certain sources do not perform well from a structural standpoint.
Application rate refers to the pounds of mix placed and is required for bituminous
plant mixes only. Aggregate size, geologic type, source, and percent are required for
all mix types, and are required for each aggregate used in the mix.

These data also are available from the pavement descriptive information
system, but, of course, are available only where that system is complete. It is not
felt, however, that it is necessary to obtain all materials and construction data
on the primary system prior to implementing a maintenance resurfacing planning
system.,

Subsurface Layers and 18 kip Equivalent Design Volume Data

Where possible it is desirable to know mix type, depth and percent cement,
lime, or asphalt for each layer under the surface, as well as the 18 kip equivalent
design volume., These data are desirable for several reasons, but principally to
indicate the maximum 18 kip equivalent volume the pavement was designed to carry,
to aid in the evaluation of the performance of pavement designs, and to aid in deciding
what type and rate of resurfacing to apply.

- 10 -
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Data on the subsurface layers are also being collected for all new projects as
part of the pavement information data system. It is felt that initially it would be desirable
to obtain subsurface layer data only for projects not yet resurfaced, which would
require approximately 12 man-months of effort. It is not necessary that this informa-
tion be collected in full prior to the implementation of the maintenance resurfacing
planning system.

The 18 kip equivalent volume data are required for each new project. These
data could be obtained for existing projects and automatically recorded for new projects
with very little effort,

Dynaflect Data

Dynaflect data are desired when the maximum 18 kip equivalent voluem design
is not available as described above, and to aid in determining what type and rate of
resurfacing to apply. The value used to determine the maximum 18 kip equivalent
traffic load is called "spreadability' and is computed as:

d0+d1+d2+d3+d4

s = x 100
dg

where

d0 = maximum deflection directly under the dynaflect
load, and
dl’ dz, d3, and d, = the deflections at 1 foot, 2 feet, 3 feet, and
4 feet from the load.
A spreadability mean value and standard deviation would be required for
each lane in the surface mix section, ‘

Each time a section is resurfaced it would be desirable to obtain new dynaflect
data before establishing a new maximum 18 kip equivalent volume figure.

At present, only a very limited amount of dynaflect data exist. These data
have come as the result of research projects conducted by the Research Council.
Full-scale collection of dynaflect data would require one or more full-time crews working
on a full-time basis, and would be a costly endeavor. However, as mentioned for
other data above, it is not necessary that dynaflect data be obtained prior to imple-
mentation of the maintenance resurfacing planning system. In fact, implementation
of the proposed data system with only limited dynaflect data would be an appropriate
way of testing the effectiveness of a wide-scale program for the collection of dynaflect
data.

- 11 -
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Skid Data

Skid data are required to determine when resurfacing is necessary because of
low skid resistance. The skid data desired for each surface mix section are the
average predicted stopping distance skid number (PSDN), the sample size the average
is based on, the standard deviation, the date the tests were run, and the test vehicle.
Of course, it will be necessary to collect and present data by lanes within the surface
mix section,

The data are presented in terms of predicted stopping distance numbers for
two reasons. One, it is felt that this value, as obtained by locking the brakes on an
automobile and measuring the stopping distance to compute the skid number, is the
most realistic skid value that can be used. Two; since several skid testing vehicles
may be obtaining data in Virginia it is necessary to relate all methods to a particular
machine so that the data values presented will be meaningful,

Inclusion of skid data in the data system for planning maintenance resurfacing

would not result in any additional costs, since plans have already been made to collect
skid data and to provide an automated system to handle the data,

Accident Data

Accident data are desired in order to make sound judgements about when sections
should be resurfaced because of low skid resistance. As indicated earlier when
discussing the present short-range planning system, skid testing is presently done
primarily on a request basis, with the request usually originating because a section
has a high wet accident experience. For the near future it is envisioned that the
Virginia Department of Highways will begin collecting skid data on a survey basis on
the interstate, arterial and primary systems. When this occurs, several sections
of roadway may be found with relatively low skid resistance and it would be impractical
to resurface these sections without first considering the wet accident experience on
them,

The accident data desired for each surface mix section are total accident, total
fatal accidents, wet accidents, wet fatal accidents, percent wet accidents, and accident
rate (computed as accidents per 100,000, 000 vehicle miles), While it would be
desirable to have the accident data broken down by lane within the surface mix section,
the present method of collecting accident data does not permit this.

