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PREFACE

This is the final report for Phase 1 of a projected three-phase study
being conducted for the Forest Service by the Council for Advanced Trans-
portation Studies, The University of Texas at Austin. The purpose of the
total project, FS~1l, is to develop and implement a pavement design and
management system for low-volume roads, in particular, Forest Service Roads.
This report of Phase T is meant to summarize the problem analysis efforts
of the project research team in addition to presenting a conceptual pavement
management system and a discussion of its potential benefits when applied
to a low-volume road network.

Tn an effort to obtain feedback for use in this final report, a draft
version of the report was sent to the Forest Service for their review and
editorial comments. The ideas and comments received as a result of this
review are sincerely appreciated and have been incorporated, as far as
relevant, into this final report. The support and advice of Mr. Adrian

Pelzner and others in the Forest Service is appreciated.

Thomas G. McCarragh

W. Ronald Hudson

August 1974
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ABSTRACT

The design of pavements for low-cost, low-volume roads is a complex
procedure involving humerous variables. Because of the development of new
information in the pavement field during the past decade, the complexity of
the interaction of these design variables has become better understood and
the need for’a systematic approach to the problem of pavement design and
management has become evident. This report is an attempt to apply this
systematic approach to the design and management of low-volume Forest Service
roads.

The report summarizes the problem analysis efforts of the project staff,
beginning with the identification of the problem through its recognition and
definition. Using the FPS type of working Pavement Design System developed
in Texas as a conceptual base, an extensive examination of the major sub-
systems that make up the majority of existing pavement management systems for
"higher type" roads was conducted. 1In attempting to define these basic
components for the proposed low-volume road system, it was found that inter-
action between the project research staff and Forest Service personnel was
of great importance. This interaction was achieved in the form of an
interagency "brainstorming session" and later an "importance rating" of the
ideas presented at this meeting. The results of this interaction along with
the research efforts of the project staff allowed for an initial definition
of the major components in the proposed system. Where complete definition
of these subsystems was not possible, relevant questions and ideas were

formulated for consideration in their further development. Finally, an
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example conceptual pavement management system for low-volume roads that in-
corporates all the ideas and concepts developed during the past year's
research is presented.

It is concluded that the development of pavement management systems for
low-volume Forest Service roads is indeed feasible and should be pursued in
Phase 1T of the project. Recommendations for major areas of further research

are also given,

KEY WORDS: Pavement system, low-volume roads, Forest roads, unsurfaced roads,

low-cost roads, U, S. Forest Service
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CHAPTER 1. INTRODUCTION AND BACKGROUND

This report presents the results of a conceptual study of pavement design
and management systems for low-volume roads. Such systems include the
processes of (1) planning, (2) design, (3) construction, (4) maintenance, and

(5) evaluation of low-volume roads. 1In this report an attempt is made to

summarize the problem analysis efforts of the project research team in addi-
tion to presenting a conceptual pavement management system and a discussion
of its potential benefits when applied to a low-volume road network.
Sponsored by the USDA Forest Service the study is primarily concerned
with low-cost, low-volume forest roads under the jurisdiction of the Forest
Service, although an attempt is made to develop a conceptual pavement design
and management system flexible enough to be applicable to any road network

consisting of low~volume facilities up to secondary highways.

Systems Approach

Pavements are complex structural systems influenced by many variables,
including loads, environment, materials, construction, maintenance, perfor-
mance, and various economic parameters. To facilitate the design of such a
complex structure, existing procedures concentrate on certain important aspects
of the design, such as structural capacity or thickness determination, but
neglect other factors and their effects on the total pavement design. However,
because of the tremendous increase in new information and developments of
modern technology in the pavement field during the past decade, the complexity

of the interaction of design variables has become better understood and the



need for a systematic approach to the problem of pavement design and management
is more evident.
A system has been described as a procedure or scheme which behaves accord~-
ing to some prescribed manner in performing an operational process
(Ref 2). Accordingly, systems engineering provides a means of organizing
the various segments of the total problem into an understandable framework.
When using a systematic approach to solve a problem, the entire system is
seen as a whole and not as a collection of individual parts function-
ing by themselves.
The advantages of using this coordinated approach towards the solution of
pavement design and management problems are as follows (Ref 3):
(1) The development of a complete problem description provides new
insight and perspective into the complexity of the problem, including
the feedbacks and interactions involved.

(2) This insight, in turn, provides a structure for coordinating and
utilizing research from many sources.

(3) A system description rapidly points out the areas of weakness and,
consequently, areas of urgently needed research.

(4) A coordinated approach to the problem helps in understanding and
developing the function and theories which can be used to determine
optimal choices of design in the face of various judgment criteria
and weighting functions.

(5) In the process of developing an overall optimal solution, immediate
benefits can be gained by use of current state-of-the art information

in the system framework until better techniques of analysis are
developed.

The Problem

The Forest Service presently manages over 200,000 miles of roads
throughout the United States representing an approximate investment of $2.5

billion. These roads are of primary importance for the protection and multiple



use management of the lands and resources administered by the Forest Service.
Ranging from narrow, low-volume, rudimentary tracks to multilane asphalt con-
crete highways, these roads combined with County and State systems form a
network serving public, commercial, and administrative needs by providing
access to recreational and timber land areas in the National Forests.

Population growth coupled with needs for sustenance, shelter, ser-
vices, and recreational opportunities has rapidly increased the demands on
forest lands. Consequently, to help meet the demand for accessible forest
land the Forest Service has plans for the construction of another 136,000
miles of roads in the future. In addition to construction of these new roads,
future work will also include the reconstruction of a great majority of existing
roads.

Because of the complexities involved in efficiently designing, maintaining
and managing pavements in such an extensive system, the National Forest Service
initiated this study to explore the development of a comprehensive pavement
design and management system for this network. Such a system, if developed,
would permit consideration of many different pavement types, performance
levels, stage construction, and other alternatives.

The specific objectives of this conceptual study as stated in the project's

Detailed Study Plan (Ref 8) are

(1) to define the parameters involved in the problem,

(2) to assimilate the constraints with respect to (a) resource management
objectives, (b) environmental concerns, (c) engineering skills, (d)
engineering testing facilities, (e) on-site construction materials, and
(f) available funds, and

(3) to formulate a concept of pavement design and management which will

(a) permit optimization of the pavement investment, and



(b) provide pavement performance prediction methods which can be
used in planning budgets and maintenance activities.

For the purpose of this report, the term "éavement” is being used to
denote the total structural component of a road used to support traffic.
A pavement, therefore, will consist of subbase, base, and surface courses
placed singularly or in combination on a subgrade. Using this definition,
it can then be said that on Forest Service roads a pavement may range any-
where from a compacted natural soil to a multilayered structure with an
asphalt-concrete surface course.

In order to insure positive communication in developing the conceptual
system, it will be necessary to define other terms as they are to be used
in this report. Therefore, Appendix A of this report contains appropriate
definitions of terms used herein. It is recognized that different usages
of some terms does exist between various members of the Forest Service and
among research groups and it is not likely that these differences will be
resolved at this time. The list is offered to promote a common understanding
of the concepts being introduced and to suggest a starting place for future

consideration,



CHAPTER 2. ANALYSIS OF RESEARCH PROBLEM

As stated in Chapter 1, the principal objective of this project is
to examine and define a conceptual pavement design and management system for
low-volume roads, in particular, Forest Service roads. Tu order to accomplish
this objective, recognition of the problem as it presently exists was an
essential first step. This problem recognition was facilitated by acquiring
background information and investigating the present state-of-the-art of Forest
Service and other low-volume pavement design concepts. Following this problem
recognition, it was essential that a definition of the problem be developed.
This definition was to be in such terms as to facilitate an in-depth under-

standing of the problem.

Problem Recognition

Initial work in recognizing the research problem involved a broad study
of pavement requirements and pavement strategies for low-cost, low-volume
roads. This was accomplished through a literature review of such topics as
soil stabilization, road maintenance, and pavement distress. Numerous references
(Refs 10-23) on low-volume roads reviewed by the project staff indicate that most
pavement design practices for such roads built in the United States follow the
same pattern as for pavements carrying larger volumes of traffic in that economic
measures are not applied in setting design standards. Therefore, it was felt
to be more advantageous to review reports on low-volume road research being
carried out in the developing countries of the world, where pavement design

practices are developed specifically for low-cogt, low-volume roads, and the



economic aspects of design are of great importance. Also, the roads built
in these countries more closely approximate those built by the Forest Service

than do most other low~volume roads built in the United States.

In addition to the literature review, problem recognition was aided by
extensive communication and interaction between the project staff and Forest
Service personnel. Interagency meetings provided vital information on the
operational standards of the Forest Service along with the expression of
various views on the need for a pavement design and management system
within the Forest Service. Field visits to National Forests allowed the
project staff to observe the construction and performance of numerous forest
roads under a variety of traffic and envirommental conditionms.

In addition to the gathering of background material and a review of the
existing situation, a preliminary assessment of the Forest Service needs for
a pavement management system was made. The synthesis of information col-
lected during the problem recognition process assisted the project research
staff in obtaining a better understanding of the problem.

It was evident from discussions with Forest Service personnel
that. the basic Forest Service needs for a pavement management system
were agreed upon, but the emphasis on these needs was different for
the various interests involved in the project's development. Forest Service
management emphasizes the need for a system that will optimize the total
pavement investment in addition to providing pavement performance pre-
diction methods that can be used for such purposes as planning budgets and
scheduling maintenance activities. Emphasis is also placed by Forest Service
management on the need for a standardized pavement management system that

will organize and unify design efforts within the Forest Service.



Forest Service personnel involved directly with the design of roads,
such as the Forest Engineers and the Materials Engineers, emphasize the need
for a system that will optimize resource management efforts, involving such
factors as locally available construction materials, engineering skills,
engineering testing facilities, and environmental impact. Also stressed is
the need for a common "measuring tool" to evaluate the effectiveness of
design methods and techniques for roads with different types of surfacings.

The proposed system, in addition to serving the above mentioned Forest
Service needs, is viewed by the project staff as a means of collecting and
organizing pertinent data for use as input in future pavement designs.

The feedback data also can be of great value in evaluating the validity of

the existing design models and aiding in their update.

Problem Definition

Once the problem of developing a pavement design and management system
for low~volume Forest Service roads is well recognized, its deeper under-
standing and explicit definition become necessary before an effective
solution can be generated. Because of the basic similarities between low-
volume forest roads and higher type facilities, i. e., major highways, (the
latter for which pavement design and management systems have already been
developed as in Refs 1, 3, 4), we decided that problem definition could
best be achieved by detailing the special constraints and considerations
characteristic to the design of low-volume forest roads as compared with
that of major highways. 1In this way, the problem of developing a pavement
management system for low=volume Forest Service roads can be defined in

such a way as to take advantage of the pavement management systems



previously developed for '"higher type" roads as guides in developing the
proposed Forest Service system.

In detailing the special constraints and considerations involved in this
problem, it was necessary to consider two basic questions: (1) what design
factors are different for low-volume roads as compared to other roads, and
(2) what special constraints are characteristic only of low-volume Forest
Service roads?

In answering the first question many factors were considered. Listed
below are those factors which differ between low-volume and standard roads
and which seem to have the greatest influence on the development of a pavement
design and management system for low-volume roads.

(1) Lower Volume of Traffic. ZLow-volume roads will be lightly

travelled as compared to public highways. By this it is meant that
most low-cost roads will have lower traffic volumes, generally less

than 400 vehicles/day (Ref 10), and lower loading frequencies than
ma jor highways.

(2) Use of Local Construction Material. Because the transporting of
quality paving material over large distances involves considerable
costs, most low-volume roads are constructed with on-site or locally
available material. The quality of these materials are, in many
cases, inferior to that required for the construction of most
"higher class' roads.

{(3) Restricted Earthwork. On many low-cost, low-volume roads funds,
and environmental factors permit only restricted earthwork. This
not only affects the horizontal and vertical aligmment of the road,
but limits the removal and replacement of large quantities of poor
subgrade material such as swelling clay or a frost susceptible silt.

(4) Surface Types. The types of running surfaces for low-volume roads
differ considerably with those of "higher class' roads. While most
public highways are constructed with a minimum of 4 or 5 inches
of either agphaltic concrete or portland cement concrete for surface
layers, few low-volume roads will have more than two inches of
asphaltic concrete surfacing. A large percentage of low-volume roads
have nothing more than a gravel or a natural soil surface.

(5) Environment. Due to the nature of the pavement surfacings, envi-
rommental conditions, namely moisture and temperature, incluence
the performance of low-volume road pavements to a greater extent
than the pavements of "higher class" roads,



(6)

(7)

(8

Types of Distress. The type and magnitude of pavement distress
encountered on low-volume roads may be different than that found on
public highways. This is also related to the differences in pave-
ment surfacings, for example surface abrasion leading to dust
problems and loss of surface material would be more acute on a low-
volume gravel surfaced material than on a "higher class" asphaltic
concrete pavement.

Minimum Level of Acceptability. The minimum acceptable level of
serviceability on most low-volume roads is lower than that on public
highways. This is because the purpose of a low-cost, low-volume road
is not so much to provide a smooth riding surface on which travellers
will have a comfortable ride, but rather to provide an economical
means of travelling from one point to another.

Channelized Traffic. Because low-volume roads are usually narrower
than public highways, the traffic on them tend to be more channelized.
This 1s especially true on narrow gravel or earth surfaced roads
where extensive rutting often occurs in the wheel paths.

To define the problem of developing a pavement design and management

system for low-volume Forest Service roads, it was not only necessary to know

what design factors were different for low-cost roads as compared to 'higher

class' roads, as listed above, but also to become thoroughly familiar with

the special constraints and considerations characteristic to Forest Service

roads &and road management. Listed below are those that would have the greatest

influence on the conceptual pavement management system.

(1)

(2)

Road Users. The original purpose of a majority of Forest Service
roads is to facilitate loghauling operations. Therefore, although
the volume of traffic on these roads is light, the number of equiv-
alent wheel loads are sometimes quite high as a result of the
heavy loads carried by logging trucks. A Forest Service road

will generally carry three classes of traffic during its lifetime:

(a) Forest Commercial Traffic - during production years (cyclic).
(b) Forest Visitor Traffic - during and after production years.

(¢) Forest Administrative Traffic - during and after production
years.

Distribution of Traffic. The distribution of traffic on a Forest

Service road varies considerably depending on the time of year,

for instance, during the winter months some of the lower grade roads
are impassable due to mud or snow, but during the drier summer months
these same roads may carry as many as 200 vehicles or more per day.
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(3) TForecast of Traffic. Because the Forest Service controls the size of
its timber sales, it is in a position to predict the number and size
of loads travelling across its timber roads. This allows reasonable
estimates to be made of the total load carried over a road for a
particular period of time.

(4) Environmental Impact. A fundamental concept held by the Forest
Service is that the environment must not be deteriorated as they
build and operate their transportation system. Policies on dust
control, surfacing rock depletion, stream pollution, mass soil
movement, and maintenance of scenic values are all important issues
that must be considered in the design of forest roads.

(5) Engineering Manpower. Becauge of the lack of sufficient engineering
manpower in some of the Forest Service Regions, it is not always
possible to do a quality job on all Forest Service road projects
(Ref 9). Collection of design input data is also hampered by this
lack of manpower,

(6) Prudent Operator Concept. Because a majority of Forest Service
roads are built under Timber Purchaser Contracts by the timber
purchaser himself, a "prudent operator" concept must be adhered to
by Forest Service personnel when designing the roads. This
concept requires that a road be constructed only to the standard
and quality needed to remove the timber in the gale, therefore,
the design life of the road is only for the length of the timber
sale. However, if the road is needed beyond the timber sale period,
the Forest Service may use either stage construction or supplemental
funding to provide for higher standards and quality than needed for
the timber sale.

