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AN EXECUTIVE SUMMARY
of
the report

A PAVEMENT DATA BASE FOR PDMS

by

Jorge E. Hernandez
B. Frank McCullough
W. Ronald Hudson

Background

This report is the first phase of a proposed three-phase project for
developing and implemerting a data base for +the Pavement Design and
Management System (PDMS) which was developed by The University of Texas at
Austin in cooperation with the U.S. Forest Service.

PDMS may be used to design asphalt concrete, surface +treatment, and
aggregate surfaced pavement structures. Results from the implementation of
PDMS in certain Forest Service design offices indicate good performance of
PDMS regarding the asphalt concrete and surface treatment pavement designs.
However, the implementation results also indicate that the models wused in
PDMS for the design of aggregate surfaced roads need to be improved. This is
not surprising, since these models were not developed with data from Forest
Service roads.

The characteristics of the Forest Service rcad system make it truly
unique in the world. Because of this, roadway structure design and
management methodologies developed by other transportation agencies are not
adequate for Forest Service needs. To improve these methodologies in PDMS,
performance information on Forest Service rocads must be collected and
analyzed. Even a small improvement in the management of pavement structures
system-wide will result in the saving of millions of dollars annually.
Therefore, a data base is a necessary and valuable tool.

Scope of Report

The feasibility of such a data base is analyzed in this report. Three
major parts may be identified in the report. The first part, including
Chapters 1, 2, and 3, deals with problem identification and selection of the
variables to be included in the data base. The second part, including
Chapters 4 and 5, deals with the description and evaluation of the
procedures, devices, and methods that may be used for collecting the
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information. The third part, Chapter 6, deals with the design of the
experiment for collecting pavement performance information regarding
aggregate surfaced roads and unsurfaced roads. Three experiment alternatives
are generated by considering different numbers of test sections as well as a
time duration of observations. A rough cost estimate is also presented in
Chapter 6.

Chapter 7 presents the conclusions and recommendations derived from the
report.

Results From Questionnaire

In order to develop the necessary background information for data base
recommendations, a "Forest Characterization Questionnaire"” was sent to all
the National Forests. The questionanaire's intent was to characterize the
National Forest in terms of road mileage, type of surface, number of lanes,
pavement structural characteristics (number of layers and thicknesses),
traffic volume and classification, and topcgraphic and environmental
parameters, as well as material testing methods and +traffic measuring
systems.

Of 140 questionnaires sent, 83 percent were completed and returned. The
information included was summarized in a national summary, presented in
Appendix B, as well as in one regional summary for each of the regions of the
Forest Service. The information presented in these summaries is based on the
received information, and no adjustment factor was used to extrapolate from
83 percent of the completed questionnaires to 100 percent of the mailed
questionnaires.

Some of the important facts derived from +this survey are that the
U.S. Forest Service road network is more than 248,000 miles long, with almost
68 percent of the roads classified as wunsurfaced roads, 28 percent as
aggregate surfaced roads, and less than 5 percent as asphalt concrete or
surface treatment roads. It is alsoc interesting that Region 6 (primarily
Oregon and Washington) has almost 30 percent of the roads under the Forest
Service administration and that 90 percent of the roads are "one-lane" roads.
Other interesting facts are that 70 percent of the aggregate surfaced rocads
have a traffic volume of less than 50 vehicles per day, and almost 90 percent
of the aggregate surfaced roads have less than 100 vehicles per day.
Additional detailed information is presented in Chapter 2 of the report.

Description of Date Base Experiment

As a result of the analysis performed in Chapter 3 +to identify the
variables for inclusion in the data base, we recommend the measurement of
four major pavement performance variables, namely, rut depth, roughness,
aggregate loss, and locseness. These four variables are designated dependent
variables and they indicate in one way o¢r another a measure of pavement
performance.
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Variation of these variables depends upon the combination of a set of
secondary variables, namely, traffic, pavement thickness, pavement materials,
and environmental and topographical factors. These secondary variables are
designated independent variables.

It is proposed that these dependent and independent variables be
monitored in the Primary Study, which would be conducted across the
continental United States.

A second set of studies, known as Satelljte Studies, are proposed to
determine the influence of specific factors on pavement condition in a more
limited sphere. Two satellite studies are proposed for both aggregate
surfaced and unsurfaced roads to study the effect of different maintenance
levels and the freeze-thaw cycle on the pavement condition.

Equipment, procedures, and methods for measuring each of the dependent
and independent variables are described and evaluated in Chapters 4 and 5.
It is recommended that, priocr to any decision as to methodology, a pilot
study be conducted in order to verify the performance, adequacy, and cost for
the proposed devices, procedures, and methods. Recommendations on performing
this pilot study are presented in Chapters 6 and 7. The sections selected
for the Pilot Study can eventually be included in the pavement data base;
therefore, all the information will be utilized.

Several alternative designs for the data base are presented in Chapter
6; one set of alternatives was developed for aggregate surfaced roads and cne
set for unsurfaced roads. In both cases, the alternatives were generated by
varying the total number of test sections. Also, three time durations have
been considered: one, two, and three years. The propcsed alternatives have
a statistical basis developed from the methodology for the design of
experiments, which is briefly described in Chapter 6.

Cost of Date Base Experiment

A rough estimate of the experiment cost for each of the proposed
alternatives has been determined. For the case of aggregate surfaced roads,

it is as follows:

Experiment A B C
Duration (198%) (126%) (54%)
One year $3,888,000 $2,441,000 $ 993,000
Two years 6,047,000 3,908,000 1,770,000
Three years 8,205,000 5,376,000 2,547,000

*The number in parenthesis refers to the number of test
sections.



For the case of unsurfaced roads, the cost for each experiment
alternative is as follows:

Experiment Alternatives

Experiment A B c
Duration (198%) (126%) (54%)
One year $3,888,000 $2,441,000 $ 993,000
Two years 6,047,000 3,908,000 1,770,000
Three years 8,205,000 5,376,000 2,547,000

*The number in parenthesis refers to the number of test
sections.

From the previous figures, it may be noted that the least expensive
alternative calls for 54 sections of aggregate surfaced roads and 16 test
sections of unsurfaced roads for a duration of one year. The cost of such an
alternative would be 3$1,230,000.

At the other extreme, if it is decided to collect information over a
period of three years, establishing 198 sections for aggregate surfaced roads
and 76 sections for unsurfaced roads, the cost would be $10,798,000, almost
ten times the previous figure. However, with the benefits of improved
pavement structure design and maintenance, as well as more accurate
information for planning and estimating purposes, this data base cost could
be rapidly exceeded by the benefits. Considering annual maintenance costs
alone, a savings of only a few percent would result in millions of dollars in

reduced cost annually.

The cost of a Pilot Study can be fixed at a given level and the number
of test sections varied to fit the budget. 1t is recommended that the budget
be set at a level of $175,000 to $200,000.

Decision Considerations

In making the. final decision regarding the experiment Ilayout, we
recommend that the Forest Service Administration keep in mind the reliability
of information derived from each of the alternatives. Obviously, the mcre
test sections, the more reliable the derived models, conclusions, etc. Care
should be exercised not to make arbitrary decisions based strictly on a first
cost criteria. Such decisions may produce an experiment with less useful

information and, consequently, less applicability.
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When making a final decision, the present investment in the Forest
Service road network, as well as the magnitude of this road network should be
considered. The Forest Service Transportation System is much larger than the
road network in most countries. In addition, Forest Service roads have axle
loadings, seasonal traffic variations, envirommental conditions, topographic
constraints, and surfacing materials that as a whole, are different than any
other transportaton agency in the world. Important information applicable to
Forest Service roads will not be available from any other source. These
facts suggest the study be performed at as high a level as possible.

Considering the annual appropriated expenditures in regular maintenance,
wnich in 1980 was $77 million, the least expensive experiment alternative
represents 1.6 percent of this figure. Assuming that 5 percent of the annual
mintenance expenditures would be saved with the operation of an efficient
PDMS, then the cost of the least expensive experiment would have a payback
period of approximately one-third of a year.

If the most expensive experiment layout is selected and measurements are
made over a period of three years, the experiment cost would be around $11
million, or $3.7 million annually. This annual figure represents only 4.8%
of the maintenance expenditures appropriated in 1980.

Another fact that may influence the final decision is the worldwide lack
of reliable and adequate information regarding the performance of aggregate
surfaced roads and unsurfaced roads. With more than 95 percent of the Forest
Service road system miles in this category, better information is extremely
important.

The availability of adequate information would allow a definition of
optimum pavement design and maintenance policies, which should lead to an
optimum utilization of the available resources. In the same way, this
information should 1lead to more uniformity of policies among the various
Forest Service offices, which is another factor to be considered when the
final decision relating to the development of the data base for PDMS is made.
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CHAPTER 1. INTRODUCTION AND BACKGROUND

Under the terms of a coooperative agreement, The University of Texas and
the U.S. Forest Service have been working together to develop a pavement
management system applicable to the roads under the Forest Service
Jurisdiction. This pavement management system, known as the Pavement Design
and Management System (PDMS), was implemented in 1979 in selected Forest
Service design offices, and is being integrated as a part of the Forest
Service Road Design Handbook.

In order to expand and improve the capabilities of PDMS, more
development is necessary. Nearly all of the mathematical models used in PDMS
to determine road surfacing strategies were developed by agencies other than
the U.S. Forest Service. This is Dbecause almost no information on the
performance of Forest Service roads has ever been systematically collected,
especially in the relatively unexplored area of aggregate surfaced and
unsurfaced roads. To properly gather this information, & data base for
monitoring the performance of Forest Service roads is vital. The purpose of
this project is to perform a feasibility study for such a data base.

Chapter 1 provides background information; the PForest Service Road
Network is delineated, and a brief description of PDMS is included. General
concepts about the functions and purpose of a data base in any pavement
management system are outlined. Finally, the approach adopted to perform
this feasibility study is defined.

FOREST SERVICE ROAD NETWORK

The Forest Service, as a division of the U.S. Department of
Agriculture, is responsible for the wise use of forests and related watershed
lands. These lands comprise, as stated by Howlett, (Ref 1), one third of the
total 1land area of the United States. A significant part of this land area,
approximately 750,000 km (187 million acres), is under direct Forest
Service management. The Forest Service is organized in nine regions, which
include 155 National Forests and 19 National Grasslands, located in 44 states
and Puerto Rico (Fig 1.1).

The lands administered by the Forest Service are managed for different
purposes:
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Fig 1.1, Extent and location of Forest Service lands (Ref 1).



(1) Timber production,
(2) Watershed protection,

(3) Forage prodquction,
(4) Wildlife habitat improvement, and

(%) Recreation.

Some of the most important activities carried out by the Forest Service
are: reforestation, timber stand improvement, revegetation, range
improvement, land acquisition and 1land exchange, recreation, control of
forest fires, etc. In order to carry out these activities, the U.S. Forest
Service manages an impressive and complex road system, which is more than
250,000 miles long and may be classified by surface type as follows:

Surface Type Miles ‘%

Asphalt concrete 5,804 | 2.4
Surface treatment 5,922 2.4
Aggregate surfaced roads 68, 741 27.7
Unsurfaced roads 167,408 67.5
Total 247,935 100.0

These data were developed based on the information presented in Chapter 2.

Table 1.1 provides an idea of the magnitude and importance of the Forest
Service road network by comparing it with road networks of some countries.
Note that the U.S. Forest Service network is in sixth place on a 1length
basis.

The complexity of the road system operated by the Forest Service is
increased by the existence of trails, ski lifts, cable logging facilities,
yarding areas, airfields, heliports, boat ramps, and boat docking facilities.
These facilities imply the movement of people and goods, and consequently,
the existence of roads. There will exist a great variety of users of these
roads. One of the largest groups of users are the haulers of wood products.
Frequently heavy trucks are wused, producing high stresses in the road
surfacings. However, the number of repetitions is relatively small. Among
the other users of these roads are: residents of private lands within the



TABLE 1.1. ROAD NETWORK IN SOME COUNTRIES (REF 71).

Length of Length of Unpaved Length
Country Paved Roads Unpaved Roads Total Total Length
(k) (km) (km)

United States 3,153,032 3,069,190 6,222,222 0.49
Brazil 80,202 1,464,482 1,544,684 0.95
France 902,849 531,458 1,434,307 0.37
Japan 405,353 682,901 1,088,254 0.63
West Germany 412,700 62,300 475,000 0.13
U. S. Forest Service 18,964 379,966 398,930 0.95
Spain 153,178 166,850 320,028 0.52
Argentina 47,550 160,537 208,087 0.77
Mexico 62,956 144,239 207,195 0.70
South Africa 52,505 143,394 195,899 0.73
Netherlands 86,300 18,130 104,430 0.17
Ireland 87,422 4,872 92,294 0.05
Kenya 4,476 46,034 50,510 0.91
Bolivia 1,163 36,155 37,318 0.97

1 km = 0,6215 miles



National Forests, recreationalists, ore haulers, and forest administrators.
These roads must accommodate a mixture of vehicles similar to most public
road systems.

Another important characteristic of this road network is the
distribution of +traffic throughout the year. There will be periods of the
year when the roads may not be widely used and others, like the hunting and
fishing seasons, weekends, summer camping, winter skiing season or
accelerated timber salvage sales, when the number of vehicles per day will be
very large.

The environmental factors, such as heavy precipitation and spring thaw,
play an important role in the design, construction, and operation of these
wmpaved roads. Such conditions may either make a road impassable or may
force temporary road closure. These situations rarely occur in the paved
systems. The design speeds on Forest Service roads are generally less than
48 kmh (30 mph), and a great portion of the roads were constructed as long as
TS years ago, reflecting chronological changes as well as political and
mission oriented changes. Many of +the roads were neither designed nor
engineered, but were developed from earlier routes such as Indian trails and
animal paths.

The investment in the existing Forest Service road system is
approximately  $2,500 million. About 16,000 km are constructed and
reconstructed annually, representing an additional annual investment of more
than $272 million. In 1980, Forest Service maintenance expenditures for the
road system were about $77 million.

Clearly, the size of the Forest Service road system, as well as the
predominent use of wunbound surfacing materials, sets it apart from other
transportation agencies in the U. S.. Considering the additional factors of
heavy axle loads, seasonal traffic variations, extreme environmental
conditions, and low-volume traffic, the Forest Service road system is +truly
umique in the world. It is difficult, therefore, to design and manage the
roadway structure of this system using methodologies and data from other
transportation agencies.

It will be necessary to develop a Forest Service data base to be able to
develop optimum design and maintenance procedures for Forest Service roads.

DEVELOPMENT OF THE PDMS COMPUTER PROGRAM

Management of such a unique and complex rcad network as that of the
U.S. Forest Service is not an easy task. In addition to the factors,
previously mentioned, other aspects such as organizational constraints and
organizational acceptance, must be considered. The interaction of these
parameters presents a situation that requires the optimum use of material,
financial, and human resources in order to satisfy maximum needs in the most
reasonable way.



In order to properly face this challenge, the U.S. Forest Service and
The University of Texas initiated a cooperative study in 1972 to develop a
pavement management system for the Forest Service road network. The work has
been conducted in three phases under the project name, "A Pavement Design and
Management System for Forest Service Roads.” As of today, three reports have
been produced as follows:

Phase I "A Conceptual Study" July 1974
Phase II "A Working Model" February 1977
Phase III "Implementation” January 1979

During Phase I, the feasibility of developing such a pavement management
system was analyzed. The positive results obtained from this research led to
the development of a working computer based model during Phase II of the
project. The working model is known as PDMS (Pavement Design and Management
System). In the "Implementation" report, (Phase III), the experience derived
from a +trial implementation in several offices of the Forest Service was
presented. As a result of this third phase, two additional projects have
been conducted at The University of Texas. The first of these is known as
"Transportation Engineering Handbook, Chapter 50-Pavement Design", which
deals with +the revision of the actual design procedure used in the Forest
Service (Ref 73), and the integration of PDMS in the U.S. Forest Service Road
Design Handbook. The second project is known as "A Data Base for the
Pavement Design and Management System PDMS," Phase 1, which analyzes the
feasibility of a data base for PDMS. The results of this feasibility or
conceptual study are presented in this report.

COMPONENTS OF PDMS

The Forest Service Pavement Design and Management System (PDMS) is a
modular computer program that can be used to design asphalt concrete, surface
treated and aggregate surfaced roads (Ref %3). The components of any pavement
management sSystem may be represented in a general way as shown in Fig 1.2,
and they are: the inputs, the models, the monitoring parameters, the
decision criteria, and the outputs.

The input information includes data related to traffic, environment,
construction, maintenance, structural design, operational characteristics,
and constraints.

The reliagbility of PDMS, as of other computer programs, is based on the
accuracy of the inputs and of the models, which are just mathematical
representations of particular processes. In PDMS, the following models are
used: (1) traffic, (2) wuser delay cost, (3) vehicle operating cost, (4)
maintenance cost, (5) structural, (6) economical analysis, (7) performance,
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and (8) failure criteria. Of these, the performance, structural, and
user-delay models have been taken directly from previous pavement management
systens (Refs 5 and 6). The other component models have been either
modified, obtained from other sources, or developed specifically for the
Forest Service system. Among these models, the most important are the
structural model, the failure criteria models and the performance prediction
models.

The structural model (Ref 3) used for aggregate surfaced roads is based
on the current U.S. Forest Service design method, which is based on a
combination of the AASHTO structural design equation for flexible pavements
(Refs 5, 7, 8), and the U.S. Army Corps of Engineers' Thickness Design
Charts (Ref 9).

The failure criteria for aggregate surfaced roads in PDMS is based on a
triple failure criteria, as illustrated in Fig 1.3. The first component of
these criteria is PSI, or serviceability concept, which is applied in the
same manner as for bituminous surfaced roads. The second component is
related to rutting, and in this case, the failure is defined as the time at
which a two inch rut develops in the wheelpath. The final component of the
triple failure criteria is based on failure due to excessive aggregate 1loss,
vhich results when the thickness of the top layer is reduced to a minimal
acceptable level specified by the user. The amount of gravel loss may be
predicted by the Lund Model (Ref 11), the Brazilian Model (Ref 20), or
specified directly in terms of axle applications; the choice is based on user
preference. The failure of the road will occur at the time when the limiting
value for any of the three models is present in the road.

The next component of a Pavement Management System, as shown in Fig 1.2,
is a group of parameters called "monitoring parameter."” For each proposed
design alternative, a particular behavior, distress, traffic, performance and
cost is obtained based on the models previously described. By comparing
these predicted parameters with the real parameter measured in the field, it
is possible to know if the road is performing according to expectations. In
this part, it is important to clarify the behavior, distress and performance
concepts. Behavior can be defined as the immediate response of the pavement
to load and is measured by the load-deflection testing methods, such as
Benkelman beam, Dynaflect, Falling Weight Deflectometer, etc. Distress can
be defined as damage in the pavement, which is monitored and evaluated by
means of condition surveys. Performance has been traditionally defined as
the serviceability history of the pavement and implies a time-related
accumulation of data. The remaining monitoring parameters (traffic and cost)
are self explanatory.

The decision criteria make up the fourth component of the Pavement
Management System. These criteria relate constraints of performance, safety,
cost, and resources that are developed in accordance with policies,
objectives, and commitments of the agency responsible for the road system.

As may be concluded from Fig 1.2, the models play a very important role
within any DPavement Management System, in such a way that the more accurate
the model, the more successful the entire system. During the trial
implementation of PDMS in some locations of the Forest Service in 1976 and
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1977, the program users commented on the results of the PDMS models,
comparing them with their previous engineering experience. It was found that
most agreed with the results from PDMS when bituminous surfaces were being
considered. However, it was widely felt that the models for aggregate
surfaced roads were inadequate, and that they frequently produced overly
conservative designs. Because of the worldwide lack of information about
aggregate surfaced and unsurfaced roads, there is no way to dimprove these
models in PDMS until a data base is developed.

THE NEED FOR A PDMS DATA BASE

Previous sections of this chapter described the importance of good
performance models in a pavement management system. Also mentioned was the
fact that the Forest Service Road System is unlike any other in the world,
and that pavement design and management methodologies developed by other
transportation agencies will not be adequate for the Forest Service.

Considering the magnitude of the Forest Service road investment, or only
the annual road maintenance expenditures, it is apparent that even a small
improvement in Forest Service pavement management would result in savings of
many millicns of dellars annually. To do this, it will be necessary for the
Forest Service to develop its own methodologies for roadway structure design
and management, and this can only be accomplished through the systematic
collection and analysis of performance data on on Forest Service roads.

For the Forest Service, a data base of information gathered from
selected road sections is preferred over other methods of data collection,
such as a specially built test road. This is due to the fact that
environment and topography can vary to great extremes on Forest Service
roads, even within a close gecgraphic area. A special test rcad, because of
the inability to modify environment and topography, would give very little
insight as to the effect of these important wvariables on forest rocad
performance. A selection of road sections that occur naturally under
different conditions, however, can be designed to supply information
concerning the most important variables affecting road performance.

The proposed PDMS data base should include data from all aspects of
pavement performance, and be able to process, store, retrieve and analyze
information in such a way that it can be used efficiently, quickly, and
economically. The information collected should also be comprehensive and
reliable. The relaticnship between the data base and different pavement
activities is shown in Fig 1.4. Many types of data bases are available (Ref
13), but the one that seems to be the most appropriate for the use of the
Forest Service is called the integrated computer system. In this system, the
user has the capacity to ask questions and has access to other data files
through common indexing schemes. This system is recommended in view of the
computer hardware available to the Forest Service. Figure 1.5 represents the
general functional nature of an operating data base.



Fig 1.4,

11

Relationships between the data base and the pavement management
activities.
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A data base can be simple in concept, but comprehensive in scope, and it
should include the following aspects: (1) proposed use of the data, (2)
data collection, (3) organization and process of data, (4) data storage, (5)
data retrieval, and (6) data analysis. Past experience has shown that it is
very easy to underestimate the effort required to institute and maintain a
comprehensive data system of this sort. Kaviel and Rutka (Ref 14) have
described the major steps required to develop and implement a pavement data
base. This procedure is shown in Fig 1.6, which is relatively self
explanatory. One point should be emphasized, i.e., Step 4: discussion with,
and feedback from, all data suppliers. This is one of the most important
steps to successful implementation, since the wultimate use of the system
depends on them. Periodic review of the data system should be considered
carefully, to ensure that it meets the changing needs of the agency and
users.

Staged implementation is desirable for pavement management systems and
has been followed in Texas and Canada (Ref 14 and 15). This permits the
system to be developed on a need basis and reduces the possibility of
extraneous data being collected.

OBJECTIVES AND SCOPE OF THE STUDY

The objective of this study is to perform a feasibility study of a data
base, to be used in a direct relationship with the Pavement Design and
Management System (PDMS). This data base will be related primarily to road
surfacing design and performance and will be used to improve design
methodologies and maintenance planning.

In detail, +this study will dinclude the following items: (1)
identification and selection of the variables to be included in a data base,
(2) review of the present practice of data collection, (%) development of a
sampling plan for the systematic collection of data, (4) review of the
formats and operational guides for collecting information, (5) development of
a plan for a pilot study, and (6) development of long term management plans
for the data base system, based on three funding levels of effort--low,
medium, and high.

SCOPE OF REPORT

Information related to Forest Service roads in terms of type of road,
mileage, structural characteristics, materials, +traffic, topographic and
environmental factors, as well as material testing methods and traffic
measuring systems, was collected by means of the "Forest Characterization
Questionnaire." The results of this survey and the methodology adopted are
described in Chapter 2. Chapter 3 presents the sources of information
considered in order to identify and select +the variables that should be
included in the data base. The most common methods for measuring dependent
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and independent variables are described respectively in Chapter 4 and Chapter
5. In Chapter 6, the design of the data collection experiment is presented,
proposing several alternatives. General recommendations for performing a
pilot study are presented in the last part of the sixth chapter. In Chapter
7, the conclusions and recommendations derived from this feasibility study
are provided. Detailed documentation on specific topics and on some
potential measuring devices is included in the Appendices.
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CHAPTER 2. FOREST CHARACTERIZATION QUESTIONNAIRE

In order to develop a complete and adequate data collection plan, a
"Forest Characterization Questionnaire” was prepared and sent to all of the
National Forests through the regional offices of the U.S. Forest Service.
This questionnaire attempted to characterize the forests in terms of road
mileage and type of surface, structural characteristics of the pavement,
(number of layers and thicknesses), type of materials (subgrade and
sggregates), traffic (type of vehicles and levels of ADT), topographic and
environmental parameters, as well as testing materials methods and traffic
measuring systems.

In the first part of +this chapter, background information on this
questionnaire 1is provided as well as on the general response to this survey.
The second part of this chapter deals with the summary of the data. Special
emphasis 1is placed on the summary and analysis of the information at a
national level.

BACKGROUND

The questionnaire consisted of thirteen questions and is presented in
Appendix A, as Fig A.1l. Table A.1 dis the 1list of the national forests
considered, which was obtained from the Forest Service Organizational
Directory (Ref 16). According to this guide, 140 questionnaires were
distributed among the nine regions of the Forest Service. In many cases, two
or more National forests are managed by the same office. Thus, the number of
questionnaires mailed is not the same as the number of forests. The
questionnaires were sent on April 17, 1980.

Of the 140 questionnaires sent to the Forest Service offices, 116
completed questionnaires were returned, representing a very positive 83
percent of the possible replies. The first completed questionnaire was
received on May 12, 1980 and the last one on September 14, 1980. Of the nine
Forest Service regions, only the Northern Region (Region 1), and the Alaskan
Region (Region 10), returned all the questionnaires sent, as shown in Table

2.1,

A list of the national forests providing the requested information is
dlso shown in Table A.1 of Appendix A. In order to process the information
contained in the questionnaires, a computer program was developed and the
information saved on a special tape. Due to the variety in answers provided
for some questions, i.e., Nos. 3, 4, 5, 9, and 12, a summary 1list for each
question was prepared so that all the possible answers were coded and

17
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TABLE 2.1. RELATIONSHIP OF COMPLETED "FOREST CHARACTERIZATION
QUESTIONNAIRES'" BY REGION

Region No. of Questionnaires Percentage
No. Name Sent Completed Completed
_1— Northern 13 13 100
2 Rocky Mountain 12 11 92
3 Southwestern 11 9 82
4  Intermountain 16 10 63
5 Pacific Southwest 17 16 94
6 Pacific Northwest 19 18 95
8 Southern 34 23 68
9 Eastern 14 12 86
10 Alaska 4 4 100
Total 140 116 83%
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classified in groups. The codes and summary lists for each question are
shown in Appendix A, e.g., No. 4 on question 3 is the code for silty gravels.
Substantial work could have been avoided if an answer coding system had been
movided for questions 3, 4, and 12 (i.e., answering question 3 in terms of
the unified soil classification system or question number 12 in terms of
flat, (0-15 percent side slope), gently rolling to hills (15-30 percent),
mountainous  (30-50 percent) or sSteep mountainous (+50 percent).
Unfortunately, the complete range of conditions was not available until all
the data were received. The widest range of answers corresponded to question
M. 13 (environmental conditions) which varied from "humid hot summers" to
ranges of precipitation and temperatures. Based on this, it was decided to
characterize the national forests, environmentally speaking, in terms of
"mean annual precipitation" and "heating degree days." Heating degree days
are the number of degrees the daily average temperature is below 65 degrees,
and may be determined by subtracting the average daily temperature below 65
degrees from the base 65 degrees to acquire a number applicable to the period
under consideration. This procedure may be represented by the following
equation:

n
HDD = X(65 - DAT,) Eq. 2.1
i
1=1
where
HDD = Heating degree days per year,
DAT = Daily average temperature below 65 degrees F.,
n = Number of days with a daily average temperature

below 65 degrees.

As may be inferred from Eq 2.1, the higher the heating degree days
value, the colder the location. This information was obtained from the
"Climatic Atlas of the United States,"” (Ref 17), for each national forest as
presented in Table A.1, of Appendix A.

SUMMARY OF DATA

The information from the "Forest Characterization Questionnaire",
(FCQ), was summarized in fourteen tables as listed in Table 2.2. One set of
tables was obtained for each region, and one for the national Troad network.
These tables contain only information received, and no adjustment factor was
used to extrapolate from 83 percent of the questionnaires to 100 percent.
The relation between the tables and the questions of the FCQ is shown in
Table A.10, Appendix A.
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TABLE 2.2. "FOREST

CHARACTERIZATION QUESTIONNAIRE' SUMMARY TABLES

No. Content

1. Classification of the Roads by the Type of Surface

2. Classification of the Roads by the Number of Lanes

3. Classification of the Aggregate Surfaced Roads by the Number of Layers

4, Classification of the One-Layer Aggregate Surfaced Roads by the Layer
Thickness '

5. Classification of the Two-Layer Aggregate Surfaced Roads by the Layer
Thicknesses

6. Available Records on the Number of Layers and Thicknesses of As-Built
Aggregate Surfaced Roads

. Levels of ADT on the Aggregate Surfaced Roads.

8. Classification of the Traffic by Gross Vehicle Weight

9. Systems Used to Measure Traffic in Aggregate Surfaced Roads

10. Typical Subgrade Materials

11. Typical Aggregate Materials

12. Testing Methods Most Used to Evaluate the Strength of Subgrade and
Aggregate Materials

13. Topographic Conditions

14. Environmental Factors
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To evaluate the importance of each factor, regular or weighted
percentages were generally obtained based on the number of miles reporting
that factor. Such criterion has been named a "miles criterion." The
evaluation was also performed using the number of lane miles reporting the
factor. The results obtained in each case were similar, as may be checked in
the National Summary presented in Appendix B. A third criterion used in
Judging the significance of specific factors was the simple count of the
forests reporting this factor and obtaining the appropriate percentages.
Table 2.3 lists the criteria used for each summary table. The same criteria
were applied to the Regional and National Summary Tables.

National Summary

As may be seen in Appendix B, the information reported by each forest is
provided in all of the National Summary Tables. This makes the tables rich
in detail, but difficult to analyze. For this reason, a National Summary
detailed by region, and not by forest, is presented and briefly discussed in
the following pages. The Regional Summaries have been edited in a special
compendium to this report (Ref 74).

National Summary Table 1. Clasification of the Roads by Type of
Surface. In this table, the U.S. Forest Service Roads are classified in
four groups based on the surface type, (asphalt concrete, surface treatment,
aggregate and unsurfaced), as shown in Table 2.4. The results, based on a
"miles" criterion, indicate that almost 68 percent of the Forest Service
roads are unsurfaced roads, 28 percent are aggregate surfaced roads, and less
than 5 percent are asphalt concrete or surface treatment roads.

In analyzing the distribution of the roads by region, (extreme right
column), it dis realized that almost 30 percent of the Forest Service roads
are located in Region 6; Region 5 has the second largest Forest Service road
network with 16.2 percent of the roads, and Region 1 is third with 12.9
percent of the roads. Note also that Region 6 has almost 50 percent of the
total miles of the Forest Service aggregate surfaced roads, a figure that is
almost five times the number of miles for Region 5, second in this aspect.
In Addition, note the use of surface treatment roads in Region 5, which has
more than 60 percent of the national surface treatment total. Finally,
together Region 6 and Region 5 manage 66 ©percent of the Forest Service
asphalt concrete surface roads.

From the detailed National Summary Table 1, Appendix B, the three
National Forests with the largest road network are: Deschutes N.F. (number
70), Freemont N.F. (number 71), and Willamette N.F. (number 81), with 9760,
8410, and 6710 miles respectively. These three are in Region 6 and represent
3.9, 3.4, and 2.7 percent respectively of the national road network. The
Ouachita N.F. (number 93), located in Region 8 is fourth with 6659 miles.
Comparing on the basis of the aggregate surfaced roads, the situation
changes, since the Willamette N.F. has the largest aggregate surfaced road
network, with 5800 miles; in second place is the Umpqua N.F. (number 79),
with 2892 miles; third place is shared by Gifford Pinchot N.F. (number 84),
and Klamath N.F. (number 57), with 2600 miles each. The first three national
forests are jocated in Region 6, and the fourth one in Region 5.



TABLE 2.3. EVALUATION CRITERIA USED IN THE DEVELOPMENT OF THE FOREST
CHARACTERIZATION QUESTIONNAIRE SUMMARY TABLES

Criteria
Summary Number
Table of
HNumber Miles  Lane-Miles Forests
1 X X
2 X
3 x x
4 X
5 X
6 X
7 X
8 x
9 X
10 X
11 X
12 X X X
13 X X
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TABLE 2.4. NATIONAL SUMMARY TABLE 1

(BY REGION) ¢

CLASSIFICATION OF U. S. FOREST SERVICE ROADS BY TYPE

OF SURFACE
Type of Surface
Region ésphalt Surface Percent
oncrete Treatment Aggregate Unsurfaced Total of
No Name (miles) (miles) (miles) (miles) (miles) Region
1 Northern 282 463 7,597 23,572 31,914 12.9
2 Rocky Mountain 316 94 3,843 17,666 21,919 8
3 Southwestern 344 74 2,478 17,429 20,325 8.2
4 Intermountain 542 104 2,132 16,236 19,014 7.7
5 Pacific Southwest 1,181 3,722 7,617 27,617 40,137 16.2
6 Pacific Northwest 2,677 801 33,188 35,233 71,899 29.0
8 Southern 193 367 7,495 20,063 28,118 11.3
9 Eastern 326 297 3,816 7,657 12,096 4.9
10 Alaska 3 0 575 1,935 2,513 1.0
Total
(miles) 5, 864 5,922 68,741 167,408 247,935 100.00
Percent of the Road Network 2.4 2.4 27.7 67.5 100.0

£C
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National Summary Table 2. Classification of the Roads by the Number of
lanes. In the second National Summary Table, presented in Table 2.5, the
Forest Service roads are classified in one-lane roads and +two-lane roads.
Two facts deserve to be commented on. First, the national distribution shows
9.1 percent of the Forest Service roads are one-lane roads and only 8.9
percent are two-lane roads. Second, it may be observed that the distribution
in almost all the regions follows a general +trend, with the exception of
Region 9, where almost three-fourths of the roads are one-lane roads and only
one-fourth are two lane roads.

National Summary Table 3. Classification of the Aggregate Surfaced
Roads by the DNumber of Layers. This table presents the classification of
the aggregate surfaced roads based on the number of pavement layers. The
rercentages of the aggregate surfaced roads with one layer and two layers for
each region, using a length criterion, are shown in Table 2.6. The results
indicate that, at a national level, 77.6 percent of the aggregate surfaced
roads are considered as one-layer roads and, the remaining 22.4 percent, as
two layer roads. A uniform tendency is observed in all the regions, with the
exception of Region 6, where 62.7 percent and 37.3 percent of the aggregate
surfaced roads are classified as one-layer and two-layer roads, respectively.
It is also noted that Region 10, (Alaska), does not have two layer aggregate
surfaced roads.

National Summary Table 4. Classification of the One-Layer Aggregate
Roads by the Layer Thickness. This summary table may be considered as an
extension of the Summary Table 3, and classifies the one-layer aggregate
surfaced roads by 1layer thickness in five groups, shown in Table 2.7. The
rational distribution indicates that the most extensive layer thickness for
this type of road is between 4 and 8 in., representing 54.2 percent of the
one layer aggregate surfaced roads, 29.2 percent of these roads have a layer
thickness less than 4 inches; 12.6 percent between B and 12 inches; 2.6
percent between 12 and 16 inches, and only 1.3 percent of them have a layer
thickness greater than 16 inches. It may be noted that 83.4 percent of the
me~layer aggregate surfaced roads have a layer thickness less than 8 inches.
Region 6 is the only region that has roads in all of the five layer-thickness
groups, and Region 2, only in two groups. Another fact to recognize is that
in Region 10, more than 75 percent of the aggregate surfaced roads have layer
thickness greater than 16 inches.