An automated system for the collection and storage of accident data exists and

programs presently exist which would provide the accident data desired for each
section. Thus, at times the same accident data may be summarized for two sections,

- 12 -
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as, for instance, on a four-lane road having different sections for each direction,
Thus, as with skid data, inclusion of accident data in the proposed data system
for planning maintenance resurfacing would not result in any significant cost.

Traffic Volume Data

Traffic volume data are needed for each section for several reasons., First,
volume data will permit the computation of an accumulated 18 kip equivalent volume
which can be used to determine if the design maximum 18 kip equivalent volume has
been exceeded, and thus to evaluate the performance of designs and to project resur-
facing needs. Second, the availability of accumulated volumes together with skid data
and materials data will permit evaluation of various materials with regard to retention
of skid resistant properties, and thus will increase the ability to predict when surfaces
will need resurfacing due to low skid resistance. Third, knowledge of the current
traffic volume is important in determining what type and rate of resurfacing to use.

As was shown in Table 1, the traffic volume data required are average vehicles
daily, 2-axle 4-wheel trucks, 2-axle 6-wheel trucks, 3-axle trucks, trailer trucks,
and buses. These data are required for each year since the completion of the surface
mix section, and must be broken down by lane. The accumulated volumes can be com-
puted using the annual volume figures.

Traffic volume data are presently collected and summarized by traffic sections.
Traffic volume data for each surface mix section could be determined annually by
assigning beginning and ending mileposts to the traffic sections and automating the
assignment of volume data to surface mix sections. Some similar work has been done
in relating volume data to accident data and it is felt that the additional work required
to assign volume data to surface mix sections would not exceed two-man months of
programming time, Present accumulated volumes for surface mix sections would have
to be manually assigned, but this task should not require more than four-man months
of time,

Resident Engineers' Previous Comments

Each year the resident engineers review many more sections than are finally
chosen for resurfacing. It was agreed that some method of including in the proposed
data system their comments concerning their visual reviews of each section would be
beneficial. It was decided that a form could be developed which could be submitted
for each section reviewed showing the estimated remaining life for the surface of the
section, the date of review, and the reason for resurfacing,

- 13 -
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The cost of implementing this portion of the proposed data system would be
very small, It is not proposed that this information be developed initially for any
more sections than would normally be reviewed.

Basic System Design

Prior to discussing specifically what output would be provided by the data
system for planning maintenance resurfacing, it is felt that some comments should
be made about what the probable basic design characteristics of the system will be,
even though, as stated earlier, it is not the purpose of this project to perform the
computer systems design and programming work necessary to implement the proposed
system.

Figure 4 shows in very general terms how the proposed system will work,
It is planned that each year data for all resurfacing and new construction for the
previous calendar year will be submitted to the Data Processing Division by February 1.
These data will be checked for errors and the master file updated, and new listings
provided to operating personnel by April 1. The pavement information master file will
then be updated from five sources between July 1 and August 15. Four of these sources —
skid data, dynaflect data, accident data, and volume data — will be separate
computer files, which means detailed listings of these data will be available. For
instance, the pavement information data file will contain only average skid numbers
by lane, but each latest individual skid test result can be obtained from the skid
data file if required. Finally, by September 1 of each year the outputs for planning
maintenance resurfacing, as described below, will be provided.

It is obvious in looking at Figure 4 that the Pavement Information Data System

will be used and expanded as necessary to become the master file for the Maintenance
Resurfacing Planning Data System.,

Outputs of Proposed System

Several outputs would be possible from the proposed data system for planning
maintenance resurfacing. Initially, it is planned to provide the outputs discussed
below.