(7) Maintenance Levels, The Forest Service's maintenance management
program designates five different levels at which maintenance is
performed, starting with a "basic custodial care' for roads not in
use, and continuing with each level requiring greater maintenance
effort., This program also designates that forest roads are to be
maintained by their users, i.e., logger, commercial haulers, and
the Forest Service.

(8) Diverse Design Conditions. Because the Forest Service manages
forests throughout the United States, the design for their low-
volume roads must incorporate considerations for a great variety
of climatic and topographic conditions, in addition to considera-
tion of the many different types of subgrade conditions and paving
materials found within these areas.

As indicated above, the problem for which a sclution will be attempted
in this research project is that of developing a pavement design and manage~
ment system for the National Forest Service that will satisfy their needs in

terms of (1) optimizing the total pavement investment, (2) providing pavement
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performance prediction methods for planning purposes, (3) optimizing resource
management efforts, (4) providing a tool for evaluating the effectiveness of
specific pavement designs, and (5) unifying pavement design efforts within
the Forest Service.

If, because of the basic similarities between low-volume forest roads
and public highways, the pavement management systems already developed for
"higher type" roads are used to advantage in developing this proposed system,
then the problem can best be defined by concentrating on enumeration of major
differences between Forest Service roads and higher type facilities. With the
identification of these differences, an attempt can be made to formulate the
proposed conceptual system by modifying an existing pavement management system

to account for them.



CHAPTER 3. FORMULATING A CONCEPTUAL SYSTEM

In the previous chapter a statement of the problem of developing a
pavement design and management system for low-volume Forest Service roads was
presented., On that basis it is possible to begin the definition and formulation
of the conceptual system. 1In doing this, it will first be desirable to examine
the requirements of a general pavement management system. Once the basic
components have been established an attempt can be made to apply with them,
the special constraints and parameters involved in this particular problem
to arrive at a conceptual pavement management system applicable to low-volume

Forest Service roads.

General System Requirements

A pavement management system, as termed by Haas and Hutchinson (Ref 5)
consists of a coordinated set of activities used in the planning, design,
construction, maintenance, and evaluation of pavements. Figure 1 illustrates
this in a logical simulation of the progression of activities that could
be used by any agency in providing pavements. In practice it is not possible
to isolate the various components involved in pavement management, therefore,
a pavement design and management system synthesizes these major components
to form an integrated framework.

In 1967 work on such a concept was begun by Hudson, Finn, et al. on
NCHRP Project 1-10. The interim report (Ref 2) from that project provides
a basic framework for considering pavement design and management problems

(Fig 2) which, while only conceptual, shows the integration of the many

12



PLANNING ACTIVITIES

Assess Network Deficiencies;
Establish Priorities;
Program and Budget

RESEARCH
ACTIVITIES

DESIGN ACTIVITIES

Information on Materials, Traffic, Climate
Costs, Etc.
Generate Alternative Design Strategies

Analyze Evaluate Optimize

¢

CONSTRUCTION ACTIVITIES

¥

MATNTENANCE ACTIVITIES

PAVEMENT EVALUATION

Fig 1. Major classes of activities in a pavement management system (Ref 26).
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factors involved in the problem. This is a broad, encompassing framework
that allows for considerable variation of models and details within each
major subsystem. As can be seen in Figure 2, the main elements of the sys-
tem are (1) inputs, (2) a structural design subsystem, (3) system outputs

and responses combining to form the system output function, (4) decision
criteria, and (5) an optimization technique for use in comparing the perfor-
mance of alternative designs. Other important concepts included in the
pavement design system are stochastic variation of variables, feedback within
the system, and interaction between variables.

In an attempt to apply this system concept to real world situationms,
Texas Highway Department Research Project 123, "A Systems Apnalysis of
Pavement Design and Research Implementation' (Ref 1), was initisted at The
University of Texas and Texas A & M University by the Texas Highway Depart-
ment. As a result a computerized working pavement design system was devel-
oped for flexible highway pavements (Fig 3) which is now being implemented

in the design and management of Texas highways.

Conceptual Basis

After extensive examination of these and other works (Refs 1 to 6), we
decided that the Flexible Pavement System type of working pavement design
system developed in Texas offered an excellent conceptual base from which
a pavement design and management system could be formulated for low-volume
Forest Service roads because its flexible framework allows for considerable
variation of models and its success is proven in real world situations.
This Pavement Design Framework was broken down into a series of basic com-
ponents for purposes of examination (inputs, structural design, output, decision
criteria, optimization process). Each of these subsystems were then defined
and evaluated in terms of their function in the design and management of low-

volume roads,
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Evaluation of Subsystems

In evaluating the major components of the Flexible Pavement System
in terms of their function in the design of low-volume roads, the project staff
first looked at the system as a whole, studying the part each individual sub-
system played in the design and management of a pavement. Using information
and data obtained through the review of numerous references on low-volume roads
and pavement design and management systems development, an attempt was made
to rate each major subsystem as to (1) the current knowledge available on the
subject and (2) the estimated difficulty expected in defining the subsystem
for use in a pavement management system for low-volume forest roads. This
approach gave a better idea as to which areas would require the most effort
in developing the proposed conceptual system. Although each major subsystem
received considerable study and evaluation, it was felt that inputs, decision
criteria, and system outputs should receive the major portion of the research
effort since they represent the areas of greatest uncertainty in defining
this conceptual system.

In evaluating the individual subsystems, the project research staff
divided each into a series of its basic components, then each of these
component parts was thoroughly examined and, where necessary, further broken
down to facilitate a more complete evaluation. An attempt was then made to
define these subsystems as they would be used in a low-volume road pavement
management system. For example, extensive lists of input variables and
decision criteria were developed that took into consideration the many

special constraints and design parameters typical for low-volume roads.
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Where definition of a subsystem was not possible, because the need

for research was beyond the scope of this conceptual study, relevant
questions and ideas were formulated for consideration in the eventual
development of the subsystem definition. For example, when evaluating the
structural design subsystem, the adequacy of a single pavement design method
for all types of Forest Service roads was seriously questioned, and as a
result, an idea was developed that divided this subsystem into two parts,
allowing different structural design methods to be considered for paved

and unpaved roads.

"Brainstorming Session"

In addition to the extensive literature review previously mentioned,
an essential part of this initial evaluation of subsystems was the interaction
and exchange of information between the research staff and Forest Service
personnel. In an attempt to further this interaction, a '"brainstorming
session" was held at The University of Texas in Austin on March 20-22, 1974.
At this meeting the results of the project research staff's initial evalua-
tion was presented and discussed in order to obtain "field input" from the
Forest Service. A summary of the ideas and discussions presented at this con-
ference including those on (1) system input variables, (2) decision criteria,
(3) terminology, (4) pavement performance, (5) the decision making process
within the Forest Service, (6) pavement failure, and (7) special constraints
and considerations for Forest Service roads, was prepared by the project staff
and is presented in Appendix B along with revised lists of input variables

and decision criteria developed at.the brainstorming session,
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This brainstorming session not only presented an opportunity for the
research staff to draw on the valuable experience of Forest Service field
personnel in obtaining information in many areas of low-volume road design
and management, but also helped familiarize Forst Service personnel with

the project and encouraged their direct participation in its development,

"Importance Rating"

Because such a large amount of subject matter was discussed at the
brainstorming session, a comprehensive evaluation of the relative significance
of each variable as compared with other variables was not possible in most
cases, Therefore, the session attendees agreed that it would be advantageous
in the further development of the project to follow up the conference with
a rating analysis of the importance of the various items in the proposed
pavement management system. It was felt that the information obtained from
this Yimportance rating" could be used to great extent in setting priorities
for developing the major subsystems of a pavement management system for

low=-volume Forest Service roads,

Instructions for the Rating Analysis

The following "Instructions for the Rating Analysis," which was sent
to all conference attendees by the project staff, explains what was
included in the "importance rating' and the procedures used to rate the

material,
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INSTRUCTIONS FOR RATING ANALYSIS

Please read the enclosed "Summary of FS-1 'Brainstorming Session'"
written by the project staff,

On sheets labeled "Comments on Summary" please comment on:

(1) Any area of discussion in the summary that might be a
misinterpretation of the ideas actually discussed at the
Y"hrainstorming session."

(2) Any relevant ideas mentioned during the session that do not
appear in the summary.

(3) Any new ideas that have come to you since the session that
might be helpful in developing the PMS for the Forest Service.

On the appropriate sheets, please rate each of the input variables
and decision criteria listed as to their importance to the proposed
PMS, your expertise on the subject, and its relative "state of the
art” within the Forest Service. The importance of each item to

the proposed PMS should be rated on a 0.0 to 5.0 scale. A rating of
0.0 would indicate that you believe the item to be of absolutely no
importance, A rating of 5.0 would be used to express your opinion
that the item is extremely important to the proposed PMS. Other
degrees of perceived importance can be expressed by selecting an
appropriate number between these extreme values using a standard
format of two significant figures with one figure to the right of

the decimal. 1In rating your expertise on the subject, a 0.0 to 5.0
scale is also used with a 0.0 rating indicating that you strongly feel
you know nothing whatsoever about the item in question and a 5.0
rating indicating that you consider yourself an expert on the subject.
When rating the "state-of-the-art” within the Forest Service of a
particular item, please use the following two scales to indicate your
approximate feelings,

Scale 1 ~ Available Information on Item

A - Very little or no information is available to Forest
Service on this item.

B -~ Limited information is available on this item

C - Information on this subject is complete

Scale 2 - Collection of Information

1 - Major difficulty would be encountered in collecting
data on this subject.

2 - Minor difficulty would be encountered in collecting
data on this subject.

3 - No difficulty would be encountered in collecting data
on this subject.
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Please comment if there is any question on interpreting the meaning
of any particular item, If there is, indicate your interpretation of
the item.

On the sheets labeled "Rating of Special Constraints and Consider-
ations," please rate on a 0,0 to 5.0 scale, as explained previously,
your Opinion of how important to the proposed pavement management
system are each of the seventeen items listed in this category on
pages 5-7 of the summary. Comments would also be appreciated on
any of the items themselves or the ratings assigned to them.

On the sheet labeled "Definitions," please indicate how you would
define each of the terms listed.
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Analysis of Importance Rating

In analyzing the returns of the importance rating, the project research
staff first reviewed the comments on the "summary of the brainstorming session"
written by the participants of the conference. These comments clarified a number
of misinterpreted ideas on Forest Service operations held by the project
staff, in addition to expressing field views on such relevant topics as pave-
ment failure, serviceability measurements, and decision criteria.

We next evaluated the ratings received for the input variables and the
decision criteria. This was done by first finding the 'weighted" mean
importance rating for each variable. By 'weighted' is meant that the rating
given each variable by a rater is adjusted by his expertise level on the sub-
ject in calculating the average importance rating. In other words, the
importance rating of a variable by an individual who considers himself an
authority on the subject will weigh more heavily in the computation of the
"weighted'" mean importance rating than will that by an individual who knows
little on the subject of which the variable is a part.

The 'weighted' mean importance rating was calculated using Equation (1).

S )
In this equation the product of the importance ratings (I) and the expertise
rating (E) is summed over the number of ratings for a particular variable.
This value is then divided by the sum of the expertise rating for that vari-
able to arrive at the 'weighted" mean importance rating. Figure 4 illustrates
this procedure of calculating a '"weighted" mean importance rating. Hypothet-
ical data is used for the different importance and expertise ratings for this

example.



Ratings for Variable X (I x E)
. IXE 7E
Importance (I) Expertise (E)
4.5 ] 4.0 18.00
3.0 2.0 6.00 69.1 .
17.0 +-!

4.0 4.5 18.00
4,2 3.5 15.70
3.8 3.0 11.40

= 19.5 17.0 69.10

Raw Mean = 3.9

Median Rating 4.0

Fig 4. Example calculation of a 'weighted" mean importance rating.
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As shown in the Rating Analysis Summary for input variables and decision
criteria, Figure 5, these '"weighted' importance ratings ranged from a high
of 4.95, for the '"use of initial construction cost as a decision criteria,"
to a low of 1.73, for the '"use of static loads in the characterization of loads
on pavement structure.'

While recognizing the potential gignificance of the 'weighted' mean
importance ratings in the evaluation of the system variable, we felt that
it was also important to look at the raw mean importance rating and also at
the median importance rating for each variable. These can be used in com-
parisons with the 'weighted' mean ratings to examine hidden discrepancies in
the use of this 'weighted" rating as a representation of the potential relative
importance of variables to a pavement management system for low-volume Forest
Service roads. All data averages are given in Figure 5.

In comparing the raw mean and median values with the "weighted' mean
importance rating for all the variables, few substantial variations were
found. Those that were discovered received careful study by the project
staff with the eventual observation that, in all cases, large variations were
the result of inconsistent ratings by individuals that rated themselves
low in expertise on the subject being rated. It was, therefore, agreed that
the 'weighted" mean importance rating would be a sufficient representation
of the relative importance of each variable to the low-volume road pavement
management system, as seen by the conference attendees, and as such, were used
to define the potential input and decision criteria subsystems of the pro-
posed system.