National Summary Table 5. Classification of the Two-Layer Aggregate
Surfaced Roads by the Layer Thicknesses. The National Summary Table 5
presents the classification of the two-layer aggregate surfaced roads taking
into account the thickness of the base and surface layers. From Table 2.8.a,
it may be seen that the most common base thickness is between 4 and 8 inches,
and that more than 80 percent of the two-layer aggregate surfaced roads have
a base thickness less than 12 inches.

From Table 2.8.b, the most common surface layer thickness is less than 4
inches, and almost 90 percent of the two-layer aggregate surfaced roads have
a surface thickness less than 8 inches. Thus, the typical
layer-thicknesses-combination would be a base between 4 and 8 inches and a
surface layer less than 4 inches thick.
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TABLE 2.5. NATIONAL SUMMARY TABLE 2 (BY REGION) ! CLASSIFICATION OF THE U.S.
FOREST SERVICE ROADS BY THE NUMBER OF LANES

Percentage Percentage
Region One-Lane Two-Lane
1 94.2 5.8
2 87.2 12.8
3 89.0 11.0
4 81.7 18.3
5 87.0 13.0
6 96.7 3
8 95.9 4.1
9 75.5 24.5
10 98.8 1.2
National
'Cla?;ification 91.1 8.9

Note: The percentages refer to the total number
of miles in each region.
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TABLE 2.6. NATIONAL SUMMARY TABLE 3 (BY REGION): CLASSIFICATION OF THE AG-
GREGATE SURFACED ROADS BY THE NUMBER OF LAYERS

Percent Percent
Region One-Layer Two-Layer
1 90.2 9.8
2 90.5 9.5
3 89.6 10.4
4 92.0 8.0
5 88.0 12.0
6 62.7 37.3
8 96.3 7
9 91.9
10 100.0 .0
National
Classification
(%) 77.6 22.4

Note: The percentages refer to the total number of
miles in each region.
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TABLE 2.7. NATIONAL SUMMARY TABLE 4 (BY REGION)! CLASSIFICATION OF THE ONE-
LAYER AGGREGATE SURFACED ROADS BY THE LAYER THICKNESS

Layer Thickness (inches)

Region 0-4 4 - 8 8 - 12 12 - 16 +16

1 52.3 40.0 6.1 1.6 0.0

2 49.7 50.3 0.0 0.0 0.0

3 79.9 19.2 0.9 0.0 0.0

4 38.3 59.0 2.7 0.0 0.0

5 7.6 82.4 10.0 0.0 0.0

6 14.0 53.4 25.2 6.1 1.3

8 62.3 37.5 .2 0.0 0.0

9 12.9 85.5 .2 0.4 0.0

10 14.7 9.6 0.0 0.0 75.7
National 29.2 54.2 12.6 2.6 1.3

Classification

(%)

Note: The percentages refer to the total number of miles in
each region.
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TABLE 2.8.a. NATIONAL SUMMARY TABLE 5 (BY REGION): CLASSIFICATION OF THE
TWO-LAYER AGGREGATE SURFACED ROADS BY THE BASE LAYER THICKNESS

Base Layer Thickness (Inches)

__Region 0-4 4 - 8 8 - 12 12 - 16 + 16
1 11.8 21.3 47.8 11.2 7.9
2 49.7 50.3 0.0 0.0 0.0
3 69.4 30.6 0.0 0.0 0.0
4 1.1 98.9 0.0 0.0 0.0
5 83.7 11.9 2.2 2.2 0.0
6 6.8 44 .4 28.7 16.8 3.3
8 21.1 78.9 0.0 0.0 0.0
9 66.7 27.2 4.9 1.2 0.0
10 0.0 0.0 0.0 0.0 0.0
National
Classifi~
cation (%) 15.3 41.5 25.9 14.3 3.0

Note: The percentages refer to the total number of miles in
each region.
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TABLE 2.8.b. NATIONAL SUMMARY TABLE 5 (BY REGION): CLASSIFICATION OF THE
TWO LAYER AGGREGATE SURFACED ROADS BY THE BASE LAYER THICKNESS

Surface Layer Thickness (Inches)

Region 0-4 4 - 8 8 - 12 12 - 16 + 16
1 67.2 32.8 0.0 0.0 0.0
2 98.8 1.2 0.0 0.0 0.0
3 76.7 23.3 0.0 0.0 0.0
4 47.3 52.7 0.0 0.0 0.0
5 85.6 12.1 2.3 0.0 0.0
6 46.5 39.2 13.8 0.5 0.0
8 32.9 67.1 0.0 0.0 0.0
9 88.1 11.9 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0
National
Classifi-
cation (%) 52.2 36.1 11.3 0.4 0.0

Note: The percentages refer to the total number of miles in
each region.
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National Summary Table 6. Available Records on the Number of Layers and
Thicknesses of As-Built Aggregate Surfaced Roads. The purpose of requesting
the information presented in this table was to obtain a general idea of
forests having layer-thickness records, thus assisting in locating the final
test sections. Table 2.9 presents the National Summary Table 6, showing the
percentage of aggregate surfaced roads in each forest having layer thickness
records. The national results indicate that in almost 30 percent of the
forests, (33/113), the records cover between 75 percent and 100 percent of
the miles of aggregate surfaced roads, and that in 37 percent of the forests,
(42/113), no records are kept at all.

National Summary Table 7. Levels of ADT on the Aggregate Surfaced
Roads. This table, which is one ‘of the most valuable from the project
standpoint, contains the distribution of the aggregate surfaced roads in five
levels of average daily traffic, (ADT), and is illustrated in Table 2.10.
This distribution was obtained using a length criterion.

The results indicate that for 69 percent of the aggregate surfaced
roads, the ADT is less than 50 vehicles per day, and that in almost 90
percent of these roads, it is less than 100 vehicles per day. These facts
redefine the U.S. Forest Service road network as a typical low-volume road
system. The same general tendency may be observed in all the regions.

National Summary Table 8. Systems Used to Measure Traffic in Aggregate
Surfaced Roads. An important complement for the average daily traffic
information, are the data provided in this table which classify the traffic
in terms of the gross vehicle weight. Table 2.11 shows the percentage of the
traffic, in each region, and for each of the gross vehicle weight groups.
Two major groups are easily identified. The group designated as "passenger
cars and pick-ups" represents 62 percent of the traffic on Forest Service
Roads, at a national level. The second group is that with a GVW between 30-
and 100-kips, and represents 27 percent of the traffic on Forest Service
roads. A great variability exists from one region to another, and it is
important to note that 72 percent of the traffic using the Forest Service
roads in Region 10 have a GVW between 100 and 200 kips. The distributions
presented in this table were obtained using a length criterion.

National Summary Table 9. Systems Used to Measure Traffic in Aggregate
Surfaced Roads. The most common systems used in the Forest Service for
measuring traffic on aggregate surfaced roads, specifically the number of
applications, have been compiled in the Summary Table 9, illustrated in Table
2.12. Nine systems have been identified, and the significance of each of
them has been evaluated based on the covered miles of aggregate surfaced
roads. Some Forests reported using more than one system, but in the
computations only the most extensive system was considered.

From Table 2.12, it may be noted that for a total of 68,740 mjles of
aggregate surfaced roads only, 31.64 percent receives regular traffic
monitoring. The most accepted method is based on the use of inductive loops,
vhich are used in 3.5 percent of the aggregate surfaced roads. The group
"traffic counters general” includes inductive loops, electronic, pneumatic,
and magnetic counters, but, unfortunately, many times the information was not



31

TABLE 2.9. NATIONAL SUMMARY TABLE 6 (BY REGION): AVAILABLE RECORDS ON THE
NUMBER OF LAYERS AND THICKNESSES OF AS-BUILT AGGREGATE SURFACED
ROADS (NUMBER OF FORESTS)

Percentage of Aggregate Surface Roads Covered

Region 100 - 75 75 - 25 25 - 0 None
1 4 3 2 4
2 6 1 1 3
3 5 1 2 1
4 3 0 3 4
5 2 2 3 9
6 8 3 3 4
8 0 6 2 12
9 3 3 3 3
10 2 0 0 2
Total
Number of

Forests 33 19 19 42
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TABLE 2.10. NATIONAL SUMMARY TABLE 7 (BY REGION): LEVELS OF ADT ON THE
AGGREGATE SURFACED ROADS

ADT Both Directions

Region 0 - 50 50-100 100-200 200-400 +400
1 56 28 10 3 3

2 39 29 21 7 4

3 81 14 5 0 0

4 53 25 13 9 0

5 70 16 11 3 0

6 72 19 6 2 1

8 84 11 3 1 1

9 81 15 4 0 0
10 76 18 6 0 0

National

%) 70 19 8 2 1

Note: The percentages refer to the total number of miles in each
region.



TABLE 2.11. NATIONAL SUMMARY TABLE 8 (BY REGION)2 CLASSIFICATION OF THE
TRAFFIC BY GROSS VEHICLE WEIGHT

Gross Vehicle Weight (kips)

Pass. Cars

Region & Pick-Ups 10 - 30 30 - 100 100-200
1 57 12 30 1
2 75 5 19 1
3 77 6 15 2
4 67 13 20 0
5 47 5 40 8
6 64 6 29 1
8 67 10 21 1
9 71 8 20 1
10 16 1 11 72
National 63 7 27 3
(%)

Note: The percentages refer to the total number of miles in
each region.



TABLE 2.12. NATIONAL SUMMARY TABLE 9 (BY REGION): SYSTEMS USED TO MEASURE TRAFFIC IN AGGREGATE SUR-

ve

FACED ROADS
System
- Percent None Traffic Relation
of or not Counters Inductive Electronic Magnetic Manual Pneumatic Random  Timber
Region Roads Applicable General Loops Counters Counters Counters Counters Sampling Volume
1 14.2 85.8 13.0 .2 0.0 0.0 0.0 0.0 0.0 0.0
2 33.8 66.2 9.4 1.0 9.9 0.0 0.0 7.0 6.5 0.0
3 27.7 72.3 16.0 11.6 0.0 0.0 0.0 0.0 0.0 0.0
4 13.6 86 .4 .0 1.8 6.1 0.0 0.0 0.0 0.7 0.0
5 28.4 71.6 8.1 7.6 1.3 2.5 0.0 0.0 0.6 8.2
6 23.9 76.1 18.2 2.3 0.0 0.5 0.0 0.0 2.8 0.0
8 12.5 87.5 1.3 8.0 2.3 0.0 0.0 0.0 0.9 0.0
9 12.3 87.7 2.7 1.1 0.0 0.0 0.0 3.0 5.5 0.0
10 5.6 94.4 0.0 0.0 0.0 0.0 2.1 0.0 3.5 0.0
National
Weighted
Distri-
bution
(%) 21.6 78.4 12.7 3.5 1.1 0.5 0.0 0.0 2.2 1.0

Note: The percentages refer to the total number of miles in each region.
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provided with that detail. However, the available information is a good use
indicator of the traffic measuring systems in the U.S. Forest Service.

National Summary Table 10. Typical Subgrade Materials. When designing
any pavement, the +type and properties of the subgrade material will
considerably affect the final output. Because of this, and in order to
develop a valid and realistic data base, the names of the typical subgrade
materials in each of the forests was requested. The answers have Dbeen
vsummarized in twenty-six groups as shown in Table 2.13 and have also been
evaluated in order to find the significant materials within the
U.S. Forest Service road network. The evaluation was performed by applying
three different criteria: the number of forests, the "miles" , and the
"lane-miles” criteria as explained before. Table 2.15 shows the results
using the "number of forests" criteria. From this table it may be noted that
the five most important subgrade materials are: rock (no 25), gravel,
general (no 1)*, clay, general (mo 10), silty sand (no 9) and sand, general
(no 6). The results obtained by using the "miles" and and "lane-miles"
criteria indicate very similar results. Table 2.14 presents the most
important subgrade materials for each of the three criteria. This
information is a very valuable guide in proposing a data collection
experiment, as well as in future research.

As may be noted in Table 2.13, there are groups of materials called
"general”. These groups are: gravel, general (no 1), sand, general (no 6),
clay, general (no 10), silt, general (no 14), and loam, general (no 18).
This classification system was adopted because many times the information in
the questionnaire was provided in both a general manner and a detailed one.
It was usual to find the subgrade material defined as "gravel”, and other
times as "sandy gravel" or "clayey gravel.” In order to get information as
detailed as possible, it was decided to develop the "general groups”, and at
the same time to gather detailed information by using particular groups.

Based on this, the information provided in Table 2.13 may be summarized
in eight groups as showed in Table 2.15. To obtain these new groups, all the
percentages for any particular material were considered in the correspondent
general group, (i.e., in the case of the gravels, the results for the
materials 1,2,3,4, and 5 are included in the group "gravel general”). In
Table 2.15 the information is summarized using the three criteria previously
described. The new percentages were obtained eliminating the group no 26,
"inf. not available or not sufficient.”

National Summary Table 11. Typical Aggregate Materials. The previous
comments for the Summary Table 10 all apply for this table. Table 2.16 shows
the thirty-one groups of aggregate materials and the significance of each of
them, based on the number of national forests reporting each material. It

*In using this criterion, the number of miles reported in each forest was
divided by the number of +typical subgrade material reported. The same
applies for the "lane-miles" criterion.

*The number in parentheses indicates the subgrade material code.
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TABLE 2.13.

NATIONAL SUMMARY TABLE 10:

TYPICAL SUBGRADE MATERIALS

=4
kOCIJ\IO\U'lJ-\LAJNi—'|O
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Typical Subgrade Material No. of Perc. of
NF with NF with
Name This Mat. This Mat.

Gravels, general 29 25.66
Sandy gravel 4 3.54
Clayey gravel 4 3.54
Silty gravel 10 8.85
Alluvium 3 2.65
Sand, general 18 15.93
Gravelly sand 6 5.31
Clayey sand 7 6.19
Silty sand 19 16.81
Clay, general 24 21.24
Clay, low compressibility 15 13.27
Clay, high compressibility 6 5.31
Clay, shale 7 6.19
Silt, general 17 15.04
Silt, low compressibility 17 15.04
Silt, high compressibility 7 6.19
Organic silts 1 .88
Loams, general 5 4,42
Sandy Loams 5 4,42
Clay Loams 6 5.31
Silt Loams 5 L. 42
Volcanic materials 7 6.19
Organic materials 7 6.19
Weathered rock 8 7.08
Rock 44 38.94
Information not avail-

able or not sufficient 2 1.77
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TABLE 2.14. FIVE MOST POPULAR SUBGRADE MATERIALS IN THE FOREST SERVICE RE-
GIONS BASED ON THREE EVALUATION CRITERIA

Criteria
Rank Number of Forests Miles Lane-Miles
1 Rock (25)%* Rock (25) Rock (25)
2 Gravel , general (1) Silty sand (9) Silty sand (9)
3 Clay, general (10) Gravel , general (1) Gravel , general (1)
4 Silty sand (9) Clay, general (10) Clay, general (10)
5 Sand, general (6) Sand, general (6) Sand, general (6)

*The number in parentheses refers to the material code.
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TABLE 2.15.

CLASSIFICATION OF THE SUBGRADE MATERIALS IN EIGHT GENERAL

GROUPS AND ACCORDING TO TWO EVALUATION CRITERIA

Material
Group

Gravel, general
Sand, general

Clay, general

Silt, general
Loams, general
Volcanic materials
Organic materials

Rock

Criteria
Percentage Percentage
of NF of Miles
with this with this
Material Material
45.1 14.2
45.1 17.5
46.9 12.3
37.9 12.8
18.9 8.5
6.3 4.1
6.3 1.1
46.9 29.5
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TABLE 2.16. NATIONAL SUMMARY TABLE 11: TYPICAL AGGREGATE MATERIALS

Typical Aggregate Material No. of Perc. of
NF with NF with

No Name this Mat. this Mat.
1 Natural deposits 43 38.05
2  Volcanic materials 12 10.62
3 Weathered rock 1 .88
4  Volcanic rocks, general 10 8.85
5 Pegmatite 1 .88
6 Diorite 5 4.42
7  Andesite 16 14.16
8 Granite 24 21.24
9 Basalt 27 23.89
10  Gabbro 1 .88
11 Diabase 1 .88
12 Scoria 1 .88
13  Rhyolite 8 7.08
14  Mebamorphic rock, general 8 7.08
15 Quartzite 14 12.39
16  Schist 2 1.77
17 Phyllite 2 1.77
18 Gneiss 5 4.42
19 Serpentine 1 .88
20 Marble 1 .88
21 Sedimentary rock, general 4 3.54
22  Limestone 32 28.32
23  Sandstone 7 6.19
24 Caliche 1 .88
25 Metasiltstone 1 .88
26 Mudstone 0 0.00
27  Shale 3 2.65
28  Graywacke 3 2,65
29 Argillite 5 4.42
30 Crushed stone not specified 7 6.19
31 Information not available or not sufficient 3 2.65
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may be seen that the three most important types of aggregates according to
this table are: natural deposits (1), limestone (22), and basalt (9). The
evaluation of the six most important aggregate materials in the Forest
Service roads, using the three criteria previously mentioned, is presented in
Table 2.17.

The materials presented in Table 2.16 may be grouped in six major groups
as shown in Table 2.18. The percentages of miles for each group were
obtained by omitting the material "crushed stone not specified" (No 30), as
well as by omitting the percentage when the information was "not available or
mt sufficient” (No 31).

National Summary Table 12. Testing Methods Most Used to Evaluate the
Strength of Subgrade and Aggregate Materials. With the idea of acquiring
information on the procedures commonly used in the Forest Service for
collecting technical data, information on the traditional methods used to
evaluate the strength of the subgrade and aggregate materials was requested.
The detailed results of this survey are presented in the National Summary
Table 12, Appendix B, which has been divided into three parts: (1) a 1list
of the methods used in each of the National Forests; (2) a gquantification of
the most common methods in evaluating the strength of the subgrade materials,
based on a triple criterion; and (3) a quantification of the most common
methods used to evaluate the strength of the aggregates, based on the same
triple criteria.

Table 2.19 presents the ten methods generally used to evaluate the
strength of the subgrade materials, using two different criteria: the number
of forests reporting each method and the equivalent miles for each method.
Note from this figure that the use of the CBR method is quite common in the
Forest Service.

In a similar manner, Table 2.20 presents the aggregate materials testing
methods. Note, the "Los Angeles Abrasion” test is generally preferred, with
the CBR method being second choice.

National Summary Table 13. Topographic Conditions. In this table, the
U.S. Forest Service roads have been classified in four groups based on their
topographic characteristics. Four topographic conditions were identified as
follows: flat, gently rolling to hilly, mountainous and steep mountainous,
characterized by a side slope range of 0-15 percent, 15-30 percent, 30-50
percent and more than 50 percent, respectively. It was necessary to
implement a fifth group due to the 1lack of information provided in the
questionnaires. Percentages for each of these groups were provided, and
based on the number of miles for each forest, a weighted regional and
national distribution was obtained, as illustrated in Table 2.21. The
national distribution indicates that more +than 40 percent of the Forest
Service road network is located in a mountainous condition, 15 percent in a
steep mountainous condition; 16 percent and 18 percent in flat and gently
rolling to hilly conditions respectively. Information for 7 percent of the
road network was not available.
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TABLE 2.17. SIX MOST POPULAR AGGREGATE MATERIALS IN THE FOREST SERVICE
REGIONS BASED ON THREE EVALUATION CRITERIA

Criteria
Rank Number of Forests Miles Lane-Miles
1 Natural deposits (1) Basalt (9) Natural deposits (1)
2 Limestone (22) Natural deposits (1) Basalt (9)
3 Basalt (9) Limestone (22) Limestone (22)
4 Granite (8) Granite (8) Granite (8)
5 Andesite (7) Volcanic mats (2) Volcanic mats (2)
6 Quartzite (15) Andesite (7) Andesite (7)

Note: The number in parentheses refers to the material code.
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TABLE 2,18. CLASSIFICATION OF THE AGGREGATE MATERIALS IN SIX GENERAL GROUPS
AND ACCORDING TO TWO EVALUATION CRITERIA

Criteria
Percentage Percentage
of NF with of Miles
Material this Mate- with this
Group rial Material
Natural deposits 38.0 16.5
Volcanic rocks, gen- 83.1 43.0
eral
Metamorphic rocks, 29.1 11.0
general
Sedimentary rocks, 49.5 20.2
general
Weathered rock 0.8 0.9

Volcanic materials 10.6 8.4




TABLE 2.19.

NATIONAL SUMMARY TABLE 12°

43

QUANTIFICATION OF THE MOST USED SUB-
GRADE MATERIALS TESTING METHODS USING TWO CRITERIA

Testing Method Number of Percentage Equivalent Percentage

NF Using NF Using Miles Miles Us-

No. Name the Method the Method Using this ing This
1 R. Value 17 15.04 43,521.00 17.55
2 C.B.R. 59 52.21 146,060.70 58.91
3 Density Measurements 10 8.85 16,462.20 6.64
4  Moisture Measurement 0 0.00 0.00 0.00
5 Hveem Stabilometer 4 3.54 6,960.70 2.81
6 Sieve Analysis 0] 0.00 0.00 0.00
7 Field Evaluation 4 3.54 6,184.00 2.49
8 S8S Using PI and -200 1 .88 2,964.00 1.20
9 None 16 14.16 16,088.50 6.49
10 AASHTO Methods General 2 1.77 9,694.00 3.91
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TABLE 2.20. NATIONAL SUMMARY TABLE 12: QUANTIFICATION OF THE MOST USED AG-
GREGATE MATERIALS TESTING METHODS USING TWO CRITERIA

Equivalent Percentage

Testing Method Number of Percentage Miles Miles
NF Using NF Using Using This Using This

No Name the Method the Method Method Method
1 Los Angeles Abrasion 43 38.05 110,523.00 44,58
2 Durability or Degradation 6 5.31 16,997.60 6.86
3 Plastic Fines in G. A. 1 .88 2,327.00 .94
4 R. Value 5 4.42 17,675.10 7.13
5 C. B. R. 17 15.04 30,572.10 12.33
6 Density Tests 8 7.08 12,256.90 4.94
7 Specific Gravity 0 0.00 0.00 0.00
8 Atterberg Limits Test 1 .88 6,710.00 2.71
9 Gradation Test 2 1.77 3,721.00 1.50
10 Hveem Stabilometer 2 1.77 3,078.40 1.24
11 Sodium Sulfate Sound. 1 .88 1,696.00 .68
12 Miscellaneous Methods 4 3.54 8,217.00 3.31
13 None 20 17.70 20,145.00 8.13
14 AASHTO Methods General 3 2.65 14,016.00 5.65
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TABLE 2.21. NATIONAL SUMMARY TABLE 13 (BY REGION): TOPOGRAPHIC CONDITIONS
(PERCENTAGE OF MILES)

Topographic Condition Information
Flat Gen:. Roll. to  Mountainous Steep Mountainous Not Available
Region (0-15%) Hilly (15-30%) (30-50%) (+507%) or Useful
1 3.2 4.4 56.0 8.6 27 .8
2 13.9 23.1 25.7 16.3 21.0
3 14.2 16.0 55.2 14.6 0.0
4 20.3 14.6 25.4 19.9 19.8
5 17.1 19.9 40.0 23.0 0.0
6 13.7 22.3 46.6 17 .4 0.0
8 21.8 22.9 51.5 3.8 0.0
9 52.4 29.3 13.0 4.5 0.8
10 21.8 0.0 23.6 54.6 0.0
Nation~
al
(%) 16.3 18.8 42.7 15.2 7.0

Note: The percentages refer to the total number of miles in each region.
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If this 7 percent is not considered and then a new distribution is
obtained considering only the four groups of topographic conditions, the
national distribution would be as follows: '

Flat 17.5%
Rolling to hilly 20.2%
Mountainous 45.9%
Steep Mountainous 16.4%
100%
National Summary Table 14. Environmental Factors. This table,

containing environmental information, may Dbe divided into two parts. The
first part presents precipitation data in terms of annual mean precipitation.
Te second part presents temperature data in terms of heating degree days.
Ranges of precipitation and heating degree days were established forming
fourteen precipitation groups and eleven heating degree days groups. The
significance of each group was evaluated by means of two criteria: number of
forests in each precipitation or heating degree days group and the
corresponding miles in each group. The results obtained by the two criteria
are consistent.

With regards to the precipitation information (Table 2.22), it may be
seen that the most common precipitation range is between 16-20 inches per
year, this range is characteristic of almost one fourth of the national
forests. The second and third most important precipitation groups are 41-50
inches per year and 11-15 inches per year, respectively. It may also be
seen that more +than 80 percent of the national forests have an annual mean
precipitation of less than 50 inches and almost 60 percent of the forests
less than 30 inches per year.

The heating degree days computations (Table 2.23) indicate four
predominant groups headed by the group No 8 (between 7001 to 8000 heating
degree days). The remaining three groups are: 5001 through 6000, 6001
through 7000 and 8001 through 9000, respectively. Only 8.8 percent of the
forests have more than 9001 heating degree days.
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TABLE 2.22. NATIONAL SUMMARY TABLE 14: ENVIRONMENTAL FACTORS, ANNUAL MEAN
PRECIPITATION RANGES EVALUATED BY MEANS OF TWO CRITERIA
Number of Percentage
National of National Equivalent Percent
Group Inches/year Forests Forests Miles Miles
1 0~5 0 0,00 0.00 0.00
2 6-10 7 6.19 11,749.70 4,74
3 11-15 18 15.93 33,071.70 13.34
4 16-20 25 22.12 68,050.70 27.45
5 21-25 2 1.77 2,490.00 1.00
6 26-30 12 10.62 30,097.50 12.14
7 31-40 11 9.73 29,847.40 12.04
8 41-50 19 16.81 37,698.10 15.20
9 51-60 10 8.85 17,200.30 6.94
10 61-70 1 .88 4,500.00 1.81
11 71-80 2 1.77 4,843.50 1.95
12 81-90 1 .88 3,407.00 1.37
13 91-100 4 3.54 2,513.00 1.01
14 101-110 1 .88 2,466,20 .99




48

TABLE 2.23., NATIONAL SUMMARY TABLE 14 ENVIRONMENTAL FACTORS. HEATING-DEGREE
DAYS EVALUATED BY MEANS OF TWO CRITERIA

Number of Percentage
National of National Equivalent Percent
Group Degree-Days Forests Forests Miles Miles
1 0-1, 000 0 0.00 0.00 0.00
2 1,001-2,000 5 4.42 2,572.20 1.04
3 2,001-3,000 12 10.62 18,576.10 7.49
4 3,001-4,000 8 7.08 16,027.40 6.46
5 4,001-5,000 11 9.73 18,070.10 7.29
6 5,001-6, 000 12 10.62 38,446.40 15.51
7 6,001-7,000 15 13.27 44,386.40 17.90
8 7,001-8,000 23 20.35 56,393.90 22.75
9 8,001-9,000 17 15.04 38,142.80 15.38
10 9,001-10,000 8 7.08 12,459.80 5.03
11 10,001-11,000 2 1.77 2,860.00 1.15




CHAPTER 3. IDENTIFICATION AND SELECTION OF THE VARIABLES
TO BE MEASURED

The project started with a review of background literature about PDMS,
jncluding Phase I (Conceptual Study), Phase 11 (A Working Model), and Phase
II1 (Implementation). Also, the past experience of The University of Texas
in implementing a Pavement Feedback Data System for the Texas Highway
Department (Project 123) was reviewed. Although previous experience with
Feedback Data Systems does not directly relate to aggregate surfaced roads,
i.e., different performance of paved and aggregate surfaced roads, the
organizational concepts provide a valuable guide for the development of the
PDMS data base.

In order to identify the most important and significant variables
related to aggregate surfaced roads pavement performance, the following
sources of information and points of view were considered:

(1) A "Brainstorming Session” of Forest Service Personnel,

(2) Sensitivity analysis of the PDMS computer program,

(3) Review of C. T. Coghlan* Questionnaire for Aggregate Surfaced Road
Design, and relationships in regression analysis,

(4) Two important aggregate-surfaced-road studies: Brazil Study
(Research on the Interrelationship of Highway Cost) and the Kenya
Study.

Summaries of these studies are presented in the following sections of

this chapter. Other sources of information have been "Low Volume Roads
International Conference" papers, interviews and discussions with Forest
Service personnel and UT Research Staff. These sources are also reflected in

the respective sections where applicable.

*C. T. Coghlan is a Materials Engineer in Region 9 of +the U.S. Forest
Service, and the results of the Questionnaire were presented at the 1979
Meeting of Regional Material Engineers in Ames, Iowa.
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BRAINSTORMING SESSION

The "Brainstorming Session" held at Austin on December 4 and 5, 1979,
included members from the U.S. Forest Service Washington Office, regional

offices, University of Texas Research Staff and guest speakers from the Texas
Highway Department and Austin Research Engineers.

During this meeting, two important aspects of aggregate surfaced roads
were discussed: (1) failure criteria and (2) variables to be considered in
the data base. The failure criteria discussion brought about important
considerations and suggestions to be observed when developing a failure
criteria for this type of road, as well as some of the most relevant distress
mnifestations and performance concepts. Because the objective of this
roject is the development of a research oriented data base, rather than the
determination of failure criteria, the acceptability or rejection of the
factors as components of the failure criteria will need future research.

This discussion was important for the purpose of +this project since
several types of distress manifestations on aggregate surfaced roads were
discussed. These phenomena were defined, analyzed and evaluated in order to
identify the most important or relevant ones.

These distress manifestations are important because they are closely
related to the user and maintenance cost, factors which are of primary
importance to the U.S. Forest Service. Also, these distress manifestations
will affect directly the safety and comfort of the road.

If we can predict accurately the presence of these phenomena which
depend on a number of variables, we would be able to design aggregate
surfaced roads to satisfy the economical, safety, and comfort constraints in
an optimum way, considering the traffic and physical requirements.

Of these distress manifestations or dependent variables, the following
seem to be the most significant:

rut depth
roughness
aggregate loss
dusty surface

During the second part of this meeting, the variables influencing the
performance of the aggregate surfaced roads were discussed and evaluated.
The essential and desirable variables for improving the actual models and/or
developing new models were identified. Four major groups of independent
variables were identified: (a) Material Properties, (b) Traffic, (c)
BEnvironment, and (d) Economic, Maintenance and Construction. Two methods of
collecting information were also identified: (1) Primary study, including
less than ten variables, to be measured on specific sections in all the
U.S. Forest Service Regions and (2) Satellite studies, also designated as
correlation studies, for studying specific relations between performance and
variables of special interest on a small number of sections.
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A summary of this "brainstorming session" was completed, based on notes
and tape recordings, and is provided in Appendix C.

A 1list of the variables to be collected is presented in Table 3.1. This
table is divided into two parts, primary and satellite study, according to
the type of the study where the information would be collected. Based on the
type of variable, Table 3.1 is also divided into two groups: dependent and
independent variables. The independent variables are classified in four
groups, as described above.

SENSITIVITY ANALYSIS OF THE PDMS COMPUTER PROGRAM

During Phase III (Implementation of a Pavement Design and Management
System for Forest Service Roads), a sensitivity analysis of the PDMS computer
program was performed. The basic concept for the sensitivity analysis, as
stated in the Final Report of Phase III, is to evaluate the effect of
changing the magnitude of a variable on the total project cost and
rehabilitation strategy. In this way, the significant effects of different
input variables could be compared.

The number of input variables for the case of aggregate surfaced roads
was 47. The results of this sensitivity analysis showed that there were 24
variables significantly affecting the total cost. Of those 24, there were 16
showing the largest effect. The results of the sensitivity analysis are
presented in Table 3.2. According to the previous classification, these
variables should be classified as independent variables.

Another important part of the sensitivity analysis was the study of the
failure models (Rut Depth, Aggregate lLoss, and AASHTO) to ascertain the ones
controlling the pavement design for particular characteristics.

The Final Report from Phase III showed the Aggregate Loss Model
controlled almost 40 percent of the most significant variables. The Rutting
Model controlled only when the traffic characteristics (ranked number one in
the sensitivity analysis results) were being considered. The AASHTO model,
in general, controlled 60 percent of the most significant variables and also
variables having small effect.

The sensitivity analysis indicates which variables are most important,
and, therefore, indicates on which variables to concentrate resources to make
accurate measurements for improving the models.

This sensitivity analysis was performed in May, 1978. Since this date,
several modifications have been made to the PDMS program in such a way that a
new sensitivity analysis will be required on the modified program dated May,
1980. We may postulate the more significant variables should be the same
because of the nature of the modifications performed.
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TABLE 3.1. DATA BASE VARIABLES TO BE MEASURED AS RECOMMENDED DURING

THE BRAINSTORMING SESSION

TYPE OF STUDY

PRIMARY SATELLITE

J::L DEPENDENT VARIABLES <[:L

. Rutting
. Roughness

. Aggregate Loss

S~ W =

. Dusty Surface

INDEPENDENT VARTABLES

Material Properties

1. Structural Measurements: 1. Moisture Content
Number of Layers 2. Density
Thickness of Layers 3. Resilient Modulus
2. Quantification of Materials 4. Hardness (Soundness)
Properties: 5. Aggregate Properties
Strength Particle Shape
Atterberg limits Degradation
Gradation 6. Correlation between

the Laboratory
7. Seasonal variation o
and density (as well

other variables)

9, Correlation between

testing methods

10. Deflections

determina-

tion of MR in the field and in

f moisture

as the

8. Stability of Surfacing

strength

(Continued)



1. Number of Applications

2. Distribution of the Traffic

1. Precipitation

53

TABLE 3.1. (CONTINUED)

Traffic

Environmental

0 ~N O L~

9.

. Axle loads

. Relation between aggregate loss-

Traffic Speed

. Relation of specific parameters

to Traffic (i.e., MMBE and
Traffic)
Measurement of monster vehicles

Tire pressure

. HP

Configuration and types of axles

. Affect of construction and

reconstruction vehicles

Weight ratio of wvehicles

Variables

1.

O 00 ~N O

Depth of frost penetration

Temperature

. Relation, if any, between lo-

cation of the closer weather
station to the road

Relation, if any, between shaded
and non-shaded areas to moisture
Groundwater table

Snow depth

Elevation

Wind

. Freeze-thaw periods

(Continued)
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TABLF +.1. (CONTINUED)

Economic, Maintenance and

Construction

11.

12.
13.
14,
15.

Construction cost

Maintenance cost

Construction quality control
vs. performance
Maintenance records: number of

bladings

. Affect of snow plowing on

aggregate loss

. How to program seasonal closures

Quality of bladings vs. riding
quality

Dust vs. surfacing maintenance
Maintenance cost vs. performance
Water and rolling as maintenance
procedure

Energy cost of the maintenance
operation

Cost of tire wear

Cost of delays

Cost of accidents

Salvage value




TABLE 3.2. RESULTS OF THE SENSITIVITY ANALYSIS OF PDMS FOR AGGRE-
GATE SURFACED ROADS.