Detailed Output

A detailed computer output will be available for each surface mix section as
shown in Figure 5. In the output example shown the x's represent the longest possible

-14 -
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- response to each item of data. The output is broken down into eight basic categories
as was discussed above. Under section location and descriptive data and surface mix
materials and construction data, some output data is shown in Figure 5 which is not
listed in Table 1, particularly for portland cement concrete mixes. As was discussed
above, most of the data in these two categories are available from the Pavement
Descriptive Information Data System, which also contains the additional information
shown in Figure 5. It was felt that this additional data may be of value although this
possibility was not mentioned in the many discussions about maintenance resurfacing
planning,

The detailed listing would be provided by September 1, on an annual basis,
to each residency and district for the counties they include, and to the Maintenance
Division for the entire state. The primary use of this output will be as reference
data, It could also be used as a planning tool, but a much more useful output could
be produced for planning purposes, which would not require the engineer's time in
evaluating each section shown in the detailed listing. This output would involve the
selection of criteria which, when met would indicate that resurfacing may be necessary.
An example of how this may work is discussed below.

Output by Exception

‘As indicated above, output by exception requires that criteria be established
which indicate when resurfacing may be required. Surface mix sections could then be
listed as requiring resurfacing when one or more of the critera are met. A priority
list for resurfacing of surface mix sections could be established based on the number
of criteria exceeded.

Below is listed the set of variables to which it is felt criteria should be applied
to determine when resurfacing is necessary.

1. Age of surface.

2. 18 kip equivalent maximum volume (design, or as calculated
based on spreadability).

3. Skid resistance.

4. Wet accidents,

5. Resident engineers' comments.

The criteria for each variable will change depending on the situation.
Table 2 shows tenative criteria which may be changed prior to implementing the
proposed data system. In fact, the system developed should be flexible enough to allow
changing the criteria as seems appropriate.
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TABLE 2

TENTATIVE CRITERIA FOR SELECTING SECTIONS NEEDING RESURFACING

3

Variables Criteria

Age 1. Select sections having bituminous con-
crete surfaces when the age exceeds
10 years.

2. Select sections having slurry seal sur-
faces, or surface treated surfaces
when the age exceeds 7 years,

18 kip Equivalent Volume 1. Select sections when the 18 kip equi-
valent maximum volume based on
design or spreadability measure-
ments is exceeded by the greatest
accumulated 18 kip equivalent lane
volume computed from traffic volume
data.

Skid Resistance 1. Select sections when the latest av-
erage skid number for any lane is
less than 42,

Wet Accidents 1. Select sections when the total number
of wet accidents is greater than 3 and
the percent wet accidents is greater
than 20 percent of total accidents.

Resident Engineers' Comments 1. Select sections when the present
remaining life is equal to or less
than one year based on latest review.

The present age of a surface mix can be determined on the basis of the date
it was placed. It was decided the criteria for age should be greater than 10 years
for bituminous concrete, and greater than 7 years for slurry seals and bituminous
surface treatments.
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The criteria for maximum accumulated 18 kip equivalent volume is variable,
being either the design 18 kip equivalent maximum volume, or, where test data have
been obtained, the maximum 18 kip equivalent volume based on the spreadability value
computed from dynaflect test results. A section will be selected when the criterion is
exceeded by the actual accumulated 18 kip equivalent volume as determined from traffic
volume data. Obviously, it will be necessary to break traffic volumes down by lane
and test the accumulated 18 kip equivalent volume for the lane having the greatest volume.

The criterion selected for skid resistance is a predicted stopping distance skid
number of less than 42, A stopping distance skid number of 40 has long been used by
the Virginia Department of Highways as a guideline for resurfacing, and research by
the author and D. C. Mahone has indicated that skid numbers below 42 in general are
associated with a high percentage of wet accidents. A section will be selected when
the skid number averages below 42 for any lane within the section, regardless of the
total number of lanes, or the average skid numbers in the other lanes.