The state-of-the-art ratings (defined in the "Instructions for the
Rating Analysis") that are included in the Analysis Summary, Figure 5, are

the approximate average values of those ratings fiven by the conference
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INPUT VARIABLES

"Weighted" Raw
Mean Mean Median
Importance Importance Importance State-of-Art
Rating Rating Rating
Item (0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0) (A-C) (1-3)
LOAD AND TRAFFIC VARI-
ABLES
Total Load 4.37 4.35 5.0 B 2
Number of Applications 4.72 4.68 5.0 B 2
Frequency of Loads 3.17 2.85 3.0 B 2
Speed 2.75 2.81 3.0 B 2
Tire Pressure 3.68 3.29 4.0 C 2
Characterization-
Distribution of Load 4.54 4.17 4 A 2
Axle Spacing 3.86 3.62 3.0 B 3
Type of Load
(a) static 1.73 1.85 2.0 B 2
(b) dynamic 4,32 4.18 4.5 A 2
Distribution of Traffic
(a) seasonal 4 .58 4.60 5.0 B 2
(b) annual 3.58 3.46 4.0 B 2
Surface Wear Effect-
Gravel Loss 4,23 4.14 4.5 B 1
Lateral Distribution of
Roadway Channelization 3.04 3.00 3.0 A 1
ENVIRONMENTAL VARIABLES
Rainfall
(a) amount 3.81 3.80 3.5 B 3
(b) intensity 3.56 3.70 3.0 B 2
(¢) seasonal distri-
bution 3.79 3.80 4.0 B 2
Snowfall
(a) amount 2.73 2.83 3.0 B
{(b) characterization 2.90 2.92 3.0 B
(Continued)

Fig. 5. Rating analysis summary for input
variables and decision criteria.
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INPUT VARIABLES

"Weighted" Raw
Mean Mean Median
Importance Importance Importance State-of-Art
Rating Rating Rating
Item (0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0) (A-C) (1-3)
Temperature _
(a) average 2.65 2.65 3.0 B 3
{(b) range 3.36 3.35 3.0 B 3
Soil Type 4.11 4,04 4.0 B 2
Freeze-Thaw Cycle 4.21 4.23 4.0 B 2
Vegetation 2.41 2.31 2.0 B 2
Area Sensitivity 3.10 3.31 3.0 B 2
Exposure~North Side 3.15 3.12 3.0 c 3
Topography~-Drainage
{(a) surface ’ 4,38 4.30 4.0 B 2
(b) subsurface 4.60 4.50 5.0 B 1
Snow Removal 3.77 3.12 4.0 B 3
CONSTRUCTION VARIABLES
Quality Control
(a) thickness 4,58 4,57 5.0 B 2
(b) smoothness 3.14 3.19 3.0 B 2
{(c) compaction 4.60 4.57 5.0 B 3
(d) material 4.62 4.70 5.0 B 3
(e) moisture and
temperature 3.97 3.92 4.0 B 2
Work Technique
(a) Forest Service
appropriated funds 3.18 3.15 3.0 C 3
(b) timber sales 3.55 3.54 4.0 C 3
(c) regional specs 2.45 2.50 3.0 C 3
Equipment Availability 3.66 3.54 4.0 B 3
Exposure 2.97 2.73 3.0 B 2
Personnel~S8kill Level 4.16 4.11 4.0 B 2

Fig 5. Continued.
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INPUT VARIABLES

"Weighted" Raw
Mean Mean Median
Importance Importance Importance State-of-Art
. Rating Rating Rating
Item (0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0) (A-C) (1-3)
Construction Length 3.11 3 00 3.0 - C 3
Topography-Geometrics 3.93 3.85 4.0 B 3
Equipment
(a) environmental
impact 3.39 3.33 3.0 B
(b) adaptability 3.49 3.54 3.0 B 2
Subgrade Properties
(a) k value 4.87 C4.77 5.0 B 2
(b) permeability 4.27 4.37 4.0 B 2
(¢) gradation 4.12 1 4.15 . 4.0
Type and Quality of .
Paving Material Available 4.58 4.30 5.0 B 2
Testing Equipment |
Available 3.55 3.42 3.0 C 3
Cross-Section 3.95 3.65 4.0 c 3
Stabilization Program 4.28 ) 4.36 4.5 B 2
Frost Design 3.82 T 3,92 4.0 B 2
Layers
(a) number 3.74 3.75 4.0
(b) thickness 4.58 4.58 5.0
(c) arrangement 4.34 . 4.25 4.5
MAINTENANCE VARIABLES
Level of Maintenance 4.45 4.50 4.5
Road Users 3.79 3.80 4.0 B 2
Available Funds 3.96 3.88 4.0 B
Personnel \
(a) force account 3.33 3.33 3.5 B 2
(b) timber purchaser 3.40 3.41 4.0
(c) contract 3.20 3.08 3.0 B 2

Fig 5. Continued.
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INPUT VARIABLES

"Weighted" Raw
Mean Mean Median
Importance Importance Importance  State-of-Art
Rating Rating Rating
Item (0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0) (Aa-C) (1-3)

Turn Over to Other ) :
Agency 3.39 3.23 3.0 c 3
Rehabilitation

(a) patching 3.49 3.36 3.5 B 2

(b) sealing 3.90 3.66 4.0 B 2

(c) overlaying 4.11 3.91 4.0 B 2

(d) gravelling 4.14 4.08 4,0 B 2
Type of Equipment
Required 3.36 3.38 3.0 c 3

OPERATIONAL VARIABLES

Controlled Use 4,40 4.38 4.0 B 2
Control on

(a) loading 4.74 4.69 5.0 B 2

(b) speeding 2.98 3.00 3.0 B 2
Time Lag in Funds 4.00 4.00 4.0 B 1
Operational Planning-
Enforcement

(a) snowplowing? 2.30 2.16 2.0 B 2

(b) major hauling all

allowed? 4.20 3.70 4.0 B 3
CONSTRAINTS

Maximum Allowable Cost

(a) initial

construction 4.60 4.54 5.0 B 2

{(b) total maintenance 4.17 4.23 5.0 B 2
Minimum Layer Thickness 4.49 4.46 5.0 C 3
Minimum Time Until
First Major Maintenance 4.28 4,15 5.0 A 2
Minimum Time Between
Major Maintenance 4,23 3.92 4.0 B 2

Fig 5. Continued.
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INPUT VARIABLES

"Weighted" Raw
Mean Mean Median
Importance Importance Importance State~of~Art
Rating Rating Rating
Item (0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0) (A-C) (1-3)
Environmental
Constraints 4.35 4.23 4.0 A 2
Political 4.16 4.00 4.0 B 2
Management 4.23 4.30 4.0 C 2
Prudent Operator
Concept 3.56 3.62 3.0 C 3
Design Life 4.50 4.54 5.0
Fiscal Year 2.69 2.64 3.0 C 3
DECISION CRITERIA
(1) Cost
(a) initial 4.95 : 4.92 5.0 C 3
(b) maintenance 4.18 4.23 5.0 B 2
(c) user 3.74 3.85 4.0 B 2
(d) operational 3.83 3.69 4.0 B 2
(2) Funds
{(a) available 4.73 4.69 5.0 B 2
(b) probability of
additional 4.24 4.15 4.0 A 2
(c) type 3.61 3.08 3.0 C 3
(3) Riding Quality 3.18 3.15 3.0 A 2
(4) Safety
(a) skid resistance 3.11 3.08 3.0 A 2
(b) dist 4.42 4,08 4.0 B 2
(c) geometric-
shoulders 3.21 3.00 3.0 A 2

Fig 5. Continued.
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"Weighted" Raw
Mean Mean Median
Importance Importance Importance  State-of-Art
Rating Rating Rating
Item (0.0 to 5.0) (0.0 to 5.0) (0.0 toe 5.0) <(A-C) (1-3)
(d) guard rail-
cross section 2.97 2.85 3.0 B 2
(5) Administrative '
Requirements 4,00 3.92 4.0 3
(6) Function of the Road 4.35 4.23 5.0 3
(7) Service Requirements 3.87 3.72 4.0 B 2
(8) Environmental Impact-
Optimize 4.42 4,38 4.5 A 2
(9) Confidence Level 3.90 " 4,00 4.0 A 1
(10) Stage Construction 4.19 4.08 4.0 B 2

Fig 5.

Continued.
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participants for each variable. These ratings, representing the present and
the anticipated future availability of data for inputs to the system, have
been used in the definition of the input and decision criteria subsystems

to evaluate the feasibility of collecting information for the various inputs
to the operational low-volume road management system.

For the evaluation of the special constraints and considerations ratings,
mean and median importance ratings were calculated for each individual item,
the results of which are presented in Figure 6. 1In comparing these values,
only one item was found to have a substantial variation. This item was No. 10,

"Keep the system simple."”

The mean rating for this item was 4.07, while its
median rating was 5.0. It was found in an examination of the returns for
this rating that, while a majority of the conference attendees felt that it

'a few of the raters

was extremely important to 'keep the system simple,’
felt that this was relatively unimportant and therefore rated it low, thus
causing a large variation in the mean and median ratings for this item.

The results of the ratings evaluations for all the individual constraints
and special considerations were used as an indication of the conference
attendees feeling as to their inclusion in the conceptual pavement management
system.

To begin the definition and formulation of the proposed conceptual
pavement management system for low-volume Forest Service roads, it was first
necessary to examine the requirements of a general pavement management system.
Once the basic components had been established as consisting of five major
subsystems, (1) inputs, (2) a structural design subsystem, (3) system outputs,
(4) decision criteria, (5) an optimization process, an evaluation as to their

application in the design and management of low-volume forest roads was

possible. This evaluation involved an initial examination and attempted



Mean Median
Item Importance Importance
Number rating rating
Page 6 - Summary (0.0 - 0.5)1(0.0 - 0.5)
(1) Unpredictable traffic
on Forest Service Rds, 3.15 3.0
(2) "Prudent Operator"
Concept 2.85 - 3.0
i 7
(3) VWho will use PMS? 4 15 40
(4) Control of Timber
: traffic on F.S. Rds, 3.80 4.0
(5) Fatigue Failure 2 85 1.0
(6) Classes of traffic
on Forest Service Rds, 3.92 4,0
(7) 1Influence of surface
(8) Does black paving on
F.S. Rd. increase
safety? 3.00 3.0
(9) The PMS for F.S. Rds. 3.73 4.0
(10) Keep the system simple 4.16 5.0
(11) Poor regions and the PMS 2.95 3.0
(12) Frost heave on gravel
roads 2.63 3.0
(13) Acceptance of PMS
design models 4.15 4.0
(14) Collection of input data 4.62 5.0
(15) Separate systems for gravel]
and black paved roads 3.75 3.0
(16) Naming of PMS 2.80 2.0 |
(17) Administrative constraints 3.92 4.0
Fig 6. Mean and median importance ratings of special

constraints and considerations.
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definition of the subsystems by the project staff, followed by a '"brainstorming
session" during which valuable '"field input' on subsystem definitions were
conducted. The results of the analysis of this rating, summarized in Figures

5 and 6, will be used extensively in the further definition of the subsystem

presented in the following chapter.



CHAPTER 4. MAJOR SUBSYSTEMS

Following the extensive evaluation, presented in Chapter 3, of the major
subsystems that would be needed in a pavement management system for low=-
volume forest roads, it is now possible to attempt a final definition of
the individual subsystems using the results of this evaluation as a guide to
the requirements of the proposed system. Because of the many complex factors
involved in the development of & low=volume road pavement management system,
complete definition of some of the subsystems was not possible., 1In these
areas revelant ideas and recommendations were formulated for consideration

in the eventual development of the complete subsystem definition.

System Inputs

Inputs to a pavement system represent the information and tools that the
designer should have to adequately design and manage a road pavement. These
inputs which represent the conditions under which the pavement‘must function
are transformed into outputs by the system, in light of the established goals
and objectives. In representing a pavement design system for low-volume
Forest Service roads, seven different categories of input variables were used,
(1) load and traffic variables, (2) environmental variables, (3) conmstruction
varables, (4) structural design variables, (5) maintenance variables, (6)
operational variables, and (7) constraints. Within these categories fall the
variables that are considered essential to the development of a system

that will satisfy Forest Service needs for pavement design and management.

34
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For the definition of the system input variables, it was advantageous
to use the results of the "importance rating" discussed in the previous
Chapter, specifically the "weighted" mean importance ratings. 1In reviewing
these "weighted" ratings, it was estimated, based on a total comparison of
the ratings for all varibles, that a rating of less than 3.00 indicated that
a variable was not considered essential to the proposed system, and that a
variable with a rating between 3.00 and 3.50 was questionable as to its use-
fulness in the proposed system. Those varlables with a rating greater than
3.50 were felt to be of the greatest significance and deserving of strict
evaluation during the actual development of the system and its models.
Therefore, the input subsystem definition for the proposed Forest Service
pavement management system consists of the variables categorically listed
in Table 1 in the order of their estimated importance to the system. In
the further development of the proposed system, this list of variables should
not be used as a limit to the program inputs, but rather as a guide to satisfy

the need of such a system.

An important aspect that must be considered in relation to input
variables and their effect on the system is the variable interaction between
and within the major categories. While some variables act independently to
influence the system output, the effect of most variables on the output depends
on the level of one or more other variables or parameters in the system. This
can be illustrated by the fact that while "number of applications" is an
important traffic input variable its relevance to the system depends mainly
on the "total load" of the individual applications. For example, 50 applica-
tions of a 100-kip load would have a much greater influence on the system's

output than would the same number of two-kip applications. Interactions are
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TABLE 1. TINPUT VARTIABLES

Load and Traffic Variables Environmental Variables
Number of Applications (4.72)% Drainage
Distribution of Traffic (a) surface drainage (4.38)
(a) seasonal changes (4.58) (b) subsurface drainage (4.60)
(b) annual changes (3.53) Freeze-Thaw Cycle (4.21)
Characterization-Distribution of Soil Type (4.11)
Loads on Vehicles (4.54) Topography (3.93)
Total Load (4.37) Rainfall
Type of Loading (4.32) (a) amount (3.81)
Axle Spacing (3.86) (b) seasonal distribution (3.79)
Tire Pressure (3.68) (c) intensity (3.56)
Area Sensitivity to Lanslides (3.50)
Construction Variables Temperature Range (3.36)
Quality Control Structural Design Variables
(a) material (4.62)
(b) compaction (4.60) Subgrade Properties
{¢) thickness (4.58) (a) strength (4.87)
(d) moisture and temperature (3.97) (b) permeability (4.27)
Personnel-8kill Level (4.16) (¢) gradation (4.12)
Road Geometrics (3.93) Type and Quality of Paving Material
Equipment Available (4.58)
(a) availability (3.66) Layers
(b) envirommental impact (3.49) (a) thickness (4.58)
(b) arrangement (4.34)
Maintenance Variables (¢) pumber (3.74)
Stabilization Policy (4.28)
Level of Maintenance (4.45) Cross~Section (3.95)
Type of Rehabilitation Frost Design (3.82)
(a) gravelling (4.14) Testing Equipment Available (3.55)
(b) overlaying (4.11)
(c) sealing (3.80) Operational Variables
Available Funds (3.96)
Road Users (3.79) Controls on Road Use (4.40)
Time Lag in Obtaining Funds (4.00)
Constraints Operational Plamning and Enforcement
(a) allowance for major
Maximum Allowable Cost hauling (4.20)
(a) initial construction (4.60) (b) snow removal (3.77)

(b) total maintenance (4.17)
(c) wuser's
Design Life of Road (4.50)
Minimum Layer Thickness (4.49)
Envirommental Constraints (4.35)
Minimum Time Until First Major Maintenance (4.28)
Minimum Time Between Major Maintenance (4.23)
Constraints from Management (4.23)
Political Constraints (4.16)
Prudent Operator Constraints (3.56)

#(x.xx) = 'weighted" mean importance rating
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usually expressed in a mathematical model in the form of cross product terms.
A typical example of this, using the above illustration, is the use of the

cross product term, Wi = Niei (number of 18-kip single-axle load appli-
18

cations) in the AASHO pavement design procedure where e, is a function of
"rotal load™ and Ni represents 'number of applications" (Ref 7).

When developing the mathematical models for the system, it must be kept
in mind that quantification of many of these variables will be difficult. For
example, a problem may arise in attempting to define Personnel 8kill Level
or Area Sensitivity to Landslides in terms suitable for use in a mathematical
model or equation.

In addition, recent studies (Ref 28) in statistical quality control of
pavement properties have indicated that large variability exists in the
as-constructed properties of pavement materials, along with a significant
amount of uncertainty in traffic forecasting. Therefore, it will ultimately
be desirable to investigate these and other possible uncertainties in pre-
dicting input variables and to develop methods of considering them in the sys-
tem.

Structural Design

The structural design subsystem is best described as a model which relates
inputs to outputs as the pavement relates the inputs to the outputs,
in other words, this model generates responses and outputs as a function of
the inputs. The structural design model used in a system might be very
simple in concept, such as an empirical index value, or it might be compara-
tively complex, for example, layer theory. Whatever model is used, though,
must effectively predict the system outputs for the type of pavement being

considered. For example, although Westergaard equations could be used in a
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structural design subsystem for rigid pavements, they would not be effective
in designing a flexible layered pavement.