CONTROLLING
RELATIVE IN- FATLURE
- RANK VARIABLE CREASE IN COST* MODEL
1 Traffic 1.53
2 Material cost, layer coefficient of 1.53 L
top layer
-3 Aggregate surface loss 1.25 A
4 Soil support value of the subgrade 1.21 L
5 Salvage value of the top layer 1.16 A
6 Minimum thickness of an individual 1.10 A
rehabilitation
7 Grading cost 1.09 A
8 Regional factor 1.07 L
9 Material cost; layer coefficient and
soil support of 2nd layer 1.07 L
10 Swelling clay parameter 1.06 L
11 Interest rate 1.06 A
12 Minimum length of the performance per- 1.06 L
iod
13 Slope of the base 1.05 A
14 Accumulated maximum thickness of all 1.05 A
rehabilitation
15 Time between gradings 1.05 A
16 Annual routine maintenance cost 1.03 A
17 Terminal serviceability index 1.02 A
18 Average Approach speed to rehabilita- 1.01 A
tion
19 PSI and SI after an overlay 1.01 A
20 Non-deterioration parameter : 1.01 A
21-47 Other variables 1.00 A

#Increase in overall cost per mile using the highest value of the variable and
compared with the overall cost when using an average value of this variable.

A= AASHTO Model L = Aggregate Loss Model R = Rut Depth Model



56

C. T. COGHLAN QUESTIONNAIRE FOR AGGREGATE SURFACED ROADS

This questionnaire was sent to all regions of the U.S. Forest Service in
July, 1979. Basically, two different questions were presented in this
questionnaire:

(1) How significant is a given factor to aggregate surfaced roads
pavement design? and

(2) What are the most significant expressions of failure?

In answering the first question, five possible rated answers were
included, as follows: 1 = None, 2 = Low, 3 = Moderate, 4 = High, and 5 =
Essential.

A total of 111 factors were divided into five major groups as follows:

(1) Subgrade properties (SP), 24 factors
(2) Aggregate properties (AP), 55 factors
(3) Traffic (T), 9 factors

(4) Environment (E), 11 factors

(5) Management (M), 12 factors

This questionnaire took into account the qualifications of the engineers
wo replied by wusing an appropriate ranking system varying from 1 (Never
designed a pavement and don't much care about it) to 5 (already have this all
worked out and have all the answers).

The results from this survey showed that the most important factor
concerning the design of aggregate surfaced roads is the "effect of moisture
on subgrade strength,” with a rank of 4.7. The least important factor is
"field moisture equivalent related to lateral stability of aggregates,"” with
a rank of 2.5 (Ref 18). A list of the 30 most important factors (ranked from
4.7 to 4.00) is presented in Table 3.3. As may be seen from Table 3.3, many
factors are closely related to each other.

It may also be noted that many of those factors are not easy to measure
because of their nature and large variability. The majority of these factors
could be classified, according to the differentiation done in the part of the
"Brainstorming Session," as independent variables. This means that these
factors would interact with some other factors producing a particular
condition on the pavement. This result or pavement condition would be one or
a combination of the previously defined Dependent Variables, which are the
factors realized by the road users. It is more practical and economical to
measure these dependent variables than to measure the totality of the 1listed



TABLE 3.3. C. T. COGHLAN QUESTIONNAIRE ON AGGREGATE SURFACED ROADS
30 MOST IMPORTANT FACTORS TO THE PAVEMENT DESIGN OF
AGGREGATE SURFACED ROADS.

Rank Factor Group
4.7 Effect of moisture on subgrade strength SP
4.5 Effect of density on subgrade strength SP
4.5 How moisture of subgrade varies through the year SP
4.4 Season of use of the road E
4.4 Construction quality control
4.3 Seazonal use of the road and its influence on MGM of the M

roa

Load limits

Number of load repetitions T
Relationship between lab tests and field strength of SP
subgrade
4.3 Percent aggregate passing #200 and influence on lateral AP
stability
4.2 Effect of density on aggregate layer strength AP
4.2 Aggregate loss by heavy traffic AP
4.2 Providing maintainable surface AP
4.2 Interrelationship of subbase, base and aggregate surface AF
4.2 Wheel loads
4.2 Seasonal distribution of traffic
4.2 Influence of selected design grades and influence on MGMT M
4.1 Seasonal distribution of rainfall E
4.1 Effect of repeated loading on subgrade strength SP
4.1 Effect of maintenance AP
4.1 Effect of fabric like a filter barrier AP
4.1 Effect of relative density on the strength of aggregate AP
4.1 Aggregate loss by maintenance bladings AP
4.1 Particle shape of the aggregates AP
4.1 Relating maintenance level to design criteria AP
4.1 Aggregate loss by contamination by subgrade AP
4.1 Plasticity and its effect of lateral stability AP
4.0 Water table locations SP
4.0 AASHTO equivalency factors ( "a'" values) T
4.0 Curvature design and its influence on management M
SP = Subgrade Properties AP = Aggregate Properties T = Traffic

= Environment M Management

<]
|
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factors. Besides this, the measurements of these factors by themselves does
not tell much. If we do not refer to them in some way, to pavement distress
or performance, the measurements are less meaningful.

The presence of some factors in the 1ist confirms the importance of
variables, such as traffic variables (load applications, wheel loads,
seasonal distribution, equivalence factors) and aggregate loss. It is also
important to note those factors characterizing the materials, such as
gradation, particle shape, plasticity, subgrade, and aggregate layers. The
effect of density, which is directly related to construction quality control,
should apparently play a very important role in the aggregate surfaced roads
design. Many of these factors could be investigated in the "Satellite
Studies.”

A summary of the ranking of these factors is presented in Table 3.4,
where the percentages refer to the number of factors of each group (SP, AP,
T, B, M) in 4 levels of importance. From this table we may notice the
significance of the traffic variables, leading the first level of importance.
It may be noticed that the groups: subgrade properties (sp), aggregate
properties (AP), and traffic (T) have the same percentage of factors at the
second level of importance. This analysis may give an indication of the
group of variables deserving more attention. It is also important to realize
that at this second level of importance the Management group has included 84
percent of its factor. From Table 3.3 it may be seen that the management
factors, such as "construction quality control,"” "seasonal use of the road
and its influence on management of the of the road,” "load limits," etc.,
depend upon decisions that should be made based on knowledge of pavement
parameters or models, which are not really available yet and that are the
latest purpose of the Data Base.

According to this analysis, the importance of some variables has been
quantified and corroborated, as in the case of aggregate loss, traffic, and
many others that should be included in satellite studies. These results
agree with the results from the two sources previously revised.

THE KENYA STUDY

The Kenya Study was conducted by the Transport and Research Laboratory
(TRRL) and sponsored by the International Bank for Reconstruction and
Development in two parts:

(1) Collection of information on the operating cost of vehicles
relative to the road, geometrics, the surface characteristics and
the environment.

(2) The study of the characterisitcs of the roads themselves and their
relationships to the traffic carried, the environment, the original
design and construction standards, and the different maintenance
policies.



TABLE 3.4.

RANGES OF IMPORTANCE TO THE PAVEMENT DESIGN OF AGGREGATE

SURFACED ROADS OF THE FIVE GROUPS OF VARIABLES CONSIDER-~
ED IN THE "C. T. COGHLAN QUESTIONNAIRE"

Range of Importance

Percentage of Factors in the Group

Sp AP T E M
4.7 - 4.0 247 25% 447 18% 42%
4.0 - 3.5 51% 507% 33% 27% 427%
3.5 - 3.0 15% 15% 12% 55% 16%
3.0 - 2.5 10% 10% 11% - -
Total 100% 100% 100% 100% 100%

SP

[

Subgrade properties
Aggregate properties
Traffic

Enviornment

Management
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Relationships between the variables involved were derived and
computerized models were developed.

The parameters that describe the condition of the road and are affected
by the traffic and environment were measured. These performance parameters
dealt with the unpaved roads:

(1) Surface roughness
(2) Rut depth
(3) Surface looseness

(4) Gravel loss

In the Kenya Study the following variables were selected for monitoring
to explain the variation of these performance parameters:

(1) Rainfall (2 levels: 1low and high)
(2) Vertical geometiry (3 levels: flat, intermediate and steep).

(3) Horizontal geometry (3 levels: low, medium, and high).

(4) Surface type (4 types: lateral, quartzitic, volcanic, and coral
gravels).

(5) 1In addition, each gravel road section was duplicated or triplicated
so that the effect of different levels of maintenance could be
studied. Three levels were applied: normal maintenance (section
graded each 6,000 vehicles), intermediate (section graded each
12,000 vehicles), and nil maintenance.

The unpaved road matrix is shown in Table 3.5.

Additional measurements were carried out on material properties (CER,
density, PI, and gradation); and on traffic measurements (equivalence
factors, axle loads, traffic volumes).

Each test section was one kilometer 1long with sections of similar
characteristics extending for a half a kilometer on either side to act as a
run-in. The test sections were concentrated in the southern region of the
country, scattered in an area of approximately 170,000 km sq which represents
29 percent of the total area of the country. A total of 85 sections were
used, 38 of +them gravel sections, 8 earth surface, and 49 paved sections.
The field work was conducted for 4 years in the first half of the 70's and
some of the particular results and models are presented in Reference 20.
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TABLE 3.5. CLASSIFICATION OF UNPAVED ROAD TEST SECTIONS IN THE
KENYA STUDY
Road Low Rainfall High Rainfall
Geome try <]JOOOmm/ye ar >1000mm/ye ar
Vertical |Flat Inter- Steep | Flat | Inter- |Steep
<1.3% |mediate | $3.5% mediate
21.5%
Horizontal <3.5%
G28(1I) G26(N) G33(N)| G5(I)| G12(N)
G29(Z) G31(1) G35(1)| G7(N)| G13(I)
Low (<30°/km)G22(N) G32(Z) G36(Z) E2(N) **
G41(N) G21(N) G24(N)
Gravel
Sections
(¢ Medium(330°/km) G30 c10(2)
N) G34(N) G20(N) | G1(1) c11(N) G6 (N)
(<90° /km)G42 G38(1) G25(I)| G2(N)
> G 3(1)
(z)
High(290° /km)| G4O(N) |G16(N) | G23(N)| - G17(T) gigg;
E1(N)
Low G27(N)*| - - - E3(I)
E4(Z)
Earth G37(I)* G15(I)*
Sections | Medium G3II(N)*| - - - -
(BE)
High - - GLl4(N)*| - - -
Note: (N) Normal maintenance level
(I) Intermediate maintenance level
(Z) Nil maintenance level
* These sections were originally gravel sections but
were reclassified because the particle size distri-
bution was poor.
*%  This section was originally an earth section but was
reclassified as a gravel.
G1-G19 Lateritic gravel
G20-G25 Volcanic gravel
G26-G38 Quartzitic gravel
G39-G42 Coral gravel
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BRAZIL STUDY (RESEARCH ON THE INTERRELATIONSHIP OF HIGHWAY COST)

The purpose of this study is to develop mathematical models for highway
planning and was sponsored by the government of Brazil, through the Empresa
Brasileira de Planejaimento de Transportes (GEIPOT), the United Nations
Development Program (UNDP) and the International Bank for Reconstruction and
Development (IBRD). Basically, this study defines cost models which relate
construction, maintenance and user cost for both paved and unpaved roads.
Three major activities are identified in the Brazil Study:

(1) Road user cost surveys to determine the operating cost.

(2) Experiments to relate speed and fuel consumption.

(3) Pavement performance and maintenance experiments.

Of these three activities, the last one is the most interesting for our
parpose of developing a data base for the PDMS program.

The parameters selected in this study to be monitored represent, in one
or another way, pavement distress or define pavement performance. The
selection of these parameters was, in the case of the unpaved roads
(aggregate surfaced roads and earth surface), based on the results of
previous research on pavement performance, with major input from the Kenya
Study. The selected parameters or dependent variables were:

(1) Roughness

(2) Gravel loss

(3) Looseness of gravel

(4) Rut depth

These dependent variables were monitored in the main study, considering
the following five major factors:

(1) Type of surface material (three levels for aggregate surfaced
roads)

(2) Traffic (ADT, two levels:high and low)

(3) Vertical geometry (high and low)

(4) Horizontal geometry (high and low)

(5) Maintenance (no maintenance, and every three months)
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Also, a number of covariables such as percentage, heavy vehicles, total
weight passing over the section per day, average daily distribution of the
different vehicle types, passenger-car units, cumulative traffic since the
last blading, number of days since the 1last blading, wet or dry season
identification, and some material properties were considered. These
covariables were monitored in the satellite studjes. Some indicators of the
applicability and limitations of +this study may be inferred from the
following paragraphs.

The test sections were widely scattered over central Brazil in an area
of approximately 650,000 km sq. This area represents 8 percent of the total
area of Brazil and 60 percent of of the road network of the country, which is
around 1.5 million km sq (from Table 1.1).

In the main study a total of 113 sections were studied, divided into 65
paved sections and 48 unpaved sections (aggregate surfaced roads and
wsurfaced roads). Of the 48 unpéved test section, 8 were replicates. The
sampling matrix for the unpaved road experiment is shown in Table 3.6. Also,
a set of star* points was selected to investigate nonlinear relationships in
the regression analysis. Those sections possessing characteristics
fulfilling the factor combinations for the star points are shown in Table
34T The typical test section was 720 meters 1long, divided into two
subsections 320 meters 1long each and separated by an 80 meter long
transition. A different maintenance 1level was provided each of the
subsections as stated before. For comparison purposes and in order to get an
idea of the resources involved in any study of this type and magnitude, it
should be enough to mention that the Brazil project started in the middle of
1975 and the information collection phase ended in November 1979. Actually,
the information is being analyzed in Brazil. The project cost, as stated in
Ref 29, was over $13 million, with $750,000 being spent on instrumentation
and equipment. A staff of over 165 was assembled including engineers,
economists, technicians, administrators, clerks, and other support personnel.

RECOMMENDED STUDY VARIABLES
From these previous experiences, the following recommendatjons are made:

(1) Due to the large amount of variables affecting the pavement
condition and due +to the significance of these variables, it is
recommended to divide the experiment into two types of studies:
(a) the primary study, which would have national coverage and would
include the measurement of the most important variables, and (b)

*The star point concept is used in the design of experiments methodology to
cover intermediate and smaller and larger values of the variables to be
monitored when compared to the selected limiting values.



TABLE 3.6. UNPAVED ROAD EXPERIMENTAL DESIGN SAMPLING MATRIX IN THE BRAZIL STUDY

Traffic (ADT)
Road Geometry Surfacing Material
Laterite Quartzite Without Surfacing
Horizontal Vertical < 100 > 350 < 100 > 350 < 100 > 350
203 213
Curve > 67 209 312 215 315 217
R< 250 m
R< 250 m 252
- 1% ¢
0 1% 7 204 300 263 264 218
o 206 307 205
262 262 253 261 255 216
Tangent
251 254
- 1% ¢ 2
0 1% 7 202 302 259 304 01 313

The numbers in each cell refer to the section number.

%9



TABLE 3.7. UNPAVED ROAD STAR POINT SAMPLING MATRIX IN THE BRAZIL STUDY

Levels of Traffic, Vertical Geometry and Horizontal Geometry
Tr=* Tr=* Tr=% Tr=%* Tr=%* Tr=1 Tr=2
Type of
Surfacing VG=* VG=*% VG=* VG=1 VG=2 VG=* VG=*
HG=%* HG=1 HG=2 HG=* HG=* HG=* HG=*
Laterite 214 310 256 211 311 212
Quartzite 309 303 258 301 257 308 305
Wi
siii’iﬁing 208 314 306 207 260 210

The numbers in each

Tr=1 if ADT < 100 vp
Tr=* if 150 < ADT
Tr=2 if 350 < ADT
VG=1 if 0 < Grade
VG=* if 3 < Grade

VG=2 if 6 < Grade
HG=1 if tangent

cell refer to the section number.

d
< 300

< 1.5%
< 5%

HG=* if 250 < Radius< 450 m

HG=2 if 250 > Radius

¢9
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(2)

(%)

(4)

(5)

(6)

the satellite studies which would be performed in particular
selected locations and would include the study of the pavement
condition as affected by variables of secondary importance.

There will be some dependent variables or pavement performance
variables which will reflect in one or another way the failure of
the pavement. These variables are the result of the interaction of
a great number of factors which are called independent variables.

From the "Brainstorming Session," the KXenya study and from the
Brazil study the most important dependent variables are:
roughness, aggregate loss, rutting, and 1locse material. These
variables should be measured in the Primary Study.

The following independent varjables are considered the most
significant based on the five considered sources of information and
are recommended for Primary Study.

a. Number of layers

b. Layer thickness

¢c. Strength and type of material

d. Atterberg units

e. Gradation

f. Traffic, number of applications

g. Distribution of the traffic (passenger cars,
pickups, trucks)

h. Density and moisture measurements

i. Maintenance level

J+ Envirommental factors (Precipitation and
temperature index)

From the Brainstorming Session, the PDMS sensitivity analysis, and
the C.T. Coughlan Questionnaire, other independent variables
deserving special consideration and requiring more extensive
research were defined. These variables should be studied in the
"Satellite Studjes.”

The Bragzil Study showed that data collection experiments with
national coverage and scattered in a wide area may be performed
successfuly if the appropriate planning, organization and
coordination are properly provided.

In the following two chapters a review of the data collection procedures
for these variables is presented.



CHAPTER 4. REVIEW AND SELECTION OF THE METHODS
TO MEASURE DEPENDENT VARIABLES

In the previous chapter the variables involved in the pavement
performance of aggregate surfaced roads were classified as dependent and

independent variables. It was concluded that the dependent variables would
be monitored in the Primary study. After reviewing major sources of

information, four dependent variables were identified, namely: rut depth,
roughness, aggregate loss, and looseness of materials.

Chapter 4 describes and evaluates the methods most commonly used 10
measure each of these dependent variables. General recommendations in

selecting a methodology are also provided in this chapter. Special emphasis
is placed on previous experience using these methods.

RUT DEPTH MEASUREMENTS

Rutting is considered to be a major distress manifestation in any type

of pavement. During the "brainstorming session” with the U.S. Forest
Service Advisory Committee, it was concluded that rut depth was a relevant

factor in the performance of aggregate surfaced roads for several reasons.
It may determine the minimum layer thickness required in providing the

adequate layer strength, in such a way that an underestimation of this
distress manifestation may lead to a complete deterioration of the road.

Associated with the presence of rutting are the surface channels, which would
carry or contain water, possibly eroding the road surface and reducing its

load carrying capacity.

The great significance of the rutting model in PDMS, and +the necessity

to validate this model has been confirmed by the Sensitivity Analysis of
PDMS. ‘

Two devices may be used to measure rut depth: the AASHTO type rut depth

gauge and the transverse profile gauge. Both devices are described and
evaluated here. Special attention is given to the description of the AASHTO

type rut depth gauge as used in the Brazil study. A system to classify the
ruts and obtain a better knowledge of this distress manifestation is included

at the end of this section.

AASHTO Type Rut Depth Gauge

This device, developed during the AASHO Road Test, has been widely used

around the world for measuring rut depth, because of its simplicity in
operation and in transportation, as well as of the low acquisition cost.

67
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It consists of a triangular aluminium frame with a graduated aluminium
or steel bar which slides vertically through the center of the frame. The
sliding bar is provided with a scale. The scale zero is in coincidence with
the top edge of the frame when the instrument is standing on a flat surface;

%ence, this is the datum point against which depth measurement readings are
aken.

During the aggregate surfaced roads rut depth measurements in Brazil,
this device was slightly modified by providing the frame with a bottom cross
bar to eliminate the influence of localized depressions on the measurements,
as shown in Fig 4.1. To permit the instrument to be used on paved roads, the
bottom cross member was removed. A smaller version was required in Brazil in
order to be transported in small vehicles. This was made in the same way, as
the gauge from Fig 4.1, with the exception that its height was reduced by 20
cm (8 in). In the Brazil Study, the material used to manufacture the
vertical sliding bar was changed to steel in later instruments, since the
aluminium bar had a tendency to stick.

The operating method for gravel roads, as described in Ref 21, consists
of 1laying the instrument across the rut to be measured with the sliding bar
above the lowest point in the rut. This establishes the road surface 1level.
The graduated bar is then allowed to slide down until its lower end rests in
the bottom of the rut, but is not pressed down deeply into the material below

the bottom of the rut. In taking rut depth readings, it is important to have
the recording eye at the same level each time to obtain accurate readings.

In Brazil, rut depth measurements were obtained every two weeks. On the
sections receiving high level maintenance, one grading every two weeks,

measurements were taken five times within the two week interval.

The measurements were taken at five equally spaced positions within each

200 meter long subsection. The first and last positions were taken to
coincide with the two extremes of the subsection. The rut depth measurements

were taken by the roughness measurements crew, hence the equal spacing was
established using the electronic distance measuring instrument (DMI) mounted

on the vehicle, as explained later in the Maysmeter description.

Because of the nature of the aggregate roads, the ruts were defined as

those positions on the road where the majority of the vehicles travel. These
areas are easily identified by the absence of loose material. When more than

four wheeltracks existed, only those +tracks were measured and the other
measurement positions were left blank on the field form shown in Fig 4.2.

The rut depth measurement crew consisted of two men, one handling the
rut depth gauge and the other recording the readings. In order to take
measurements rapidly, it is recommended to have permanent concrete markers in
the sections.

Transverse Profile Gauge

The transverse profile gauge or transverse profilograph is another
device that has been widely used for rut depth measurements. A 2 meter (6
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Fig 4.1.

AASHTO rut depth gauge as used in the Brazil study.
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Fig 4.2,

Rut depth measurements field form as used in the Brazil study.
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ft) transverse profilograph was used during the Kenya study (Ref 19) and a
3.96 meter (13 ft) device was used in Oklahoma as reported by Oteng-Seifah

and Manke et. al., Ref 22. The first study made measurements on aggregate
roads and the latter one on asphalt concrete pavements.

The device reported in Reference 22, provides a continuous profile
tracing of the pavement surface, thus, the shape of the pavement surface

adjacent to the wheel path depressions is ascertained and the rut depth is
measured to the nearest 0.025 cm. (0.01 in). The transverse profilograph

consigts basically of: (1) a supported guide rail, (2) a trolley system,
and 3) "X - Y" recorder. The profilometer is made from two magnesium alloy

carpenter's framing levels.

The rail is supported at the center point and the ends with adjustable
height supports and is oriented to span a traffic lane perpendicular to the
centerline of the roadway. The two end supports are adjusted to set the rail
at a given height above the pavement surface at these points; the center
support is adjusted to remove any midspan deflection. Thus, the rail becomes
a planar surface and serves as a guide for the trolley system and as the
datum for the measurements.

The trolley system consists of an aluminium suspension plate with four
nylon rail-track wheels machined to fit the top and bottom flanges of the
rail. A rubber-rimmed actuating wheel, made of teflon, is attached to a
short pivot arm hinged to the bottom of the suspension plate. The pivot arm
also supports a helical potentiometer, whose shaft is connected to the axle

of the actuating wheel, and a bracket connection for one end of a linear
potentiometer. The other end of this linear potentiometer is attached to the

suspension plate.

The actuating wheel contacts and rolls along the pavement surface as the
trolley system traverses the guide rail. The helical potentiometer scales
the horizontal displacement, and the linear potentiometer scales the vertical
displacement of the actuating wheel. These displacements are recorded as a
continuous transverse profile trace of the pavement surface by an X-Y
recorder.

A similar device is commercially manufactured by Rainhart Co., Austin,

?exas, and is illustrated in Fig 4.3. The shipping weight is around 63 kg
140 1b), and the acquisition cost is about $1,000.

This device requires a two-man operational crew. By using this device,
the entire transverse profile of the road may be obtained, but the device may
provide too much information for rut depth measurement purposes and requires
excessive office work to be interpreted and codified. However, if the
leveled transverse profilograph is referred to a permanent benchmark, the
information may also be used for aggregate loss measurements. This may be
appropriate if these two pavement distress manifestations are measured with
the same periodicity and at the same locations (which in fact, may not always
be convenient). On the other hand, only one crew and one simple and
relatively inexpensive device is being used. The disadvantage is the extra
man-hours required for codifying and interpreting the data. A cost analysis
of this procedure is required in order to make a proper decision.



Fig 4.3.

a) Trolley system

b) Front view

Transverse profilograph as manufactured by Rainhart Company, Austin, Texas.
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In Kenya, the rut depth measurements were made in all the wheeltracks

present in the section, and the mean value of these measurements used as the
final rut depth value for the section. The measurements were taken at each

end of the one-thousand meter-long (3,280 ft) section and at one end of the
100 meter (328 ft) sections used for recording gravel loss.

A pneumatically operated transverse profilometer was used during the
AASHO Road Test (Ref 23), for measuring the transverse profile. The

information was automatically recorded by an electronic device which is shown
in Fig 4.4.

Complementary Rut Depth Measurements

The devices previously described provide the magnitude or severity of
the problem. Because there are different types of rutting, it is recommended
descriptive rutting measurements be made in order to better understand this
phenomenon.

These measurements would provide the classification and origin of the
rutting, which in aggregate surfaced roads may be attributed to any of the
following four reasons: (1) densification after construction, (2) shear
fajlure of the surface layer, (3) shear failure of the subgrade material, and
(4) redistribution of the gravel by the traffic action. These rutting types
will have different physical manifestations as shown in Fig 4.5.

The first step in the study of rutting, besides the measurement of the
rut depth (RD in Fig 4.5), would be the external identification of the rut.
Two external shapes may be recognized, as illustrated in Figs 4.5.a and

4.5.c, and are designated Type "V" and Type "M", respectively.

Once the external shape has been identified, the next step would be the
differentiation of the rut Type "V" in two groups: (1) due to densification
and/or redistribution. of the surface material, and (2) due to shear failure
of the subgrade. In achieving this, it would be necessary to dig trenches
and study the layers profile, to determine if +the failure is due to
densification or redistribution of the surface material or to subgrade
failure. This type of study was conducted during the AASHO Road Test (Ref
24), using trenches 0.98 meter (3 ft) wide along the cross sections. While
the trenches were being made, precise levels were taken at 0.30 meter (1
foot) intervals laterally on top of each of the layers and at both faces of
the trench. Additionally, cores for density determination were taken of the
surfacing course, and - in place density, CBR, and moisture content
determination of the granular materials and embankment soil were made. These
studies were performed in sections with serviceability indexes below the
minimum acceptable.

Because of the more general nature of these studies, they should be made
when rut depth reaches an excessive level, before a grading operation, or
before a regravelling operation. In order to track the variations in
rutting, it would be necessary to dig trenches before or after the situations
previously mentioned. When the trench is dug, the material is disturbed even
though the trench is filled with the same material, but this trench may not
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Fig 4.4.

Transyerse profilometer as used in the AASHO Road Test (Ref 23).
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be used again as a sampling trench. So, it would be necessary to design a
section that allows for the necessary number of trenches. The trenches would
be excavated in an alternate fashion. With this, a Dbetter knowledge of
rutting may be obtained. These complementary rut depth measurements might be
performed on a satellite study.

Selecting a Rut Depth Measuring Device

In measuring rut depth, the AASHTO Type Rut Depth Gauge seems to be a
very practical, simple, and economical device. The Transverse Profile Gauge
appears to be an accurate and more expensive method. Although, if it is also
used for aggregate loss measurements, its potential increases in such a way
that a decision should be made based on a cost analysis and probably after

trying both methods during a pilot study. It is recommended to include, as a
rart of the rut depth measurements, the classification of the rutting type.

ROUGHNESS MEASUREMENTS

The roughness concept has received considerable attention in +the 1last
twenty years from many highway and airport agencies around the world. In the
case of asphalt or Portland cement concrete, roughness is a determinant
factor in defining the Present Serviceability Index (PSI) of the pavement,
which is normally used as a failure criteria in these types of roads. The

criteria involved in designing these roads consider that the roads are
provided for, and by, the users, and they must provide a safe, smooth and

comfortable ride. Because of the characteristics of the roads managed by the
Forest Service, it may be said that the majority of these roads must provide
a safe, acceptable, and economical ride. Thus, roughness may not be
primarily associated to the serviceability concept and may be considered as a
pavement distress manifestation, as an indicator that something is not
performing preperly in the pavement structure. The study of +the roughness
phenomenon in aggregate surfaced roads must bring, among other benefits,
important improvements to the structural model included in PDMS and may
provide the basis for unified maintenance criteria for the Forest Service
roads.

In order to quantify the roughness of a road, many devices have been

developed. In the following pages four of them are described with comments.
The preselected devices are the BPR Roughometer, the Surface Dynamics
Profilometer (SDP), the PCA Road Meter, and the Maysmeter. Of the Mays
Meter, three versions have been considered. In the last part of +this
section, some recommendations in selecting a roughness measurement system are
presented.

The BPR Roughometer

As described by Haas and Hudson (Ref 10), the BPR Roughometer has been
used by many agencies since 1920. It is a trailer-type device, as
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illustrated in Fig 4.6, that simulates one wheel of a passenger car and 1is
comprised of a mass, spring, and damper combination.

) The roughness of the road is measured by the displacement of the wheel
with respect to the mass. This displacement is recorded by an integrator

coupled to an electronic counter. The counter is calibrated to record inches
of vertical movement of the axle relative to the top of the suspension

system. Accumulation of the displacement over a distance interval is called
roughness index, computed in inches/mile. The operating speed is 20 mph,

when towed by a light vehicle. The 1limitations are low operating speed,
attenuation of wavelength in the ride frequency range, poor repeatability,

and a requirement for constant calibration.

Surface Dynamics Profilometer (SDP)

Originally known as the GMR Profilometer, it was developed by the
General Motors Corporation, in Warren, Michigan. K.J. Law Engineering in
Detroit, began manufacturing the SDP in 1966. The basic operational
principle is based on the use of a series of accelerometers. The SDP is
contained in a van and consists of two road-following wheels mounted on
trailing arms beneath the vehicle, one in each wheel path, and it is held in
contact with the road by a 300 1lb. spring force. Relative motion between
the vehicle and the wheel is measured by a potentiometer mounted on the
vehicle body above the road-following wheels at a point where an
accelerometer measures the acceleration of the vehicle itself, see Fig 4.7.
The truck mass and truck suspension form a mechanical filter between the road

and the accelerometer.

The signal from the accelerometer and the potentiometer are input into
an analog computer carried in the wvehicle. The acceleration signal is
integrated twice and added to the potentiometer signal, then conditioned +to

obtain right or left true profile, see Fig 4.8.

Wavelengths longer than approximately 200 ft are attenuated toward zero
in proportion to their amplitude. Thus, it may be said the device gives a
good indication of true profile for wavelengths shorter than approximately
200 ft and produces a signal proportional to true profile for longer
wavelengths.

The profile data obtained in analog form is amenable to power spectral
density processing, but other parameters such as slope variance or roughness
indices are difficult to obtain. Consequently, analog-to-digital and digital
processing subsystems must also be developed or adapted to obtain increased
flexibility.

The advantages of the SDP in comparison to other devices are: (1)
determination of actual profiles, (2) capability of handling large amounts of
data by automated means, (3) high operation speed, ?40-50 mph), and
consequently, high production per day, (4) capability of detecting and
analyzing longer wavelengths, (5) excellent repeatability, (6) capability of
use for calibration of a car road meter, and (7) calibration is not required.



78

Integrator

Stop Light —;

Towing Hitch
Dashpot
Damping Unit

Leaf-Spring
and Mounting

Revolution Counter___—"
Microswitch and Cam
Wheel

Fig 4.6. Schematic of BPR roughometer and trailer (Ref 10).
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| The disadvantages of the SDP are as follows: (1) high capital cost, (2)
high operation cost, (3) need for highly skilled personnel, (4) complexity

of the system, and (5) high computation cost.

This device has been widely used in Texas, Michigan, and in the Brazil

study as a calibration device for the Maysmeter. The primary characteristic
of the SDP is the capability of measuring the true profile of the road.

The PCA Road Meter

The PCA Road Meter was developed in 1965 to afford a rapid method for
measuring slope variance. This device uses a simple electromechanical device
installed in a convertional passenger automobile which measures the number

and magnitude of vertical deviations between the body of the automobile and
the center of the rear axle.

It has been widely used by the Portland Cement Association. As
described by M.P. Brokaw (Ref 27), this device consists of a flexible,
braided steel strand connected to the top center of the rear axle housing in
a vehicle. The steel strand extends vertically through the trunk
compartment, and then through a small hole in the package deck Jjust behind
the rear seat, see Fig 4.9. At this point, the strand passes over &a
transverse-mounted pulley, and is restrained by a tension spring attached to
& small post on the package deck at a point near the right side of the body
shell. Thus, vertical movement between the rear axle housing and the package
deck is translated to horizontal movement of the strand.

Midway between the pulley and the tension spring, a roller microswitch

is attached to the metal strand. The switch is mounted in a rectangular
formica plate that slides in transverse metal guides.

The microswitch roller impinges on a switch plate, constructed so
transverse roller movements can be measured in 1/8 inch increments, either
plus or minus from a reference standing position of the automobile. The
switch plate, divided into twenty three 1/8 inch segments, is also mounted in
transverse metal guides.

The transverse reference position of the switch plate can be adjusted
under the roller to accommodate various static loads in the automobile. This
adjustment is made by a separate tension-spring attachment and vernier
control.

Automotive electric power is inserted in the roller and switch plate
system. Qutput is directed to visual indicators of road-car deviations,
mounted in a console placed Jjust above the automobile instrument panel.
Electric counters are mounted on a separate chassis resting on the floor of
the automobile.

Methods for reducing counter data have been given intensive study. Each

counter accumulates the number of impulses equal to or greater than its
segment number. A counter will also record a double-count for impulses that

are greater than its segment number.
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Several versions of the PCA Road Meter have Dbeen developed, one of
thembeing the Wisconsin Road Meter, Fig. 4.10. This road meter is

manufactured by Soiltest Inc., Evanston, Il1l. The acquisition cost of this
version of the PCA Road Meter is around $ 1,745.00.

In order to check the reproducibility of results from the PCA Road
Meter, several studies have been conducted. One performed by the Minnesota

Department of Highways and reported by P.C. Hughes, Ref 28, checked the
repeatability of the Road Meter under the same operating conditions. Running

the Road Meter five times on seven sections of pavement, it was found that
the Road Meter showed an excellent repeatability under the same operating

conditions as shown in Table D.1, Appendix D.

Also, there was an investigation into what changes in operating

onditions would affect the results reached with the Road Meter as follows:
1) Type of tire had very little effect, (2) tire pressure had no

significant effect in normal inflation range, (3) speed of the automobile
had a significant effect, (4) load in the automobile must be stable and no
passengers in Dback seats, (5) air temperature should be above fifteen
degrees Fahrenheit, (6) wind velocity of 15 mph or greater had a detrimental

effect and crosswinds had more effect, and (7) type of automobile.

A detailed description of the research performed on the effects of these
factors is presented in Appendix D.

The advantages of using the PCA Road Meter for roughness measurements

are as follow: (1) 1low initial investment, (2) high operation speed, (3)
only one roughness reading for each section, data is reduced.

Among the disadvantages, it is important to mention the following: (1)
constant calibration is required, {é) difficult installation, (3) the
measurement system seems to be very susceptible to small variations (tension
in the cable, properties of the spring, etc.), and consequently susceptible
to errors, (4) the maximum roughness depth that can be measured with this
device is 10/8 inches, a value that in aggregate surfaced roads must be very
common and probably greater. This fact may be solved by making the scale
greater, maybe twice the present size, and (5) high operating cost because of
constant calibration.

Some of the agencies that have used the PCA Road Meter are the Minnesota

Department of Highways, the Iowa State Highway Commission, the Wisconsin
Division of Highways, and the British Columbia Department of Highways.

The Maysmeter

In this section three versions of the Maysmeter are described and

eValuated, namely the Standard Maysmeter, the Brazil study Maysmeter, and the
Texas SDHPT Maysmeter System. Important aspects of the Maysmeter

measurements variability, as well as the most important advantages and
disadvantages of the Maysmeter when compared to other roughness measuring

devices, are presented in the last part of this section.
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Fig 4.10.