As discussed previously, accident data are included in the system so that sound
judgements can be made regarding the need for resurfacing due to low skid resistance. -
Thus, when the average skid number is less than 42, but there are few occurrences
of wet accidents, it may not be necessary to resurface. However, it is also true that
a high occurrence of wet accidents may occur when the average skid number equals
or exceeds 42 for all lanes in a section, perhaps because of poor geometric charac-
teristics. A section such as this may have a need for a relatively high skid resistance
and should be selected for possible resurfacing. The criteria for selecting such sections
are: (1) the total number of wet accidents for the previous calendar year must be
greater than three, and (2) the percent wet accidents must exceed 20 percent of total
accidents.

The final criteria chosen was to select sections having a present remaining
life equal to or less than one year, based on the resident engineer's latest review
comments.

It should be obvious that the selection of sections as described above is based on
average conditions. This selection process may not, nor is it intended to, select.small
areas within sections. For instance, this system is not designed to select high accident
locations within narrow bounds. This task, instead, should be the function of an
accident data system designed to pinpoint high accident locations. The function of the
data system for planning maintenance resurfacing is to provide personnel responsible
for resurfacing general information about sections needing attention.

An example of how output by exception would work is illustrated by the data shown
in Table 3, and the output shown in Figure 6. In this example there are five surface
mix sections shown, all on Route 29 in Albemarle County.
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TABLE 3

FICTITIOUS DATA TO ILLUSTRATE OUTPUT BY EXCEPTION
ROUTE 29, ALBEMARLE COUNTY, SEPTEMBER 1972

Information Section 1 Section 2 Section 3 Section 4 Section 5
Direction/Lane All Lanes All Lanes NB Lanes SB Lanes NB Lanes
Beginning Milepost 21. 00 23.60 26.45 26.45 28.95
Ending Milepost 23.60 26.45 28.95 31.52 31.52
Surface Mix Type S-5 MS-5 S-5 S-5 S-5
Completion Date 8/67 7/71 2/61 7/65 7/65
Age 5 years 1 year 11 years 7 years 7 years
Date Last Reviewed 10/71 10/71 10/71 10/71
Remaining Life: At Review 3-4 years 1 year 2 years 3-4 years

Present 2-3 years 0 year 1 year 2-3 years
18 kip Equivalent Volume:

(millions) Design 0.6 0.6
By Dynaflect 0.52
Actual TL 0. 38 TL 0.08 TL 0.68 TL 0.58 TL 0.58
PL 0.10 PL 0.02 PL 0.18 PL 0.15 PL 0.15

Skid Numbers: NBTL 41 52 41 48 46

NBPL 45 58 46 52 49

SBTL 40 51 43 46 47

SBPL 45 59 48 51 51
Accidents: Total 6 5 8 12 4

Wet 2 1 4 5 1

% Wet 33% 20% 50% 429 25%
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Figure 6 shows that three of the five sections were chosen as possibly needing attention
because one or more criteria were met. Section 1 was chosen because of average

skid numbers less than 42 in the traffic lanes. Section 2 was not chosen since no
criterion was exceeded. Section 3 was chosen because all criteria were exceeded.
Section 4 was chosen because the present remaining life was one year, the 18 kip
equivalent maximum volume as determined by dynaflect data was exceeded, and the
number of wet accidents was greater than three and the percent wet accidents exceeded
30%. Section 5 was not selected since no criterion was exceeded.