In terms of structural design, Forest Service roads can be classified into
three categories, paved roads (includes hot-mix AC, built-up mats, and surface
treatment), aggregate surfaced roads, and unsurfaced roads. From references
on low-volume road design (Ref 17-21), it was found in the majority of cases
that design variables for aggregate surfaced and unsurfaced roads were essen-
tially similar, and that the pavement performance for roads in these two
categories were usually characterized by the same parameters.

This was not the case for paved roads and unpaved roads (aggregate or
unsurfaced). Design factors such as those for environmental variables are
usually different for pavements on these two types of roads. For example, the
amount of rainfall in the area would be a critical design factor for an unpaved
road because of its effect on aggregate loss for gravel roads and shear strength
or stability of natural soil roads, while for a well drained paved road
rainfall quantity would only be a significant factor when expansive soils were
also encountered in a pavement area. Type and magnitude of distress on unpaved
roads is also quite different from those found on paved roads. On unpaved
roads, surface abrasion (dusting) or aggregate loss is considered a critical dis-
tress, but for paved roads it is seldom used as a design criteria. Maintenance
activities, as considered in the total pavement management system, also differ
considerably for pavements on these two types of roads,

In evaluating the function and form of the structural design subsystem
in the design and management of low-volume Forest Service roads pavements, it
seemed that, because of the major differences in characteristics and behavior
of the pavements on unpaved roads versus those on paved roads, it may be
desirable to use separate structural design subsystems within the system for

these two types of roads.
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Ideas for the development of these separate subsystems will be treated

in Chapter 5 of this report.

System Responses and Qutput

The outputs of a pavement management system are generated from measure-
ments of the mechanical state of the pavement. As can be seen in Figure 2
the structural design model is used to predict the behavior of a pavement
when it is subjected to an environment, as represented by the system inputs.
Pavement behavior is described by primary responses which include measurable
quantities of deflection, stress, strain, deformation, and deterioration.
When these primary responses reach éome limiting value, distress occurs in
the form of rupture, distortion, or disintegration. Then, as a function of
these predicted values of distress, the pavement's "serviceability," or its
ability to serve traffic, is determined at any point in time in terms of rid-
ing quality, skid resistance, users cost, or other critical design criteria.

The major outputs of a pavement design system can be represented by
serviceability-age histories of the pavement as illustrated in Figure 7 . The
form of output to be used muét be defined in accordance with what the various
pavement management activities are trying to achieve as an end product. For
example, because the objective of most higher type roads is to provide a smooth
riding surface on which travelers will have a comfortable ride, many highway
pavement designs incorporate the present serviceability concept developed by
Carey and Irick {(Ref 6) which uses riding quality as its major decision
criterion.

In evaluating the form of output to be used in the Forest Service pave-
ment design system, it seems that because the purpose of most low-volume

roads is to provide a means of serving traffic at the least cost to both
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the user and the road builder, a function of the total cost of providing
this service should be used as the major decision criteria. In addition,
it should be noted that becasue this proposed pavement management system
will be applied to pavements on both paved and unpaved roads, its final form
of output should be one that will be applicable to all the different types
of pavement surfacing used by the Forest Service. This will allow for com-
parisons to be readily made between the performances of pavements with
different surfacing types.

Because the project staff believes that the representation of system
outputs will be one of the key problem areas in the development of the actual
Forest Service pavement management system, a more detailed discussion of the

ideas presented here is given in Chapter 5 of this report.

Decision Criteria

Decigion criteria are rules defined for the purpose of choosing the best
among alternative designs that have been proposed and analyzed in the system.
They are used in two ways to accomplish this purpose. First, they are
utilized in establishing a minimum acceptable level of serviceability below
which the pavement does not satisfactorily serve its intended purpose and
can be said to have ''failed". This acceptable level of serviceability is
shown as a horizontal dashed line in the system output functions of Figures 2
and 3. This level of acceptability then provides a basis for comparing and
optimizing the system output,‘from which decision criteria again are used,
this time to choose the best design among those that satisfy the constraints
of the system.

According to Haas (Ref 27) there are four requirements that decision

criteria should be capable of satisfying:
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(1) 1t must unify competing objectives. This is pragmatically achieved
through a functional relationship of benefits and costs.

(2) 1In most planning or design problems, many outputs cannot be ex-
pressed in monetary terms. The decision rule should provide for
the inclusion of these variables.

(3) The point~of-view stated in the objectives must be reflected in
the decision rule.

(4) The decision criterion must be capable of identifying that alter-
native which is best or optimal in terms of the state of objectives.

The decision criteria listed in Table 2 are those indicated by the
results of the "importance rating' analysis as having the greatest influence
on design decisions made by the Forest Service for their roads., As with the
input variables, it was estimated that the decision criteria receiving a
"weighted” mean importance rating greater than 3.50 were of the greatest sig-
nificance and should be included in the proposed system.

Optimization Process

The optimization phase of a pavement management system is concerned with
quantifying the outputs that have been predicted for the various alternative
solutions and selecting the best alternative according to the decision criteria
defined for the system.

There are numerous analytical techniques used to arriﬁe at optimum
combinations of equipment operation, material, maintenance procedures, etc.,
using the constraints of the system and an objective function such as the
minimization of cost or time. Some widely used analytical techniques include
linear programming, dynamic programming, and linear graphics.

An optimization model similar to that developed under Texas Highway
Research Project 123 and used in FPS-3 (Ref 1 ) would probably be best for
a low-volume road pavement design and management system because of its use of

overall cost as a basis for determining optimal designs. This model uses a



TABLE 2. DECISION CRITERIA

Cost
(a)
(b)
(e)
(d)

Funds
(a)
(b)
(c)

Initial (4.95)%
Maintenance (4.18)
Operational (3.83)
User (3.74)

Availadble (4.73)
Probability of additional (4.24)
Type (3.61)

Safety (dust) (4.42)
Environmental Impact (4.42)
Function of the Road (4.35)

Stage Construction (4.19)

Administrative Requirements (4.00)
Confidence Level (3.90)
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modified branch and bound technique with the principal that if a design is
more expensive and at the same time has less strength than some other design

then it cannot produce a better design and is therefore discarded.



CHAPTER 5. A CONCEPTUAL PAVEMENT MANAGEMENT SYSTEM

In Chapters 3 and 4 the basic requirements of a general pavement manage-
ment system were presented in terms of its major subsystems. An attempt was
then made to evaluate these basic components individually and, where possible,
to define their composition for use in a design and management system for
low-cost Forest Service roads. Because of the many complex factors involved
in such a system, it was difficult to define the make-up of some of these
major subsystems (structural design and system outputs). In these questionable
areas recommendations are made as to how the problems might be treated.

The intent of this chapter is to further develop these recommendations then
combine them with the other subsystems in presenting a conceptual pavement

management system for low-volume Forest Service roads.

Structural Design Models

As suggested in the previous chapter, because of the many dissimilarities
in behavioral characteristics and design criteria between paved and unpaved
roadsg, it may ultimately be advantageous to incorporate two separate structural
design models into the low-volume road management system, Separating the struc-
tural models for these two types of roads serves two main purposes, First, it
affords more accuracy on distress predictions, and second, it allows separate
gserviceability functions to be considered for the different pavement types.

In addition, it may make it possible to present a simpler, more useful system

for routine use.

45
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A pavement structural design model consists of physical models used to
simulate the real world load response, of a pavement throughout the
analysis period. Three basic kinds of models are used to accomplish this for
most pavement structures:

(1) Traffic models consist of a traffic equation used to predict the
amount of traffic which will have passed over a road after any
length of time, usually in terms of a single equivalent axle load.

(2) Structural capacity models determine the strength of the resistance
to the enviromment of the different pavement structural designs
being evaluated.

(3) Performance models use the results of traffic and structural capac-
ity models to predict the behavior of the pavement, at any time,
in terms of its serviceability or ability to serve traffic.

Paved Roads

The Forest Service presently uses the "AASHO" Pavement Design Method as

presented in Chapter 50 of their Transportation Engineering Handbook (Ref 29)

for the structural design of their paved roads. 1In evaluating alternative
structural designs under a simulated real world environment this pavement
design method incorporates the three basic kinds of physical models described
above. Its traffic model, equation (1), uses traffic equivalence factors
(ei) to convert the number of vehicles in mixed traffic (NT) by percentage

of axles in each load group (Pi) to a total equivalent 18-kip single-axle

load that will travel over the pavement during its analysis period.

n
W = N s P.e, (1)

The structural capacity model used in the AASHO design method is given
by equation (2). This model sums the products of the thickness of the individ-

ual pavement layers (Di) and the relative strength of the material in each
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layer, represented by layer coefficients (ai), over the total structural
depth to obtain the pavement's structural number (SN), indicating its

capacity to resist distress.

= + A 2
SN a1D1 aznz anDn (2)

The AASHO performance model (Ref 7) is based on empirical relationships
derived from the AASHO Road Test, supplemented by theory and by data developed
from current practices of highway construction agencies. This model, equa~
tion (3), predicts the present serviceability of a pavement as defined by

Carey and Irick (Ref 6), in terms of riding quality.

G = A (logy_ - log p) 3
. B, g o (3)
where:
Gt = a function of the ration of loss in serviceability at time t to
the potential loss taken to a point where P, = 1.5
B = a function of design and load variables that influence the shape
of the p-versus— serviceability curve
w, = axle load application at end of the time t.
p = a function of design and load variables that denotes the expected

number of axle load applicaltions to a serviceability index of 1.5.

P, = serviceability at end of time t.

Although the AASHO pavement design method is considered by many highway
agencies to produce a superior structural design, as indicated by its wide
use, it does have some deficiencies, especially when it is applied to low-volume
Forest Service Roads. For example, the equivalence factors used in the traf-
fic model, equation (1), to convert mixed traffic loads to a common denominator
of 18~kips were empirically developed using a function of the relationship of

loads to pavement damage. Therefore, these equivalence factors are reasonably
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accurate over the range of loads applied at the Road Test, but are little more
than guesses for extrapolations beyond this point (see Fig 8). Because many
Forest Service roads receive loads substantially larger than those applied

at the AASHO Road Test, the total equivalent 18-kip single axle load (les)
obtained using the traffic model may be erroneous for these roads, consider-
ing the questionable equivalence factors that must be used in its calculation.

Another limitation of the AASHO pavement design method as applied to
low—volume Forest Service roads is that, although this method does provide a
Regional Factor (R) for adjusting designs to various climatic conditions, a
more extensive characterization of the climate and its effect on the pavement
structure should be included in the design. The reason for this being that
moisture and temperature have a more pronounced effect on the performance
of thin asphalt pavements, such as those built by the Forest Service, than
on thicker pavements, as typically used for highways (Ref 11),

After evaluating these and other deficiencies of the AASHO pavement
design method in its application to low-cost Forest Service paved roads and
considering other alternative structural design methods, the project research
staff believes that the structural design models presently used by the
Forest Service in designing their paved roads could be used in the initial
pavement management system and would produce satisfactory results, but upon

further development of the system this design method would require revision

to correct some of its major deficiencies.

Unpaved Roads

For design of their unpaved roads the Forest Service presently uses a
modified AASHO procedure. The modifications are based on data accumulated

by the U.S. Army Engineer Waterways Experiment Station. In this design
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method the required subgrade structural number (SN) is calculated using the
AASHO traffic and performance models, then inputing this structural number
into a ''gravel equivalency" chart, developed by the Corps of Engineers, a
total equivalent aggregate thickness is calculated that will protect against
a rut in excess of two inches.

In evaluating this design procedure for use in the Forest Service pave-
ment management system, major deficiencies were found in a number of areas.
As was the case for paved roads, this unpaved road design method is weak in
the areas of total load predictions, because of its application of the AASHO
traffic equivalency factor concept to loads in excess of those applied at
the Road Test, and characterization of climatic conditions and their effect
on pavement performance.

In addition to these limitations, this structural design method, with its
use of the AASHO performance equation to calculate the required subgrade struc-
tural number (SN), quantifies pavement serviceability in terms of PSI or, in
other words, riding quality. As stated in the previous chapter on system require-
ments, the purpose of most low-volume Forest Service roads, especially those that
are unpaved, is to provide a means of moving traffic at the least cost to both
the road user and the road builder. The use of riding quality as a measure of
performance does not take into account what, considering the purpose of Forest
Service roads, should be a major decision criteria, that being the cost of the
pavement structure. This deficiency was shown in the results of the "importance
rating" by the fact that as a decision criteria, riding quality received a
relatively low importance rating when compared to that of pavement cost.

Although this modified AASHO design procedure could be incorporated into

the structural design subsystem of the Forest Service pavement design and



51

management system, an alternative design model that would better represent
critical design criteria for unpaved roads should be seriously considered in
its place.

When evaluating alternative design methods for this purpose some major
points that should be considered are:

(1) The models should accurately characterize the external forces which
act on the pavement, namely the loads and the environment.

(2) The input variables used by the model should be relatively easy to
obtain and should represent those factors that are critical to
the design of umpaved roads.

(3) Distress modes predicted by the model should be those character-
istic to unpaved roads, for example, pot holes, rutting, gravel
loss, looseness of gravel, loss of cross—sectional shape,
corrugations, and dust,

System Qutput Function

In evaluating the form of system output function to be used in the low-
volume pavement management system, it is important to keep in mind that we
are dealing with two different types of roads, paved and unpaved, and that
the distress modes and magnitudes of distress found on them may not be the
same under similar conditions of load and environment, ¥For example, critical
distresses on a paved road may show up as cracking, rutting, and surface
disintegration, while those on an unpaved road may be found to be gravel loss,
pot holing, rutting, and excessive dusting. Therefore, since a pavement's
wear-out function or serviceability must be expressed as a function of these
measurable distresses, the wear-out functions for paved and unpaved Forest
Service roads will necessarily be different.

In such a system as will be developed for the Forest Service, it is

essential that a meauns be provided for comparing the relative performance
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of pavements on different types of roads. This means that it will be neces-
sary to find a common denominator to which the wear-out functions for both
paved and unpaved roads can be related. It should be stressed that this
common denominator must be defined in accordance with what the various pave-
ment management activities are trying to achieve as an end product. For
low-volume Forest Service roads, this means that the common denominator
should be relatable to the optimum cost of serving traffic needs, since this
is the objective in providing most Forest Service roads. Once this common
denominator has been decided upon, it will be necessary to develop relation-
ships that equate it to the different wear-out functions for paved and unpaved
roads.

To represent pavement failure in this system using a function of the
cost of serving traffic needs as the common denominator, a maximum cost level
could be designated above which it is felt that the pavement would no longer
adequately serve its intended purpose, This maximum acceptable cost level
could then be converted to its corresponding levels of distress on the wear-
out functions for both paved and unpaved roads assuming that a relationship
based on previously observed data could be developed for this purpose. When
the distress measurements for a road reach this level on its corresponding
wear-out function, the pavement can be said to have failed and would require
some type of maintenance to lower its distress to a level corresponding to an
acceptable cost of serving traffic needs. This pavement failure concept is
illustrated in Figure 9.

The following is a discussion of an idea developed by the project staff
as to how a function for the cost of serving traffic needs on a Forest Ser-
viece road might be defined and how a model relating it to a distress wear-out

function could be developed. This idea is a result of information obtained
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through interaction with Forest Service personnel and the review of litera-
ture on low-volume road research being carried out in some of the developing
countries of the world,

In attempting to define a cost function that can be used as a common
denominator for comparing the relative performance of pavements on Forest
Service paved and unpaved roads, it will first be necessary to look at the
total cost of a pavement design. For Forest Service roads, this total cost
can be divided into four basic cost factors, (1) an initial construction
cost, which includes the cost of planning, designing, and constructing the
pavement; (2) a maintenance cost, which includes the cost of routine main-
tenance and the cost of resurfacing or overlaying excessively worn pavements;
(3) a user's cost, which involves the cost to the user in terms of fuel, lost
time, wear on vehicles, and damage to cargo due to a decrease in service-
ability of the pavement, in addition to a factor for comfort, convenience,
and safety; and (4) an envirommental cost including the effect of such factors
as dust, mud, and erosion on the environment.