The Wisconsin road meter.
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The Standard Maysmeter. The Maysmeter is a three major component
device: (1) +transmitter, (2) distance measurement system, and (3) output
system, see Fig 4.11.

The transmitter is rigidly attached to the car's body immediately above
the differential and consists of a case in which is mounted a film strip with
blanket and open windows for the transmission of light from a 12-volt lamp.
The film strip is formed into a circle and is driven in a circular motion by
a wheel attached to it through a drive shaft. The wheel is mounted on the
outside of the transmitter housing and is driven by a bow rod. The lower end
of the rod is attached to the center of the rear axle of the vehicle, as
illustrated in Fig 4.12. The rod extends up through the vehicle's floor
through a hole and passes up and down in contact with the transmitter wheel.
A steel flexible cable is wrapped one turn around the transmitter wheel and
attached to each end of the bow rod. The transmitter is attached to the
vehicle's floor just over the center of the rear axle.

As the vehicle body is displaced relative to the rear axle, the

transmitter is made to transmit a series of electrical pulses, one for each
tenth inch of displacement, to the summation unit.

The second major component is the distance measuring system, which is
integrated in the form of an odometer of the push-button reset type and reads
to 0.01 mile. The odometer is driven through a tee inserted in the
speedometer cable; its readout numbers approximate the parent vehicle's
odometer. It is mounted in such a way that it can be easily read and
conveniently operated by both the driver and the operator.

The output from the standard Maysmeter is printed in a six inch wide "z"
fold strip chart, displaying three synchronized traces: distance, profile,
and landmarks. Of these, the latter is optional. Fig 4.13 presents a
Maysmeter in operation, and Fig 4.14 illustrates a typical output. The
distance measurement system traces automatically, zigs for 0.05 miles and
zags for 0.05 mileg, recording the information generated by the odometer.
The paper is fed in increments of 1/64 inch for each and every 0.10 inch of
rear axle/body excursion, in such a way that a perfectly smooth pavement
would not drive the chart, and a rough pavement would consume a great length
of paper. Dividing the length of paper produced, measured in inches, by the
distance travelled and by 64, the result would be the number of 0.10 inch
displacements of the rear axle relative to the car's body. The profile trace
follows the rear axle excursions in the same direction, and at half the
magnitude displaying surface peculiarities. In this way, the maximum
deviation that can be measured would be twelve inches.

The landmarks trace alternately zigs or zags at the touch of a push

button to pinpoint the beginning or ending of a test section, bridge or
overlay; the location of intersections and surface imperfections can also be

fixed.

The Btandard Maysmeter has been widely used in the United States and

abroad. Some of the users are the Florida Department of Transportationy the
Louisiana Department of Transportation} the Pennsylvania Department of

Transportationsg the Texas State Department of Highways and Public
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Transmitter

Fig 4.11.

Standard Mays meter three major compoments.



Fig 4.12.

Mays meter transmitter unit (Ref 33).
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Fig 4.13.

Standard Mays meter in operation (Ref 33).
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Transportation. With some modifications, it has been used in the Brazil
study (Ref 20) and in roughness measurements in Bolivia (Ref 29).

The Brazil Study Maysmeter System. During the Brazil study two major
modifications were done to the odometer and output systems of the Standard
Maysmeter. The odometer unit was replaced by an electronic distance
measuring instrument, DMI, to permit roughness measurements to be obtained
over fixed distance intervals. The DMI sensor, manufactured by Nu-Metrics,
Connellsville, Pa., is, as described in Ref 30, mounted near the vehicle's
front wheel, which is equipped with eight target magnets, Fig 4.15. As each
magnet passes the sensor, it issues a pulse to the input signal conditioner
circuit. The DMI measures the distance traveled by the vehicle by counting
the revolutions of the vehicle's front wheel. The DMI is believed to be more
accurate than the mechanical odometer system originally provided with the

Maysmeter. The distance travelled is continuously displayed on the DMI front
panel, and the electrical signal is routed to the summation unit.

In order to speed the data collection and data reduction process, the
Standard Maysmeter chart recorder was replaced by a digital readout,
especially designed and constructed, Fig 4.16. The unit sums road roughness
data and displays it at either 0.050 miles (80 meter), or 0.20 miles (320
meters) . intervals.

This output system receives roughness related electrical pulses from the
transmiter unit and divides the pulse count by two. The count is accumulated
in a special counter, which is incremented by one each time the vehicle's
body changes position relative to the rear axle by two tenths of an inch.
Information related to the distance traveled is also received in the unit in
the form of electrical pulses from the DMI. The unit sums these pulses in a
special binary counter . When the proper count is reached, representing
either 0.050 miles or 0.20 miles, the interval Dbeing selected by the
operator, the accumulated roughness count is made to replace the count
currently in the four digitals display unit, Fig 4.17. At the same time, the
roughness counter is set to zero, ready to start summing the roughness of the
next selected interval. The operator is alerted to copy the new count by an
audible tone which sounds just as the new count replaces the old count.

The DMI and the summation unit are fixed together via a mounting bracket
and fixed to +the vehicle instrument panel in a uniquely constructed panel
which allows mounting the units in the glove box or other suitable opening.

Seven Maysmeter units were used in this study, and were calibrated by
means of a GM Surface Dynamics Profilometer. The output from these devices
has units of length per length, but to avoid confusion with other roughness
measurements, the units were designated counts/km and the roughness index
named quarter-car index (QI). The cost of this Maysmeter configuration is
around $2,900.00.

The Texas SDHPT Maysmeter System. As reported by Goss, Hankins, and
Hubbard et. al., Ref 3T, the Texas SDHPT implemented in 1976 a Maysmeter

device mounted in a specially designed and constructed trailer, which is
pulled by any 1light vehicle. This was done 1in order to minimigze the

variations in the Maysmeter output due to changes in the +tire pressure, in
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Targets disposition used by the Brazil version of the Mays meter.
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the vehicle weight, and in the vehicle's operating speed. The use of a
trailer would stabilize the weight variables, since weight could be constant
due to fuel use, (no decrease). A trailer would permit the use of standard
test tires, and the shock absorbers and springs in the suspension system
could be standardized.

An additional advantage of this configuration is that a tow vehicle
would not be tied up solely as a roughness measuring unit and the trailer
Could be easily transported, eliminating the need for a Maysmeter unit in

each test section. The trailer was designed and fabricated in the
Department's equipment and procurement division shops.

The trailer-mounted unit results were about 73 percent of the automobile
mounted unit results. It is believed the differences in the values is due to

the difference in weight and suspension systems of the vehicles. The
transmitter unit is mounted on the axle of the trailer.

This version of the Maysmeter uses, as well as in the Brazil study, the
electronic distance measuring instrument. The magnets can be mounted in the

automobile or trailer wheel.

The standard "z" chart output was replaced by an electronic counter
system in order to reduce the time needed for data collection and processing.
The electronic counter system is shown in Fig 4.17. As may be seen in this
figure, the big difference between this electronic counter system and the
system used in Brazil, is the number of counters. The accumulative counter
is designed to collect roughness information over a given length of highway
surface. It is designed to collect information each 0.2 miles and is  really

two counters designed, so that one count is recording information while the
other is in "hold mode", and the roughness value of the previous 0.2 miles

may be recorded.

The length interval of 0.05 miles is only used for calibration or
correlation to the SDP.

Maysmeter Variability, Calibration, Advantages and Disadvantages

Because the basic operating principle of the Maysmeter is the same as
for the PCA Road Meter, measurement of the displacement between the rear axle
and the vehicle's body, the Maysmeter measurements are subjected to the same
variations as those measurements obtained with the PCA Road Meter, which have
been previously discussed. However, the results from the evaluation carried

on in Brazil are presented in Appendix E.

As well as the PCA Road Meter, the Maysmeter requires periodic
calibration. Appendix F contains three different calibration procedures.

In comparing any of the Maysmeter version previously discussed® to other
roughness measuring devices, the following advantages must be considered:
(1) low initial investment, (2) high operation speed, (3) reduction of the
amount of data is possible, (4) simple operation systenm, (5) relatively easy
to install, and (6) it may be used in any type of road surface.
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The great disadvantage of the Maysmeter is the need for periodic
calibration.

Selecting a Roughness Measuring Device

Among the devices previously described, the Maysmeter system seems to
have great potential for being used in the Forest Service roads. Its
simplicity, versatility, and low cost make the Maysmeter a good candidate for
selection. When compared to the SDP, which does not require calibration but
has an excessive acquisition and operation cost (the SDP initial investment

is almost seventy five times the initial investment of the Maysmeter), the
decision for the Maysmeter is reinforced.

The basic difference between the Maysmeter and the PCA Road Meter is the
simplicity in the measuring system, which seems to be simpler in the
Maysmeter. This fact must be considered for installation, operation,
maintenance, and repair purposes. Besides this, the successful use of the

Maysmeter in aggregate surfaced roads, as was done in Brazil, should be taken
into consideration.

Among the three versions of the Maysmeter, either the Brazil version or
the Texas SDHPT version has a considerable advantage over the Standard
version: easy reduction of data. The trailer mounted version's initial cost

is at least three times the cost of the Brazil version. The use of the
trailer-mounted unit may be recommended for organizations where the Maysmeter

is used as a periodic roughness road evaluation method. The advantages of
the standardization achieved with +this trailer unit must be carefully
considered, especially in wide-coverage studies, as the one of the PDMS Data
Base. A determinant criterion for making this decision would be the future
availability of funds. Since the influence of the operation factors on the
measurements variability is now very well understood, a little attention in

operating the vehicle mounted unit may save unnecessary expenditures.

If the front panel used in the Brazil version is substituted with the

counter system of the Texas SDHPT version, provided with alternate counters,
a more reliable and economical Maysmeter system may be obtained. At this
point the decision is of economical order.

AGGREGATE LOSS MEASUREMENTS

The aggregate loss phenomenon is a significant factor in the performance

of aggregate surfaced roads for +two reasons: minimum layer thickness
requirements and high cost of the regravelling operation.

This phenomenon has been studied in the +two major aggregate road
experiments previously mentioned: the Kenya study and the Brazil study. The

measuring procedure used in each of them is presented in this section. The
potential of some other methods as the use of a "multi-pin-truss" or the

pachometer, is discussed in the second part of this section. Finally,
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general recommendations in selecting an aggregate loss measurement
methodology are also provided in this section.

Aggregate Loss Measurements in Kenya

On each gravel road test section, a 100 meter (328 ft) length of road,
typical of the 1,000 meter (3,280 ft) long section in terms of geometry, was

selected and established with permanent markers.

A bench mark consisting of a 30 cm, (12 in), square metal plate was

inserted Jjust outside the 100 meter test section below the gravel surface at
subgrade level.

The entire gravel surface between the side drains within this 100 meter

section was cross-sectioned every four months on a 2-meter by 1-meter grid
pattern, the longer dimension being parallel to the direction of the road.

The change in volume of the gravel surface between subsequent sets of
results was calculated and converted to a change in mean surface thickness.

The accuracy of the measurements was calculated by leveling the same
section three times. The results indicated not only the extreme variability

between the 100 meters section, but also the variability between results for
one section taken at different times.

Aggregate Loss Measurements in Bragzil

This procedure followed the same technique used during the Kenya study:
use of rod and level to measure thickness over a grid pattern. Different

procedures were developed for tangent and curve sections.

For the tangent section measurements, two-50 m, (164 £t), long sections

were located on each tangent test section. One subsection was provided with
regular maintenance and the other with nil maintenance. In these gravel loss

sections, at least 3 Dbenchmarks were established at the area's extremes.
These benchmarks also served as references for the location of the

measurement grids. A bench mark consisted of a 1.3 cm (0.5 in) diameter and
50 cm (20 in), long steel bar, which was hammered into the subgrade, levelled
with the top of the subgrade and concreted into the subgrade. This technique
ensured that only gravel loss would be monitored since the benchmark moves
with the pavement structure as the road settles. Every 3 to 4 months, a 5 x
1 meter, (16 x 3.2 ft), grid pattern was cross sectioned. The area's width
was defined by the gravel surface between the side drains, but not including
the drains. The rate of gravel loss was computed from the difference in the
average elevation of all grid points over time.

For the curve section measurements, two subsections, 40 m (131.2 ft),

long each, one with maintenance and the other without it, were used. This
system was adopted because of the difficulty in establishing identical grids

for each measurement cycle. The difficulty arises due to the influence of
roadway grade or superelevation of slight variations in grid placement, which

may cause large discrepancies. The benchmarks and permanent section markers,
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shown in Fig 4.18, aided in locating the grid at nearly the same position
each time measurements were taken.

Two different forms were used to record the information. A header card

containing constant information for each subsection or interval, Fig 4.19,
and the form +that contains the information collected from the grid

elevations, Fig 4.20.

In order to determine the precision of the measurements, two tangent

sections and two curve sections were selected. The grid was surveyed twice,
two days apart. The standard deviation of the mean-gravel height of the four

sections was 6.67 mm.

In a further exercise, two more tangent sections were divided into six

50 meter (164 ft), long intervals on each of these subsections, one with
maintenance and the other without it, and used to establish the variability

of +the gravel 1loss measurements over time. The gravel loss results over a
5.5 month period, or after about 8,000-vehicle-passes for the four

subsections are as follows:

Gravel Loss (mm).

Section No. Mean S.D.
201 8.2 1.8
201nm 7.0 6.1
202 4.7 4.6
202m 2.3 T3

Multi-Pin-Truss

During the December 1979 brainstorming session with the U.S. Forest

Service Advisory Committee, the use of a "multi-pin-level"” for aggregate loss
measurements was suggested. Based on this, and on one of the devices used

for measuring rut depth during the AASHO Road Test (Ref 23), illustrated in
Fig 4.4, the use of a multi-pin-truss, as shown in Fig 4.21, could be

proposed for measuring aggregate loss.

This device, as well as the procedures used in Kenya and Brazil, is

based on the use of rod and level, but in this case, the elevation of each
point across the road is obtained from graded scales that run freely inside

each of the pipes. The rod and level are used to obtain the elevation of the
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Fig 4.18. Typical curve section for aggregate loss measurements as used in the Brazil study.



MT - GEIPOT
PICR - PAVEMENT STUDIES
GRAVEL LOSS MEASUREMENT - HEADER :CARD

Card 1D 1

Road Number 3 [:[:[:I:I]
Section Number ' 8 ’ I i !

Date of Measurement 11 LJ_I I 1 ] l
Subsection (SEM or COM) 17 []:I:j
Interval identification (blank or 'A' to 'F') 20 [:]

21 [£12]
Number of measurements across the road 23 E]:]
Number of measurements along the road 25 []:]
Staff reading at Bench Mark A (BMA) 27 []:]:j:]

Position of BMA (row, column)* 31 [:I:I:I:]
Staff reading at BMB 35 [:I:I:I:]
Position of BMB (row, column)*®* 39 [:[:[]:]

»
Standard Bench Mark BM 'A' or 'B' 43 E:]
Bench Mark within interval YES (S) or NO (N) 44 [:]

Position of section markers, on the left (E) or ‘right (D) side 45 [:]
in the direction SC

* Leave blank if the BM is outside the interwval.

Fig 4.19. Gravel loss measurements in Brazil header field form.
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PICR-ESTUDOS DOS PAVIMENTOS
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Fig 4.20.

Gravel loss measurements field form as used in the Brazil study.
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Fig 4.21. "Multi-pin-truss" device for aggregate loss measurements.
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structure, once it has been leveled by means of the screw-adjustable feet in
each extreme of +the structure. The next steps in the operation of this

device would be to relieve the graded scales and to record the readings.

The device may be attached to a pick-up or van or may even be carried by

hand. It could be manufactured in aluminium or another strong and light
material.

The elevation of the structure would be obtained in relation to a
benchmark previously selected. In order %o detect the movements of the
subgrade, the elevation of the benchmarks inserted into the subgrade should
be obtained.

The most important advantage of this device, compared to the traditional
methods, is the gained efficiency in taking the measurements. The non-use of
a transit to create the grid pattern may be considered an advantage, since

the transverse section can be located by means of prefixed marks (concrete
benches, flags, etc.).

Experience derived from the Brazil study shows that the use of rod and

level is highly susceptible to human error. The use of this method would
reduce the possibility of human error.

Pachometer

During the brainstorming session, the use of a pachometer for measuring
the layer thickness was suggested. This device has been widely used for
detecting reinforcement bars in concrete members, determining the size and
condition of them, and measuring concrete cover.

The pachometer is a magnetic detector and its basic operating principle
is change in magnetic flux. The dial gives readings for vibration in
voltages as magnetic flux linkage through test material changes. These dial
readings can also be correlated on the dial face with figures for concrete or
other material coverage expressed in inches.

The pachometer components are the instrument itself, probe,
interconnecting cable, and charging cable, Fig 4.22. The portable instrument

set weighs 13.3 pounds (6 kg). Circuitry is all solid state. The pachometer
is powered by a rechargeable sealed storage battery, which allows for 20
hours of operation between charging. Operating temperature is 40 to 140
degrees Fahrenheit. The acquisition cost is around $895.00.

This device may be used to measure the thickness of the aggregate layer
by inserting steel plates into the subgrade. These plates would take into
account the subgrade movements. A problem in the operatiom of +this device
may be the variability of +the density and moisture content of the layer
material. These factors may affect the magnetic flux and consequently the
thickness readings. In order to take into account these variables and many
others that may affect the operation of the Pachometer, a calibration or
performance test should be conducted. This experiment would provide
correction factors for the thickness reading according to the density,
moisture content and probably aggregate type, as theoretically illustrated in
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Pachometer, general view.

Fig 4.22.
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Fig 4.23. 1In the field, the density and moisture content may be measured by
using a nuclear moisture-density gauge-.

A study conducted in 1976 Dby the Pennsylvania Department of
Transportation, reported by Weber, Grey, and Cady et. al. Ref 32, evaluated
different devices to measure the concrete pavement thickness and
reinforcement location. The devices evaluated were of different classes,
namely: ultrasonic devices, resistivity gauge, which is based on electric

gurpent principles, the pachometer, eddy current proximity gauge, and nuclear
evices.

The results from the "steel location" experiment were very favorable to

the pachometer as indicate by the authors: "The pachometer is a highly
stable and accurate device for determination of reinforcement location. It

is suitable for use on both plastic and hardened concrete for reinforcement
depths of less than 5 in."

The cnly apparent disadvantage of +this device is the 1low depth of

operation. Even this, and considering the differences in nature of the
concrete and the aggregate surfaced pavements, which may affect differently

the magnetic flux, to perform a pilot study in measuring aggregate layers
thicknesses is recommended.

Independently of the potential problems, the use of the pachometer may
eliminate the use of the rod and level, making the aggregate 1loss
measurements faster and more economical. The transit would be used to locate

the cross sections in the road.

Other Methods

Other methods that may be used to measure layer thickness and

consequently aggregate loss, are the use of core samples and test pits.
These methods have a great disadvantage: they are destructive methods. A

second disadvantage of these methods is the additional delay of traffic,
especially in one-lane roads, for repair works. The great accuracy and
reliability of these methods must be considered when making a final decision.

Selecting an Aggregate Loss Measuring System

The aggregate loss has been traditionally measured by leveling the road

using rod and level, and comparing these measurements to the original
elevations. The difference in level determines the aggregate 1loss. This

methodology involves a considerable amount of man-hours, and has been used in
countries where the cost of labor is not as expensive as it is in the United

States. This fact must be considered in selecting the aggregate loss system
for the PDMS Data Base experiment. The accuracy of these traditional methods

must also be considered when making a decision.

The use of methods such as the "multi-pin-truss" and esally the
pachometer, must be seriously analyzed, and it is recommended to test them
during a pilot study. These methods seem to be more economical and more
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Fig 4.23. Theoretical relationship between moisture content, density,
and layer thickness as measured by the pachometer.
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accurate than the traditional methods. A decision must be made after the
detailed evaluation of the proposed methods.

LOOSENESS OF MATERIAL MEASUREMENTS

Looseness measurements were done in the Kenya and Brazil studies in

order to obtain the relationship between this factor and the operation cost
of the vehicles using the road. he relationship of +this phenomenon with

ravel loss and roughness were also investigated. Another possible reason
or measuring this variable may be to find the relationship, if any, with the

dusty surface problem, which has become a very high maintenance cost problem
in the Forest Service roads, as commented on during the brainstorming

session. Experience in measuring this variable in Kenya and in Brazil is
Presented in the following paragraphs.

Measurement Procedures Used in the Kenya and Brazil Studies

The procedures used in Kenya and in Brazil were similar. In Kenya, the
depth of 1loose material, as well as the moisture content of the loose

material, the strength of the surface layer underlying the loose material,
and the type of loose material, (a visual assessment was made of the type of

material, broadly divided into clay, silt, sand, and gravel), were evaluated.
These measurements were carried for unpaved roads, meaning earth roads and
gravel roads.

In the Brazil study, depth of loose material was determined for +the

entire road width across two transverse sections within each gravel loss
subsection. In Kenya, the depth of loose material was done only in the

wheeltracks as reported in Ref 19. The procedure adopted in Brazil was
derived from a pilot study, run on six test sections. This study showed that

measurements from one transverse section to the next were not significantly
different, but that measurements across the road width were significantly

different.

The equipment used for the measurements was: an angle steel frame, 1 m
x 0.25 m, (3.28 ft x 10 in), used to define the area from which loose
material was to be measured; a dust pan and wire brush to collect the 1loose

material contained within that area; and a measuring cylinder to provide a
constant mean of measuring the amount of material collected. The equipment

is presented in Fig 4.24.

Depth of loose material was computed by dividing the volume of material
by the area of the frame. Starting at one edge of the road, the frame was
placed with its major dimension transverse to the axis of the road. In this
way, the volume of loose material was determined at one meter increments
across the road's entire width. A record was made of both the volume of

loose material and the position on the road where the material was collected.
The moisture content was determined in the laboratory (in Kenya it was

determined by using a large "speedy” moisture meter). Constant data were
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Fig 4.24. Equipment used in Brazil for measuring looseness of material
(Ref 34).
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recorded on the header card coding sheet, shown in Fig 4.25, and looseness
measurements on the form shown in Fig 4.26. The original steel measuring

c¢ylinder was replaced by a plastic cylinder, the scales of which can be read
from the correct level, resulting in greater accuracy.
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HT - GEIPOT
PICR - PAVEMENT STUDIES
LOOSENESS MEASUREMENTS - HEADER CARD

Card ID 1
Road Number 3 EIZIZI:I:]
Section Number 8 [:[:[:[:]

Date of measurement SEEER rj
Direction of increase of cross—-section numbers SC or CS 20 D:
Number of cross-sections per section 22 []:]
Distance between cross-sections (m) 24 D]:
Maximum number of readings per cross-section 27 EL—_[
Hotsture content at cross—sectfon No 1 29 []:1:]
Moisture content at cross—sectn..on NQ 2 32 EI:D
Moisture content at cross=—-section N? 3 35 D:D
Moisture content at cross-section NQ & 38 EID
Moisture content at cross-section N9 5 41 Eﬂj
Moisture content at cross-section N? 6 44 D:D
i re content at cross—section N@ 7 ] | l I
:o:stu conten 8 . o 47 I
ture content at cross-section
o.s T te . v50 [:]:D
Moisture content at cross-section NQ 9 53 D:!:]
Moisture content at cross-section N?10 56 E[:D

Fig 4.25. Looseness of material measurements in Brazil header field form.
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PICR-ESTUDOS DOS PAVIMENTOS

MEDICOES DE MATERIAL SOLTO
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Fig 4.26. Looseness of material measurements field form as used in the Brazil study.
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CHAPTER 5. REVIEW AND SELECTION OF THE METHODS
TO MEASURE INDEPENDENT VARIABLES

In Chapter 3 the independent variables to be included in the data

collection experiment for the PDMS Data Base were identified. Those
variables are: pavement material properties, layer thickness, traffic,

(including the number of applications and traffic classification), and
environmental factors. In Chapter 5 the most common methods used in

collecting information on these four variables are described and evaluated.

MATERIAL PROPERTIES

In this section, the methods for characterizing the pavement materials

are classified based on the type of information they provide. Criteria for
selecting an appropriate testing methodology are briefly discussed in the

second part of this section. Finally, a materials-characterization progral
is proposed, to be used in the data collection experiment for the PDMS Data

Base.

Types of Material Characterization Methods

The technology for characterizing pavement materials may be divided into

two groups based on the type of information they provide: index-type
methodologies and fundamental-properties methodologies.

The index-type methodologies (such as the CBR and Atterberg limits)
characterize the materials in terms of an index value. This index value may

be used for comparisons of materials within the same general class but it is
inappropriate for comparisons between classes of materials. This index-type

or empirical test, generally yields index-properties related to fundamental
materials  properties, such as strength and stiffness modulus. These

index-values only have meaning on a comparative basis or in terms of
correlations with fundamental properties. These methods are commonly used

and have been closely tied to experience and performance in particular
locations and are popular due to their simplicity in concept.

The fundamental  properities methods (i.e., Tresilient modulus,
indirect-tensile stress, etc.), furnish information that is used by the

pavement-design-methodologies based on elastic or viscoelastic layer
analysis. These design methods have been gaining popularity due to an

increase in computer capabilities, which are now able to properly handle the
previously mentioned design methods. The material properties generally

required by the elastic or viscoelastic layer analysis methods are as follow:

111
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(1) Modulus of each layer and subgrade material.
(2) Poisson's Ratio of each layer material.
(3) Limit values for strength or deformation.

(4) Creep compliance.

With this information, values of stresses and strains, which are
important for pavement design, may be computed. Among these parameters it
can be mentioned that the vertical compressive stresses at the +top of the

subgrade, the horizontal tensile stress at the bottom of the surface layer,
the vertical compressive strain at the top of the subgrade, the horizontal

tensile strain at the bottom of the surface layer, and the deflection at the
surface of the pavement.

One use of the horizontal stress or strain calculations at the bottom of
the bound layer (in the case of asphalt concrete pavements) is for fatigue
analysis. Vertical strain at the top of the subgrade may be used in

permanent deformation or rut depth analyses. Vertical compressive stresses
on the subgrade, and deflection at the surface of the pavement, have been

used to explain pavement performance. The information provided by these
methods would allow a better understanding of pavement responses. The
index-type methods may explain, to a certain extent, one of the pavement
responses, other responses may not be explained properly by these index-type

values.

Pavement materials are not completely elastic or viscoelastic and a

great number of factors such as moisture content, temperature, density, etc.,
may affect their properties. In order to practically characterize the
materials it is necessary to assume they have simple linear elastic or
viscoelastic properties. As stated by Haas and Hudson (Ref 10), these
assumptions lead to approximations, which are, however, superior to the use
of empirically based tests, and provide a sound basis for application and

extrapolation of theory. Performing this type of test generally involves
sophisticated and expensive equipment.

Criteria for Selecting a Testing Methodology

In selecting a testing program, four criteria have been traditionally
considered as follows:

(1) Ease of testing,

(2) Reproducibility of test results,

(3) Limitations and applicability of the information provided, and

(4) sSize of project and variability.
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Based on the first criterion, many times an "imperfect" test method is

selected because of its simplicity and the use of inexpensive equipment,
short test time, short training of personnel or because it is simple in

concept and easy to understand. As stated by many authors, simplicity and
low cost should ndot be the primary basis for selecting a test procedure.

. The second criterion requires a minimization of the variation associated
with testing. In other words, the method should reproduce test results for

essentially identical specimens. This variation may be measured by the
coefficient of variation obtained from laboratory prepared and tested

specimens of a given mixture.

When selecting a testing methodology, the limitations and applications

of the results must be considered. If it is decided to use an empirical
test, it must be realized that the results will be used in an empirical
model. This model will produce a design based on experience, that may not
contemplate many of the possible factors and relationships that should be

considered. The pavement designed in such a way may perform properly in
terms of a particular parameter, say, rut depth or roughness, but may

promptly fail on other factors. This design may also be adequate for a
certain area, which has uniformity in materials, traffic or environmental

conditions, but may be inadequate for another location. Based on information
derived from this type of test, fundamental properties of the materials may

be obtained to be used in more complete models. These correlations are
generally valid only for the conditions and range of values for which they

were established. Checking for accuracy, limitation, and adequacy under
specific conditions is recommended before using such correlations. They may

be excellent indicators when looking for rough estimates.

If the information obtained from the test can be used to estimate the

material fundamental properties, there will exist a wider range of design
alternatives. It will be possible to check more pavement response

parameters, and consequently a more realistic design would be produced. The
assumptions and limitations of these design methodologies should also be

revised before further applications.

The fourth criterion: variability of the involved materials and size of

the project, indicates that the type and number of tests required is a
function of the size and cost of the project. This variability refers to the

change in properties of the material from place to place. It may be the same
material, but it may present slight or wide changes in properties within a

200 m interval. It is obvious that the more tests carried out, the more
reliable final estimates or results will be. Also, this wvariability will

depend upon the type of material and may be measured by the standard
deviation. This variability will increase with the size of the project. It

is expected to have greater variability in a ten-kilometer test section than
in a one-kilometer section. As the size and cost of the project increases, a

greater number of tests is more justified.

In selecting a materials testing methodology for the PDMS Data Base, we

should include a fifth criterion: type or character of the project. Since
the purpose of this experiment is to collect data for research purposes, it

ijs desirable to collect the maximum amount of information, within an
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economical range. However, a large amount of information will not ensure the
success of the experiment. We have to be aware of the quality of the

information. It is not logical to carry two or more types of tests that
would produce the same information. It would mean a waste of money and would
make the analysis complicated. The test methodology must be selected in a
manner useful in pavement research and one which would produce empirical

models and the long-term research would produce models based on theory that
would be capable of predicting pavement responses in a coherent and complete

way. This does not necessarily mean that from a long term, the Forest
Service will have to use fundamental properties testing methods for two

reasons: adequate correlations may be developed, taking into consideration
the particular characteristics of the Forest Service roads, which may permit

the use of index-type testing methods. On the other hand, the fundamental
properties of the materials may explain many of the phenomena that occur in

the Forest Service roads and that are not being studied. The decision to
implement an index-type method or "Fundamental-Properties" method will be

dictated by the accuracy of the models to be developed and for the
variability concept as well as for the size and cost of the road to be

designed as well as other factors.

Materials-Characterization Program

Based on the previous discussion it may be suggested to adopt the
following material testing methodology for +the Data Base collection
experiment:

(1) Use of index-type methods that would be used to develop short-term
empirical prediction models.

(2) Use of fundamental properties methods, used for developing 1long
term theoretical prediction models.

These methods would be used to characterize the materials, (subgrade and
aggregate), in all of the test sections at the beginning of the experiment.

It may also be of interest to evaluate the properties of the materials

interacting all together in the form of a pavement structure. In other
words, it may be useful to evaluate the structural capacity of the pavement,

which may be another criteria for pavement evaluation. This may be achieved
by means of deflection measurements, which may be carried out at the

beginning of the experiment and at different stages in the life of the
Pavement.

The tests previously discussed will be carried out in the field or in
the laboratory. The following procedures may be adopted:

Field Testing. It is recommended to perform the following field
tests:
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1.  Visual Classification. The first step in characterizing the
pavement materials, will be to perform a visual classification, describing

the type of material (a general classification code may be established in
order to assure consistency. This code be the unified soil classification or

the classification list provided in the National Summary of the FCQ), the
color, texture and constituent materials should be included.

2. In-situ density measurements must be performed at the beginning of
the experiment in all the test sections. The measurements will be performed

for the subgrade and aggregate materials and can be done by using a nuclear
density gauge (as manufactured by Troxler, N.C.) or any of the traditional

methods (i.e., sand displacement method, balloon method, etc.).

3. In-situ moisture content measurements will be carried out to the

same extent as the density measurements. This test may be carried out by
using a nuclear moisture-density gauge or by taking samples to be tested at
the laboratory. The nuclear moisture density gauges have been used
successfully since the early 70's (Ref 35) for many private and governmental
road organizations. They can provide fast and accurate measurements, but
calibration is required.

. 4. The last and perhaps most important part of +the materials
characterization program is to collect enough material to perform adequate

laboratory tests, as discussed in the next section. These samples will be
obtained from the same test pits dug for layer thickness measurements.

The number of measurements for density and moisture content on each
section will be determined from a pilot study where the variability of the

sample materials will be studied. During the Brazil study, two in-situ
density measurements were performed. The same applies for in-situ moisture

measurements.

Laboratory Testing. - It is recommended that the following
laboratory-tests be performed:

1. Gradation analysis. The gradation of the material is a factor that

relates to road stability, permeability, and frost susceptibility. The
importance of carrying out this type of measurement was emphasized during the

"Brainstorming Session" and by the C.T. Coghlan Questionnaire.

2. Atterberg Limits. This popular and world-wide index-type test would
be performed in the materials for all the sections of the study, including
primary and satellite studies. Judicious consideration of the 1liquid 1limit
and plasticity index have proved to be remarkable indicators of soil
performance in many engineering applications (Ref 36). This test is easy to
perform and it does not require expensive equipment. However, this type of
test is subject to numerous testing and human errors (Ref 36), such as:

(a) Difficulty of cutting a groove in some soils, particularly
those containing sand and mica particles.
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(b) Tendency of soils of low plasticity to slide in the cup

rather than flow, as well as a tendency to liquify with
shock rather than to flow plastically.

(c) Sensitivity to small differences in the testing equipment
used, such as the grooving tool, the shape and wear of
the cam and/or the cup.

(d) Sensitivity to operator technique.

. The last two disadvantages may be minimized by the standardization of
equipment and testing procedures. Numerous recommendations have been made

(Refs 36, 37, 38, 39, and 40) regarding the first two disadvantages, making
this index-type test method a practical and reliable methodology in spite of
the mentioned disadvantages.

The Atterberg limits test would include basically the determination of
the 1liquid limit (LL), plastic limit (PL) and plasticity index (PI). The
shrinkage limit may be a complementary value.

3. Moisture Content-Density Curves. In defining +the material
properties it is important to know the relations between moisture content and
density of the material, which consequently defines the material strength.
The methods used to perform these tests have been widely discussed in

literature, (i.e., Refs 25 and 41), and no further description is provided in
this report.

4. California Bearing Ratio (CBR). It is recommended that this

index-type test method be used for the following reasons: it is a practical
test; the actual rutting model of the Pavement Design and Management Systen,

(PDMS), uses CBR values, and is the most popular testing method in the Forest
Service, (results from the characterization questionnaire indicate that the

CBR is used in almost 60 percent of the national forests). Previous research
on aggregate surfaced roads (Brazil Study) is based on CBR values; a
comparison of results may be desirable.

The test procedure has been describped in many publications (Ref 25 and
41) and only one aspect of the test deserves to be commented on. Two types
of CBR laboratory procedures are commonly carried out: dry and soaked CBR.
The dry condition implicates running the test at optimum or at field moisture
contents. Serious disadvantages exist when carrying out this type of test.
Among them, the following: The empirical nature of the CBR increases and
comparison may be made only for a very specific climatological region with
uniform moisture conditions; no comparison may be made in regions with
different environmental factors; the moisture contents of the materials,

especially in aggregate surface or unsurfaced roads, varies considerably not
only from season to season, but from day to day situation that lead to a

variability in CBR values (Ref 42).

These disadvantages are diminished by performing soaked CBR tests, which
provide a reasonably good and consistent comparison criteria. Values from
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locations with completely different environmental conditions may be perfectly
compared and any model based on this method may have wider applications.