It was mentioned above that output by exception was designed to provide general
information about sections needing attention. Once the sections are identified it will
be necessary to use more detailed information to decide what action to take, In this
example it seems obvious that Section 3 is most in need of attention since all five
criteria were exceeded. Section 4 is next in need of attention, having three criteria
exceeded, and Section 1 seems least in need of attention since only the criteria for
skid number is exceeded. By referring to the detailed output one may determine
better whether resurfacing is necessary in the coming year. For instance, for Section
1, where there is relatively low skid resistance, but few wet accidents and good struc-
tural conditions, it may be decided to delay resurfacing, or, at least, to provide only
a light resurfacing solely for the purpose of increasing skid resistance. Prior to taking
any action on Section 1 it would be important to refer to even more detailed accident
and skid data than that provided in the proposed detailed listing in order to pinpoint
exactly where resurfacing may be necessary. As explained earlier, these detailed data
would be available from the computer files from which the maintenance resurfacing
planning data system is built, as was shown in Figure 4. Section 3 probably requires
a rather heavy resurfacing to improve the structural condition as well as providing
good skid resistance. Section 4 would also require close examination of the detailed
accident data since the skid numbers are fairly high, Since accident data included
in the proposed system cannot be broken down by direction, a close analysis may
show that most of the accidents occurred in the northbound lanes, and thus Section 4
actually may not have a high percentage of wet accidents, This is particularly true
since Section 3 is within the mileposts of Section 4, and has low skid numbers. Also,
visual examination by the resident engineer may reveal that from a structural stand-
point resurfacing of Section 4 could be postponed for another season.

It will be necessary to establish criteria such that a relatively small number of
sections will be selected, or output by exception will not be extremely useful. Again,
this output only suggests what section probably needs some attention, and further infor-
mation about the sections will have to be obtained from other, more detailed, output.

The outputs discussed thus far deal primarily with short-range planning.

Of course, from these outputs it would be possible for the users to establish a longer
than one-year plan for resurfacing. It is hoped that once the system has been
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implemented for one to two years, it will be possible to begin to include some projected
data which will be beneficial in long-range planning. The first attempts at projecting
data probably will be as follows,

1. Using the historical volume data and design 18 kip maximum
accumulated volume, it may be possible to project the number
of years before the 18 kip maximum accumulated volume will
be exceeded.

2. Using the historical volume data, aggregate data, and skid data
for a section, it may be possible to project the numbers of years

before a skid number below 42 will be» reached.

In addition to the outputs described above, a summary output as discussed below
will be provided annually for long-range planning.

Summary Output for Long-Range Planning

The summary output will deal basically with the same criteria as discussed
above, with the exception of those for wet accidents. An example of the proposed
output is shown in Figure 7. There will be an output for bituminous concrete, surface
treatments, slurry seals, and portland cement concrete. Each output will be broken
down by age, with data being expressed in terms of lane miles or percentages.

For example, as illustrated in Figure 7 it will be possible to determine the number
of lane miles of bituminous concrete that is five years old, and what percent this is
of the total. It is also possible to determine the number of lane miles five years old
that exceed the criteria for skid number, 18 kip equivalent maximum volume, and

- present remaining life. Since it is possible that some miles will exceed several
criteria, the output is summarized as shown at the bottom of Figure 7, where the
lane miles exceeding two or all criteria are shown,

This summary output will be provided to the Maintenance Division for the entire

state, toeach district for the mileage in the district, and to each residency for the
mileage in the residency.

SUMMARY
At present, short-range planning for resurfacing is accomplished by having

the resident engineer submit a list of sections requiring resurfacing based on his
visual examination. This list is reviewed in the field by District and Maintenance

- 24 -



XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX VIM3ILIND TV ONIN3IIXT SIATIW

XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX T > 3417 dIX 81 0332X73 S3IwW
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX X¥X XXX T > 3417 IN3S3Yd SHDONS S3TIW
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX *XVW dIM 8T ONIQ3I3IXI ZHDNS S3ITIW