In deciding which of these cost factors should be used in the cost
function, it must be kept in mind that, by definition, this cost function,
or common denominator, is to be relatable to the wear-out functions of
pavement and unpaved roads; therefore, it should vary as a function of varying
distress in a pavement. In other words, changes in the level of distress
in a pavement must be accompanied by changes in the cost function for that
pavement. As illustrated in Figure 10, initial construction cost is a con-
stant for a given pavement regardless of increasing distress and therefore
can not be expressed as a function of distress. Similarly, while the cost
of maintaining a pavement to a desired distress level does increase with

increasing distress, it may, in reality, be constant over certain ranges
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of distress, as illustrated in Figure 11, Therefore, it would also be dif-
ficult to express maintenance cost usefully as a function of distress. It has
been demonstrated by members of the British Transportation Road Research
Laboratory in recent research carried out on low-volume roads in Kenya (Ref 21),
that user's cost does vary with varying distress in a pavement structure, and,
therefore, can be related to the wear-out function of a pavement as illustrated
in Figure 12, Although research has not been done to support any conclusions,
it was pointed out by Forest Service personnel that from field observations
made, it was found that environmental cost also varies as a function of dis-
tress, and therefore, should be used in the cost function.

From this evaluation of the cost factors involved in pavement design of
low-volume Forest Service roads, it seems that a combination of user's cost
and environmental cost might best be used to define the cost function
common denominator for comparing the performance of paved forest roads to
that of unpaved forest roads.

In developing a model that would equate this cost function to a distress
wear-out function, a procedure similar to that used by the Road Research
Laboratory in Kenya (Ref 21) to develop a similar relationship could be
used. In this Kenya study, two separate areas of field work were under-
taken in the research to determine . vehicle operating costs (essentially
user's cost) as a function of road characteristics., First, experimental
studies were conducted in which numerous measurements of fuel consumption
and vehicle speed were taken at different distress levels on a number of
pavement types. Then, using a multiple regression analysis technique,
empirical relationships were derived that permitted the calculation of
speed and fuel consumption as a function of pavement distress. In addition

to these experimental test studies, a survey of road users was conducted
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to obtain data by other cost inputs such as tires, vehicle maintenance and
depreciation. As with the data for the experimental studies, a series of
relationshps was also developed which would permit the calculation of the
wear, maintenance, and depreciation as a function of the pavement charac-
teristics.
An experiment and survey similar to that described above seems to

be a feasible alternative to developing relationships between a cost function
consisting of user's costs and envirommental costs and the wear-out functions

for paved and unpaved Forest Service roads.

A Conceptual System

The combination of these ideas for structural design models and
output representation and evaluation with the previously defined major
components of a pavement management system for low-volume Forest Service
roads could result in a system similar to that structured in Figure 13.

As can be seen in the diagram, the first step in the systems design
process is the collection of all necessary input data. Once this is completed
a summation of the predicted traffic and loads that will travel over the pro-
posed road during the analysis period is calculated using the traffic model
with pertinent input data. Depending on what type of surfacing is specified,
a structural strength for a design of given materials and layered thickness
values will be calculated by one of the two strength models. All this infor-
mation will then be utilized in one of the performance models, again depending
on surfacing type specified, to first determine, as an intermediate step, the
wear-out function of the structure in terms of either a distress index for
unpaved roads or a present serviceability index for paved roads, and finally

to determine the performance of the structure in relation to a cost function
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of serving traffic needs.

When the measurable distress on a road reaches a level corresponding
to a maximum acceptable cost level as determined by the decision criteria,
some form of maintenance will be required to return the structure to an
acceptable distress level, The structure is then re-evaluated according to
the type of maintenance designated, and the extended life of the pavement
is determined. This re-evaluation process is indicated by the dotted line from
the serviceability-age history to the strength models in Figure 13. This
process of extending the life of the pavement through maintenance activities
is continued for the predesignated design life of the road structure.

The total design and management evaluation process can be carried out for
many different design and maintenance strategies, each one going through the
optimization process where they are evaluated, compared and arrayed for the
final decision.

While only conceptual, the system described above does illustrate the
basic requirements of a pavement management system for low-volume Forest
Service roads. Development of a working system for such a situation is indeed
feasible, but because of the lack of past research in the area of low-volume
road design, considerable effort on the part of both the project research
staff and the Forest Service will be required in future work towards its
complete development.

As an example of what the printout for a computerized version of the
proposed low-volume pavement management system could be made to resemble,
some sample problems using the FPS-3 computer program developed at The

University of Texas are presented in Appendix C,
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Future Development

The actual development of the Pavement Management System will be a staged
process. The first step will be to pull together the existing models and
methods used by the Forest Service and to synthesize a simple working method
which not only accounts for structural design and traffic, but which gives
some consideration to user’s costs and maintenance.

In addition, of course, some type of decision criteria are needed and

hopefully some type of optimization routine will be developed as soon as
feasible. 1In a sense we will have therefore, a stepwise development of the
low-cost road system. At some early date it will be desirable to start
implementation of  the system and to provide interaction between the devel-
opment and upgrading of the concept and its use in the field. Ultimately,
the Forest Service will provide most of the improvements that will be so
vital to the system development.

The concept can perhaps be summarized in Figures 14 and 15. As indicated
in Figure 14, the basic building blocks or new and future developments involve
the basic knowledge and methods currently used by the Service. While they are
not perfect, they do synthesize some of the historical experience of the
Forest Service and thus provide needed knowledge.

Likewise, the available operating systems for pavement management (Item
B, Fig 14) provide another major building block since the experience of develop-
ing, using, and modifying these systems will be invaluable in the future
development of the Low-Volume Road Management Systems (LOVORS). TItem C represents
the basic conceptual application of PMS to low-cost roads which has synthesized
over the past three years among persons such as Pelzner, Taylor et al of the

Forest Service and Hudson et al of the pavement research field.
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Continued interaction and input into the problem from the field (Item D)
as typified by the Project brainstorming session held in Austin in March 1974
and discussed in detail herein, has provided the last basic foundation block
needed for the initial conceptual system outlined herein.

The Conceptual Low-Volume Road Management System presented herein (Item E)
is the synthesis of the major foregoing items with of course, significant
input from other sources and references. We feel that this basic foundation
document provides the perspective and direction needed to develop the initial
working system which we have tentatively dubbed LOVORS I, indicating it is the
first in a series of improved versions which may some day be developed.

It is anticipated that LOVORS I would result from Phase I1 of the current
research activity between The University of Texas and the U. S8, Forest Service.
Figure 17 outlines in detail how these developments might proceed., Future

improved elements in LOVORS are hypothesized in dotted lines in Figure 9,



CHAPTER 6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

Because of the development of new information in the pavements field
during the past decade, the complexity of the interaction of design variables
has become better understood and the need for a systematic approach to the
problem of pavement design and management has become evident. Thus, through
the application of systems engineering to pavement design, a number of
conceptual and working pavement management systems have been developed in
recent years. This report presents the results of a study to examine and
define a conceptual pavement design and management system for low-volume roads,

in particular Forest Service roads.

Summary

As presented in Chapter 2, an essential first step in the development of
the conceptual system was an identification of the problem through its rec-
ognition and definition. Problem recognition was facilitated by acquiring
background information and investigating the present state-of~the-art of Forest
Service and other low-volume pavement design concepts. An assessment of the
Forest Service needs for a pavement management system found that emphasis
was placed on the needs of (1) optimizing the total pavement investment,

(2) providing pavement performance prediction methods for planning purposes,
(3) optimizing resource management efforts, (4) providing a tool for
evaluating the effectiveness of specific pavement designs, and (5) unifying
design efforts within the Forest Service. Problem definition was achieved
by detailing the special constraints and considerations characteristic to

the design of low-volume forest roads as compared with that of "higher type' roads.
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Following the identification of the problem, it was possible to begin the
actual work of formulating the conceptual system. After an extensive examin-
ation of pavement management systems that had been previously developed for
"higher type" roads, it was decided that the FPS type of working Pavement Design
System developed in Texas offered an excellent conceptual base from which a
pavement design and management system could be formulated for low-volume Forest
Service roads. In evaluating FPS, the project staff first divided it into its
major components: inputs, a structural design subsystem, system outputs, deci-
sion criteria, and an optimization process. An attempt was then made to define
each of these subsystems as they would be used in a low-volume road pavement man-
agement system. Where definition of a subsystem was not possible because of the
need for further research, relevant questions and ideas were formulated for
consideration in the eventual development of the subsystem definition.

An essential part of the initial evaluation of subsystems was the
interaction and exchange of information between the research staff and Forest
Service personnel that took place during the March 20-24 "brainstorming
session." Many ideas and discussions were presented at this meeting including
those on (1) system input variables, (2) decision criteria, (3) terminology,

(4) pavement performance, (5) the decision making process within the Forest
Service, (6) pavement failure, and (7) special constraints and considerations
for Forest Service roads.

In order to help comprehend the relative significance of the variables
discussed at this session a rating of the pertinent ideas discussed therein
as to their importance to the proposed pavement management system was com-
pleted by the conference attendees. The results of this "importance rating"
were then analyzed by the project staff and the information obtained was
used to great extent in further defining and detailing the major components

of the proposed system.
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The intent of Chapter 5 is to further develop the ideas presented in
Chapter 4 on structural design and system outputs, and then to combine these
ideas with the other subsystems in presenting a conceptual pavement management
system for low-volume Forest Service roads. Here it was suggested that
because of the many dissimilarities in behavioral characteristics and design
criteria between paved and unpaved roads, it may be advantageous to incor-
porate two separate structural design models into the probosed system. This
would afford more accuaracy on pavement distress predictions and allow
separate serviceability functions to be considered for the different pavement
types.

When developing a serviceability function for representing the system
output, the purpose of the roads designed and managed by the system must be
accounted for. This means that for low-volume Forest Service roads serviceability
should be relatable to the optimum cost of serving traffic needs. This
optimum cost function can be represented as a function of user's cost and
environmental cost. The development of relationships between the cost function
and the serviceability wear-out functions of both paved and unpaved roads
will allow for comparisons to be made of the performance of pavements on
different types of roads.

A combination of the ideas for structural design models and output
representation with the other subsystems defined in Chapter 4 could result in

a conceptual system similar to the one structured in Figure 15.

Conclusions and Recommendations for Future Research

The general conclusion of this report, based on the past year's research,
is that the development of a pavement design and management system for low-
cost, low-volume Forest Service roads is indeed feasible. However, it must be

kept in mind that because of the lack of past research in the area of



68

low-volume road design, considerable effort will be required in future work

towards the system's complete development. As in this initial phase, phase II

of this project, the actual development of the pavement design and management

system including mathematical models and other information needed for opti-

mization, will rely heavily on the interaction and experience of Forest

Service personnel.

Major areas of research recommended for Phase II are:

ey

(2)

(3)

(4)

(5)

(6)

In order to insure positive communication, a set of definitions for
the terms and concepts used in the project’s development should
be agreed upon and used by all those involved with the project.

A further evaluation of system input variables and decision criteria
should be conducted. This evaluation should include a study of the
feasibility of quantifying and collecting data for certain variables,
in addition to an examination of variable interaction and its effect
on system models.

In developing the system's mathematical models, special attention
should be given to the performance prediction model for umpaved roads.
The distress modes predicted by this model should be those charac-—
teristic to unpaved roads, i.e., potholes, rutting, gravel loss,
looseness of gravel, etc.

In order to facilitate the defining of pavement failure for an
unpaved road, it will be necessary to develop a scale by which the
condition of such a road may be measured. Because this ''service-
ability index" should be defined in accordance with the objective
of providing the road, serious thought should be given to the uses
of some type of cost function for this purpose. Such a function
could use such costs as envirommental cost and user's cost as its
parameters.

Once a useable serviceability index has been developed, it will be
necessary to define minimum levels of acceptability for the differ~
ent types and classes of Forest Service roads. One way this could
be done is by questioning the road users for their opinions on what
is an acceptable level of serviceability.

It is recommended that because of the large variability that exists
in the as—constructed properties of pavement materials and the con-
siderable amount of uncertainty in traffic forecasting, an exam—
ination of the statistical reliability of input variables and system
models be conducted. The results of such a study should indicate
whether or not these stochastic variations should be considered in
the pavement management system.
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(7) Once the models for the system have been developed, a sensitivity
analysis should be performed on them by evaluating the amount of
response in a model due to a unit change in the parameters. This
sensitivity analysis should establish the relative significance
of the input variables and promote confidence and reliability in the
models.

In addition to these areas of needed research, it is recommended

that, because of the many variables that would be included in a pavement
management system for low-volume Forest Service roads, a computer program be
developed to analyze the design problems and to generate feasible design
alternatives, or in other words, to implement the system. The use of a com~
puter would expand the number of possible designs by generating a large num-
ber of alternatives, and also, permit the storage of a large amount of pave-

ment behavior data that could be used to modify and improve the existing

degign models.
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APPENDIX A, DEFINITIONS

Pavements are structures that use subbase, base and surface courses placed
singly or in combination on a subgrade to support the traffic and distri-
bute the loads to the road bed.

A paved road has a pavement structure that uses a bituminous surface course.
This bituminous surfacing may range anywhere from a chip seal to an
asphaltic concrete.

An unpaved road is a road that does not use bitumin in its surface course.
Two basic types of unpaved roads are gravel roads and natural earth roads.

Performance is a measure of the accumulated service provided by a
facility, i.e., the adequacy with which a pavement fulfills its purpose.

Serviceability is the ability of a specific section of pavement to serve
traffic in its existing condition.

A system is something which accomplishes an operational process; that is,
something is operated on in some way to produce something. That which is
operated on is usually input; that which is produced is called output,
and the operating entity is called the system.

Behavior is the immediate reaction or response of a pavement to load,
environment, and other inputs. Such response is usually a function of the
mechanical state, i.e., the stress, strain, or deflection, which occurs

in response to the input.

Distress is the visable consequences or the pavement responses when carried
out to their limiting values.

Maintenance is the act of attempting to keep something in its present
condition. For unpaved roads maintenance may take the form of regravelling
or moto~grading. For paved roads patching, sealing, and overlaying may

be included in the maintenance routine.

Model is a system of postulates, data, and inferences presented as a mathe-
matical description of a conceptual reality.

Feedback is the collection and reversion of the pavement distress or lim~

iting response data to the data bank for use in analysis, maintenance
studies, rehabilitation scheduling, etc.
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APPENDIX B. SUMMARY OF FS-1 '"BRAINSTORMING SESSION"
Summary of
FS-1 "Brainstorming Session"
Joe C. Thompson Conference Center
Austin, Texas
March 20-22, 1974
On March 20-22, 1974, a conference was held at the University of Texas

between research Project FS~1 staff members and the U. S. Forest Service
personnel. The purpose of this meeting was two-fold: (1) to familiarize
Forest Service field personnel with Project FS-1 in hopes that their
background, experience and interest in the project would stimulate future
input on their part, and (2) to discuss the potential problem areas in the

conceptual pavement management system as seen by both the project staff

and the Forest Service.