Recent findings by Visser (Ref 2), at the University of Texas, regarding
the performance of aggregate surfaced roads in Brazil, indicate that in
determining when the roads are impassable during the wet season, the soaked
CBR value for the surface layer combined with average daily traffic values
seems to be a very good indicator. In trying to find material
characteristics which would explain this phenomenon, the PI and the
Percentage of surfacing material passing the No. 200 sieve were combined
with ADT and no correlation was found. This could be another reason to carry
out CBR tests in the data collection experiment.

5. Resilient Modulus (M ). The resilent modulus is a "fundamental
property" test, of dynamic nature, and is defined as the ratio of the
repeated axial deviator stress to the recoverable axial strain. The test 1is
applicable to all types of pavement materials ranging from granular materials
to fipe grained soils. The test is conducted in a triaxial device equipped
for repetitive load conditions. The specimen size is normally 4 inches in
diameter by 8 inches high. This method seems to be one of the most adequate
methods, if not the best, for characterizing the materials of the Forest
Service roads. Other methods of this type, such as the Complex Modulus Test,
Indirect Tensile Test, Modulus of Rupture, Dynamic (repeated Flexural)

Stiffpess or Diametral Resilient Modulus, seem to be more oriented 1o
asphaltic materials, portland cement concrete, and/or stabilized materials.

Another reason to select this method is the fact that research in
pavement Design Methodology in Chapter 50 is actually being conducted based

on the Resilient Modulus test. The standardization in the research performed
or sponsored by the Forest Service is highly desirable. As stated by Kennedy
(Ref 43), on a poor-fair-good scale, the reproducibility of this test is
evaluated as good. .

Recent findings by Visser (Ref 2) have demonstrated that the resilient
modulus may be very well correlated to parameters such as the Atterberg
limits. If this correlation is properly validated, the potential benefits of
using this testing method in the data collection experiment are of
considerable value.

6. Additional information on aggregate properties may be collected.
Among these properties, which may lead to useful correlations between the
deterioration models and the type of aggregate, there are the soundness and
the particle shape. These two characteristics seem to be the most
important.

7. Deflection Measurements. These measurements are used to evaluate
the structural capacity of the pavement. They provide information regarding
the real working conditions of the pavement, taking into account the

roperties and characteristics of the pavement materials and their
interactions, as well as interactions with the environmental variables. In

the case of aggregate surface roads, regraveling of the surface or grading
the road may change the original design conditions, and consequently the

pavement structural capacity. The use of a method to practically and
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accurately measure the change is desirable. Also, deflections measurements
may be used to collect information on the materials properties with time.
Another advantage of this type of test is that it is a non-destructive test,
and from the results of these deflection measurements, the fundamental

properties of the layered materials may be evaluated.

Many devices have been developed for performing deflections
measurements, and some of them are briefly described in Appendix G.

The information derived from these measurements may be used in two ways.
First, comparison of maximum deflection for different pavement structures may
be made to get an idea of which pavement is stronger. Also, this comparison
may be made based on deflection of the pavement at different stages along the
life of the road and determine when the pavement structure is at its
strongest or weakest condition. This alternative seems to be easy and
practical in concept, but because of the great variability of +the factors
that may affect the value of the deflections, the correlations that may be
obtained, if any, would have very limited applications. Among these factors,
we can mention temperature, moisture content especially in gravel surface or
unsurfaced roads, season of the year, frost-penetration combination of layer
thicknesses, and type of materials. These correlations would have an
empirical nature and would be applicable only in areas with common
environmental variables, as well as similar pavement materials and similar
pavement designs.

The second approach in using the deflection data would be that, based on
the characteristics of the deflection basin, the fundamental properties of
the materials were computed, and then used in elastic layer analysis to
estimate the limiting loads on the road or the required re-surface thickness.
The applicability of the models based on this analysis will have a wider
range of applicability and would be of greater benefit in the management of
the roads, especially under thawing ccnditions. In doing this, many
methodologies may be used such as the one proposed by Irwin et al (Ref 44).

Among the devices that may be used to measure deflections, three of them
seem to have the greatest potential, namely: the Dynaflect, the Road Rater,
and the Falling Weight Deflectometer (FWD). The first two devices apply a
dynamic vibratory force, with a maximum value of 1,000 1b for the Dynaflect,
and 8,000 1b for the Road Rater Mod. 2008.

The loading concept in the FWD is based on the drop of a weight from a
height varying from O to 40 cm., producing a maximum dynamic load around
15,000 1bf. In evaluating these features, the following factors should be
considered as reported by Irwin et al (Ref 44): It has been observed in the
laboratory that the response of highway materials to repeated loading
differs, depending upon whether the load is applied continuously (sine wave)
or intermittently (pulse load with rest period). Apparently some creep
recovery takes place during the rest periods, and if they are longer than
one-half second or so, notable differences in fundamental properties may be
obtained. Based on this laboratory experience, it 1is clear that pulse

loading systems should be preferred. Pulse loading would certainly more
closely resemble the passing of individual vehicles than would continuous,

sinusoidal loading. Another concern in the use of the sinusoidal loading
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devices is the "appropriate frequency" at which the pavement should be
tested. According to Irwin, pavements tend to exhibit a maximum deflection

at a resonant frequency that is generally in the vicinity of 6 to 25 Hz, and
typically at about 10 to 15 Hz. The factors that determine the resonant
frequency for a given pavement are not well understood at the present time.
The fact that no load frequency is included in the FWD operation may be a

factor that would induce preference for the FWD over the Dynaflect or Road
Rater, because uncertainty associated with the test is being reduced.

In simulating the loading process due to a moving wheel 1load, field
studies have shown a response time in the surface layer of 25 to 30
milliseconds for vehicles moving at approximately 40 miles per hour. The
response pulse has been observed to be shaped nearly like a sine wave, or
more correctly, a haversine wave. To provide loading time consistent with
the measured response requires a frequency in the range of 17 to 20 Hz. The
FWD has a loading rate of 28 ms. pulse, which satisfies the desired features
previously mentioned. The Dynaflect operates on a frequency of 8 Hz and the
Road Rater in a range from 5 to 50 Hz, depending on the model.

The three devices are trailer mounted and may be towed by any 1light
vehicle. The Road Rater model 400A may be mounted in the back of a van. The
speed of operation is practically the same as well as the operating
requirements (a minimum crew of 1 person is required and the optimal crew is
composed of 2 persons, with the exception of the dynaflect equipped with a
Erinter which requires only one person). Because the operation principle of

he FWD is simpler than the Dynaflect and Road Rater, the equipment by itself

is consequently simpler. This is important for maintenance purposes,
although no major problems have been reported in the operation of the
Dynaflect or Road Rater.

The accuracy of these three devices was evaluated by Bush and reported
in Reference 45. An average error of 5.48 percent for the five velocity
sensors was found for the Dynaflect. Those values were cdmputed from the
difference of the dynaflect values and a known input or deflection divided by
the known input. In the case of the Road Rater Mod. 510, the ‘'main
percentage error at a frequency of 10 Hz and 20 Hz was -26 percent and 5.3
respectively. The accuracy of the FWD was evaluated by placing the WES
16-kip velocity sensor beside the sensor of the FWD and comparing the
results. A correlation was found and is expressed as:

WES16 Deflection = 0.95151 (FWD Deflection) (5.1)

The Dynaflect and Road Rater are more economical devices when comparing
the acquisition cost, as shown in Table 5.1. This information comes from
Refs 44, 45, and 46. This difference is reduced when comparing the yearly
operating cost as reported by Bush (Ref 45), and shown in Table 5.2.
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TABLE 5.1. DEFLECTION MEASUREMENT DEVICES

Acquisition Cost (Ref 44, 45, and 46)

Irwin Bush Eagleson
Device Aug 79 Aug 79 Mar 80
Dynaflect, 8 Hz 25,000 16,000-19,000 18,500-25,000
Dynaflect, 12 Hz N.A. N.A. 50,000
Dynaflect, 5000 1bf N.A. N.A. 150,000
Road Rater 40,000 40,000 40, 000-48, 000
FWD 40,000 28,000 60, 000

TABLE 5.2. DEFLECTION MEASUREMENT DEVICES

Yearly Operating Costs (Ref 45 - Aug. 79)

No. of
Device Tests/Day Days/Year Cost/Year
Benkelman Beam 150 134 $26,800
Dynaflect
Digital 640 31 3,100
Standard 384 52 10,400
FwD 320 63 12,600
Model 400 Road Rater 480 42 8,400
Model 510 Road Rater 480 42 8,400
Model 2008 Road Rater 480 42 4,200

Note: Based on 20,000 tests per year and a $100 per day labor charge.
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Based on the information previously analyzed, the use of the FWD for the

data collection experiment is suggested. If availability of funds is short,
the use of a Road Rater or Dynaflect would be adequate.

Deflection measurements would be carried out in the sections of the
primary study, and it is desirable in the satellite studies. In order to

minimize the strong effects of moisture content in the pavéement material, a
correlation study could be carried out during the pilot study.

LAYER THICKNESS MEASUREMENTS

The great significance and influence of +the Jlayer thickness on the
pavément performance and behavior may be easily understood. In any pavement
study it is mandatory to have reliable layer thickness data before the

traffic starts running over the experimental sections, whether new or old.
Potential procedures for achieving this are discussed in the following

paragraphs. The procedure adopted during this Brazil study is briefly
commented on.

Potential Measureéments Procedures

Several measurement procedures may be applicable, some of which have
been described in the aggregate loss section and include the use of core
samples, test pits and bore holes. The remaining methods proposed in that
section, such as the use of rod and level, the "multi-pin-truss" method, and
the pachdmeter, are especially applicable for periodic layer
thickness-measurements. In the case of +the original layer thickness
measurement, this thickness needs to be as accurate and reliable as possible,
and a physical or direct measurement is recommended. In doing this, the use
of test pits appears to be the most appropriate procedure. These test pits
may be dug at both extremes of the experimental sections located on the
expected traffic wheel path and outside of the test section in order to avoid
disturbing the:material of the section. The number of test pits needed will
be dictated by the variability of the results from the pilot study. An
initial alternative will be to dig one pit in each extreme of the section as
shown in Fig 5.1. If the results obtained are not satisfactory, two 'more
test pits would be required, Fig 5.2. In each case, one or .more test pits
may be dug at the ends of the test section, however, this part may not be
useful for further measurements such as roughness, aggregate loss, or rut
depth measurements. If it is used, the inclusion of an alteration factor
needs to be contemplated for +the analysis phase. The layer thickness
measurements need to be performed in both o0ld or new roads. In the case of
the new roads, they may also give an indication of the construction quality.
The dimensions of the test pits may be, as in the case of the Brazil Study,
1.00 mx 1.00 m (3.28 ft x 3.28 ft). The depth will obviously vary with the
layer thickness. The cost of this measurement technique may be ignored.
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Layer Thickness Measurements in Brazil

During the Brazil study, three test pits, as shown in Fig 5.3, were used
on the aggregate surfaced roads and unsurfaced roads. The average thickness
of the layer was measured to the nearest centimeter. We should remember that
the test section in Brazil was divided into 2 subsections; one with nil
maintenance, and the other with regular maintenance and between them a
transition zone was defined. Notice that the third pit is located in this
transition zone. From the pilot study conducted for the Brazil Study, it was
thwn _that trying to measure the layer thickness using a bore hole, 10 cm

4") diameter, was not convenient.

TRAFFIC MEASUREMENTS

The traffic on a road is an independent variable that has been of

primgry concern when designing any type of pavement. This fact has been
confirmed by the five major information sources described in Chapter 3.

During the "Brainstorming Session" it was concluded that among the
traffic variables, the number of applications and the classification or
distribution of the traffic should be included in the primary study. The
sensitivity analysis of PDMS ranked Traffic (No. of applications{ as the
‘most important variable for this computer program. According to the results
of the C.T. Coghlan questionnaire, the group of traffic variables has 44
percent of its variables ranked from 4.7 - 4.0. Among the traffic variables
the most significant are, according to Table 3.3, the following: number of
load repetitions, wheel loads, seasonal distribution of the traffic, and the
AASHTO equivalence factors. Finally, during the Kenya and Brazil Studies,
the traffic, (No. of applications), was carefully monitored as well as the
distribution of the traffic. According to this, the two major traffic

variables which should be 'monitored in our study are: (1) number of
applications and (2) classification of the traffic. Besides these variables,

and due to the variability of traffic on the Forest Service roads within the
year, it is important to collect information related to the season of use.

In this section, the procedures that may be used to collect traffic
information, regarding the quantification and classification of the traffic

flow, as well as the vehicle loads are described with comments. The
methodology adopted in Brazil is briefly discussed.

Quantification and Classification of the Traffic Flow

, Basically, there are two methods for counting traffic: (1) mechanical
or automatic and (2) manual. A third and relatively new technique, using
common super-8 movie equipment is also evaluated in this part.

Mechanical Counts. Mechanical counters should be considered (Ref 47)
for most counts requiring over 12 hours of continuous data at a single

location. This type of measurement has its greatest application as only a
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simple tabulation is needed for the number of vehicles (no separation of
vehicle type, direction, etc.).

Mechanical counters may be divided for the recording duration into

portable mechanical counters and permanent mechanical counters. Both types
of devices are briefly described and evaluated in the following pages.

The portable counters are commonly used to collect traffic volumes for
an hour or 1less, during a collection period ranging from a day to a week.

Permanent counters are used to record traffic continuously.

There are three types of portable counters, as follows:

(a) Junior counter. It is a continuous type counter with a visible
dial and uses a dry cell battery.

(b) Period counter. This counter is provided with a time clock which
may be set to turn on at any specific time, and then to run it only

for a definite length of time.

(c) Senior counter. This type of counter contains a clock, a
reset-type counter, a stamping and/or punching machine or counter
pens, a roll of tape or a circular chart, and a battery, wet or dry
cell.

The printed tape senior recorder stores the impulse in an accumulating
register and upon clock actuations. prints the results on a continuous adding
machine tape. Typical printed tape recorders print either at 15-minute
intervals or every hour. In either type, at the end of each hour the counter
is automatically reset to zero.

Another type of printing device is the circular chart recorder which can
record volumes from zero up to 1,000 vehicles for intervals of 5, 10, 15, 20,
30 and 60 minutes. These can be recorded for 24 hours or up to seven days,
depending upon the equipment. The traffic counter pens move out on the graph
in response to vehicle actuation, and upon determination of the preset
counting period, the pen arm resets to zero position in the center of the
graph.

Punch tape recorders are also used as a recording device and have the
advantage that the tape from this type of counter can be processed in the
office through a translator which, when connected to a keypunch machine, will
produce punch cards or tape for computer tabulation.

The three types of portable counters previously mentioned use pneumatic
road tubes from which air impulses are received due to moving traffic and
transmitted to the counter, which logs one vehicle for each two impulses.
The road tube consists of a flexible, rubber hose fastened to the pavement at
right angles to the path of expected vehicle travel. One end of the tube is
sealed, and the other end is attached to a pressure actuated switch. The
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gassage of a vehicle wheel over the tubing displaces the volume of air,
hereby creating a detectable pressure at the switch. This presure causes

switch contacts to complete an electric circuit and actuate the recorder.

In placing the road tube the following recommendations must be observed:
the tube should be clear of the turning paths of vehicles to reduce multiple
counts due to a single vehicle crossing the tube at an angle. The road tube
should not be placed in an area subject to skidding or subject to heavy
acceleration or braking. The pavement surface should be as smooth as

possible and free of holes that could lacerate the tube. This requirement
seems difficult to satisfy in aggregate surfaced roads.

g serious limitation of this kind of counters is +the inability to
classify vehicles as well as over-counting due to vehicles with more than two

?x}es. Other limitations include; (1) battery 1life, which is a problem;
2) vandalism may be a major concern; (3) the presence of snow or ice on the

pavement may inhibit or render useless the road tube as a detection device
and it is vulnerable to tire chains, snow plows, and skidding vehicles. The
use of these counters is basically limited to asphalt or portland cement
concrete pavements and according to Box and Oppenlander (Ref 47), the

accuracy of the road tube counters is seldom greater than 90 percent.

The Permanent Mechanical Counters may use a variety of detection or

sensing devices including: road tube, electric contact plates,
photo-electric, radar, magnetic induction loops, ultrasonic, and infra-red

detectors.

Some permanent installations have only the sensor located at the
counting station, and the impulses are transferred to a central location for
recording; transmission is via leased telephone wire, radio, or other means.
Other systems use a separate manual pickup of tapes that are taken to the
central office.

Due to the limitations of the road tube detector, it 1is practically
never used in permanent counting. A brief description of the other detectors
is provided in the following paragraphs.

The electric contact plates type of detector uses a steel base plate
over which a molded and vulcanized rubber pad holds a strip of suspended
spring steel. A temporary type consists of metallic contacts separated by
air and a gum rubber spacer. The electric contact detector is easy to

install, but vulnerable to traffic hazards.

The photo-electric detector detects vehicles as they pass between a
source of light and a photocell. Because of the great variation in vehicle
body design, it is difficult to find a suitable beam height above the ground
that does not count axles of combination units or window posts of passenger
cars. The photocell is a simple and reliable system but is limited +to

light-volume roads because of accuracy problems, and its inability to
distinguish individual lane volunmes.

The radar compares the frequency of a transmitted signal with the
frequency of the received signal. Wherever a frequency difference exists a
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moving vehicle is detected. Radar devices are not subject to deterioration
from traffic wear, and are accurate and reliable. However, as stated in

Ref 7, their initial cost and some aspects of maintenance are higher than
many other traffic counting devices.

The magnetic detector registers a signal or impulse caused by a vehicle
moving through a magnetic field. The unit is neither subject to
deterioration from traffic wear nor particularly vulnerable to traffic
hazards or snow or ice. However, and especially in urban areas, nearby heavy
electrical installations or underground cables can make use of this type of
detector difficult, if not impossible.

The induction loop is a variation of the magnetic detector and depends
upon a change in the electric inductance of a rectangular wire loop buried
under the pavement surface to detect passages of vehicles. When necessary,
separate loops may be installed in adjacent lanes, or a longer loop may
extend across more than one lane with the disadvantage that the detector
won't be able to count the vehicles per each lane.

This type of detector is particularly applicable for installations in
the base course of a new pavement before application of the surface.

The ultrasonic detector uses an ultrasonic wave generated by a vibrating

diaphragm and can detect both moving and stopped vehicles. It is not subject
to traffic wear, snow or ice, or vulnerable to traffic hazards. It is

accurate and reliable but has a high initial cost.

The permanent counter sensors have certain limitations as described
under Portable Counting Equipment. The chief disadvantage is the inability
to identify different types of vehicles.

Manual Counts. By wusing this type of traffic counting systen,
information as detailed as required may be collected. This information may
include: vehicle classification, total number of applications, direction of
travel, state license, etc. One important factor that may be checked in the
Forest Service Roads is the percentage of loaded and unloaded truck, which
could make a big difference in the pavement design due to the heavy loads
typical of these roads, (we say checked because it is expected that 50
percent of the trucks will be loaded and 50 percent unloaded).

The most important disadvantage of this system would be the excessive
cost, which includes basically salaries, transportation and the provision of

a shelter for the observer, for the duration of the measurements.

Camera Counters. The great advantage of this system is +that the
information is recorded and can be consulted as many times as needed. The
information is collected with great detail as in the manual counts but with a
considerable saving of man-hours.

This type of equipment has been used in the construction industry in
order to collect information and data for work improvement studies, as
reported by Clark and Oglesby et al, (Ref 48). Single pictures are taken at
intervals of one, two, three or four seconds, (60, 30, 20, 15 frames per
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minute), for long periods of time. Exposures are made at precise intervals
8o that elapsed times can be computed accurately as a product of the number
of pictures and the photographic time interval. The film may be reviewed
using a common editor or frame-by-frame projector or by means of a special

Projector where the projection speed may be varied from 1 frame per second to
8 frames per second.

The time lapse technique is relatively inexpensive. A common super 8-mm
film is 50 feet long and has 3,600 frames. If we shoot continuously at
intervals of one frame each three seconds, the film will last 3 hours and
will take 10 minutes to review it at a projection speed of 6 frames per
second. The cost of the film is around $5.60 and for developing the common
charge is $3.40. A disadvantage is the necessity of changing the film,
perhaps 2 or 3 times per day. This problem may be solved by using a detector
(previously described), which actuates the camera, saving a considerable
amount of film and consequently making the film review, handling and storage
easier and less expensive. This detector could be a photo electric cell or a
road tube placed on a smooth surface in order to protect it from the traffic
hazards, {this surface could be of cement portland concrete surface, asphalt
concrete or even wood). The electric or magnetic detector may be also used.

The equipment consists of a super 8-mm camera provided with a timer
device, a tripod, and a projector provided with a timer device that controls

the projection speed. The equipment is manufactured by Timelapse, Inc., Palo
Alto, California, and the cost of the standard camera is around $1,800; the
proJjector has a cost of around $1,900. There is also a special camera that
inserts a small clock in the film, costing around $3,300. This type of
equipment has been used to measure traffic for different private and
government offices, including some forests in Region 6.

Special attention should be paid to the location of the camera, it must
be located higher than the object being photographed and should show as

clearly as possible the number of axles of the vehicle. For this, an
appropriate angle must be found. The camera may be placed on the top of a

hill or on a specially constructed scaffolding or frame. If dust should be a
problem, +this could be avoided by spreading water on the section where the

"camera has the best view of the vehicle. In order to keep the moisture
condition of the experimental section stable, the camera may be placed at the

beginning or end of this section.

One alternative for measuring the number of applications and for
classifying the traffic is to continuously count the number of vehicles using
one of the +traffic detectors previously described and periodically
classifying the traffic using either a manual count or a photographic count.
This period will be a function of the expected variability in the amount and
type of vehicles on the road, i.e., holiday, timber hauling or winter season.
This periodic sampling could be, for example, continuous for one week or one
month, or broken into days per week or per month from 5:00 a.m. to 7:00 p.m.
This would be established for each section based on the results of a pilot
study or by the results obtained for measurements taken continuously or at
smaller intervals.
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The accuracy of this traffic-measurement procedure may be obtained
during the pilot study, comparing the results from continuous measurements
with the predictions based on measurements taken during a month, 2 weeks per
month, or one week per month. A correction factor for each case will be
obtained.

This system is obviously less expensive than the continuous method and
its accuracy and reliability will be tested during the pilot study.

The procedure used in Brazil to collect traffic information on the
unpaved roads is described in the following paragraphs as stated in Ref 49.

Very little traffic counting information was available at the start of
the experiment for the unpaved road sections in the study area. Therefore,
traffic count information was collected in two stages. The first stage
involved installing non-recording traffic counters at each test section.
Initially, Streeter Amet Model Jr., traffic counters, activated by pneumatic
road tubes were tried, but difficulty was found in adjusting the system so
that fast moving passenger cars and slow moving, heavily laden trucks would
be counted correctly. Also, the road tubes easily became damaged by loose
stones, and they were also extremely prone to vandalism. Consequently, this
type of traffic counter was not used further. Instead, Fisher Porter Model
3000 traffic counters, activated by induction loops buried in the road, were
used. These counters were installed at each section for a minimum of six
weeks. This permitted a comparison of results over three periods of two
weeks to check for consistency, since an inspection cycle of two weeks was
used. In those cases where extreme variability was encountered between
periods, the counting period was extended by a further two or four weeks. A
good estimate of the average daily traffic was obtained using this procedure.

The second stage of the traffic collection effort consisted of a manual
clagsification count taken during a 16-hour period per day and over a 7-day
feriod. Counting from 05:00 to 21:00 encompassed more than 85 percent of the

raffic, which was sufficient to obtain a vehicle class breakdown. The
DER-MG obtained 7-day, 24-hour counts on the sections under their
Jurisdiction. In some cases, because of logistics problems, classification
counts were only obtained during a 3-day period for 12 hours per day.

During the Brazil Study, for purposes of the experiment of related speed
and fuel consumption, a traffic flow data logger was utilized in order to
measure some variables associated with geometric design. Planning and costs

were measured as well. This type of installation serves our purpose and is
described in Ref 50.

Quantification of the Vehicle Loads

Once the different types of vehicles on the road have been identified,

(Fig 5.4 shows the vehicle classification for the AASHO Road Test and Fig 5.5
shows the vehicle classification in the Brazil Study), the next step will be

the measurement of the axle loads.
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There exist basically, two methods for doing this. The first one uses
portable static weighers (platform scales or wheel-load weighers), and the
second uses weighing in motion (WIM) systems. These two procedures have an
easily identifiable range of application which is determined by the volume of
traffic on the road. The results from the "Forest Characterization
Questionnaire” indicated that in almost 70 percent of the aggregate surfaced
roads, the average daily traffic is less than 50 VPD; in 20 percent of the
roads the ADT is between 50-100 VPD; and only in 7 percent of these roads the
traffic is greater than 400 VPD. Based on this, the use of portable static
weighers seems to be more than adequate. This preference may be reconfirmed
when comparing the acquisition cost of these devices: a portable wheel
loader costs about $1,300, and the weight in motion system around $55,000.
Also, the static weighers are more accurate. The accuracy of the weigh-in
motion system was evaluated in relation to the platform scales and wheel-load
weighers' accuracies as reported by Machemehl, Lee and Walton, et al (Ref
51). From this study, it was concluded that with approximately 68 percent
confidence, the in-motion weighing system can estimate static vehicle weights
with the accuracies shown in the following tabulation:

Basis For Expected

Static Weight Accuracy

Weight Comparison of WIM,%
Gross vehicle weight Platform scales + or - 5.8
Axle weight Platform scales + or - 10.8
Wheel weight Wheel-Load weighers + or - 13.6

During the Brazil Study, traffic on roads carrying less than about 800
vehicles per day was weighed using two wheel weight scales at the same time.
Only on the most heavily trafficked paved road sections was the WIM system
used (more than 1,000 VPD). This is another reason that will induce, use of
the portable weighers. The point at which the WIM should be utilized will
result from a cost analysis, comparing the operation cost of this system
(including acquisition cost) with the delay time of the road users, data that
is not a part of this research. However, more details of the WIM system may
be found in Refs 51 and 52. A brief description of the wheel-load weigher
and platform scales are contained in the following pages.

Traditianal damage to the pavement by passenger cars and light vehicles
is negligible compared with that caused by heavy and medium load vehicles.
For this reason, many axle-load surveys conducted by various agencies (Ref

5%) reveal that light traffic is not weighed, and only medium and heavy are
surveyed.
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Before making a similar decision in the case of the data base
experiment, the following factor should be considered: the results from the

"Forest Characterization Questionnaire" indicates that more than 60 percent
of vehicles in the Forest Service roads are classified as "passenger cars and

gick-ups.“ It should also be considered that these light vehicles travel at
igher speeds than the heavy duty vehicles, a fact that would make no
difference on the gerformance of paved roads, but in the case of aggregate
roads, this could be a factor that affects the performance of these roads,
especially the "“aggregate loss" parameter. For these reasons, it is
recommended to take axle load measurements of these vehicles, but perhaps not
with the same periodicity or to the same extent as the measurements of the
medium and heavy vehicles.

Another important reason for doing this is that the increment in cost
for measuring these light vehicle axle loads is negligible when compared to
the cost of measuring heavy vehicles. Let us assume that we have a road with
an ADT of 100 vehicles (from the results of the Forest Characterization
Questionnaire it was shown that 94 percent of the aggregate surfaced roads
have an ADT of 100 or fewer vehicles). If we conservatively consider that
the traffic will be distributed over 10 hours, it would mean an average of 10
vehicles per hour. When comparing this figure with the productivity of an
axle-load survey crew, which is normally around 60 vehicles/hour (Ref 54),
there is plenty of time to perform this measurement without incurring any
extra cost. The only extra cost will be the one associated with the
processing and handling of data.

The TRRL recommends (Ref 7) that axle load surveys be carried out for
seven consecutive days for 24 hours a day. If preliminary traffic counts
show a negligible vehicle flow at night, or if local difficulties make night

working impossible, the survey period may be reduced, but even then, vehicles
should be surveyed for at least 16 hours a day. Surveys of less than seven
days are not recommended. The surveying daily-period should be determined in
our case after a preliminary traffic count.

Another important factor that should also be considered and was
previously mentioned is the fact that the traffic traveling in opposite
directions will have different axle 1loads. This fact is particularly
significant in the Forest Service Roads and for this reason, it is

recommended to measure the axle-loads of the vehicles when they are loaded
and unloaded; a good control may be kept by recording the license plate

number of the trucks.

During the Brazil Study, the axle weights were measured on six study

sections by means of two wheel-load weighers, twice, two years apart. The
results verified the variability of measurements and weight distribution

during the pro ject. Weight distribution analysis of the repeated
measurements showed no significant difference at the 95 percent confidence

level as stated in Ref 20.

The TRRL, recommends based on its experience in axle-load surveys in

roads of developing countries, (Ref 54), that the team work in three
eight-hour shifts. The crew required for only making axle-load measurements

should consist of at least three people. One person is required to control
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traffic on the road and to direct vehicles into the weighting area. A second
person is required to direct the vehicle within the weighing area to drive

slowly onto the weigh-bridge or to place the portable wheel-load weighers in
position. A third person is needed to record the wheel-loads and truck data.

Adequate shelter protection should be provided.

Wheel loads can be recorded on special forms, as the one shown in
Fig 5.6. Note that wheel loads are recorded and not axle loads. It is
assumed that on the average, the axle load is twice the wheel load. The

information required for the column "Axle Config."”, is provided by the
previous vehicle classification.

ENVIRONMENTAL FACTORS

As stated by Haas and Hudson et al (Ref 10), there are several
environmental factors that may affect pavement behavior and performance,
including:

(1) Moisture conditions
(2) Temperature conditions )
(3) Solar and atmospheric conditions

(4) Site geological conditions

The first two factors receive primary consideration in most design
procedures.

Although the importance of these environmental factors or variables are
recognized by pavement designers, their characterization in any fundamental
manner has proven to be a most difficult task. Some basic reasons include
within-site variations of factors, site-to-site variations, time variationms,
interaction of factors, and a lack of understanding as to what component of
the factor is most important and how it should be measured.

Environmental variables are usually handled for pavement design purposes
in an empirical, qualitative way or are characterized in an empirical,
aggregate manner by using one overall type of environmental coefficient or
factor. A major example is the "regional factor,” R, included in the AASHO
Design Procedure (Ref 7). In some other methods (Ref 57), the environmental
factor is taken into account in the prediction of performance. Basically,
performance curves are predicted, both for traffic-associated deterioration
and for environmentally associated deterioration. Then, at any particular
point in time, the present serviceability of the pavement is calculated as
the sum of serviceability loss due to environment plus serviceability loss
due to traffic. In the following pages, the effects of moisture and
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TRANSPORT. and ROAD RESEARCH LABORATORY

OVERSEAS UNIT Sheet Number | B
AXLE LOAD SURVEY
SURVEY DATE
REGIS AXLE WHEEL LOADS (TONNES) M NT
TIME | 7RATION | CONFIG. | 2 | 3 | 4 | 5 6 | 7 | COMME S

Fig 5.6. Axle load survey field form as proposed by the TRRL (Ref 54).
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temperature on the pavements, as well as alternatives to measure these
parameters in the experiment, are discussed.

Moisture Conditions

One of the most wide-spread problems in some of the modern roads as well

as in the first roads built in the world, seems to be the lack of adequate
drainage.

Moisture variations in the pavement structure might be considered with

(espect to two general classifications, according to Haas and Hudson
Ref 10)

(1) External to the pavement (i.e., rainfall amount, intensity and
duration; snowfall amount, intensity and duration, site drainage
conditions, water table, etc.) and

(2) Within the pavement and subgrade (i.e., variation with time, depth
laterally, longitudinally, type and depth of pavement component

layer, particular location, vegetation, type of subgrade material,
ete.).

The range of variability of these factors is so wide, that they may even
change with the hour of the day. To collect data for each of these variables
would require a huge effort and large amounts of money. In facing these
variables, the design engineer generally designs for the worst expected
conditions.

In the C. T. Coghlan questionnaire, the importance of moisture content

of the pavement structure is manlfested in Table 3.3 where the factor,

"effect of moisture on subgrade strength” is ranked as the most important

factor in the design of aggregate surface roads; this fact is reconfirmed in

the same questionnaire by the factors: "how moisture of subgrade varies

through the year" and "seasonal distribution of rainfall," ranked third and
eighteenth in the previous table.

Traditionally, the moisture factor has been indirectly considered by
means of the amount of rainfall precipitation in previous pavement
experiments (Kenya and Brazil Study). One reason for doing this is that

measuring rainfall is relatively easy and expensive. Also, rainfall may be
considered as the most important source of pavement moisture.

The external effect of rainfall on the properties of portland cement
concrete pavement (PCC) or asphalt concrete pavements (AC), may be negligible

because the external surface is considered waterproof. In the PCC pavements
or in the AC pavements the effect of rainfall may be accentuated due to the

existence of cracks or open joints that would allow the infiltration of water
from the top to the bottom of the structure. These defects have been studied

in such depth that with an adequate design and maintenance policy, there can
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be much reduction of this potential damage. The most important effect of
moisture in these pavements is produced by the accumulation of water in the

proximities of the road.

In aggregate surfaced roads, the effect of rainfall on the moisture of

the pavement structure and subgrade is as serious as in the previously
mentioned pavements, and is strongly accentuated because of the lack of a

yatgrgroofing surface. This factor would allow the water to easily
infiltrate from top to bottom of the structure when the road is wet and loads

are applied. The behavior and response at the road could be completely
differént than when it is dry. Also, rainfall would affect considerably

those parameters to be monitored such as aggregate loss, rut depth, etc.
Apother reason for giving such importance to the rainfall measurement is that

its erosive effect is more destructive on aggregate surfaced roads than on
PCC or AC pavements. This fact was mentioned during the "brainstorming

session,"” and an extreme case is presented by Ref 58.

Measuring the amount of precipitation during the experiment may be done,
first, by using the information provided by the U.S. Weather Stations or the
Forest Service Weather Stations. It is desired that these stations be

located as close as possible to the test section.

A second approach to measuring precipitation would be to carry out

accurate measurements in the test section during a certain time, and
correlate them to the measurements taken at the weather stations. A

correlation, or correction factor, would thus be found. This approach may be
used when there is a doubt about the applicability of the information from
weather stations, because of different location or different general
conditions. A pilot study in each possible test section would peed to be

performed, and the final decision would be based on its results.

A third approach in measuring rainfall precipitation and obviously the

most accurate, reliable, and expensive would be to carry out continuous
Precipitation measurements in the same location of the test section.

Measuring rainfall is in principle very simple and the most common
methods to measure it are, as described in Refs 59 and 60, non-continuous

measurements and continuous measurements.

These precipitation measurements may be correlated to the measured
pavement dependent variables. In order to properly do this, it would be
necessary to compare, not the daily precipitation to the different dependable
variable measurements; it is necessary to compare the rainfall precipitation
measured over the period of time between collection of information for a
particular variable.

A second question may arise since material moisture is so important for
the structural capacity of the pavement: what is the relation of the
rainfall precipitation and the moisture content of the pavement? An apparent
answer would be to find a correlation between precipitation, moisture, and
the pavement structural capacity. It is possible to do this, but the results
may be incoherent in many cases because of the great number of factors
affecting the pavement mositure content (i.e., location, temperature,
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evaporation, wind speed, vegetation, water tables, etc.). If all of these

variables are collected, analyzed and a correlation factor is found it may
not be very practical to use because it may mean that every 100 m we will

have to change our design a few centimeters. This would make design and
construction expensive. '

Temperature Conditions

Temperature variation is a primary concern in the design of any PCC or
AC pavement. The temperature changes will have a considerable effect on the
durability, stability, permanent deformation susceptible under repeated

loads, fatigue cracking under repeated loads, thermal shrinkage cracking
Susceptibility, etc. These situations have been extensively studied and for

each of them reasonable recommendations have been proposed. These types of
Pavements are very susceptible to temperature changes because of the nature

and properties of the surface materials.