001 XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX YA T> 34T IN3SI¥d INIAIN3J
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX *¥A T> 3417 IN3SI¥d S3ITIW
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX Q3M3ITAINY SAIW
00T XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX *XViW dIX¥ 8T 9NIQ33IX3 LIN3I¥3Id
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX *XVW dIM 8T 9NIO3I3IIXI S3TIW
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX ‘XYW dI¥ 8T Q3IN9ISSV S3ITIW
00T XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX ch > 031S31 S3ITNIW 40 INIIVId
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX Zh > MIAWNN QINS HLIIM S3ITIW
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX H38WNAN CQIMS 404 031S3L SIVIW
00T XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX 39VIIW VL0l 40 ANIIMId
XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX J9VIIW V101
avioL 6T, hi €T 21 Tt orv 6 ) L 9 S h g 4
39v

XXXXXXXX XXXXXX XXXXXXXX 3dAl ¥IW

SONINNVId JINVY 9NOT NI LINGLNO AMYWWNS

L 3¥N9T14

- 25 -



- {‘g'e/l
Tou

Division representatives and a final list established. In addition, sections are
resurfaced when the average stopping distance skid number is found to be below 40.
Long-range planning is accomplished by determining the system mileage, applying an
annual growth factor, and then using an average surface life of 8 years.

It was indicated that additional information would be helpful for both short-
and long-range planning, These additional data can be broken down into several
categories as was shown in Table 1. Several outputs could then be made available,
notably a detailed output (Figure 5), output by exception (Figure 6), and a summary
output (Figure 7), which would be helpful in both short- and long-range planning for
maintenance resurfacing, and better planning hopefully would allow better utilization
of maintenance funds. Side benefits of the system would allow better research regarding
skid resistance retention qualities of various aggregates, and better evaluations of
pavement designs, which again, hopefully, would lead to reduced maintenance costs.

The costs of obtaining the proposed data are as follows, Most data shown in
the first three categories — section location and descriptive data, surface mix
materials and construction data, and subsurface layers and 18 kip equivalent maximum
design volume — are being collected in the recently developed Pavement Information
Data System. However, since this system is not complete for the primary system
it will be necessary to complete it in a skeleton form prior to implementing a main-
tenance resurfacing planning data system. It is estimated that 36 man-months would
be required to complete the Pavement Information Data System for the entire state.
Inclusion of skid data, dynaflect data, and accident data would not result in any cost
other than the cost required to develop a system to handle the data, since it is not
suggested that any increase in the amount of data collection be made over what is
already done or planned. The same is true for volume data, except that 2 man-months
may be necessary to provide present accumulated volume data for each surface mix
section. The cost of collecting the resident engineers' comments would also be
limited essentially to systems development costs since data will be submitted only
for the sections normally reviewed. Thus, assembling the data required to implement
the proposed system on a statewide basis would require about 38 man-months of effort,
or, translated to dollars, probably about $40,000. However, it may be incorrect to
assume that all $40, 000 would be an out-of-pocket expense to the Department, since
much of the data probably could be assembled in the residencies as time permits.

In addition to the costs of data collection there would be a cost of developing
the system to handle the data and provide the proposed outputs.
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RECOMMENDA TION
It is recommended that the development of the proposed system be handled
as a continuation of the work reported here. It is proposed that this new project
involve the development of the system and implementation in one district. The total
cost of the project would be no more than $34,575. 00 as outlined below.

System Outline and Development:

Research Analyst C (2/5 time for 15 months) $10,375. 00
Research Analyst A (4/5 time for 15 months) 12,700. 00

Data Collection:

Technician B (full time for 6 months) 5,000. 00
Data Preparation and Computer Charges 5,000.00
Travel Charges 1,000, 00
Miscellaneous Charges 500. 00

Total $34,575. 00

The estimates stated are maximum figures, and it is hoped the project could be
completed for less.

It is proposed that a skeleton system be developed by September 1, 1973, and
that output from this system be used for resurfacing planning for 1974 in the chosen
district. The system would be revised and evaluated in the year September 1973 to
September 1974, with the final report coming October 1, 1974,

Providing the system proves useful for the district chosen, the maximum cost
of then implementing the system statewide should not exceed $40,000, and most likely
could be done for less,
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