RUNDOWN OF EVENTS

Introduction to Pavement Management Systems

The conference began with welcoming presentations by Dr. W. R, Hudson,
Director of Research, for the Council for Advanced Transportation Studies,
and Mr. Hudson Matlock, Chairman of the Civil Engineering Department of the
University of Texas. Dr, Hudson then gave a general presentation on Pavement
Management Systems (PMS).

Gerald Peck, Engineer of Roadway Design with the Texas Highway Department,
followed with a discussion of the uses of PMS on highways in Texas. Mr. Peck
described the three main elements of the THD's PMS as: (1) design analysis

process, (2) pavement feedback data, (3) personnel and equipment. He also

76



77

emphasized the fact that the PMS provides information on all stages of pave-
ment management including: (1) programming, (2) design, (3) construction,
(4) operation, and (5) retirement. Mr. Peck also stated that although the
THD's PMS is now being used, it is only being used to a limited extent on low
cost state roads. 1In the future, it will be used more and more on the Farm
to Market Road system which is composed of relatively low cost roads.
Following this presentation, Dr. McCullough talked about the application
of the PMS and how it could be used by the Forest Service to design and
maintain their road system. A short discussion among the group on the PMS
in general followed this presentation. The major point brought out in this
discussion was that most people have different ideas as to what constitutes
"failure" of a pavement. It was agreed that developing a definition for
“"failure" is an important work item in the conceptual study of the PMS for
the Forest Service roads.
Inputs
The workshop continued with a discussion of the variables necessary to
input into the PMS. Six categories of input variables as seen by the Project
staff were presented: (1) load and traffic, (2) envirommental, (3) construction,
(4) structural design, (5) maintenance, and (6) constraints. It was then
agreed that a seventh category of inputs was required, that of operational
variables. A comprehensive discussion of each category of inputs was then
conducted which resulted in the addition of several variables to the lists
already prepared by the project staff for each category. (See Table B.1)
Throughout the discussion of these input variables, concern was expressed
about their variability. The fact was brought up that subgrade materials and,

therefore, subgrade properties, will vary considerably over the length of a
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forest road. The actual uniformity of construction materials was also ques~
tioned. It soon became evident that in this PMS it will be necessary to inves-
tigate these and other possible variations and to develop methods for con-
sidering them in the design.

While discussing these input variables, the fact was brought up that it
would be difficult to quantify a number of them; for example the skill level
of personnel as construction variables, or area sensitivity as an environmen-
tal variable. An idea for solving this problem was suggested by Haywood Taylor.
He cited an articlé on Semantic Differentials, with the idea of quantifying
all factors by three variables: (1) good or bad, (2) frequency, and
(3) potency, as an example. The reference for this article is Psychology
Today, "'Semantic Differential," p. 58, November 1973.

Definition of Pavement

Also while discussing the input variables concern was expressed for the
definition used by the project staff of the term "pavement.” A great majority
of the Forest Service personnel used different names for what the project
staff called the "pavement." Some of these terms were pavement structure,
structural section, and structural element. It was therefore decided that a
term for "pavement" should be phrased and used by both the project staff and
Forest Service personnel consistently. It was agreed also that there was a
need to coordinate other key word definitions that may be in conflict.

Decision Criteria

A discussion of decision criteria pertinent to the Forest Service PMS
followed that of the input variables, Revisions to the list developed by
the project staff were made, although no feelings as to the importance of the

individual items to the decision making process was expressed at this time.



(See Table B.2).
Performance

Following this discussion of decision criteria, Dr. Hudson conducted a
discussion on distress, failure, and performance of pavements as applied to
the PMS. Here he presented an idea for defining failure of a Forest Service

road. This idea is illustrated as follows:

"Failure"

/  Maximum Funds for
Maintenance

/

Distress Cost of /
Index Maintenance

yrd Level of Acceptability

Time

In this concept, failure of the pavement is a function of the total cost of
maintenance for a particular road. As this total cost of maintaining the
pavement above a minimum serviceability or distress level increases it will
eventually reach a predesignated maximum level of fund available for mainte-
nance of that road. At this point, the pavement is said to have failed, and
it would be necessary to either close or reconstruct the road.

During this discussion, a question was raised about who would determine

the minimum distress level. Should the Forest Service determine this for a
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particular type of road or should it be decided separately for each road by

the intended user of the road? It was mentioned that Oglesby at Stanford
University has determined a consensus of the level of maintenance preferred

by low cost road uses. Questions also were brought up as to how a road's
serviceability level could be measured. If a mechanical rater was used, such
as a profilometer or a Mays Meter, at what speed could it be run to insure con~
sistency of measurement on the different types of forest roads? Many other
ideas were suggested for determining serviceability and failure of Forest Ser-
vice roads. These are presented later under ''Ideas for 'Pavement Failure'

on Forest Service Roads."

Decision Process

The conference continued with a discussion of the present decision
making process within the Forest Service. The way the process works is
that if a Forest Ranger feels a road should be built from one place to another
he submits his idea to the Forest Engineer (FE). The FE then decides which
of the requested roads actually needs to be built, and then puts them into
his general improvement program. The FE glso decides the type of roads to
be built and what type of surfacing they are to have. He need not okay his
decisions with the Supervisor unless extra money is needed to construct the
roads. Therefore, the decision to build roads is made at the Forest Engineer
level. Once a decision to construct a road has been made the FE prepares an
agreement document with a timber purchaser. While the timber purchaser is
building the road, an Engineering Representative (ER) of the Forest Service
inspects and controls the quality of construction being done. This ER
usually reports to the FE although sometimes he reports to the Chief Ranger.
For roads built under public works contracts, the ER is replaced by a Con-

tracting Organization Representative (COR), who has the same duties as the ER
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does on a timber purchaser road, although it was generally agreed that the COR
must follow the specifications more closely than an ER probably would be
required to. Therefore, the quality of work is usually better on a road built
under a public works contract.

As for decisions about road maintenance, the Ranger makes the decision
to do minor maintenance, but for a major maintenance project the same process
is followed as for the construction of a new road. The funds for maintenance
are limited to a certain amount each year as opposed to those for new
construction which are a function of the amount of timber sold during the
year.

Special Constraints and Considerations

Throughout the meeting Forest Service personnel brought up a number
of ideas as to special constraints and considerations that must be kept in
mind when developing a PMS for the National Forest Service. A short presen-
tation of each of these important ideas follows.

(1) Unpredictable Traffic on Forest Service Roads. When designing a road,

it is necessary for the designer to know the kind and amount of
traffic the road will be expected to carry. Because Forest Service
roads have a variety of users, i.e., loggers, hunters, and recrea-
tionalists, the exact use of the road is difficult to predict over
its entire life. Therefore, the type and values of design input
variables to be put into the system may be difficult to determine,
leading to an inadequate road.

(2) '"Prudent Operator' Concept. Although timber purchasers build a

majority of the forest roads, the Forest Service can to a certain
extent dictate the type and quality of road to be constructed. This

is done through the use of the "prudent operator" concept which allows
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7)
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the Forest Service Engineer to require a timber purchaser to build
a road to the quality that a prudent operator would construct the
road, therefore enabling the Forest Service to maintain a higher
quality of roads.

Who Will Use PMS? There may be some problem in considering the

quality of people that will use the PMS, GS~4‘and GS-5 technicians
will be collecting the necessary data, but will they actually be
inputting it into the system and designing the road? Who will
make the decisions, as to what design will be implemented for a
particular road? Will the Forest Engineer use the PMS to predict
future maintenance and plan budgets?

Control of Timber Traffic on Forest Service Roads. Because the

Forest Service controls the size of the timber sale, it is in a
position to control the number and size of loads travelling across
its timber roads.

Fatigue Failure. Because of the small number of loads carried across

timber roads, 1t is nearly impossible for any of them to experience
failure caused by excess fatigue.

Classes of Traffic on Forest Service Roads. A forest road will

generally carry three classes of traffic during its lifetime:

(a) logging trucks -- during production years,

{(b) recreational -~ after production years, and

{(¢) TForest Service personnel —- during and after production years.
The type of traffic on a road is a function of the time and rate at
which the timber purchaser chooses to harvest.

The Influence of Surface Type on Traffic. The number of vehicles

travelling across a road is influenced to a great extent by the
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type of surfacing on the road. A road will probably receive more
traffic if it is paved with asphalt than if it were left unpaved.

Does Black Paving a Forest Service Road Increase Safety? The

question of safety comes up when considering whether or not

to black pave a road that was originally gravel. If a gravel road,
whose geometric design was determined by the sbeeds attainable on
such a pavement, were to be black paved, its accident rate would
probably increase due to the higher speeds allowed by smoother
pavement.

The PMS for Forest Service Roads. Mr. Haywood Taylor suggested

three questions that must be asked when planning a road:

(a) 1Is it economically sound?

(b) 1Is it socially acceptable?

(¢) Is it politically acceptable?

Questions that must be kept in mind when considering the PMS for
the Forest Service are:

(a) Will it work?

(b) What are implementation costs?

(¢) What are the benefits?

(d) Who will want to use it?

(e) Who will accept it?

It is important to keep the system simple. If the PMS is too
complex for the average Forest Engineer to use, then it is of no
value to the Forest Service. It was suggested that the PMS be
implemented in stages, in order to make its total comprehension

easier.
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TABLE 1. TINPUT VARTIABLES

Load and Traffic Variables Environmental Variables
Number of Applications (4.72)% Drainage
Distribution of Traffic (a) surface drainage (4.38)
(a) seasonal changes (4.58) (b) subsurface drainage (4.60)
(b) annual changes (3.53) Freeze-Thaw Cycle (4.21)
Characterization-Distribution of Soil Type (4.11)
Loads on Vehicles (4.54) Topography (3.93)
Total Load (4.37) Rainfall
Type of Loading (4.32) (a) amount (3.81)
Axle Spacing (3.86) (b) seasonal distribution (3.79)
Tire Pressure (3.68) (c) intensity (3.56)
Area Sensitivity to Lanslides (3.50)
Construction Variables Temperature Range (3.36)
Quality Control Structural Design Variables
(a) material (4.62)
(b) compaction (4.60) Subgrade Properties
{¢) thickness (4.58) (a) strength (4.87)
(d) moisture and temperature (3.97) (b) permeability (4.27)
Personnel-8kill Level (4.16) (¢) gradation (4.12)
Road Geometrics (3.93) Type and Quality of Paving Material
Equipment Available (4.58)
(a) availability (3.66) Layers
(b) envirommental impact (3.49) (a) thickness (4.58)
(b) arrangement (4.34)
Maintenance Variables (¢) pumber (3.74)
Stabilization Policy (4.28)
Level of Maintenance (4.45) Cross~Section (3.95)
Type of Rehabilitation Frost Design (3.82)
(a) gravelling (4.14) Testing Equipment Available (3.55)
(b) overlaying (4.11)
(c) sealing (3.80) Operational Variables
Available Funds (3.96)
Road Users (3.79) Controls on Road Use (4.40)
Time Lag in Obtaining Funds (4.00)
Constraints Operational Plamning and Enforcement
(a) allowance for major
Maximum Allowable Cost hauling (4.20)
(a) initial construction (4.60) (b) snow removal (3.77)

(b) total maintenance (4.17)
(c) wuser's
Design Life of Road (4.50)
Minimum Layer Thickness (4.49)
Envirommental Constraints (4.35)
Minimum Time Until First Major Maintenance (4.28)
Minimum Time Between Major Maintenance (4.23)
Constraints from Management (4.23)
Political Constraints (4.16)
Prudent Operator Constraints (3.56)

#(x.xx) = 'weighted" mean importance rating
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Fig 15. Detailed development of Forest Service
Pavement Management System.




1D

(12)

(13

(14)

(15)

(16)

84

Poor Regions and the PMS. Poor regions that have little timber

and, therefore, build only very low cost unpaved roads must be
considered in the PMS.

Frost Heave on Gravel Roads. Frost heave is not a problem on

gravel roads although it does create a problem on the thin
asphalt surfaced pavements in some of the northern regions.

Acceptance of PMS Design Models. Will proposed users of the PMS

ugse it if the structural design model is not one that they like or
are similar with?

Collection of Input Data. It may be difficult to obtain input data.

Historically, the Forest Service has had problems collecting data,
i.e., conditions studies, etc.

Separate Systems for Gravel and Black Paved Roads. Because of the

vast differences in characteristics and behavior of gravel versus
black paved roads, it may be necessary to use two separate systems
in designing these two kinds of pavement, although there should be
a method to compare the two different designs so that the optimum
design can be used.

Naming of PMS. The name of the PMS should be ome that would promote

favorable support for the system. Some suggestions by Mr. Haywood

Taylor included:

(a) "A Management System for Improving Forest Road Surfaces,”

(b) "An Engineering System for Enhancing the Riding Surface of
Forest Roads,"

(c) "An Engineering System for Improving Traffic Flow on Forest

Roads," and
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(d) "A Procedure for Improving Surfacing Systems on National
Forest Roads."

(17) Administrative Constraints. It may be difficult to develop a

PMS that will cover the many different types of administrative
constraints found in the various regions.

Ideas for '"Pavement Failure" on Forest Service Roads

One of the major concerns expresses at the "brainstorming session" was
that of developing an acceptable definition for "pavement failure" or, in
other words, defining the point at which a pavement is no longer acceptable
to its users. Previous definitions of failure have concerned themselves only
with "high quality" pavements such as those constructed with asphalt concrete
or portland cement. Because of the fact that the major portion of Forest
Service roads are unsurfaced or aggregate surfaced, it will be necessary
to develop a new definition of pavement failure that will take into account
these "lower quality" pavements.

In addition to the idea of defining failure as a function of the total
cost of maintaining the pavement above a minimum distress level, as mentioned
previously, there were a number of other ideas suggested for measuring ser-
viceability and defining failure of pavements on Forest Service roads.

When an aggregare road is accepted after its initial construction it has
a definite template cross—section shape in conformance with its plans and
specifications. It should also have, within reasonable limits, the specified
thickness of aggregates. As time goes by aggregate loss takes place as
well as loss of original template shape. These are two measurable parameters
that could be used to determine present serviceability levels. Failure of
the aggregate road will occur when a predesignated unacceptable point of

aggregate loss and loss of shape is reached.
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Serviceability or failure of an aggregate road can also be expressed in
terms of the speed at which a logger can get across the road. If the road
is at a distress level for which it takes "too long" for a logger to get
across it, so that he does not make the breakeven point with his costs, then
the pavement has failed.

Other ideas for measuring serviceability and defining failure of an
aggregate road include (1) evaluation of aggregate gradation, (2) measuring
road roughness or riding quality, and (3) evaluation of ton-mile costs of
hauling.

Follow-Tp Rating Analysis

On the last day of the meeting it was agreed that it would be advan-
tageous to follow up the session with a rating analysis of the pertinent
ideas that were discussed. The information received by this analysis would
be of great importance in developing the conceptual PMS for the Forest Service.

Evaluation of Meeting

In the opinion of the project staff this '"brainstorming session' was
very successful in accomplisghing the objectives set forth. A large portion
of the credit for this must go to the Forest Service Persomnel attending
the meeting. The tremendous amount of input from them along with their
concern for the development of the proposed system will enable us to better
evaluate the needs of the Forest Service while preparing this pavement design
and management system concept.