In the case of the aggregate surfaced roads, the effects of temperature
are not as important as in the PCC or AC pavements, and should be moni tored
for only one reason: variations of freeze-thaw cycle and its effects on the
structural capacity _of the pavement. It was recommended during the

brainstorming session™ that this phenomenon be studied. The mechanics of

the frost-soil phenomenon are extremely complex and include many factors. In
order to have frozen soil all of certain factors must be present. These

factors include: (1) a frost-susceptible soil, (2) slowly depressed air
temperatures, and (3) a supply of water. If any of the above factors are not

present, the freezing of the so0il will not occur.

Studies made by the Corps of Engineers, (Ref 61), indicate that

frost-susceptible soils include all inorganic soils that contain greater than
three percent by weight particles finer than 0.02 mm. In Table 5.3 frost

susceptible soils have been classified in four groups according to the degree
of susceptibility, group F1 being the least susceptible to frost action and

group F4 the most susceptible to the frost action.

Soil freezing depends to a large extent upon the duration of depressed
air temperatures. Large amounts of information related to the number of days
Wwith temperature below 32 F (O C) are available, but the fact that location
"A" has double amount of days with average temperature below 32 F than
location "B", does not mean that the frozen so0il phenomenon will be more
important in "A" than in "B". Another parameter used in trying to
characterize variations and length of low temperature periods is called the
"degree days" term. One degree day represents one day with a mean air
temperature one degree below the base temperature. If this base is 32 F then
we will be working with "freezing degree days." If the base is 65 F we will
be using "heating degree days". Using both of these parameters, the higher
the number of degree days, the colder the location. Again, this information
refers to the air temperature and by itself, it does not say much about the
freezing of the soil.
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TABLE 5.3  FROST-SUSCEPTIBLE SOILS

Group Description

F1 Gravelly soils containing between 3 and 20 percent finer
than 0.02 mm by weight

F2 Sands containing between 3 and 15 percent finer than
0.02 mm by weight

F3 (a) Gravelly soils containing more than 20 percent
finer than 0.02 mm by weight, and sands, except
fine silty sands, containing more than 15 percent
finer than 0.02 mm by weight. (b) Clays with plas-
ticity indices of more than 12, except (c) varved
clays existing with uniform conditions.

F4 (a) All silts including sandy silts. (b) Fine silty
sands containing more than 15 percent finer than
0.02 mm by weight. (c) Lean clays with plasticity
indices of less than 12. (d) Varved clays with
nonuniform subgrade.

A third required factor to have frozen soil is the presence of a source

of water. Equations have been developed (Ref 25) to check the height of
capillarity rise from the existent water table at a particular location.

Because the location of the water table varies from segment to segment of the
road, this recommendation is not very practical for design purposes.

In studying the freezing phenomenon and consequently the thawing
Phenomenon in the Forest Service roads, the following procedure may be

recommended :

(1) Keep records of the daily air temperatures, especially minimum and
average, at the experimental section location. wWith this
information the degree days may be determined and a "Freezing
Index” would be calculated.

(2) Keep records of the rainfall precipitation, which in some way will
indicate moisture content of the soil. Develop a cumulative
precipitation curve.

(3) Keep records of the type of aggregate and subgrade material,
including gradation analysis, of considerable importance will be to
keep records of the soil temperature of the aggregate layer as well
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as of the subgrade material. These records will tell us exactly if

the soil is getting frost or if it is melting. Soil temperature
may be taken by means of thermistors and thermocouples (Refs 62 and

63).

(4) Because the soil temperature will depend upon a large number of

factors, the material density and amount of heat given to the soil,
it is recommended to keep records of the layer density as well as

of the latititude of the test section.

(5) The information collected this way, should be correlated in such a

way that based on the type of materials, precipitation range, air
temperature, location of the road, and pavement thickness, it would
be possible to predict the period, number, and duration of the thaw
cycles.

This part of the experiment would tell when +to expect a thaw cycle.

However, there are more questions that may be answered by this experiment;
among them we must consider the following: what is the effect of certain

loads when the road is in a thawing period? Should the road be closed for
all the traffic or only for trucks?

The answers to these questions may be provided by periodic evaluation of

the road structural capacity. This may be done by means of deflection
measurements, taken during the thaw cycles for different +types of vehicles

and levels of ADT.

These temperature measurements would be carried out only in those

sections where frost-thaw cycles are expected and would be included in the
satellite studies.

In measuring air temperatures, traditional methods may be used such as

the use of dry and wet bulb thermometers, or maximum and ninimum
thermometers, which are widely described in Ref 59.
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CHAPTER 6. DESIGN OF THE SAMPLING PLAN

In this chapter, the experiment design for collecting information is
developed. In the first part of the chapter, a brief introduction to the
design of experiments, especially factorials, is provided. The second part
of the chapter deals specifically with the experiment design for aggregate
surfaced roads. The experiment is divided into two studies: the primary
study and the satellite studies. Two satellite studies are proposed, with
the first study pertaining to the quality of the maintenance provided, and
the second one pertaining to the freeze-thaw cycles. Based on these studies,
several experiment layouts are proposed.

The fact that 68 percent of the U.S. Forest Service roads are
classified as unsurfaced roads, indicates that performance studies on
unsurfaced roads are needed. Obviously, these studies would be focused on
the management of these roads, and not design. The third part of the chapter
deals with the experiment design for unsurfaced roads, including a primary
study and the satellite studies mentioned previously.

The fourth part of the chapter provides information regarding the cost
of conducting the experiment. Finally, general recommendations for

performing a pilot study are briefly outlined.

THE DESIGN OF EXPERIMENTS

Considerable research and experimentation is conducted to discover the
individual and joint effects of several factors on variables which are most

relevant to the phenomena under investigation. This can best be carried out
by using factorial experiment designs. The most important characteristic of
this type of experiment is that the effects of a certain number of variables

are investigated simultaneously. In the language of experimental design, an
independent variable is referred to as a factor, and a treatment is defined
as one of the many combinations that can be formed from the different factors

at different levels.

Each factor may occur at different levels. For example, in an
agricultural experiment the factor "concentration of nitrogen" may occur at
three levels: high, intermediate, and low.

Among the advantages of the factorial experiments are the following:
(1) information about the interactions of factors may be obtained and (2) due
to the combinations studied, the experimental results are applicable over a

wide range of conditions.

143
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Some of the disadvantages of the factorial experiments are: (1) setting
up the experiment and the resulting statistical analysis may be complex, (2)
with a large number of treatment combinations, the selection of homogeneous
experimental units becomes difficult, and (3) certain of the treatment
combinations may be of little or no interest and, consequently, resources may
be wasted.

In weighing these advantages and disadvantages, it is recognized that
the disadvantages may, in one way or another, be minimized, and thus are
minor when compared to the advantages of factorial experiments. Therefore,
the use of a factorial experiment concept is recommended for designing a data
collection plan for the PDMS Data Base.

In practice, it is common that the resources required to carry out a
factorial experiment that includes all the possible combinations, are beyond
the capabilities of the investigator. In addition, the results from such a
full factorial may give more precision or detailed information than is
needed. In situations 1like this, a fractional factorial experiment
consisting of only part of a complete factorial is worth considering.

This reduction in the size of the experiment is done based on the
confounding principle. It is said that two or more effects are confounded in
an experiment, if it is impossible to separate the effects when the
statistical analysis of the results is performed. This loss of effects is
the price paid when reducing the size of an experiment. The reduction of the
full factorial is sometimes Jjustified in some types of research when previous
experience, with the same factors or a knowledge of the nature of their
actions, may lead the investigator to predict confidently that the effects of
the confounded factors or interactions will be negligible, thus removing the

ambiguity.

In other cases, the nature of the results makes one interpretation of
the data more plausible than another. This assumption could be wrong and
" some risk of misinterpretation can not be avoided. In order to solve this
ambiguity, an additional experiment, considering the treatment combinations
that were originally omitted, may be conducted. This is applicable to
experiments that take a short time, but it is not recommended for experiments
that take a long time or involve a large number of factors. Detailed
information on the procedures commonly used in reducing the size of a full
factorial, as well as procedures used to evaluate the effects of one factor
or the effects of two or more factor interactions may be found in Reference

64, 65, and 66. ,

EXPERIMENT ON THE PERFORMANCE OF AGGREGATE SURFACED ROADS

Two types of studies have been previously identified: primary study arnd
satellite studies. The design of both studies is achieved in this section,
and several alternatives are proposed for the study.
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Primary Study for Aggregate Surfaced Roads

The factors and levels that must be included in the primary study are
identified and a factorial experiment is proposed.

Factors to be Included. Based on the previous chapters, the factors or

independent variables constituting the data collection experiment on the
performance of aggregate surfaced roads are:

(1) Subgrade Material,

(2) Aggregate Material,
(3) Pavement Thickness,
(4) Traffic,

(5) Precipitation, and

(6) Topographic Conditions.

The importance of each of these factors has been pondered in the
previous chapters, and only a few deserve further consideration. The traffic
would be considered in terms of number of applications, measured by the
Average Daily Traffic (ADT) parameter. The axle loads, as discussed in
Chapter 5, would be periodically measured, but would not be considered as a
factor in the experiment. The environmental factors would be taken into
account by means of the Precipitation parameter, and leaving the temperature

for satellite studies.

The topographic conditions have been included since they are relatively
easy to identify and because they involve a large number of environmental
conditions, as well as other factors affecting the pavement performance.
Among these factors are the following: vegetation, road geometry,
precipitation effects, drainage conditions, and elevation.

Level for Bach Factor. In the following paragraphs the levels for each
of the six factors previously mentioned are discussed.

1. Subgrade Material

The subgrade materials as quantified in Table 2.14 indicate three major
groups as follows: a) Coarse Materials (integrated by gravels and sands), b)
Fine Materials (integrated by clays, silts, and organic materials), and c)
Rock, including volcanic material.
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When considering the rock as a subgrade material for a pavement
structure, two approaches may be identified. First, to leave the material
ucovered and then the road would be classified as an unsurfaced road. In
the second approach, an aggregate course may be provided to procure an
adequate and smooth riding surface. The performance of these two types of
road would be different than in the case of aggregate surfaced roads with a
subgrade material not as strong as the rock. This situation seems
appropriate research for satellite studies.

In this way, two groups or 1levels of subgrade material may be
identified: coarse material and fine material. 1In order to avoid confusion
and misunderstandings regarding the classification of the subgrade material
in these two groups, a common and unique classification criteria must be
used. Adopting the criteria used by the Unified Classification System is
suggested, where +the material is considered as coarse-grained when it
contains 50 percent or less passing a No. 200 mesh sieve; fine grained
materials are those with more than 50 percent passing a NO. 200 mesh sieve.

2. Aggregate Material

In Chapter 2, six general groups of aggregate materials were identified
and presented in Table 2.17. These groups may be reduced into two major
groups: natural deposits and crushed aggregates. The first major group
would be the same as the one in Table 2.17, and the second major group would
include the rest of the materials in Table 2.17.

From the previous paragraph, two levels are identified for this factor.
If a study that accounts for specific aggregate materials, such as limestone
or basalt, is desired, it could be carried out in subsequent studies. In
order to correlate the results of these future studies with the Primary
Study, as proposed in this report, it is recommended to select a section from
this Primary Study and then to change only the type of aggregate as many
times as needed. Practical knowledge in designing this type of experiment
indicates that a npumber of sections must be developed for each of the
selected levels of traffic (Ref 2). This is done because of the large
influence of the traffic factor on the performance of the aggregate surfaced
roads. The same logic applies for any other desired study such as with
different types of sandy subgrade material. These studies seem to have
second priority when compared to the principal objective of the data base.
For this reason, they wili not be considered any further in this study.

3. Pavement Thickness

The information provided by the Forest Characterization Questionnaire
indicates that 77.5 percent of the aggregate surfaced roads may be classified
as one-layer roads. Of these roads, 29 percent have a pavement thickness
less than four inches, and 54 percent between four and eight inches.
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For the two-layer aggregate surfaced roads, 15 percent have a base
thickness less than four inches and 41 percent between four and eight inches.
Regarding the surface layer, 52 percent of the two-layer aggregate surfaced
roads have a thickness less than four inches.

From these figures, it may be estimated that the average pavement
thickness of the aggregate surfaced roads would be around eight inches. This
value may be used to define the two levels of the pavement thickness factor.

A word of caution is introduced here. If the levels of the quantitative
factors are specified in terms of "points”, it may happen that the selected
sections have the same value for certain factors. For example, it may be
possible that the majority of the selected sections have a pavement thickness
concentrated in the limiting value, say eight inches. This situation would
make the analysis difficult, or even may nullify the potential advantages of
the factorial. In facing this situation, it is recommended to specify the
levels of the quantitative factors in terms of "ranges" (Ref 67). -

Based on this recommendation, the two levels of the pavement thickness
factor are defined as: (1) 1less than six inches, and (2) more than ten
inches. Leaving a "gap" between the levels ensures that some separation
exists between the high and low levels.

4. Traffic

As mentioned in Chapter 2, 69 percent of the aggregate surfaced roads
have an Average Daily Traffic (ADT) less than 50 vehicles. Based on this
fact, two levels of ADT are adequate for the Traffic factor. Following the
idea previously expressed regarding the definition of the levels, a low
traffic level, less than 40 vehicles per day, and a high traffic level, more
than 60 vehicles per day, is suggested.

5. Precipitation

Two levels of annual mean precipitation may be established based on the
results from the Forest Characterization Questionpaire. Table 2.22 shows
that 56 percent of the National Forests have an annual mean precipitation
less than 30 inches. A low level would correspond to a value of less than 20
inches and a high level would be mare than 40 inches.

6. Topographic Conditions

Four major topographic conditions have been identified as follows: flat
to rolling, gentle rolling to hilly, mountainous, and steep mountainous.

These four groups may be reduced to three groups: (1) flat, (2) rolling
to hilly, and (3) mountainous. Then three levels may be assigned to this
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sixth factor. The criteria for classifying a particular location as flat,
ralling ta hilly, or mountainous would be the magnitude of the side slape.

Primary Study Layout. As a result of the previous analysis, the
Primary Study is defined by five factors at two levels each plus a sixth
factor at three levels, as illustrated belaow:

Factor Na. of
for satellite studies. Levels Levels
1. Subgrade Material 2 Coarse, fine
2. Aggregate Material 2 Natural,crushed
3. Pavement Thickness 2 Less than 6 in; more than 10 in.
4. Traffic (ADT) 2 Less than 40 VPD; more than 60 VPD
5. Precipitation 2 Less than 20 in/y; more than 40 in/y
6. Tapographic Condition 3 Flat, rolling, mountainous

The factorial corresponding to this set of factors would be represented
as 3 x 2 . The design of this type of factorial can be obtained by an
expansion of the corresponding 2 design, as recommended by Cochran and Cox
(Ref 64). A full factorial would lead to 96 treatment sections.

In order to make appropriate comparisons among the results from the
different sections, the same maintenance must be provided to all of the
sections. A satellite study is proposed below to consider the effects aof

maintenance.

Satellite Studies for Aggregate Surfaced Roads

Among the many factors deserving a special or satellite study, twao aof
them seem to deserve immediate consideration, namely: (1) the maintenance
provided to the pavement and (2) the freeze-thaw cycle.

Maintenance. In order to determine the effects of maintenance on the
performance of the aggregate surfaced roads, a satellite study may be
perfaormed. In this study one or more of the sections of the Primary Study
would be repeated as many times as there are maintenance levels requiring
evaluation. The maintenance provided to the road has not been considered in
the main factorial for two reasons: the great variability of the maintenance
levels that may be provided and consequently the large number of sections
that would be required. Measuring the effects of different maintenance
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levels in the satellite studies would require fewer sections for a certain
number of maintenance levels under study, than if these studies were
performed in the Primary Study.

If three maintenance levels are under consideration, one of them being
the one applied to the Primary Study sections, and if the full factorial is
reduced to a fourth, the required number of additional sections would be:
2(96/4) = 48. FPor an eighth of the full factorial, 24 sections would be

required.

In locating these test sections, two approaches may be identified;
first, to locate them in different roads within the same national forest, or
even in different forests or regions, being independent from the sections of
the Primary ©Study. The second approach would locate the satellite sections
on the same road as the primary study sections, but separated by a relatively
short distance.

The argument supporting the first approach is that the maintenance
provided is easier to control and it is not susceptible to maintenance crew
misunderstandings in the sense of which maintenance level should be provided
to each section. This factor seems to be insignificant, but was a principal
concern during the Brazil study, where a section was originally divided into
two subsections separated by a distance of 80 meters (262 ft). It was
desired to provide nil maintenance to one of the subsections and to blade the
other subsection every two weeks. Unfortunately, most of the time, the
grader operator judged that the nil-maintenance section was in a very poor
condition and decided to blade it. A poor demarcation of the different
sections may also lead to this type of error.

Two important facts should be mentioned when evaluating the second
approach: if the sections are located next to each other, the cost of
collecting information would be considerably reduced because of the sharing
in equipment and human resources, as well as the savings in time for
mobilization from section to section. The second fact is that the closer the
sections, the more reliable the callected information. The disadvantage is,
as mentioned before, the problems encountered in providing adequate
maintenance to each of the sections.

Preeze-Thaw Cycle. A second set of satellite studies would concentrate
on the study of the freeze-thaw cycle phenomenon. The following twa aspects
are relevant: (a) prediction of the pavement freeze-thaw cycle and (b)
evaluation of the traffic effects on the pavement during the thawing periods.

In predicting the freeze-thaw cycle, the following factors should be
considered: (1) Air Temperature, (2) Subgrade Material, (3) Pavement
Thickness, (4) Precipitation, and (5) Topographic Condition. Of these
factors, only the air temperature factor is not considered in the Primary
Study. The Air temperature is measured by means of the parameter "heating
degree days," previously discussed in Chapter 2. Two levels may be
identified for this factor based on the information from the Forest
Characterization Questionnaire. The 1limits for these two levels would be:
less than 6,000 and more than 8,000 heating degree days.
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The other four factors would remain with the same number of levels as
for the Primary Study, leading to a 2 x 3 factorial. If a half factorial is
considered, the required number of sections would be 24.

As mentioned in Chapter 5, the dependent wvariable would be the soil
temperature, which would indicate if the pavement is frozen or not. During
the thawing process, the pavement temperature may be the same as when the
pavement is frozen, thus a visual inspection would be required to determine
when the thawing process starts and ends. An accurate record of these starts
and ends should ©be maintained in order to properly correlate the
freeze-thawing cycles with the factors previously mentioned.

The second part of this satellite study would consider the rational
application of traffic during the thawing cycle and the measurement of the
effects on pavement performance, especially structural capacity. Deflection
measurements may be a good indicator of the pavement structural capacity.
These measurements should be performed in time intervals as short as
possible, because of the relatively short duration of the thawing cycle.
Because of the need for good control, it is suggested that traffic be applied
under the responsibility and control of the Forest Service. This means that
Forest Service Units (owned or leased) need to be run over the test sections
in an organized way. The section could be divided into, for example, three
subsections receiving different pumber of +traffic applications during the
same period of time. The traffic levels may be 50, 100, and 200 applications
per day. The experiment would end with the destruction of the section, or
when the roads become impassable, or with the end of the thawing period. The
traffic would be applied at the beginning of the thawing period in order to
have uniformity in the measurements. A part of the section would not receive
traffic applications in order to monitor the end and start of the thawing
period. In order to properly measure the effects of traffic, it is suggested
the traffic be applied at some time after the beginning of this period, e.g.,

10 days.

For locating this satellite study's test sections, the following
approaches are identified.

For the prediction of the freeze-thaw cycles, the primary study sections
may be used and the soil temperature would be included as a covariate.

The second approach considers the effects of traffic, and due to the
destructive nature of these studies, it is recommended that special sections
be developed for the freeze-thaw cycle satellite study.

Experiment Layout Alternatives

Based on the previous analysis and among the alternatives that may be
developed, three experiment alternatives are proposed in Table 6.1,

In this table, note that for alternative A, the primary -study is
proposed as a full factorial, and for alternatives B and C as a half
factorial. Before making any decision, it is necessary to understand the
reasons supporting the use of a full factorial. If a partial factorial is
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TABLE 6.1. EXPERIMENT ON THE PERFORMANCE OF AGGREGATE SURFACED ROADS ,
EXPERIMENT LAYOUT ALTERNATIVES

Study . __Alternative
A B c
Primary Study T o
Full Factorial 96 482 482
Replications _ 6 6 6

Satellite Studies

Maintenance Levels 48b 48b -
Freeze-thaw Cycle 48° 24d -
Total Number of Sections 198 126 54

@ A half factorial of 2° x 3

b A fourth of the Primary study full factorial and two
maintenance levels

© A full factorial of 2% x 3

4 A half factorial of 2% x 3
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considered, then the effects of some factors would be confounded and another
experiment or experiments would be needed in order to clearly identify the
effects of these factors on the pavement performance. The six factors
defining the primary study are considered to be the first order of
importance, and an accurate knowledge of their independent effects as well as
of their interactions is greatly needed. Sometimes, when one of the factors
included in the factorial is of secondary importance, the full factorial may
te reduced, even if the effects of these factors are confounded. This is not
the case of the experiment proposed in this report.

The last reason supporting the use of a full factorial is that if
subsequent particular studies are performed (such as the effects of different
crushed aggregates) a clear knowledge of the effects and interactions of the
factors included in the Primary study would support and validate the results
from these subsequent studies. If in the Primary study some effects are
confounded and a doubt exists regarding the effect or interactions of some of
the factors, this uncertainty would be transfered to future studies. The
value of a full factorial as a platform for future research is another
primary reason supporting the use of a full factorial in +the Data Base
experiment.

The results from any experiment are subject to variations due to the
variability in the experimental material and due to a lack of uniformity in
the physical conduct of the experiment. These variations are usually called
experimental errors, which may be reduced by the standardization of the
methods and procedures used during the collection of the information.

A very popular method used to evaluate the experimental error is the use
of replicate sections. It is obvious that the 1larger the number of
replicates, the smaller the experimental error and the more knowledge of the
quality of the experiment. Following the idea of developing an accurate
Primary Study, 6 replicate sections are included in all the alternatives
presented in Table 6.1.

Two satellite studies are proposed in Table 6.1. The first of these
studies would study the effects of different maintenance levels on the
performance of the road. This satellite study has the Primary Study full
factorial as a framework. For alternatives A and B, a fourth factorial has
teen considered. This partial factorial requires 24 sections, that are
miltiplied by two levels of maintenance to require a total of 48 sections.
It is important to remember that the maintenance 1level provided +to the
Primary Study section, is different from the maintenance level provided to

the satellite studies sections.

As stated before, problems may arise in locating the sections for a full
factorial. If it is impossible to locate a particular section, it may be
"manufactured” in order to satisfy the requirements of the full factorial.
This may not be a major problem due to the nature of the aggregate surfaced
roads where the thickness may be easily varied, or if a specific aggregate is
needed it may Dbe carried from another 1location, etc. The decision to
construct the required test sections would not represent an excessive cost,
and would produce a better experiment.



153

EXPERIMENT ON THE PERFORMANCE OF UNSURFACED ROADS

As was the case for the aggregate surfaced roads, the experiment on the
performance of unsurfaced roads would consist of a primary study plus a set
of satellite studies. In the following pages, each of these studies are
described and several layout alternatives are presented.

Primary Study for Unsurfaced Roads

The selection of the factors and levels to be included in this
experiment would be based on the factors and levels for the aggregate
surfaced roads experiment, as follows:

No. of

Factor Levels
1. Subgrade Material 2
2. Traffic (ADT) 2
3. Precipitation 2
4. Topographic Condition 3

The levels for these factors would be the same as those considered in
the experiment for aggregate surfaced roads, with the exception of the
traffic factor, which must be lower for unsurfaced roads. The recommended
limits for the two levels are: less than 20 vehicles per day, and more than
40 vehicles per day.

In this way, the primary study on the performance of unsurfaced roads
would be a 2 x 3 factorial, which calls for 24 sections.

Satellite Studies for Unsurfaced Roads

The satellite studies would involve, as in the case of the aggregate
surfaced roads, research on the effects of different maintenance levels and
the study of the freeze-thaw cycles.

The maintenance level satellite study may include two levels of
maintenance and when combined with a full factorial would require 48
sections; if a half factorial is considered, then only 24 sections 'would be
needed.
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The studies related to the freeze-thaw cycles would include the
following four factors: air temperature, subgrade material, precipitation,
and topographic condition. As before, it is a 2 x 3 factorial, which calls
for 24 sections.

Experiment Layout Alternatives

Based on the previous analysis and considering the extensive use of
unsurfaced roads within the U.S. Forest Service road network, three
experimental alternatives are proposed as shown in Table 6.2.

The dependent variables to be measured in the unsurfaced road experiment
would be the same as for aggregate surfaced roads with the exception of
aggregate loss.

COST ANALYSIS

In order to have a rough estimate of the cost of the experiment and due
to the great variety of equipment, methods, and procedures that may be used
to collect the information, several assumptions are required. The
sssumptions made for +these purposes relate to the equipment to use, the
frequency of the measurements, the wages of the technicians as well as
characteristics of the test sections, and are shown in Table 6.3.

An annual unit cost per section is calculated for both aggregate
surfaced roads and unsurfaced roads, based on the unit cost for each variable
measured, which are presented in Appendix I. Tables 6.4 and 6.6 contain the
section unit cost for each type of road, respectively. Based on this
information and on the experiment alternatives presented in Table 6.1 and
6.2, an estimated total experiment cost, including primary and satellite
studies, is presented in Tables 6.5 and 6.7, for aggregate surfaced roads and
unsurfaced roads considering an experiment duration of one, two, and three
years.

Cost of the Aggregate Surfaced Roads Experiment

The unit cost for the sections involved in the primary study as well as
in the satellite studies, is calculated in this section. Based on these
calculations, the cost for the experiment alternatives previously discussed
is presented at the end of this section.

Primary Study. As may be seen in Table 6.4, there are material
properties that would be measured only once during the development of the
experiment. These variables are identified by the superscript "b". The
remaining variables would be measured following the recommendations provided
in Table 6.4 during the experiment duration. The variables with the
superscript "b" would constitute the fixed cost of the section; the variable
cost would be composed by the measurement of the rest of the variables. In




TABLE 6.2. EXPERIMENT ON THE PERFORMANCE OF UNSURFACED ROADS,
EXPERIMENT LAYOUT ALTERNATIVES

Alternative
Study A B C
Primary Study
a a
Full Factorial 24 12 12
Replications 4 4 4
Satellite Studies
Maintenance Levels 24b 24b -
Freeze~thaw Cycle 24¢ 122 -
Total Number of Sections 76 52 16

3 ) half factorial of 2° x 3

b A half factorial of the Primary study full factorial and

two maintenance levels

€A full factorial of 23 Xx 3

155
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TABLE 6.3.

ASSUMPTIONS MADE IN DETERMINING THE COST OF THE EXPERIMENT

Variable

Equipment or
Method

Frequency

Dependent Variables

Rut depth

Roughness

Aggregate loss
Looseness of material

Independent Variables

Material properties
Visual classification
In-situ density
In-situ moisture content
Gradation analysis
Atterberg limits
Moisture content-density curves
Soaked CBR
Resilient modulus
Deflection measurement
Layer thickness measurements
Traffic (ADT)
Number of applications
and classification
Axle loads
Environmental factors
Precipitation

Rut depth gauge
Mays Meter

Rod and level
Dust pan

Nuclear gauge
Nuclear gauge
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Falling Weight D.
Test pits

Time-lapse camera
Wheel~-load weigher

Collecting vessel

Every three weeks
Every three weeks
Every four months
Every four months

Beginning of exp.
Every three weeks
Every three weeks '
Beginning of exp.
Beginning of exp.
Beginning of exp.
Beginning of exp.
Beginning of exp.
Every four months
Beginning of exp.

Every three months
for one week

Every year

Continuously

Other Assumptions

The typical section is 1,200 feet long and it is located one hour by car

from the operations center.

The technicians wage is $15.00 per hour.




TABLE 6.4. EXPERIMENT ON THE PERFORMANCE OF AGGREGATE SURFACED ROADS,

ANNUAL UNIT COST PER SECTION.

Dependent Variables
Rut depth
Roughness
Aggregate loss
Looseness of material

Independent Variables
Material properties:
Visual classification
In-situ density
In-situ moisture content
Gradation analysis
Atterberg limits
Moisture c.-density curves
Soaked CBR
Resilent modulus
Deflection measurements
Layer thickness measurements
Traffic:
ADT and classification
Axle loads
Envrironmental factors
Precipitation

Measurements Measurements Total Number Total
or samples per of Unit Cost Unit Cost
per section year Measurements ($) (%)

1 18 18 $ 173.62 $ 3,125.16

1 18 18 110.40 1,987.20

1 3 3 496.64 1,489.92

1 3 3 173.92 521.76
Total Dependent Variables: $ 7,124.04

1 1P 1 § 10.00 ¢ 10.00

2 18 36 4.96 178.56

2 18 36 4.96 178.56

42 1P 4 32.00¢ 128.00

48 1P 4 50.00° 200.00

43 12 4 100. 00 400. 00

42 1 4 600.00 2,400.00

43 1P 4 180.00°¢ 720.00

1 3. 3 129.21 387.63

1 1 1 138.32 138.32

1 4 4 486.42 1,945.68

1 1 1 3,574.50 3,574.50

1 continuous continuous 1,000.00 1,000.00

Total per Section:

Total Independent Variables: $ 11,261.25
$ 18,385.29

a
b

At the begining of the experiment and only one time along it

Considering two samples for subgrade material and two samples for aggregate material

€ Prices as December 1980 provided by Austin Research Engineers, Pavement Consultant, Austin, Texas.

Prices as December 1980 provided by Trinity Engineering Testing Corp-TETCO, Austin, Texas.

LST



158

TABLE 6.5. EXPERIMENT ON THE PERFORMANCE OF AGGREGATE SURFACED ROADS,
TOTAL COST FOR NINE EXPERIMENT LAYOUR ALTERNATIVES
Study Alternative
Duration Study A B C
One Primary $1,875,000 993,000 993,000
Year Satellites 2,013,000 1,448,000 -
Total: $3,888,000 2,441,000 993,000
One Primary $3,343,000 1,770,000 1,770,000
Year Satellites 2,704,000 2,138,000 -
Total: $6,046,715 3,908,000 1,770,000
One Primary $4,811,000 2,547,000 2,547,000
Year Satellites 3,394,000 2,829,000 -
Total: $8,205,000 5,376,000 2,547,000
Alt. A: 102 sections primary study and 96 sections satellite
sections
Alt. B: 54 sections primary study and 72 sections satellite
sections
Alt. C: 54 sections primary study and n0O satellite studies



TABLE 6.6. EXPERIMENT ON THE PERFORMANCE OF UNSURFACED ROADS, ANNUAL UNIT COST PER SECTION

Dependent Variables

Rut depth
Roughness
Looseness of material

Independent Variables
Material properties:
Visual classification
In-situ density
In-situ moisture content
Gradation analysis
Atterberg limits
Moisture €¢.-density curves
Soaked CBR
Resilent modulus
Deflection measurements
Traffic:
ADT and classification
Axle loads
Environmental factors:
Precipitation

Measurements Measurements Total Number Total

or samples per of Unit Cost Unit Cost
section year Measurements ($) ($)
1 18 18 $ 173.62 $ 3,125.16
1 18 18 110.40 1,987.20
1 3 3 173.92 521.76

Total Dependent Variables: § 5,634.12

1 1b 1 $ 10.00 $ 10.00
2 18 36 4.96 178.56
2 18 36 4,96 178.56
22 1P 2 32.00° 64.00
22 1P 2 50.00° 100. 00
22 12 2 100.00°€ 200.00
22 1 2 600. 00 1,200.00
22 1 2 180.00 360.00
1 3 3 129.21 387.63
1 4 4 486.42 1,945.68
1 1 1 3,574.50 3,574.50
1 continuous continuous 1,000.00 1,000.00

Total Independent Variables: $ 9,198.93

Total per Section:

$ 14,833.05

a
b

Considering two samples for subgrade material.

At the begining of the experiment and only one time along it.

¢ Prices as December 1980 provided by Austin Research Engineers, Pavement Consultant, Austin, Texas.

d
Prices as December 1980 provided by Trinity Engineering Testing Corp.-TETCO, Austin, Texas.

66T
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TABLE 6.7. EXPERIMENT ON THE PERFORMANCE OF UNSURFACED ROADS,
TOTAL COST FOR NINE EXPERIMENT LAYOUT ALTERNATIVES

Study _Alternative
Duration Study A B C
Primary $ 415,000 237,000 237,000
One
Year Satellites 836,000 616,000 -
Total: $ 1,251,000 853,000 237,000
Primary 776,000 444,000 444,000
Two .
Years Satellites 1,146,000 906,000 -
Total: $ 1,922,000 1,350,000 444,000
Primary 1,138,000 650,000 650,000
Three .
Years Satellites 1,455,000 1,215,000 -
Total: $ 2,593,000 1,865,000 650,000

Alt. A: 28 sections primary study and 48 sectlons satellite studies

Alt. B: 16 sections primary study and 36 sections satellite studies

Alt. C: 16 sections primary study and no
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this way and based on the information presented in Table 6.4, the unit cost
of each experimental test section may be broken down as a fixed cost of
approximately $4,000 and a variable cost of $14,500.

Satellite Studies. Since the cost of maintenance is not analyzed in
the Primary study assuming that it would have to be provided anyway by the
Forest Service, the cost of different maintenance levels is not considered
further, thus the wunit cost of the satellite study on maintenance levels
would be the same as for the primary study sections.

Regarding the freeze-thaw cycle satellite study, the only extra
congideration in determining the cost per section, is that during the thawing
period the deflections measurements would be taken two times a week during a
period of five months, representing forty additional deflection measurements.
The cost of these measurements, based on the information from Table 6.4,
would be approximately $5,000.

Since many of these sections would be destroyed during the experiment,
the duration of this satellite study would be only of one year. The fixed
and variable cost of these satellite sections would be about $4,000 and
$19,500 respectively. The cost of applying and controlling the traffic to
these sections during the thawing period has not been considered in the

analysis.

Table 6.5 presents the total cost for the experiment alternatives
proposed in Table 6.1, considering an experiment duration of one, two, and
three years.

Cost of the Unsurfaced Roads Experiment

The unit cost for the sections of the primary and satellite studies, as
well as the total cost for each of the experiment alternatives previously
proposed, are estimated in this section.

Primary Study. From Table 6.6 and using the same criteria as for
aggregate surfaced roads, the fixed and variable unit cost per section of the
primary study would be approximately $2,000 and $13,000, respectively.

Satellite Studies. The fixed and variable unit cost of the satellite
study on maintenance 1levels would be the same as for the primary study
sections. Cost of the sections of the study on freeze-thaw cycle would be a
function of the number of deflection measurements taken. If forty additional
measurements need to be taken, the new variable annual unit cost would be
about $20,500. The fixed unit cost remains the same as for the primary study
sections.

Table 6.7 presents the total cost for the unsurfaced roads alternatives
proposed in Table 6.2 and considering an experiment duration of one, two, and
three years.
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PILOT STUDY

It is recommended to conduct a pilot study in order to check the
performance and operation of each of the devices and methods proposed in
Chapter 4 and 5 for measuring the variables included in the data base.

Several test sections would be selected, and the dJdependent and
independent variables measured using the devices and methods with the highest
potential. The problems in identifying and measuring the variables should be
carefully recorded, as well as the resources involved in each of these
measurements. As a result of this part of the pilot study, the optimum
devices and measuring methodologies, including the field forms, should be
determined.

A second part of this pilot study must define the optimum measurement
periodicity for each of the variables included in the data base. The optimum
test section length must also be determined from this pilot study.

The sections for the pilot study may be concentrated in a relatively
small area, since they would be used for testing the technology for the final
experiment, rather than collecting pavement technical information. It seems
that eight to ten sections are an adequate number of sections.

After conducting the pilot study, the cost of the experiment could be
more precisely estimated.



CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS

CONC LUSIONS

As a result of this project for the U.S. Forest Service, two pertinent
points are obvious from a global standpoint. These are:

(1) The U.S. Forest Service has one of the most extensive road networks
in the world, a large part of this being aggregate surfaced and
unsurfaced roads.

(2) The available technology for the rational design and management of
low volume roads is very limited, and for +the most part,
non-existent. If this technology is improved, the Forest Service
will benefit greatly from the improved design and management of its
road surfacing investment. Therefore, it is in the best interest
of the Forest Service to take the steps necessary to develop this
technology.

Based on the analysis performed throughout this report, it may be
concluded that +the development of a data base for PDMS is not only
technically feasible, but necessary for the improvement of PDMS and the
ensuing benefits to +the Forest Service. This technical feasibility was

evaluated in Chapters 1 through 5.

The economic cost of the data base is analyzed in Chapter 6. In this
chapter, several alternatives for designing an experiment to collect the
information required for the data base are presented. These alternatives
recognize two major road classes: aggregate surfaced roads and unsurfaced
roads, and are based on the selection of one method to measure each of the
proposed variables. This selection was made from a conservative point of
view, and it is not intended to be the "final" or "ultimate" selection.

From the analysis presented in Chapter 6, it may be concluded that a
data base for PDMS is economically feasible and should be developed.

This conclusion is based on the idea that the data base information
would be used to improve PDMS's capabilities, thus leading to better pavement
mnagement strategies, including pavement design and maintenance. If this is
accomplished, a very substantial long term savings in total transportation
costs will be achieved for the Forest Service.

163
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In order to demonstrate the economic feasibility of the data base, it
would be desirable to translate the previous paragraph into terms of dollars
and cents. Unfortunately, this is difficult because of the great uncertainty
surrounding the benefits evaluation. However, the following conservative
evaluation can be considered. If it is decided to collect information on the
performance of aggregate and unsurfaced roads during a one year period, and
the smallest experiment layout is selected, the experiment cost would be
around $1,200,000. Comparing this figure to the investment in the Forest
Service Road System that is around $2,500 million, it may be realized that
the experiment cost represents only 0.04 percent of this total investment.
Considering the annual expenditures in regular maintenance, which in 1980 was
$77 million, the experiment alternative above represents 1.6 percent of this
figure. It would be ideal to have a figure representative of the potential
savings in maintenance derived from an efficient pavement management system
and in this way demonstrate the feasibility of the data base. Unfortunately,
this information is not available. However, assuming that 5 percent of the
annual maintenarce expenditures would be saved with the operation of an
-efficient PDMS, then the cost of the experiment would have a payback period
of approximately one-third of a year.

If the largest experiment layout is selected and measurements are made
over a period of three years, the experiment cost would be around $11
million, or $3.7 million annually. This figure represents only 4.8% of the
maintenance expenditures in 1980.

Many other advantages derived from the use of appropriate pavement
management systems should be considered when analyzing the economic
feasibility of a data base. Among them, consider that the system would help
in an optimization of the available resources, would indicate the best time
to regravel or grade a road, the effects of and consequence of the factors
affecting pavement performance would be understood much better, and better
management decisions could be made. It may be concluded that a data base for
PDMS is not only economically feasible, but will also produce long term
continuing benefits to the Forest Service.

STUDY RECOMMENDATIONS

To accomplish the development of the data base for PDMS, the following
recommendations are made:

(1) Conduct a pilot study to first evaluate each of the methods
proposed for collecting information. The technical and economical
aspects should be considered when evaluating each of these methods

or devices.

(2) Once a specific methodology has been selected the appropriate forms
for collecting information should be designed. At the same time,
detailed guidelines should be developed for each of the methods and
procedures that are finally adopted. These guidelines should
assure uniformity in collecting the information.
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(3) The computer requirements, manpower and software required to
process the information should be developed in the pilot phase of
this research project.

(4) 1In selecting or developing experiment layout ulternatives, it 1is
recommended +this selection be based not only on a cost criteria,
but also on the value of the information derived from each
alternative. An arbitrary decision to trying to reduce the cost of
the experiment may lead to an experiment with 1less information,
from which it would be more difficult to derive general conclusions
and service-wide applications.

(5) 1In collecting the information, several alternatives should be
analyzed. It may be collected exclusively by Forest Service
personnel, private consultants, universities, or a combination of
these groups under the coordination and supervision of a leader
group. Also, local universities might be used to collect some of
the data. Regardless of the alternatives selected, the leader
group is the key to assuring uniformity in the information
collected.

(6) In selecting between the alternative methods for accomplishing the
data base, the Forest Service must make a decision, considering
available manpower, total cost and calendar time for delivery.
Obviously, it would be better for the experience to reside in the
Forest Service, but operationally they are faced with quotas on
manpower and other constraints. Universities could probably
deliver a good end product at a lower +total cost, but there
undoubtedly would be delays because of classroom priorities and
complex procedures for the purchase and maintenance of equipment.
In addition, extensive travel is sometimes difficult for the
university personnel. Consultants are not limited in manpower and
equipment purchases and have a higher probability of delivery on
schedule, but consultants are profit motivated and consequently,
the costs may be greater.

(7) Due to the great number of people involved in this effort, the
importance, objectives, and purpose of the experiment should be

made clear in order to ensure the participation and maximum effort
of the people involved.

(8) Finally, the results of the pilot study should be carefully

evaluated and used in preparing a final detailed plan of the data
base for PDMS.

PILOT STUDY RECOMMENDATION

In conducting a pilot study, the following recommendations are made:

(1) Locate the test sections close to each other.
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(2)
(3)

(4)

(5)

(6)

(7)

(8)

Eight to ten sections would be an adequate number of sections.

Since the purpose of the pilot study is not +to collect pavement
performance information, but rather to evaluate measuring
methodology, including test section length, measurement frequency,
measuring procedures and equipment, the study duration does not
need to be very long. A duration of three to six months is
recommended.

In order to determine the optimum measurement frequency, it is
recommended that continuous measurements for each of the dependent
variables be made in some of the test sections.

Cost records for each of the measuring procedures and devices
tested should be documented.

A crew of five to six people is recommended to make the required
measurements. The same crew should analyze and evaluate the
information, as well as make the final recommendation regarding the
optimum data collection methodology.

It is recommended that this crew have at least one representative
from the Forest Service in order to insure involvement and
participation by the Forest Service in this pilot study.

It is recommended that most of the equipment to be wused in this
pilot study be 1leased. It may be possible to borrow some items
that are owned by the Forest Service.
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FOREST CHARACTERIZATION QUESTIONNAIRE

Forest

Name and Title

177

Region

Date

1. Classification of the roads in the Forest by surface type:

Asphalt
Concrete miles with % 1 lane, % 2 lanes,
Surface
Treatment miles with __ % 1 lane, % 2 lanes,
Aggregate miles with __ 7% 1 lane, _ % 2 lanes,
Unsurfaced miles with 7% 1 lane, % 2 lanes,

2. Classification of the Aggregate Surface Roads

one layer %

two layers A

___ % more than 2.

___ % more than 2.
___ % more than 2.

___ 7% more than 2,

in your Forest:

3. In your Forest does a typical subgrade material exist (i.e., basic soil

type?

Yes, and it is commonly known by the name of

and

No, there are two typical subgrade materials as follows:

No, there are three typical subgrade materials:

, and

No, I believe there are more than three.

How many?

They are:

(Continued)

Figure A.l. Forest Characterization Questionnaire
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4. In your Forest does a typical aggregate material exist?

Yes, and it is commonly known by the name of

No, there are two typical aggregate materials as follows:

and

No, there are three typical aggregate materials:

, and

No, I believe there are more than three. How many? . List them.

3 b

5. What is the most used testing method to evaluate the strength of the fol-
lowing materials in your Forest?

a. Subgrade. The method.

b. Aggregates. The method.
(Surface and Base)

6. Do you have records on the number of layers and thicknesses of as-built
aggregate surface roads?

Yes, and covers 1007, 75%, 25%, Less than 257 of
these roads.

No.

7. Classify the one-layer aggregate surface roads according to the thickness
of the surface layer:

Thickness (Inches) Enter Percentage

0 -4

4 - 8

8 - 12
12 - 16
Total 100%

Figure A.l. Forest Characterization Questionnaire, Cont.
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8. Classify the two-layer aggregate surface roads according to the thickness-
es of:

a. Base Layer b. Surface Layer

Thickness, in. Enter Percentage Thickness, in. Enter Percentage

0-4 0-4
4 - 8 4 - 8
8 - 12 8 - 12
12 - 16 12 - 16
+ 16 - + 16
Total 100% Total 100%

9. Has some system been implemented in your forest to measure traffic (number

of applications), or are you going to implement some type of system during
this year?

Yes, and the system(s) is (are)

which cover(s) 100%, 715%, 50%, 25%, Less
than 25%Z of the aggregate surface roads.
No.

10. What are the different levels of Average daily Traffic (ADT) for the
for the Aggregate Surface Roads in your Forest?

From O to 50 VPD* for 7% of these roads.
From 50 to 100 VPD for 7% of these roads.
From 100 to 200 VPD for _ % of these roads.
From 200 to 400 VPD for 7% of these roads.
More than 400 VPD for % of these roads.

Total 100 %

*VPD: Vehicles per day in both directiomns.

Figure A.l. Forest Characterization Questionnaire, Cont.
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11. Classification of the traffic in your forest by gross vehicle weight

(GVW).
Passenger cars and pick-ups %
Trucks from 10,000 to 30,000 1b %
Trucks from 30,000 to 100,000 1b _ %
Trucks from 100,000 to 200,000 1b %
Total 100 7

12. Do you think that the topographic conditions of your Forest are all the
same?

Yes, they are uniform throughout the Forest and could be described

as:

_____No, I think we can identyfy _ different topographic conditions in
our Forest as follows:
in % of the Forest area.
in 7% of the Forest area.
in 7% of the Forest area.

(If you need more space, please use the back of this sheet.)

13. Do you think that the environmental conditions of your Forest are all
the same?

Yes, they are uniform throughout the Forest and could be described

as:?: .

No, I think we can identify different envirommental conditions
in our Forest as follows: (You may answer in terms of annual pre-
cipitation and/or temperature.)

in % of the Forest.
in % of the Forest.
in % of the Forest.
Suggestions: .

Figure A.l. Forest Characterization Questionnaire, Cont.
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TABLE A.1. NATIONAL FORESTS CONSIDERED IN THE SURVEY AND THEIR REPLY INCLUD-
*ING VALUES OF MEAN ANNUAL PRECIPITATION AND HEATING DEGREE DAYS.

National Forest Mean Annual Heating

Com- Precipita- Degree

Reg. State  No. Name pleted tion, in. Days

1 Idaho 1. Clearwater yes 27 7,000

2. Idaho Panhandle NFS. vyes 27 7,000

3. Nezperce yes 25 8,000

Montana 4. Beaverhead yes 14 10, 000

5. Bitterroot yes 19 : 7,500

6. Custer yes 14 9,500

7. Deerlodge yes 19 8,000

8. Flathead yes 19 8,500

9. Gallatin yes 14 10,000

10. Helena yes 14 8,000

11. Kootenai yes 19 8,500

12. Lewis & Clark yes 14 8,000

13. Lolo yes 19 8,000

2 Colorado 14. Arapaho & Roosevelt vyes 16 9,500
15. Grand Mesa, Uncompah-

gre and Gunnison yes 17 9,000

16. Pike & San Isabel no 14 10,000

17. Rio Grande yes 15 10,000

18. Routt yes 17 9,000

-19. San Juan yes 17 8,500

' 20. White River yes 16 8,500

Nebraska 21. Nebraska ves 19 7,000

South Dak 22, Black Hills yes 20 7,500

Wyoming  23. Bighorn yes 12 8,000

24 . Medicine Bow yes 13 8,000

25. Shoshone yes 11 10,500

3 Arizona  26. Apache-Sitgreaves yes 14 5,500

27. Coconino yes 14 6, 000

28. Coronado yes 13 2,500

29. Kaibab yes 14 5,500

30. Prescott yes 14 4,500

31. Tonto no 18 5,500

New Mexi- 32. Carson yes 15 8,500

co 33. Cibola no 13 5,500

34. Gila yes 13 6,000

35. Lincoln yes 10 4,500

36. Santa Fe yes 16 4,500

4  Idaho 37. Boise yes 27 8,500

38. Caribou no 15 8,000

39. Challis no 27 8,500

40, Payette yes 27 8,500

41, Salmon yes 9 7,500

42. Sawtooth yes 27 7,000

43, Targhee yes 12 8,500

Nevada 44, Humboldt no 8 6,500

45. Toiyabe no 8 6,500

(continued)



TABLE A.1. NATIONAL FORESTS CONSIDERED IN THE SURVEY AND THEIR REPLY INCLUD-
ING VALUES OF MEAN ANNUAL PRECIPITATION AND HEATING DEGREE DAYS.

Mean Annual Heating

National Forest Com~ Precipita- Degree

Reg. State  No. Name pleted tion, in. Days
4  Utah 46. Ashley ves 19 7,500
47. Dixie no 12 5,500

48. Fishlake no 10 5,500

49, Manti-Lasal yes 10 5,500

50. Uinta yes 16 8,000

51. Wasatch yes 19 9,000

Wyoming 52. Bridger-Teton yes 20 10,500
5 Califor- 53. Angeles no 18 3,000
nia 54. Cleveland yes 17 3,000
55. El1 Dorado yes 20 8,000

56. Inyo yes 9 6,000

57. Klamath yes 41 5,500

58. Lassen yes 35 6,000

59. Los Padres yes 21 2,500

60. Mendocino yes 41 - 4,500

61. Modoc yes 40 6,500

62. Plumas yes 40 7,000

63. San Bernardino yes 18 3,500

64. Sequoia yes 9 6,500

65. Shasta-Trinity yes 41 4,000

66. Sierra yes 10 8,000

67. Six Rivers yes 41 4,500

68. St. Anislaus yes 9 8,000

69. Tahoe ves 20 7,000

6 Oregon 70. Deschutes yes 33 7,500
71. Fremont yes 20 7,500

72. Malheur no 19 7,000

73. Mt. Hood yes 52 6, 000

74. Ochoco yes 13 7,000

75. Rogue River yes 30 6,500

76. Siskiyou yes 75 5,000

77. Siuslaw yes 75 5,000

78. Umatilla yes 19 6,500

79. Umpqua yes 30 5,500

80. Wallowa-Whitman yes 19 6,500

8l. Willamette yes 52 6,000

82. Winema yes 30 6,000

Washing- 83. Colville yes 20 7,000
ton 84. Gifford-Pinchot yes 63 8,500
85. Mt. Baker-Snoqualmie vyes 90 8,000

86. Okanogan yes 34 8,000

87. Olympic yes 102 7,000

88. Wenatchee yes 34 7,500

(Continued)
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TABLE A.l1. NATIONAL FORESTS CONSIDERED IN THE SURVEY AND THEIR REPLY INCLUD-
ING VALUES OF MEAN ANNUAL PRECIPITATION AND HEATING DEGREE DAYS.

Mean Annual Heating

National Forest Com- Precipita- Degree
Reg. State  No. Name pleted tion, in. Days
8 Alabama 89. William B. Bankhead yes 52 3,500
90. Conecuh ’ yes 56 1,500
91. Talladega yes 52 2,500
92. Tuskegee no 53 2,000
Arkansas 93. Quachita yes 50 2,500
94. Ozark yves 45 3,500
95. St. Francis yes 49 3,000
Florida 96. Apalachicola ves 50 3,000
97. Ocala yes 50 3,000
98. Osceola yes 50 3,000
Georgia 99. Chattahoochee no 51 3,500
100. Oconee no 47 2,500
Kentucky 101. Daniel Boone yes 45 4,000
Louisi- 102. Kisatchie no 56 2,000
ana
Missis~ 103. Bienville yes 51 2,000
sippi 104. Delta yes 50 2,500
105. Desota yes 59 1,500
106. Holly Springs yes 52 3,000
107. Homochitto ves 55 1,500
108. Tombigbee yes 52 2,500
North 109. Croatan yes 49 2,000
Caro- 110. Nanjahala yes 54 4,000
lina 111. Pisgah yes 52 4,000
112. Uwharrie yes 46 3,000
Puerto 113. Caribbean no
Rico
South 114. Francis Marion no 45 2,000
Caro- 115. Sumter no 45 2,500
Tennes- 116. Cherokee yes 48 4,000
see
Texas 117. Angelina no 45 2,500
118. Davy Crockett no 45 2,500
119. Sabine no 45 2,500
120. Sam Houston no 45 2,000
Virginia 121. George Washington yes 41 4,500
122. Jefferson yes 43 4,500
9 1Illinois 123. Shawnee yes 43 4,000
Indiana 124. Wayne-Hoosier yes 40 5,000
& Ohio
Michigan 125. Hiawatha yes 29 8,500
126. Huron-Manistee yes 29 7,500
127. Ottawa yes 32 9,500

(Continued)
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TABLE A.1. NATIONAL FORESTS CONSIDERED IN THE SURVEY AND THEIR REPLY INCLUD-
ING VALUES OF MEAN ANNUAL PRECIPITATION AND HEATING DEGREE DAYS.

National Forest Mean Annual Heating

Com- Precipita- Degree
Reg. State No. Name pleted tion, in. Days
9
(Cont.) Minne- 128. Chippewa yes 26 9,500
sota 129. Superior no 27 9,500
Missouri  130. Mark Twain no 42 4,000
New Hamp- 131. White Mountain yes 42 8,000
shire &

Maine
Pennsyl- 132. Allegheny yes 40 6,500

vania
Vermont 133. Green Mountain yes 40 8,000
West Vir- 134. Monongahela yes 45 5,000

ginia
Wisconsin 135. Chequamegon yes 31 9,500
136. Nicolet yes 29 8,500
10. Alaska 137. Chugach yes 18 9,000
138. Tongass-Stikine yes 92 9,000

area
139. Tongass-Chatham yes 92 9,000
area

140. Tongass-Ketchikan yes 92 9,000

area
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TABLE A.2. FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 3 TYPICAL
SUBGRADE MATERIALS. ANSWERS SUMMARY LIST.
Code Subgrade Material Including
1 Gravels General gravels, granular material, gravelly

10

11

12

13
14

16

17

Sandy Gravel
Clayey Gravel

Silty Gravel
Alluvium

Sand General

Gravelly Sand

Clayey Sand

Silty Sand

Clay General

Clay Low Compressibility

Clay High Compressibility

Clay Shale
Silt General

Silt Low Compressibility

Silt High Compressibility

Organic Silts

stoney materials, glacial gravels,
glacial moraine, glacial till, chert,
gravels:GP/GM/GC, glacial outwash.

clay and gravel, clayey gravel or
clayey sandy gravel, GC

silty gravel, silty sand gravel, GM
alluvium, fluvial deposits

sand, sandy soils, glacial sand, gran-
itic sand

sand and gravel, sand or gravelly,
sand well graded, SW, SP, SU

clayey sand or clayey gravelly sand,
coarse sand, graywacke, SC

silty sand, silts and sands, sand
shale, silty sand or silty gravelly
sand, residual soil, SM, sandy silt

clayey soils, clay, glacial clays,
A-6, A-7

CL, inorganic clay mixtures, lean
clays, sandy clays, gravelly clays,
low plasticity clay, silty clays

clay high plasticity, fat clays, ex-
pansible clays, CH

silty soils, silts, glacial silts,
A-4, A-5, palouse silts

silts, sandy silts, gravelly silts or
diatomaceous soils, lake bed sedi-
ments, lacustrine silts, phylitic,
loess, ML

silts high plasticity, micaceous clay
or diatomaceous soils, serpentinite,
inorganic silts, MH, plastic silts,
clayey silts

organic silts or lean organic clays,
oL

(Continued)
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TABLE A.2. FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 3 TYPICAL
SUBGRADE MATERIALS. ANSWERS SUMMARY LIST. (Continued)

Code Subgrade Material Including
18 Loams General loams, Gila conglomerate material
19 Sandy Loams sandy loams, loamy sand, sandy clay
loams
20 Clay Loams clay loams
21 Silt Loams silty clay loams, silt loam
22 Volcanic Materials cinder, ash
23 Organic Materials wet meadows, muskeg, organic materials
24 Weathered Rock stone fragments, weathered rock, bro-

ken rock, partially decomposed rock

25 Rock argillaceous dolomites, granite,decom-
posed granite, granite gruss, shale,
limestone, quartzite soil, quartz
feldspar, gneiss, micaschist soil,
basaltic soil, sandstone, andesite
soils material, rholite soil material,
datil soil material, sedimentaries,
metamorphic, bedrock, scoria, argil-
lite, schist, yeso formations, igneous
(intrusive & extrusive), volcanic de-
posits, pumice, hard pan, quarry rum
shot rock

26 Information Not Available or
Sufficient
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FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 4 TYPICAL

ANSWERS SUMMARY LIST.

Including

TABLE A.3.
AGGREGATE MATERIALS.
Code Aggregate Material

1 Natural Deposits

2 Volcanic Materials

3 Weathered Rock

4  Volcanic Rocks General

5 Pegmatite

6 Diorite

7  Andesite

8 Granite

9 Basalt

10 Gabbro

11 Diabase
12 Scoria
13 Rhyolite
14 Metamorphic Rock General
15 Quartzite
16 Schist

17 Phyllite
18 Gneiss
19 Serpentine
20 Marble
21 Sedimentary Rock General
22 Limestone

23 Sandstone
24 Caliche
25 Metasiltstone
26  Mudstone

river gravel, river run, stream deposits,
outwash gravels, clay gravel, glacial depo-
sits, glacial till, boulder conglomerate
(consolidated gravel), terrace gravels, na-
tural gravels, chert (GP), natural bank mat-
eral

igneous, cinders

tuff, metavolcanes, volcanic outcrops

(Continued)
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TABLE A.3. FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 4 TYPICAL
AGGREGATE MATERIALS. ANSWERS SUMMARY LIST.

Code Aggregate Material Including

27 Shale r—

28 Graywacke _—

29  Argillite -

30 Crushed Stone not Spe- _
cified

31 Information Not Avail- —_
able or Sufficient
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TABLE A.4. FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 5.a MOST

USED SUBGRADE MATERIAL TESTING METHOD. ANSWERS SUMMARY LIST.

Code Method
1. Resistance R-Value and Expansion Pressure of Comp. Soil
CBR (AASHTO T-193)
3. Density Measurements
Proctor (AASHTO T-99/5.5 1lb Rammer & 12" Drop)
Modified Proctor (AASHTO T-180/10 1b Rammer & 18" Drop)
In Place Test Using Sand Cone Method (AASHTO - 191)
In Place Test Using Rubber-Balloon Method (AASHTO  205)
In Place Using Nuclear Methods (AASHTO T-238)
4. Moisture Measurements
Using Calcium Carbide Gas Pressure (AASHTO T-217)
In Place Test Using Nuclear Methods (AASHTO T-239)
5. Hveem Stabilometer
6. Sieve Analysis
7. Field Evaluation
8. Soil Support Using PI and Material Passing No. 200 Sieve
9. None
10. AASHTO Methods General
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TABLE A.5. FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 5.b MOST

Code

USED AGGREGATE MATERIAL TESTING METHOD. ANSWERS SUMMARY LIST.

Method

10.
ll.
12.

13.
14.

Los Angeles Abrasion (LAA/AASHTO T-96)
Durability or Degradation (Production of Flastic Fines in Aggregates

Plastic Fines in Graded Aggregates and Soils by Use of Sand Equiva-
lent Test

R-Value
CBR. (AASHTO T-193).

Density Tests
Modified Proctor (AASHTO T-180)
Proctor Test (AASHTO T-99)
Using Nuclear Methods
Washington Densitometer

Specific Gravity and Absorption of Coarse Aggregates

Atterberg Limits Tests
Determination of Liquid Limit (AASHTO T-89)
Determination of Plastic Limit (AASHTO T-90)

“Gradation Tests

Amount of Material Finer than 0.075 mm. (No. 200) sieve
Sieve Analysis of fine and coarse aggregate (AASHTO T-27)

Hveem Stabilometer
Sodium Sulfate Soundness

Miscellaneous Methods
% Wear
Ethylone Glycol
Humphreys

None

AASHTO Methods General
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TABLE A.6. FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 9 TRAFFIC
MEASURING SYSTEMS ANSWERS SUMMARY LIST.

Code Systen

None

. Traffic Counters in General

Inductive Loops

Electronic Counters

Manual Counters

Pneumatic Counters

Random Sampling

1
2
3
4
5. Magnetic Counters
6
7
8
9

. Relation with Volume of Timber
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TABLE A,7. FOREST CHARACTERIZATION QUESTIONNAIRE.
GRAPHIC CONDITIONS. ANSWERS SUMMARY LIS

QUESTION NO. 12, TOPO-
T,

Side Slope
Code Topographic Condition %
1 Flat to Rolling 0-15
2 Gently Rolling to Hilly 15 - 30
3 Mountainous 30 - 50
4 Steep Mountainous +50
5

Information Not Available
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TABLE A.8. FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 13 ENVIRON-
MENTAL FACTORS. ANNUAL MEAN PRECIPITATION GROUPS.

Annual Mean
Precipitation
Group (Inches)
1 0- 5
2 6 - 10
3 11 - 15
4 16 - 20
5 21 - 25
6 26 - 30
7 31 - 40
8 41 - 50
9 51 - 60
10 61 - 70
11 71 - 80
12 81 - 90
13 91 - 100
14 101 - 110
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TABLE A.9. FOREST CHARACTERIZATION QUESTIONNAIRE. QUESTION NO. 13 ENVIRON-
MENTAL FACTORS. HEATING DEGREE DAYS GROUPS.

Heating
Group Degree-Days

1 0 - 1000

2 1001 -~ 2000

3 2001 - 3000

4 3001 - 4000

5 4001 - 5000

6 5001 - 6000

7 6001 ~ 7000

8 7001 - 8000

9 8001 - 9000
10 9001 - 10,000
11 10,001 - 11,000
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TABLE A.10. RELATION BETWEEN THE SUMMARY TABLES AND THE QUESTIONS OF THE
FOREST CHARACTERIZATION QUESTIONNAIRE,

Summary From
Table Question
Number Number

1 1
2 1
3 2
4 7
5 8
6 6
7 10
8 11
9 9
10

11 4
12
13 12

=
B~

13
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1, CLASSIPICATION OF THE ROADS BY TYPE nF SURFACE
NATTONAL COVERING 113 FORESTS,

'l.'.'"."""".""l".l'l"lll"l..lll'l"l'.lll""...'.'...'tl'l.l.l.'...'...'l.l"'l'l""lll.."l..l"."l'.'.'l""'.".lll"'
FOREST TVPE or SURFACE *
[T LTSI IRl ad ad IR 11 I I I Al Y Y Py R alll T T AR RT3 eYy) (2222212821222 7) LTIl
* NOew NAME * ASPHALT *@/0 IN% SURFACE T.00/0 tN o AGGREGATE #2/0 IN % UNSURFA #0/0 IN #TOTAL MILES «2/0 IN ¢

* » * (MILES) *NATION® (MILER) * NATYON » (MILES) # NATION % (MILES) « NATION * NATION

l'.'l""'......'.'.l'lll."'.ltl.."..l.'l""'l.lﬁ""..."l'l.'.'l'."'l'.""'l'l.'.l"'l.l"""ll'l..'l..."'.'."'."llll"l"'.
* 1w CLEARWATER " 79,0 » . 2,0 » v 1009,0 # *  2030,0 - 3900, « 1,6 ¥
* 2 » IPNF,ST_MARIES ZONE 0,0 » N 2,0 » N 2%0,0 *  4000,0 » N a2%8,0 « 1,7
" 3 » NEIPERCE » g,o » » 93,0 » » Ted,8 » 00,08 » » 1698,0 » o7 *
* 4 » BEAVERHEAD * 1h,6 » * a,0 » * 68,1 » * 1315,7 » * 1401,7 » 8 *
» S « pITTERROOT " 59,7 » 9,0 » " ‘27,48 » " 1935,4 » - 2022,5 «» o8 »
L 6 » CUSTER » 8,0 » * 23,0 » * $87,0 * 1837,0 » » 20a7,0 + 1,0 *
* 7 » DEERL0OGE * 22,8 * 0,0 » » 180,6 » » 1308,2 » * 150%,3 » s L
» 8 » PLATHEAD » 33,0 » 2,0 » » ay3,0 » 21%4,0 » " 2620,0 + 1,1 *
* 9 » GALLATIN 13 1,5 « * 6,0 » * 48,0 » * 670,2 » * 725,5 » »3 *
* 10 » WELENa * 9,8 * 3,0 » * 65,0 « - 1006,2 » » 1074,0 o L
* 11 + KOOTENAY . a0 » 320,90 » » 2000, » *  2800,0 » . sjas,@8 « 2,1 v
* 12 » LENIO ¢ CLARK » 0,8 » . 10,6 « » 337,7 » » 362,88 » . 811,1 » .3 .
*+ 13 +« LOLO * 3g,0 « * 30,0 ¢ * 1900,0 » * 2362,0 «» * 322,08 » 1,7 "
* 13 & ARAPAKHO o ROOSEVELY 10,3 «» . 1,0 » . 19,5 « *  1303,3 » . 134,14 » 6 *
* 1S » GRANO MESA,UNCOMSGUN 60,9 » » 0,0 » » 390,84 « » 3336,0 » - 3795,3 » 1,S *
* 17 «» RID GRANDE N 18,0 . 8,2 » N 118,08 « " 2200,0 » N 232a,0 ¢ 9 *
* 18 » ROUTY * 8,8 » » 0,0 » » 32,0 » " 1137,2 » " 1861,08 » b »
* 19 « BAN JUAN * 31,0« - 0,0 » * 662,00 » L 2118,2 » » 2811,2 » 1,1 L
* 20 » WHITE RpvVER " 26,0 » . 0,0 » . 136,80 v 1611,0 w " 1773,8 » 7 ¢
* 21 » NEBRASKA » 2,0 » » 78,9 ¢ » 420,0 » » ST7,1 » » 1076,0 » o8 »
* 22 » BLACK NILLS . 43,2 » * 0,0 » » 677,85 » v 2886,4 » . 3169,1 » 1,3 ¢
* 23 » BIGHORN » 18,8 « » 2,0 ¢ » 133,80 # " 2.0 » » 238,20 » ol *
* 28 » MEOICINE BDW * 8 13 16,0 » * 788,00 * 1708,0 « * 26s0,6 » 1,0 b
* 2% » BNOGHONE 13 19,0 » » 2,0 » » 109,0 » 1220,0 » » 1387,8 » .5 -
* 26 » APACHE SITGREAVESR » 67,9 » » 2,0 » - 887,80 » L] vi0,@ » » 1634,0 » 7 "
* 27 « COCONINOD » |no,¢ " » 2,80 » " d61,0 » . 1714,0 » " 2324,0 « 9 L]
* 28 » CORONADO - 89,1 w 13 3.4 ¢ * 5,8 - 1324,9 » * 1422,8 » 6 *
* 20 » KAIBAB * 4,0 » » $,0 - apg,8 * 2555,0 * 29% 4,8 » 1,2 "
* 30 s PRESCOTT . 2,0 » 11,0 » » 2,2 » » 1273,2 » » 1200,0 » N ] »
* 32 » CARBON » 10,0 » » 2,0 » " 1480,0 « " 938,08 » » 1087,0 » o8 »
* 34 + GILA . 1,0 * . 2,6 ¢ " 2%e,0 » v  5060,0 - $313,7 « 2,1 ¢
* 35 ¢ LINCOLN » 20,0 » » 50,0 » " 16%,0 . 1457,0 » » 1696,2 «» o? L]
* 36 » BANTA rg . 2,0 N 0,0 " 200,80 » *  2600,R ¢ N 2600,0 » 1,0 *
* 37 » 80182 * L » 30,0 « . 90,0 " aveo,2 « » 5020,4 » 2,0 "
* 4@ » PAYETTE N a9, @ N 2.0 « " 376,00 « . 10423,0 * . 1866,0 » 6 ¥
* 81 = SALMON * 17,0« » 2,0 » " 73,0 . 1629,0 » » 1719,0 » .7 "
* 42 » BANTOOTH * ay1,7 o« * 6.0 » * 20,7 » * 1983,7 & * 2082, 1 s *
* 43 » TARGHEE * aera o . 9.9 » v 6aa.2 . 1209,5 * . 190801 « .8 w
* 46 » ASMLEY 13 15¢,8 » » 4,0 » » 32,8 - 1656,0 » " 18a6,0 » 1 *
* 87 o MANTIeLASAL » 1g'u . » 12,0 » " 75,8 . 1283,0 * 18408, » :c L]
* 50 & UINTA " 21,8 . $2,3 » » 62,9 * 1861,3 * " 1178,3 o s
* 51 » WASATCM » 67,0 » " 2,0 » " 99,0 » - 715,08 » - 881,80 » .n *
* §2 » BRIOGERTETON » zs,u » » 0,0 » » 703,28 «» " " » 153;'3 . .‘ "
« 58 e« CLEVELAND . 1301 o . 2708 o . 0.0 » . . . o6 » 2 #
*+ SS » EL OORADO * 84,0 » * 238,00 » * 330,08 » * * * zuv'u * 'o *
* S¢ » INYO 13 127,8 » 13 2,8 « * 2,8 » * * " 125.'7 Y :g *
* 87 o KLAMATH * 13,8 » 49,0 » * 2600,8 » * " " nna'a r 1,7 *
v 88+ LASBEN . 2sie » . 0.0 » v 1115,8 » . . . 3550,0 & 1.8«
* SS9 + LOS PADRES » 37'5 » » 85,0 » » "2 » * » » ggg.u " .; "
* 60 » MENDOCIND » 1678 * 83,2 » . 35,0« N . . 230302 « tlp w
* 61 » NODOC . 2050 » * 400,0 » e 1200, N N . a020.0 ¢ 1.6 *
* 62 » PLUMAS » as,0 « * Q7,08 » " 220,08 " » * 1512:! » l:ll L