It is hope that further interaction between the Forest Service and the
project staff will be possible, especially with regard to the follow-up

rating analysis to be performed by attendees of the conference.



TABLE Bl. INPUT VARIABLES

Load and Traffic Variables

Primary Variables

(1)
(2)
(3
(4)
(5)
(6)
(N
(8)

Total Load

Number of Applications

Frequency of Loads

Speed

Tire Pressure
Characterization~-Distribution of Load
Axle Spacing |

Type of Load

{a) static

(b) dynamic

Major Interaction Variables

(1)

(2)
(3)

Distribution of Traffic

(a) seasonal

(b) annual

Surface Wear Effect-Gravel Loss

Lateral Distribution of Roadway Channelization

Environmental Variables

Primary Variables

(1)

Rainfall
(a) amount
(b) intensity

(¢) seasonal distribution

(continued)
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TABLE Bl.

(2) Snowfall

(a) amount

(b) characterization
(3) Temperature

(a) average

(b) range
(4) Soil Type
(5) Freeze-Thaw Cycle
(6) Vegetation
(7) Area Sensitivity
(8) Exposure-North Side

Major Interaction Variables

(1) Topography-Drainage

(a) surface

(b) subsurface

(2) Snow Removal

Construction Variables

Primary Variables
(1) Quality Control
(a) thickness
(b) smoothness
{(c) compaction

(d) material

(e) moisture and temperature

Continued

(continued)
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TABLE Bl. Continued

(2) Work Technique
(a) Forest Service appropriated funds
(b) timber sales
{c) regional specs
(3) Equipment Availability
(4) Exposure
(5) Personnel-Skill level
() Construction length
Major Interaction Variables
(1) Topography-Geometrics
(2) Equipment
(a) environmental impact

(b) adaptability

Structural Design Variables

Primary Variables
(1) Subgrade properties
(a) k value
(b) ppermeability
(c) gradation
(2) Type and Quality of Paving Material Available
(3) Testing Equipment Available
(4) Cross—Section
Major Interaction Variables
(1) Stabilization Program

(2) Frost Design

(continued)



TABLE Bl. Continued

(3) Layers
(a) number
{b) thickness

{¢) arrangement

Maintenance Variables

Primary Variables
(1) Level of Maintenance
(2) Road Users
(3) Available Funds
(4) Personnel
(a) force account
(b) timber purchaser
(¢) contract
(5) Turn Over to Other Agency
Major Interaction Variables
(1) Rehabilitation
(a) patching
(b) sealing
(¢) overlayving
(d) gravelling

(2) Type of Equipment Required

Operational Variables

Primary Variables

(1) controlled use

(continued)
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(2)

(3)

TABLE Bl. Continued

control on
(a) loading
(b) speed

Time Lag in Funds

Major Interaction Variables

&5

Constraints

(D

(2)
(3)
(4)
(5)
(6)
(7
(8
(9

(10)

Operational Planning-Enforcement
(a) snowplowing?

(b) major hauling allowed?

Maximum Allowable Cost
(a) initial construction
(b) total maintenance

Minimum Layer Thickness

Minimum Time Until First Major Maintenance

Minimum Time Between Major Maintenance

Environmental Constraints
Political

Management

Prudent Operator Concept
Design Life

Fiscal Year

(continued)
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TABLE BZ. DECISION CRITERIA

Decision Criteria

¢D)

(2)

(3)
4)

&)
(6)
€))
(8)
9)
(10)

Cost
(a) initial cost
(b) maintenance cost
(c) user cost

(i) timber purchaser

(ii) recreation
(d) operational cost
Funds
(a) available funds
(b) probability of additional funds
(¢) type of funds
Riding Quality
Safety
(a) skid resistance
{b) dust
(c) geometric -~ shoulders
(d) guard rail - cross section
Administrative Requirements
Function of the Road
Service Requirements
Environmental Impact - Optimize
Confidence Level

Stage Construction
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APPENIDX C. SAMPLE OUTPUTS FOR A PAVEMENT MANAGEMENT SYSTEM



APPENDIX C, SAMPLE OUTPUTS FOR A PAVEMENT MANAGEMENT SYSTEM

As an example of what the printout for a computerized version of the
proposed low-volume road pavement management system could be made to resemble,
some sample problems using the FPS-3 computer program developed at the Univer-
sity of Texas are presented here for illustrations. The FPS-3 program was devel-

'

oped specifically for 'higher type' roads, i.e. major highways, therefore the
inputs used in the program are not necessarily those that would be used to
simulate conditions surrounding the design .of a low-cost, low-volume road.
However, where applicable in these sample problems, values for inputs to the
program were chosen to typify the conditions that might be found on a low-
volume forest road.

The sample outputs presented here represent alternative designs for
two separate forest roads with different environments. Most of the input
variables used to describe the design conditions for the two roads were
held constant. Those that were varied include: (1) district temperature
constant, {(2) swelling clay parameter, (3) ADT at beginning of analysis period,
(4) ADT at the end of the analysis period, (5) 10~year accumulated number of
equivalent 18-kip axles, (6) routine maintenance cost, and (7) salvage
value. Printouts of the input data used in the FPS model for the two roads
are shown in Figures 16 and 17.

For each of the two different roads, two sample outputs are presented;
the difference being a variance of one of the program inputs. For Road 1

the two outputs, Figures 18 and 19, represent a change in the "service-

ability index of the initial structure" from 3.5 psi for output 1(a) to 4.5
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PROG 1 FOUREST SERVICE L

THE CONSTRUCTION MATERIALS UNWER CONSIDERATION ARE

MATERIAL COST/Cey, ST«CUEFs MIN,UEPTH MAX UEPTH SALVLPCT,
ASPHALTIC CONCRETE 5.V e 12 *2y 4,50 2U. 00
CRUSHED CINDERS l.uu 35 2oy 14,00 BU.00
SUBGRAVE -0, 0y 22 U U0 -U,u0 =Ug 0y

NUMBER OF QUTPUT PAGES DESIRED (4 VESIGNS/PALE)

NUMBER OF INPUT MATERIAL TYPES

MAX FUNDS AvAaILaBLE PER Su,YD, FUR INITI«iL UESIGN (UOLLARS)
LENGTH OF THE ANALYSIS PERIOD (YEAKS)

INTEREST RATE OR TIME VALUE OF MONEY (PERCENT)

ASPHALTIC CONCRETE FRODUCTION RATE (TUNS/HOUR)

ASPHALTIC CONCRETE COMPACTEND DENSITY (TOnNS/Cev,)

MAXIMUM ALLOWED THICKNESS OF INITIAL CONSTRUCTION (INCHES)

DISTRICT TEMPERATURE CONSTANT
SERVICEABILITY INDeX UF THE INITIAL STRUCTUNRE
SERVICEABILITY INVDEX Pl AFTER A~ QVERLAY
MINIMUM SERVICEABILITY INDEX p2
SWELLING CLAY PARAMETERS == P2 PRIME

Bl

ONE=UIRECTION ADT AT BEGINNING OF ANALYSIS PERIOD (VEHIC| ES/VAY)
ONE=DIRECTION ADT &7 ENU OF ANALYSIS PERIVU (vERICLES/Day)
ONE=DIRECTION 1n=YR ACCUMI ATEY NU, UOF tuULIVALENT 18=-KIP AXLES

MINIMUM TIME TO FIMST OVERLAY (YEARS)

MINIMUM TIME BETwEEN OVERLAYS (YEAKS)

MIN TIME TO FIRST SEAL COAT AFTER OVERLAY Ur INITIAL CONST.(YEAKS)
MINIMUM TIME BETWEEN SEalL COATS (YEARS)

NUMBER UF OPEN LANES IN RESTRICTED ZONE In Jeps

NUMBER OF OPEN LANES IN HESTRICIED ZONE 1w Neysl,

Cols DISTANCE OVER wHICH TRAFFIC IS SLOWED IN THE OQeD. (MILES)
Cele DISTANCE OVER wHICH TRAFFIC IS SLOWtU IN THE NaeOJDe (MILES)
PROPORTION OF ApT ARRIVING EAVH HOUR OF CUNSIRUCTION (PERCENT)
OVERLAY CONSTRUCTION TIME (HOURS/DAY)

THE ROAU IS5 IN A RURAL AREA,

PROPORTION OF VEHICLES STOPPED dY ROAL EWUIPMENT [N 0,D, (PERCENT)
PROPORTION OF VEHICLES STOPPED oY RQAD EWUIPMENT [N N,U«Dse (PERCENT)
AVERAGE TIME STQPPED BY ROAD EQUIPMENT IN Ued, (HOUKS)

AVERAGE TIME STopPeu BY KUAD EQUIPMENT IN NeJ,0. (HOURS)

AVERAGE APPROACH SPEED TU THE OVERLAY ZOnNE (MPH)

AVERAGE SPEED THROUGH QVERLAY ZUNE IN Devue (Mpr)

AVERAGE SPEED THROUGH OVERLAY ZUNE IN N, UsUs (MPH)

TRAFFIC MNDEL USED IN THE anALYSIS

FIRST YEAR COST OF RUUTINE MAINTENANCE (UULLARS/LANE MILE)
INCREMENT AL INCREASE IN MAINT. COST PER. YEAR (DOLLARS/LANE MILE)
COST OF A SEAL COAT (DOLLARS/LANE MILE)

WIPIm OF EACH LanE (FEET)

MINIMUM OVERLAY THICKNESS (INCHES)

ACCUMULATED MAXIMUM VEPTH OF ALL OVERLAYS (LNCHES)

Fig 16. Input data for Road 1.

95

re
190

300n1n

?.
2
1
1

-
-
.

—- - 32 3> D

« 30
. N
In.n
dinen

1.n
A, 0
« 170
s
dn.n
2n,n
dn.n

-

HU, 10
20,00
2000, 0n
1e,0n

» A

3.0



96

PROY 1 FOREST SERVICE |

THE CONSTRUCTION MATERIALS UNDER CUNSIDERATION ARE

MATERIAL COST/C,Y, ST.COEFs MIN,UEPTH MAX,DEPTH SALV,PCT,
ASPHALTIC CONCRETE 5,00 o 72 1] 4,590 V.00
CRUSHED CINDERS 1,00 35 2+00 15,00 0.00
SIUBGRALE -0,00 22 =0s00 =0,00 =0,00
NUMBER OF OUTPUT PAGES DESIRED(4 DESIGNS/PAVLE) 2
NUMBER OF INPUT MATERIAL TYPES =~
MAX FUNDS AVAILABLE PER SQ,vD, FOR INITIaL UVESIGN (UOLLARS) 3.0n
LENGTH OF THE ANALYSIS PERIOD (YEARS) P
INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) 7.n
ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOUR) In.n
ASPHA{ TIC CONCRETE COMPACTEN DENSITY (TONS/C,.v.) 1.9n
MAXIMUM ALLOWED THICKNESS oF INITIAL CONSTRUCTION (INCHES) 2n.n
DISTRICT TEMPERATURE CONSTANT 29,10
SERVICEABILITY INDEX OF THE INITIAL STRUCTURE 1,5
SERVICEABILITY INDEX Pl AFTER AN OVERLAY 2,13
MINIMUM SERVICEABILITY INDEx P2 1.5
SWELLING CLAY PARAMETERS =« P2 PRIME l.1n
Bl .0900n
ONE-DIRECTION ADT AT BEGINNING OF ANALYSIS PERIOD (VEHICLES/UVAY) a0
ONE=DIRECTION ADT AT END OF ANALYSIS PERIOD (VEHWICLES/LAY) )
ONE=DIRECTION 10=YR ACCUMULATED NO, OF EBEWQUIVALENT 18=KIp AXLES 1590000
MINLMUM TIME TO FIRST OVERLAY (YEARS) 240
MINIMUM TIME BETWEEN OVERLAYS (YEARS) 2.0
MIN TIME TO FIRST SEAL COAT AFTER OVERLAY OR INITIAL CONST,. (YEARS) 1en
MINIMUM TIME BETWEEN SEAL COATS (YEARS) 1.n
NUMBER OF OPEN LANES IN RESTRICTED ZONE [N UeDe \
NUMBER OF OPEN LLANES IN RESTRICTED ZONE IN NeQeD, \
Cele DISTANCE OVER WHICH TRAFFIC IS SLOWED 1IN THE 0D, (MILES) .50
ColLe DISTANCE OVER WHICH TRAFFIC IS SLOWEYD IN THE NeO.D. (MILES) SN
PROPORTION OF ADT ARRIVING EACH HOUR OF: CONSTRUCTION (PERCENT) 1n.n
OVERLAY CONSTRUCTION TIME (HOURS/DAY) In.n
THE ROAD IS IN A RURAL AREA,
PROPORTION OF VEWICLES STOPPED BY ROAD EWUIPMENT IN 0,0, (PERCENT) 1.0
PROPORTION OF VEWICLES STOPPED BY ROAD EWQUIPMENT IN N,0.D. (PERCENT) n.o
AVERAGE TIME STOPPED BY ROAD EQUIPMENT [N 0Oed, (HOURS) o120
AVERAGE TIME STOPPEULU BY ROAD EQUIPMENT IN NeO,De (HOURS) 14D
AVERAGE APPROACH SPEED YO THE OVERLAY ZONE (MPH) 3n7.n
AVERAGE SPEED THROUGH OVERLAY ZONE IN DyUe (MPH) 2n.n
AVERAGE SPEED THROUGH OVERLAY ZONE IN NiwQDeDe (MPH) 2n.n
TRAFFIC MODEL USED IN THE ANALYSIS a
FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/| ANE MILE) 50,00
INCREMENTAL INCREASE IN MAINT., COST PER YEAR (DOLLARS/LANE MILE) 10,np
CosT oF A SEAL CoAT (DOLLARS/LANE MILE) 2000,00
WIDTH OF EACH LANE (FEET) 12,10
MINIMUM OVERLAY THICKNESS (INCHES) .l
ACCUMULATED MAXIMUM DEPTH OF ALL OVERLAYS (INCHES) .0

Fig 17. Input data for Road 2.
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PROBD 1 FUREST SERVICE |

SUMMARY OF THE MOST uRPTiMal DESIGNS
IN ORDER OF INCREASING TQTAL COST

1 2 3 4 o] 6 7
*»*Qﬁ“#uaﬁanuﬂou#anﬁué#%aﬁ#«u%#aaaaéﬂnku»uaé»@uaéﬂuau»#«v»uaaa»»#&pangoﬁ
DESIGN NUMBER e 2 e P 2 2 2
INIT, CONST, COST +36] « 375 43} o347 Y . 528 « 4073
OVERLAY CONST, COST eiil K « 269 «eD24 «307 o237 . 337
USER COST oOla 0013 .UUB sUlo <09 .OUI .00()
SgAL COAT CnsST 14894 1430 14634 Le894 1,624 1,648 1,674
ROUTINE MAINT, COST elle «1u9 oill slyd 118 o id? elln
SALVAGE VALUE =e098 «,109 «oll0 =4l109 =ol2l =,12¢ =,1lln

LET X T RTRTLLE TR RRT R g R YRR R R TR e g g N R Y RTRTR R R R R A R TR TR R TR TR X N e
LR XA LN R LT L RN R L IR EE- R R Y T R g 2oy YR YRS
ToTAL COST €28 2,291 2382 2e¢31T 2.,3B] 2.,42¢ 24,4822
LT AL R L F - P P R R R R R R R R R PR R TR R R R R R PR R TR R R A AP o
LTRSS 02 222N 2R e e LT RTY TR R 4 F TR R Ry R g R e R L TRy
NUMBER oF [_AYERS 2 2 2 ¢ P 2 2
B R RNt U hr e 4 S SF P 5 S SP bty 40 P S SP P 10 S 30 g 4 SR 45 $F 43 P 40 43 43 SH P PSP SF IF 0 20 4P 4p 44 4
LAYER DEPTH (INCHES)

vl 1) ) -} P} oD D D 1e0 )

Ut 2) 1045 11.0 13,0 l0.0 132 la,0 12,0
CET LR LT YRR FPe- 1 L LETL Y Y e -T2 -2 L LR P RLE IR YR PR L XY X R
LRSS L TR PSS - L P TR R R R F PR R L L R L R R R R R e g R L R R R PR TR
NO+QF PERF 4PERIODS 4 4 3 “ 3 3 3
EFS TR Y LT TS R A LR -2 ey - Y PR L L RN AT T Y RS- Ry Ry R ]
PERFe« TIME (YEARS)

T¢ 1) 2e594 2,78l 34656 2oyl 3,906 4,719 3,219
T( &) D,188 5,600 T+%38 24375 HW063 9,825 7,163
Tt 3 B,156 9,500 11994 Yedat 13,720 15,099 11.375%
T( &) 114469 134781 06000 13e37/5% 0e000 06400V U000

LR AL RN LRSI R L LR L R LR R L 2 LR R N YRR IR R AL R UEY TR
OVERLAY POLICY (INCH)
(EXCLUDING LEVEL =uP)

U 1} o4 o 4 o7 [ o4& 9

U( 2) Py .9 & o9 PR . A

Jyi 3) (X X3 Qe X De Del Vel
LR R A LT R R . R ST R RIS YRR R 2 R R LR RN RTY R IR R R R YR RUR I
NUMBER OF SEAL COATS 7 7 8 { -] 8 8

EET T 2PN TR - R L - L -2 YR e e AL TR L PR TR L L L R
SEAL COAT SCHEDULE

(YEARS)

sC( 1) .00 1,000 14000 1s0u0 1,000 1,000 1,900
sct 2) 2,000 2,000 2.000 £4000 2,000 2,000 2,000
sCc{ 3) 3,596 3,781 34000 Je%0b 3,000 3,000 3,000
SC( 4) 445964 4,781 44056 4e%0b 44706 4,000 «,219
sCl 5) 6,188 6,636 B,656 64375 5,¥06 5,719 5,219
sC( ) TelH8 7,696 6eb56 Te375 64906 6,717 6,219
sC( 7) Y1596 8,690 Be438 8375 Te906 7,719 d,063
SC({ R) 0,000 0,000 9438 U2UD0 94563 8,719 9,063

B A G S 2 T S T L 2 2 TRy o e R P X L T TS R v e

Fig 18. Output 1(a).
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PROB 1 FOREST SERVICE 1

SUMMARY OF THE MUST OUPTLvaL DESIGNS
IN ORDER OF INCREASING TQTAL COST

1 2 3 % & 6 7
Gaﬁh““#“##§§*§¢#%p¢¢§ﬁﬁéooﬂﬁb%#§¢§¢§“%#ﬁ¢auﬁ§§§§#%Qgﬂﬁﬁﬁ%ﬁ#ﬁﬂ&“b&%ﬁ*ﬁ#ﬁ
DESIGN NUMBER e 2 e e Zl P4 2
INIT. CQNST. COST ¢34y .403 0382 Xy e 444 Q‘bé e 319
OVERLAY CONST, COST 453 1.y «280 254 « 139 130 430
USER COST «013 «008 «008 « 008 «004 +0U% 012
SgAL COAT CosT la40b 1,634 1,676 14696 1,793 1.806 1,64R
HOUTINE MAINT, COST 106 113  oll0 +1}18 ¢ 125 o128 101
SalLVAVE VALyUE =el00 «,103 «e098 «elyB «,108 =,113 =,n88

LA LA AL 2 2 LY TR E Y RIL LR ERRRFRY E R R 23 TR T LR RN R R P N G TR G G Ty
LA AR RS RS R P T 2 XL Y Y Y L e R Y R e Y Il
TOTAL CosT 2,276 2,316 2,356 24391 2,397 2,42v ¢,423
LR R 22T LY TR R L L R L R R R U R R R R g Y Y R A O R G T R g
ﬂcﬁ&é%#ﬁﬁaﬁnﬁ«#oQQaua#%GQﬂﬁﬁﬁoiqﬁ#*&@aéﬁﬁa&“ﬁ#ﬁ*#&#*###u&na#*&%&»#n#u##
NUMBER oF LAYERS 2 2 2 e e 2 2
AL 122 A A A2 2R FE LA YL YT ST LT L L2 PR YL R L R R R S A R TR TR R Gy
LAYER DEPTH (INCHES) ‘

e 1) o5 o5 9 > o3 .3 o5

V( 2) 645 84D Ted Bed 9ol 9.5 640
LR 2L L LT R TR AL YL Py 2 T PR L RS L LR Y R A g R R R R gy
LA AL AR ALY AL ST R LAEY L LR L R R Y- 2 R X X g
NO+UF PERF,PERIODS 4 3 3 3 € 2 4
L2 2 AL ALY YT LS LT L YRR TLFL L L ST L L R TR YT P R R S G Ty

PERFe TIME (YEARS)

T( 1) 2,594 3,906 34406 4440b 4,969 §,531 2,28}
T( 2) 54313 B4063 74053 Jeltl 1nesds L1687 4,688
T 3) 9,219 12,844 114250 lé4ebed 0,000 0,000 7,469
T( &) 13,750 0,000 04000 UelUOG0 y,u00 0,000 lu,h56

Gﬁﬁﬂ«**ﬁ#&#a*hﬁ&##&#u%#nnﬁﬁ»*&ﬂ»uobﬁ#a##f«u»u»ﬁ»#ﬁ»a*wau#oanﬁ&&&#uuaa“*
OVERLAY POLICY (INCH)
(EXCLUDING LEVEL=uP)

0( 1) 04 '4 ‘4 Q‘ '“ .4 .

ot 20 9 X X 6 00 0.0 b

[¢X1 3} P 0.0 0.0 Qe 0 0.0 0.0 e
“““*”“*Q“““““““*QQ&ﬁ#“*“Q““ﬂ’*”ﬁ“““#“#ﬂ*’ﬁﬁ*#ﬁ#Q““G#“#QG“*“#*###QQ“Gﬂ#ﬂ
NUMPER oF SEAL COATS 7 ] 8 ° 9 9 B

LYY A AL LT 2L RAL LY IR DR LY LR A LR YL L LL -1 Y FY P ee e Y 1.7 P
SEAL COAT SCHEDULE

(YEARS)

sC( 1) 14000 1,000 14000 1000 14000 1.000 1,000
sC{ 2) 2,000 2,000 2000 24000 24000 2,000 2,000
sC( 3) 3,594 3,000 3.000 3.000 3,000 3,000 3,281
sC{ &) 40594 44906 44406 40000 44000 4,000 4,28)
SC( 5) 64313 5,906 54406 5He406 5,969 5,000 5,688
sC{ 6} Te3l3d 6,906 6,406 6,406 6,969 6,531 6,688
sCt 1) 8.:313 74900 84063 Teb40b 74969 7,531 8,469
sSC( 8) 0,000 9,063 94063 Be%056 Bev69 8,531 9,469

XL YT Py T3 22 2L FEY T FE-R 2R L L L L2 L1 L PR RN TY YT F U e

Fig 19. Output 1(b).
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psi for output 1(b). For Road 2’the outputs, Figures 20 and 21, are for

two different types of base material; crushed cinder is used in output 2(a),
while bank run gravel is used in 2(b). Figure 22 compares the serviceability-
age histories of the second most optimal design for outputs 1(a) and 1(b),

while Figure 23 does the same for outputs 2(a) and 2(b).



100

PROU 1 FOREST SERVICE |

SUMMARY OF THE MUST uPTivalL DESIGNS
IN ORDER OF INCREASING TOTAL CUST

)| 2 3 4 b () 7
o¢u§§§§§o#§§§§*q§§§§»###ﬁﬁ“éﬁ#*uﬂ%#*#ﬁﬁ&&u»»uﬁ%¢§¢§§§»¢¢a§§u§§§uﬁﬁn#é#*
DESIUN NUMBER 2 2 ' c é 2 2
INIT. CONST, cOST 319 306 375 «3nl o347 29¢ «264
OVERLAY CONsT, COsT 288 ¢« 345 3.¥4 « 307 «280 <403 0430
USER COsT + 005 <0086 «0Ug «005 «U08 QU7 «007
SEAL COAT CoSsT 16619 14619 146346 1e6246 1,676 1,609 1.648
ROUTINE MAINT, COST 2065 + 065 « 087 2070 RO +063 «0E1
SALVAOGE VALUE Qs0UD U000 (000 VelUU (.u00 0,000 wv,000

**Q#*ﬁ&*&h§§§§aa##aunﬂ*%*#*%&#ﬁ§§§§#§§%%a#a#ﬂ#ﬁ#*&qp#%#ﬁﬂéﬁ#é#&#&ﬂQQQ*Q
#»ﬁﬁ#“ﬁ###aaﬁa#a&qu&#&#%#ﬂﬁ##*a#&&ﬁaa#»w*&#&#ﬁ##%uaﬁ%&uu«np%#&##ﬁ#ngao
ToTAL CoST 24297 2340 24362 24367 2.371 2.37% ¢2,4ln
LAA R AR 2L LTI T FTE YL AL T YT ETE I T L YT T R Y N RTY T R TR g g S Ay
LA AL AAR S AL BT R EYT FE AL LYY FEE LY T ETER 2L 2 Y R I R g I g g g g N gy
NUMBER oF LAYERS 2 2 2 3 FJ 2 2
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Fig 20. OQutput 2(a).
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PRO®D 1 FOREST SERVICE 1
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IN ORDER OF INCREASING TQTAL COST

1 2 3 + e & 4
»Qoauﬁooaanﬁhaoo#uava*ﬁﬁﬁah#nnuéﬁaﬁnﬂaﬁﬂ###*naupﬁﬁuu*a%vuu»»*#*%hﬂﬂﬁnu%
DESION NUMBER 2 2 e c 2 2 l
INIT. CONST, COST « 236 204 + 333 319 o2y 222 « 361
OVERLAY CONST, COST 467 1564 44 «252 324 Y- ¥4 « 130
USER LO0ST 008 200y TN s0ue 005 L00n ,002
SEAL COAT CoOST 144946 1443V 1538 14548 1,636 1.595 1,806
ROUTINE MAINT, COST 0062 « 063 V70 008 LUb7 L0862 075
SALVAGE VALUE Us0UQG 0,000 Qo000 UeDQOU 04000 0,000 0,000

LA LA L AL LRI ET YR TEFRRRL LD LT L INR IR R TR TT 2 LR R R g W QUi 1 T R
#aﬁ#»#boo#uoﬁﬁ#aﬂaa&»hﬁﬁﬁﬂ“qkﬂﬁaaaQ%##ﬂ##ﬁ#%#n#u“#uuﬁ#*na»&*ﬁuukéﬁﬁubaﬁ
TOTAL CosT 2,226 2,274 2290 2e€9¥2 24,308 2,357 ¢2,374
*&ﬁ&ﬂ’%&ﬁ%##0%#*##@*#ﬁﬂéhﬂﬁﬁééﬁa%%###&##%ﬁ*%»“&#ﬁ“#&%*k#%&&#é##%*ﬂﬁ&“&%
AR E A LR A2 BT R LR R R R R R R R X 2R X T BT G TR AR 1 Gy
NUMBEK OF ILLAYERS 2 é e 4 Z 2 2
#Q“#QQQQQ“Q&Q#ﬁ“QQQQ#“ﬁﬂ##“*ﬁ#*%ﬁ“ﬁﬁﬁQQQQQ%Q#ﬁ“ﬁ“”pﬁ%ﬂﬁ#*ﬁﬁﬁ##“Q”“#%0&0
LAYER DEPTH (INCHES)

U( 1) 05 .5 '5 2 tb 05 05

vt 2) 6.0 5,0 Geb Yeu Ted S5 0.5
#aﬂ##éﬁooo###angb»ﬁﬂu#@*uaﬁoéaaauﬂéﬁduéﬁégu#*&*ﬂﬂﬁgaaaﬂaéoq»uuﬁoﬁuuQuaa
LR L AL L A I Y N el R T Y Y Y I TR L LY R R S R G N S R R N Ry
NO+OF PERF ,PERIDDS 4 4 3 3 3 4 2
LR L L L T TR Y L LY L Y RN R R TR R T PR R R R AR B R TR O T Gy

PERFe TIME (YEARS)

T ) 2,909 2,594 44969 4ebnb 3,719 2,78l 9,656
T( &) 54344 5,563 B.b25 HBe0b3 6,250 5,000 Luen3y
Tt 3 B.250 94219 134094 idelnb 10,082 T,59% 4,000
Tt e) 114781 13812 04000 UsUUU DeU00 10e790 Ul utio

ﬂg&ﬁd“#@ﬁ##uﬂ#é*&»péoéﬁ#k&*ﬁah##é%ﬁ##o&é&aa&##%a*¢q§ﬁ4#§¢aﬁnvﬂﬂhﬂvﬁaaq¢
OVERLAY POLICY (INCH)
(EXCLUDING LEVEL=UP)

CREED B! 9 1.9 o4 o4 . . 9 b

o 2) ol A b . 9 o Ue®

U( 3) 04 .4 000 Uel OOU 04 0.0
QGQQ**&&QG&%“#Q##”&%Q%%nQ#ﬁﬁﬂﬂ@&##&G#oéé#oﬁ#ﬁﬁ&a&#&o%n#ﬁ##»o#ﬂ@#b%u#éa#
NUMBER oF SEAL COATS 7 i 8 o " 8 9

Quuuoéua%ﬂoqﬂ#oaﬁ»n#ﬁ#*nqﬁQoaau&*ﬁﬁ%uo#éﬁaéﬁésﬂﬁ*ﬁaaﬁa#é«ﬁ»#*##*#“&ﬂ&#%
StAL CDAT SCHEDULE

(YEARS)

sC{ 1) 140U 1,000 14000 1000 )4u00 1.000 1,000
s5Ct 2) 2,000 2,000 24000 2e0u0 2,000 2,000 2,000
sCe 3 3,969 3,594 3,000 3.000 3,000 3,784 3,000
SC{ 4) 449069 4,594 44000 4¢000 44/19 4,781 4,000
SC{ 5} 6,344 [ T3-1-K] 5.969 bo§5§ 5.719 6,000 9,000
SC{ 6) Ted%d T,503 64969 bebshH 7,250 7.000 0,656
sct 1) Fe290 BH03 TeYD9  T4056 B,250 8.594 7,056
sC{ 8) Ue0UD 0,000 94625 94063 9,250 9,594 48,656

R I T I T Y LT R e L TR R T R PR 3 X P R Y O R R R R G G R R A,

Fig 21. Output 2(b).



output la-crushed cinders - /2.25/square yard

output lb-bank run gravel - $2.32/square yard
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2
( minimum acceptable level
©
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Fig 22. 'Sample serviceability-age histories for road number 1.
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B-H—R-R¥-3-w-%%  output 2a - $2.34/square yard

output 2b - $2,27/square yard
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Fig 23. Sample serviceability-age histories for road number 2,
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