66T



* 53 + SAN BERANARDINO . 20,0 » . . . .
* 68 « BEOUOIA * e:o * - * . ::: - : :::::: : : ::::': : ': :
% 65 o SHABTARTRINITY ” 160,90 ¢ . ” . 780,0 *  3260.0 « . 6065, + 2.0 *
* 66 » BIERRa * 150,8 ¢ * * * 40,0 o * 1400,0 w . 1950.0 * .0 *
* 67 ¢ BIX RIVERS . 230,08 « . * »* 625,90 » * 525,¢ « . 2"5.0 ” '0 .
* 68 « BTANIBLAUS »* 99,0 - - . 120,80 «» - 2000,0 w »* 2210.0 »* '9 »*
* 69 « YAHDE - 47,0 L] - * 192,28 « * 187,72 » * 2221.0 * .9 .
* 70 + OEGCHUTES . 160,08 * - - »* 2500,0 ” 7102,9 « . ouu'w ” 3'9 -
* 7{ « FREMONT . 22j0 o . . v 11078 e 7200.0 » . su1e.a « 3.0 o+
* 73 e« MY HOOD * 714,090 * . - 1737,0 « * 162,80 » * 351!.0 * l'l *
* 74 « OCHOCO - 64,7 - . . 1017,9 « ” 1160,9 « . nu'z - '9 *
* 7S « ROGUE RIVER . aale * . N . 13688 +  1007.0 + . 2506.0 +« 1.8+
* 76 % B16KIYOU * 83,85 . . . 1544,3 * 756'2 * * znu"s * l'o .
* 77 e BIUBLANW * 252,1 * * v 1963,5 o ¥ 219,6 » ¥ 2035,2 « 1]8 ¥
* 78 » UMATILLA . 21,0 * . . . 2110,8 « . 1060,0 « . 1229’0 . l.! *
« 79 o gMROUL « 16770 w . . . 200200 & +  732,0 ¢ . 009178 « 1,7 »
* 89 o WALLOWASWHITMAN « )3 s . . o 1261, e v S183.6 v 055a,8 « 2,6 ¢
« 81 + WILLANETTE 36000 . . . 5600,0 v 800,09 e . eTiBLe ¢ 2.7 o+
* 82 e« WINEWa * 28,0 Y . * 606,80 & * 775,20 * * llO0.0 * .6 -
v 83 « cOLVILLE . 8,0 N . . 12000 » v 2000.9 « . a018,8 + 1,8 +
* B4 « GIFFORQ PINCHOT * 397,80 ¢ * * . 26008,¢8 * 1500,0 « * GSOU'O * l'a .
* 85 o HY,BAKER.BNODUALMIE o 08,0 * . . « 2079,0 o v 8a3.0 « . 3087,8 « 1.0
*+ 86 + OKINOGAN . 192,0 » . . « Taes . v 8220 ¢ 10a8;S « ,a o
* 87 o OLYMPIC . 60,1 # * Y . 1612,7 « . 783,2 ¢ . zlbb.l . l.O *
v B8 + WENATCNEE N a0 o . . . 1339,0 « 1670.0 & . 316608 ¢ 1.3 *
* 80 o BANKHEAOSTALLADEGA - 5 * . . * 316,1 * . 1"72:6 - * lll"l - .7 .
+ 98 ¢ CONECUN . 0.0 . . . 30,0 o v 208,90 ¢ . 32007 & a4 *
. o OQUACHITA . 0,0 » . . . 1686,8 * :ms'e * * uso'o . !"‘I *
- * OIARK ¢ 6T, FRANCIS * 1'0 * . * . 900,0 » - “BO:O . * 1027.0 . .! *
: * APALACHTICOLA . 5,7 ¢ . 9,0 ¢ . 632,2 v  2031,6 ¢ * !MO'S * l'll *
« 0CALA . 23,6 . 0,0 « " 383,4 = v 1701,1 ¢ . 210801 ¢ .9 *
+ 08 o OSCEOLA . 38 . . 2,0 . 22100 w ¢ 32904 e . $5a,2 L2 o
: « DANTEL MOONE . eole . 0.0 « «  Ss50.8 v 1708,8 « . 23000 + .9 =
. ::: : g:t:XILL[ Y :,: * . 8,6 ¢ * 249,1 * 102,08 « * Alb:s * :2 *
* ’ * * 2,0 ¢ * 31,4 » *
sl eoesoro . o8 . 1804 « v 22,8 » M H . briz .
- . . . 3 . » -

;187 + woNSCMITTO . 0,8 . ‘6 o D+ H 4 T . L

. e . 2,0 v 3.2 v . 02,4 N . N
* 1909 « CROATAN - 0,0 - . o;l . - 23:! * . :2:.: : : :::': : ! :
: 111 o PIBGAN ¢ NANTAMALA - 22,3 ¢ . 9,0 ¢ » 48,4 » . 1751:7 »* . nu'n »* ': .
* 112 ¢ UaRege . '3 . . o'e . . 60,6 ¢ v 260.9 « . 33107 « .1
’ 116 « CHERDKEE - 20,0 » . 32,0 « - aga,0 « - 600,0 o - 1052.0 - ’A *
* 121 ¢ GEORGE WiBMINGTON . 2306 . . 170.9 « . 274.8 » . TRela . v 1268.6 o % w
N :5::5::“ . ‘=': . . 100 . « 230,80 +  693.0 # . 9S1.8 o .a *

L ]

” :;: . uAv:!;Nool!!R L] 17:0 * * ::U : : '3::: : : s::.: : : ;::.: : .: :

. * HIAWATHA . 33,0 . 2.8 o . : :
* 126 * HURONGHANISYEE - n:o . - 0.0 « . H::: . . ::T:': . . :u:': .o
: 127 « QTTANs * 26,0 ¢ * L 9 Y * $95,8 * us'a * * 159!' . - .
128 « CHIPPEWA . 010 . 2502 o +  300.0 + om0 e e oo
* 131 ¢ WHITE MOUNTAIN - !5 * . 40,0 W l":' . . 100.0 . : n:.a - .3 »*
* 132 « ALLEGHENY . 2009 . 1501 ¢ « 80,4 « v SPS.0 e P
* 133 » GREEN WOUNTAIN . 0o . a0 . . 166,80 # . 95,0 « . bre + 4l
* 138 » MONONGAWELA . T . THE «  305.2 » . S17le e . wele oo
" ‘;: . EieoLgareo . 9,5 « ¥ 99,8 « * 870,8 * 936,46 * * 1910, . ': .

. :" : NIcoLEY * 163,0 + . 28,0 « . 482,08 » * UaT.P e N 1163°0 .
CHUBACH . 2,8 « . 8’0 . . 20,0 « . 85.5 o LA
* 138 « TONGAGS<STIKINE AREA ¢ 8,0 . 00« . 20,0 . 3sa.n . 1000 0 w20
* 139 o TONGABS=CHATHAN 4REs ¢ 2.0 N 00 « v 835.0 = . ol . e Lo
* 108 ¢ TONGABS=KETEHIKAN & & 2.9 w * a2 « . 1700 » . iseen s . 1:::’: Voo
.....................n-ttttt-t.-tt..-.t-t-----....t-n-.-n.t.tnt.t.tl-tt-tnt-..tt-ttl.ttlttllt'tltt:.tt.n..-tt-t-t-tt-ttt;t-n:tt'::nt"

* TOTAL IN NaTiON . 5863.5 + 2,4 (1] .
. 22.3 ¢ 204w 87640,8 +
tttttttttt.t.ttttttttttt.tttt..ttttt.tttttt.ltttltl.ttlt..:ttt|...ttl..t..:t.l.::nnllf:::.n:t::!:f:.s.. ‘7.5 . 2“””" . M
- (22 2324

00¢



DISTRIBUTION OF THE ROADS USING LANEeMILES
NATIONAL NF CONSIDERED 113

NATIONAL PORESY TYPE or S URP ACTE (LoMILES)
NO, N A » ASPHALT SUR TREATM AGGREGATES UNSURFC
P22 21222 22 TR AT 224 4 L 2 22 AR PR YT T I LT 2 P L R A kL L )
1 CLEARWATER

2 IPNP,STEMARIES 20NE
3 NEIPERCE

4 AEAVERHEAD

S BITYERROOTY

6 cusTER

7 DEERLODGE
[

9

[

1

2

3

FLATHEAD

GALLATIN

HELENA

KOOTENAY

LEWIS & CLARK

LoLo

18 ARAPAHD « ROOSEVELY
18 GRAND MESA,UNCOMSGUN
17  RIO GRANDE

18 Roury

19 8AN JUAN

20 WHITE RIVER

21 NESRASKA

22  BLACK WILLS

23 8IGHORN

28 MEDICINE 8OV

2% SHOSHDNE

26 APACHE SITGREAVES
27  COCONIND :
28 CORONADN

29 KAl8AS

38 prESCOTT

32 CARSON

38 GILA

38 LINCOLN

36 BANTA FE

37 eolet

a0 mavETTE 2a73,08
a3 SALNON

a2 SAMTOQTH
a3 TARGHEE

as ABH EY
89 MANTIaLASAL
(1] UINTSA

L §] WABATCM

52 BRIOGERSTETON
(1] CLEVELAND

ss EL DORADO

S INYO
L} KLAMATH
58 LaSeEN

s LO8 PADRES
68  MENOOCINO

s1  mobnC

62 PLUHAS

63 BAN SERNARDINO

ea  8EaQuOlA

6% BHASTASTRINITY 280, 950,60
(13 SIERNA 258,80 2388,00

T02



(34 9IX RIVERS
68 STANIOLAUS
(34 TaWOE

70 DEScHUTED
71 FREMONT

73 MY WOOD

.97

78 0CHoCo 2361,12
78 ROGUE mivER 2547,68
Te S18k1voU 2635,06
77 STUBL AR 2473,01
78 UMATILLA 3288,00
7 UmMpPQUa

80 WALLOWA=WKHITHAN

81 WILLAMETTE

82 WINEMA

a3 coLvILLE

84  Glrromd PINCHOT

[ 1] MY BAKER=SNOQUALMIE
£ 13 OKANOGAN

87 oLYMPIC

(L} WENATCHEE

L 1] BANKHEAD«TALLADEGA
93  CONECUNW

93 QUACHITA

% OZARK « 8T, PRANCIS
% APALACHICOLS

97  0CALA

9% 08CEOLA

101  DANIEL BOGNE

L]
1717,82

183 BIENVILLE 194,73
108 DELTA 143,90
198 DESpTo 226,

186  MOLLY 8PRINGS 341,20

107 HOMOCHITTO 427,%
108 Tong1GREE 107,74
109 CROATaAN 177,%0
111 PI8GAM « NANTAMALA 1781,70

112 UNMaaR1E

116 CNERDKEE

121 GEORGE WASHINGTON

122 JEFrERSON

123 SHawnNEER

128 WAYNEaNOOBIER

125  HIAWATHa

126 HURDNeHANISTEE

127 0TVawa

128 CHIPPEMWA

131 WHITE MOUNTAIN

132 ALLEGHENY

1B ) GREEN MOUNTAIN

138 MONONGAMELA

138 CHEQUAMEGON

136  NlCoLeY

137 CRUGACKH

138 TONGASSSTIKINE AREA

130 TONGASSCHATHAN AREA

180  TONGASS=KETCHIKAN A
RONNNNNRRNRDNNNNRRRRRRNQRRNRANRORNRNRY """g"'..'...... ARANRRRNN L]
TOT AL LeMILES NATION 069,14 7724,77 7792874 174977,1) 27009%,

(11}
79

PERCENT OF NATIONAL LeMILES 3,81 2,86 26,88 04,78

02T
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2. CLASBIFICATION OF THE ROADS BY THE NUMBER OF [ANES,

NATIONAL COVERING 113 FOREQTS,
ONE LANE ¢ 225773,48 91,1 PERCENT
T™o LANES) 22161,7 8,0 PERCENT

b A A A L A L L A A L R L e e e Lt L T L P T e e T L 2 1 1 dabobssdrpbbaabadid Sedtpepbbadopeavagprts

. FOREST . . ONE LANE L ES .
* N, NAME * ABPHALT » 8, TREAT,» AGGREGATEw UNsuaf: o ToTaL we  ASPHALT o 8, TREAT,e AGGHFAATEe UNSURFA o TOTAL -
. ® (MILEQY & (MTLFESY o (MILESY & ¢MILFSY o (MILER®) ew rw]|ES) ¢ (MILESY & (MY FSY o (MILES) .
".......'.t...ttt.l...t..'.t....’.t.t.'."'i.....'.t.'!.."t.....l'..l'.'.i......tlt.......l...t.tt......l!ll..l.l.t...lt.t..t.i.t"l'
* | CLEARWAYER . 19,8 + 2,0 « 90,0 + 2834, ¥ 3740,5  *e - 59,8 # 2,0 190,08 a,0 » 180,85 o
* 2 IPNF,8T_MiRIES JONE 0,8 » [ 250,80 + aAGR,> *  4250,0 e a9 = Ce@ 2,8 0,0 9,0 ¢
* 3 NEZPERCE . 2,0 « 72,0 » 35,06 »  QOm,0 1007,0 we 3,8 « 18,2 % 685,90 o A,0 o 6830 ¢
% 4 BEAVERMEAD . 6,5 « 0,0 « $8.6 ¢ 13180 « 13801 +#w 12,1 # 8.8 o 9.5 L .
* S BITTERROOY * 3,0 # 0,80 » 26,6 * 18094,7 * 1926,3 #» S6,.T * Q.8 8 » 38,7 « [}
* & CUBTER » 2,0 0,0 363,9 &+ 1837,p & 2200,9 s 8,0 » 23,0 « 223,41 [ .
* 7 DEERLOOGE . 6,8 « 0,0 « 162,8 +  1pA7,> ¢ (486,11 e 18,1 « 2,0 « 1A, = 13,0 « .
* 8 FLATHEAQ L 3,3 9,9 # 389,7 «  21%50,8 w-- 2%87,0. 4% .. 29,7 o PP o 43,3 » 0,8 # .
* 9 GALLATIN L 0,0 « 6,0 » 48,0 o 6TR,0 * T26,0 we 1.5 = 2,0 * 2,a « a,0 o .
v 10 MELENA . 8,0 0,8 - $S,9 » 1904,7 +  1061,9 ww 2,8 * 3,0 « 91 . 2,7 » .
* {1 XOOTENA » 2,0 » 150,9 » 1980,0 » 2800,0 » a930,0 45,0 » 152,90 » . 3.0 » .
* 12 LEwIB + CLARK . 2,0 » 2.1 » 303,9 » 439,7 » *as8,7 8,0 » S . 23,1 » .
* 13 LOLO » 09,0 « 6,0 » 1710,G »  236p,0 * a078,0 3n, 0 » 24,8 « » 0,0 » .
* {4 ARAPAHO ¢+ ROOBEVELT « 1,0 « 2,0 » S9.8 » 1303,% ¢ 13646, 9,3 » 1,0 » » 3.0 » .
* 1S GRANO MESA ,UNCOMaGUN» 2,0 » 2,0 « 97,6 » 3160,> « 266,84 68,9 « 2,8 » . 166,8 « .
* {7 RIN GRANDE » 2,5 » R.0 » 182,6 » 2184, « 2260,6 8,0 w 8,7 » » 4u,0 » .
* 18 ROUTT * (ML a0 23%,3 ¢ 1137, 1370,3 a,a w [ * LI *
* 19 84N JUiN * a0 2,0 » S95.8 » PyiA,r » 2713,8 31,0 « 0.0 » - 2,6 » -
* 20 WHITE RIVER * 16,9 » 2,0 » 34,0 » 96,6 * 1017,8 .1 » 2,0 » » 6a48,4 » -
» 21 NEBRABKA . 2,0 » 18,8 » 126,0 '+ - 810,04 » s61,2 0,0 » 63,1 » » ST,7 » "
* 22 sLacX MILLS . 9,8 « 2,0 » 35,2 » 2034, » 2074,9 e 38,7 « 2,0 » » 12,2 » »
* 23 BIGHORN » 9,0 » 0,0 » 9,0 » a,0 » 2,0 »» 108,80 » 2.2 » » 2,0 » »
* 24 MEOICINE mOwW . 2 16,0 « 606,40 »  1g84,0 » 5 0,8 » . 1,2 » .
* 2%  BHOBHONE . 15,2 » 0,0 » 76,3 ¢ 11061 » 3,8 » 0.8 » . 9 e .
* 26 APACHE SITGREAVES * M0 » 0,2 » 14,2 » 710,08 » 67,0 » 2.8 » » ’ » *
* 2T COCONIND . 16,4 » 8.7 » 262,8 » 18oa,t ¢ I [ . . .
* 28 CORONAOD » 0,0 » 0,0 » a,o » 793,00 * ol Y4 » » » -
* 20 KAISAB . 3,2 0,0 » 160,0 » 2s58,0 «  2718,2 N S.0 » . . .
* 30 PRgscOTT . 0,0 « 3,3 » 8,0 » .1082,1 » 104%,a 2 O . 2w *
* 32 cARPON . 10,0 » 2,0 » 180,08 » 93,0 »+ 1087,0 N 0,0 » . n,0 = .
* 34 GILA . o8 2,6 » 200,0 « Saep.p v S263,1 b » 0,8 » . 2,0 » .
* 38 LINCOLN . 3,8 » 8,0 o 92,8 « 1e27,9 * 1532,1 2 * 42,0 » . 29,1 o »
* 36 BANTA FE . .0 2,8 o 198,0 « a0a,0 * 2%90,0 2 . A0 e . 0,0 o .
* 37 A018g . W3 18,0 » 72,0 « 342a,p »  uMALY e 12,0« « 989,08 .
* 40 PAYVETTE . 0,0 « 0,0 « 8,0 ¢+ aga,0 w as8,9 N 2,0 o «  Sga,1 . *
* 41 SaLmON . f,0 9,0 « 89,9 ¢ 1p20,0 ¢ uu',o . .0 . 0.0 o -
* 42 BAwWTODTH . 2,1 ¢ 3,3 o 8,7 ¢« 1063,0 19779 * 2.7 w . 19,8 o .
* 43 TARGHEE . LML 0.0 145,80 ¢ 1p09,% ¢ 13848 . 2,2 w . 0,0 o .
* Q6 - ABHLEY . 6,2 ¢ 4,0 ¢ 1T,1 ¢ (622,9 ¢« 1680,2 . 0,4 o . 33,1 . .
* 39 MANTIa=La8aL . 0,0 ¢ 2,0 18,8 « 1273, «+ 1288,9 . 12,0 . 12,8 .
e 80 UINTA . 1,8 ¢ 28,6 ¢ 36,85 ¢« 193p,0 ¥ LT ] . 26,7 « . 10,8 .
* 51 WABATCM . 83,6 ¢ 9,7 o 89,4 « 78,0 828,0 . 9,8 o . 0,0 o .
¢ S2 BRIOGEReTFTON . 9,0 2.0 e 21,8 ¢«  7%9,% + 11Al,} . g,p o . 15,5 « .
* S4 CLEVELAND . 9,2 ¢ 22,2 » 2,0 » [3I99 ) 863,2 . 5,6 ¢ . 163,90 o .
« SS gL DORADO . 16,8 « 176,3 o 313,58 ¢« 1S1a,2 ¢+ 2016,8 * 58,8 o . 167,88 « .
* 56 INYOD . 63,9 ¢ 0,0 2,0 « 78,8 ¢ 822,40 . 0.0 = . 343,8 « ”
* ST KLAMATH . 104,0 o 32,0 « 2600,0 ¢ 143m,0 w u166,@ - 8,0 ¢ - 8,0 o .
* S8 LASSEN - 17,8 2,0 o 592,00 w 80,8 « “qo'o . 2,0 « . 128,5 '« .
* €9 (L0S PADREA . IS,O . 63,8 ¢ .2 e aTm,p 78T,7 . 21,3 » - 2,0 e .
s 628  MENOOCIND - 0,0 « 3,8« 35,0 ¢ 207a,0 = zne‘,a . 12,4 ¢ . 230,20 o -
* &1 MOODC . B,0 ¢ ane,2 « 1200.90 ¢ 2ufn,0 » 4002, . B.,9 o - e,p » .
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* 52 PLUMAS . . 07,8 ¢ 132,0 « 3080,A *  7228,0 ee 36,8 A0 e 82,8 e« (60,0 o .
* 63 BAN BERNAROINO . . 3,2 ¢ @,f « (336,48 ¢ 1385,2 ee 22,8 o 12,8 «» A0 v 149,h .
* 48 OEQUOTA . . 112,% » 2,0 ¢ . e,p 12,5 « a,0 e 12%,2 « .
* 63 BHABTATRINITY . . 1%24,0 ¢ . . 118,6 « 381,80 o TR0 e 324,80 « .
* 46 OIERRA . » 2,0 ¢ L8 e . 198,80 « [ 16,0 « 148,8 « .
= 67 B8lY RIVERA . . S00,0 « . . 115,08 « 128,84 « 253,80 e 9,0 .
* on STANYSLAUS . . 48,9 o . . 63,0 o 12,2 « 24,0 * 200,80 .
* 69 TaHOE . . 0,0 o . . 47,9 = 112,80 « 118,2 « 6%4,8% « .
* 79 pEBCHUTES » . 2,0 o . . 160,80 = A0 = 2,8 = A0 e .
* 71 PREMOMT . . 4,1 « . . 9,9 36,9 o 7,4 e A0 e .
* 73 M7 MOOD . . 0,0 o N - 178,5  « 9,4 = 86,8 o 10,6 = -
*= 738 ocHOCD . . 21,5 ¢ . . 87,6 ¢ A, « 20,3 = e,0 .
* 75 ROGUE RIVER . . 81,6 ¢ . . 28,0 « a,0 e 13,7 » 0,0 ¢ .
* 76 818KlvOy L4 . 20,3 « . . 66,8 = 2,0 « 2.4 = 2,8 e .
* 77 SjUSLANW . . ) - . . 37,8« - 2,0 ®,0 o -
" 78 UMATILLA . . 0,0 o . . 21,0 ¢ 38,0 o 8,0 0,0 o .
* 79  UMPRUA . . L ] . . . 93,5 o 15,0 o 87,8 o 0,8 .
* AP WALLONAaWMITHAN . . Q,0 o . . 61,6 « 13,8 « 63,1 o LTI .
* 81 WILLAMETTE . . 2,2 = . . 162,80 « 18,9 &  1T4,0 = 9,8 « .
* A2 WINEMA . . ] . . . 28,8 » 0,7 = 13,4 = 180,88 « .
* 8% cOLVILLE - . . . . 0,0 = 8,% ¢ 24,0 o 0,0 o .
= A8 GIPPFORO PINCHOT - . . . . 138,9 = 0,0 « 92,0 o 15,0 o -
* A% MY BAKER~ONOQUALNMIE » . . . . 30,0 1,3 0,0 «» 0,8 « .
* A6 OKANDGAN . . 2,8 « . . Se,1 o 63,6 » 2,6 ¢ A0 e -
* 87 OLYMPIC . . 1,2 » * . 13,8 » 0,0 e 48,4 = 0,0 » .
* 88 WENATCMEE . 18,0 « 6,2 » . . 2,0 ¢ 6B, 26,0« 16,7 ¢ .
* A9 BANKHEAOSTALLADEGA o 0,0 = 0,2 « . . 3 * 30,2 = 12.6 = 29,5 o .
®* 90 CONECUM . 9,0 « 0,0 « . . 2,0 « S,4 12,2 « 2,0 e .
* 93 OUACHITa | . 9,0 ¢ 23,2 o . . 0.0 = 48 e 31,7 09,2 .
* 90 OTARK # 87, FRANCIS o T 18,0 o - -. 6,3 » 10,0. = 180,0 o 0,0 » .
. APALACHICOLA . 8,7 « 2,0 » . . N 2,0 o 9,8 o 0,8 .
. ocaLa . 23,4 ¢ 0,0 ¢ - . 2 v 0.2 o 42,2 « 8,8 = .
D8CEOLA . 3,8 « 0,0 » . . 8 * AP o 11,1 = 0,0 o -
OANIEL ROONE . 0,0 « 0,0 o . . 80,0 = 10,0 = 85,0 « 17,0 o -
BIENVILLE . [ N3 . - 0,0 = Y 49,8 » 1,9 .
oELTa * 0,0 « . . . 0,0 « a,0 = 25,7 « 2,0 = .
oegnaro . 8,3 « . N . 8.0 « 17,7 = 137,24 0,0 = N
MOLLY SPRINGS . 9,0 « . - . a,0 3,1 = U,h = 8,0 o .
HBMOCHIT70 - 2,0 = 6 . . . 9,f « 2,0 o 12,2« 4,2 = 16,8 =
TOMBIGACE . 2,0 « [ ] . . . 0,8 = 3,2 ¢ 6,8 3.1 u’. -
CROATAN . 0,0 » 0,0 o . . 0,0 o 8.0 o 9,0 «» 0,0 o 0,0 =
*111 PIBGAM ¢ NANTAMALA o 20,3 « 0,0 . . 0,8 2,0 » 0,0 = 0,0 = 8,0 «
*112 UWMARRIE . 2 0,0 ¢ . a 2,0 = 2,2 = 0,0 = 9,p = 8,0 *
*116 CHEROKEE . 8,0 « 16,0 » . - 12,8 ¢ 16,0 o T A0 e« 63,00
#121 FGEDRGE WABMINGTON - 11,7 = 162,48 » * - 11,7« 8,5 « 13,7 = 39,5 o 73,8 *
€122 JEFFERION . 1,2 ¢ 4,9 . . . 6,8 ¢ 0.5 * 9.6 = 13,9« 36,7 ¢
*123  SHAWNEE . 9,0 ¢ @,0 » . . 10,0 « 35,0 ¢ 13,5 o 0,0 o 58,9
*128 WAYNE=HOORIER .. 1,7 = 3. . . 19,1« 2,7 = 36,0 « 4,0 e Sa,0 ¢
#1285 MlawaTHa L 7,6 ¢ 0,0 s - . 2%5.4 « 0, = 192,9 o 18,8 « 146,3 ¢
*126 HURON=MANTRTEE . 9,0 » 8,8 « . . 22,0 8,P « 14y, o 385,46 « 522,95«
*127 OTTawa . 2,6 « 2.5 « . . 23,4« 2.5 « 238,40 » 48,3 =+ 312,85 «
«128 CHIPPEWA * 2,0 =« 25,0 » . . 2,0 o B2 « 3,0 « 2,0 o 9,0 ¢
i3y WHITE MOUNTATN . 0,0 « 20,0 « . . S 20,0 = 9.0 .0 ¢« 20,5«
2132 ALLEGHENY . 4,2 « 6.0 » . . 23,8 « 9,1 w 76,1 « 30,6 « 1505 «
*133  GREEN MOUNTAIN . 2,0 « 0,0 « . . 2,8 = “,A . P, * a2 o 6,0 ¢
#1338 MONONGANEL A . 2,0 « 8,0 ¢ N . 18,1 » 41,9 o 30%,2 o 115,85 = 07.'7 .
*138  CHMEGUAMEGON . . 8,0 = oo . 9,8 o 90,8 o 7BV, 7 » 6.8 « 8930 «
=136 NICOLET - A2« «3 o 377,88 « Y 848,7 155,8 ¢ 27,7 = 166,55 = 20,8 = !la,l .
*13Y CHUGACM - 1.1 ¢ 8,0 « 4,7 « T1.,0 76,8 1.4 = LI 18,3 14,5 e )|'2 .
*138° TONGASSSSTIKINE ARCAe A0 o 0,0 = 20,0 « 380,02 +. 370,83 oee e.0 « 2.0, = A0« ne 2,0 «
*139 TONGa 2,0 » 0,0 o 038 .0 o n,0 * 038,08 se 2.2 = a0 0,0 A.a o 8,0«
*148 TONGASBMETCMIKAN A « f.0 = 9,0 « 109,2 + 15An,0 ¢ 1600,F o= 2,0 ¢ .0« 0.0 « 0,0 =« 0,0 *
tegedaten - -

e
. TOTAL 59855,9 o 18503% * 223773 ,4 »e 360%,6 » 1802.%5 « SIAL, " e T568,6 «22161,7 ¢
tegatnwdntrrdgendeee ettt sdennnye '..'l.l'l'.ll".l"""'."""..".l"'l""!"."!""""."!."'.'lll'.""".'ll"'t. .
* p OF THE ONEeLANE ROADS » 3 1.8 . 26,4 3 70,8 . '
* P OF THE TWCa| ANE RNADS e 16,3 » 8,1t o
A R AR 22 24 0]

41,4 » 30,2 » .
.
L L R L i R T LT T T T T eSS PSSPl




3, CLASSIFICATION OF THE AGGREGATE SURPACE ROADS

NATIONAL

NO, OF FORESTS CONSIDERFD

BY THE NUMBFR OF tAYERS

.........".'............'..'..'."..."'.f.....'.'...".'....."'..'.............Q

L I

LR N T T EE R EE R E R R RN NS N RS NN E NN SRR ENEEREERENES ]

NATIaNa

FOREST

NO, « N A M €
L

QOB NON BN -

-
IR R R RN N R E R E R RS S NS N R NEEEEEREREN NN RSN

CLEARWATER
IPNF, ST MARIES 20NE
NEZPERCE
BEAVERMEAD
RITTERRDOT
CUBTER
OFERLODGE
FLATHEAO
GALLATIN
HELENA
KOOTENAL
LEWI8 + CLARK
LoLo

ARAPAHD + ROOBEVELTY
GRAND MEBA,UNCOM+GUN
R10 GRANDE
ROUTY

8AN. JUAN
WHITE RIVER
NERRASKA
BLACK MILLS
HIGHORN
MEDICINE BoW
8MO8MONE
APACKE BITRREAVES
COCONIND
CORONADD
KAIBAB
PRESCOTT
CARSON

GILA

LINCOLN

BANTA FE
BO18E

PAYETYTE
SALMON
BANTOOTH
TARGHEE
ABHLEY
MANTI=| ABAL
UINTA

WABATCH
ARIOGER=TEYON
CLEVELAND

€L O(RADD
INYO

KLAMLTH
LABBEN

LOS PADRES
MENDOCIND

L
L
L
-
L

I E R RN E R RN RN R T R E R RN SN EEEEEE NN NN NN SN N I Y

ONE LaAYER

tMILEY)

-
-
-
-
-

IR R B EEEEEEEEEEEEREEEEEEEREEEENEEREERENENINENEENNENEREIN®EEMSJMENRSSS® ]

TWO LAYFRS

(MILES)Y

100,00
2,20
0,00
a,00
0,00
0,r0
f.n0

43,10
",00
a,00

200,00

14,08

383,00
%,%8
2,P0

48,40

ba,00

66,20
4,n8

2,00

13,58
83,20
i13,10

2,00
n,00

2v,08

(9.1
120,00
0,00
28,00
$n,00
16,20
20,00
M.00
Q0.r0
7,10
n,00
191,08
12,00
n,00
Ll
a,00
n,00
a, a0
16,.%0
2,00
f.08
0,00
a.00
1,78

LR R N N I T R E E NI

TOTaAL
tMILES)

-
..'....""...."'.......""'....'...""'.".""..'.......'..".'.".!'.......

jeen,00
280,00
700,080
68,10
27,40
$87,00
180,60
433,20
48,00
65,00
2000,00
337,70
1909,080
119,%0
390,40
114,00
324,00
662,00
136,08
420,09
877,5¢@
133,09
788,90
189,00
887,00
as1,00
S.40
ape,00
[T
140,00
258,00
165,00
200,00
90,00
374,00
73,00
20,70
604,20
3n,2n
75,00
62,90
99,00
793,00
2.0
33e,00
8,00
2600,00
1115,00
2,00
38,90

LR R I I I N R R I I EE s
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R R R R R N T N T N Y P NS YN SN NSRS RN R R R IR N NN N AN

PERCENY OF TOTAL AGGREGATE

l.lll.}.........ll.l.ll.ll.ll.l.lll.l.l.l...ll.....l...l.......

MODDC

PLUMAS

S8AN BERNARDINO
SEQUOIA
SHABTA=TRINITY
BIERRA

81X RivVERS
8TANISLAUS
TANOE

ogscHUTES
PREMONY

MT HOOD

ocHOCo

ROGUE RIVER
818X12YOU
SIUSBLANW
UMATILLA

uMPRUA
WALLOWA=WHITHAN
WiLLaAMETTE
WINEMA

coLviLLe
GIFFORD PINCHOY
MY RAKER=SNOBUALMEE
OXANOGAN
oLYMPIC
WENATCHEE
BANKHEAO+TALLADEGA
CONECUN
QUACHITA |
OZARK ¢ 87, FRANCES
DaLatHICHLA
0GALA

08CENLA

_DANTEL BOONE

BIENVILLE

DELTA

DEsoTo

HOLLY S8PRINGS
HOMOCHETTO
TONS1GBEE

cROATAN

PISGAH & NANTAMALA
UWnARRIE

cHEROXEE

GEORGE WABHINGTON
JEFFERSON

SHAWNEE
WAYNE=HOOSTER
MTANATHA
HURON=MANISTEE
OTTAWA

CHIPPEWA

WHITE MOUNTAIN
ALLEGHENY

GRFEN MOUNTAIN
MONONGAMEL A
CHFOUAMEGON

NIicOLEY

CHUGACH
TONGASB=BTIKINE AREA
TONGASB=CHATHAM AREA
TONGASB=KETCHINAN A

TOTAL (mILESY

ROADS IN THE NATION

LR I I AR B AR N R N IR 2 B N 2R SN AN R 2 IR 2% W BN BN AN N R IR 3R BN BN AN AN IR 2 R A IR JE % BN N BN IR 2 IR BN N B 3 NN N N N N AN N N

»
.
.

»

I A BB RN B A ESSENASAEEEEE RN EEEE RN EEEEE NS I NN NN N N A N N A N g

»
»
»

agp, 00
11,00

. 0,00
120,00
0,00
76,08
a,00
9,16
87,08
0,04
8,0
9,00
8.08

18426.12

LB N B R R EEEEEEEZEEEENNIE NS EEENEEEIENIEN NN NN NI N I N N NN N NN NN NN

L ]

L ]
L]
L]
*

1200,00
220,00
2,00
0,080
780,00
age,00
625,00
120,00
192,00
2%500,00
1147,00
1737,80
1017,00
1368,%0
1844,39
1963,5%0
a110,00
2602,00
1261,60
Seee,00
606,90
1208,00
2600,00
2a79,00
10,50
1612,70
1339,00
316,10
30,50
1686,%0
900,00
632,20
383,400
221,00
150,00
24ae,10
31,40
622,82
05,10
304,90
92,40
27,10
208,40
60,60
400,80
274,50
239,80
138,00
48,00
278,00
161,00
896,00
3e0,00
180,00
380,40
166,00
308,20
873,80
480,20
20,00
20,00
439,00

RARRRR N AN ENE R R NN AN AR AR A NN AR N A RAANRAN N E R Qe RN RSN R AR AN GO pdaNatddadadRt e ddddaddgd

68740,80

L]
ENNERE AR RGN RO R AN AN AR AN RO NOR Rttt dddNd R AR RN R AN R RN R davwataRtRRadaRRdRR RN R RN Re

L
L
L ]
L ]
L ]
L ]
»
L
L ]
L ]
»
L
L ]
»
L
L ]
L ]
»
L ]
»
»
»
»
L
»
»
»
L ]
L
»
L
L
»
L ]
L ]
»
»
»
»
L
»
»
L
»
»
»
»
»
L
»
L
»
»
»
L
»
»
L
L
L
»
»
»
.
»
L
»
»
»
»
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CLASSIFICATION OF THE AGGREGATE BURFACE ROAOS BY THE NUMBER OF 1 AYERS (LANE MILES)
NATIONAL N. FOREATS CONSIDERED 113

NF NO, ONE LAYER TWO LAYERS TOTYT AL
(LANE MILES) (LANE MILES)
".'..'....t.i....'..i....."'ittti".t"i.i.t.t.i..ti..

1 990,80 119,00 1100,00
2 207,50 2,80 2%0,00
3 1365,00 - 0,00 - 1365,02
4 77,63 8,00 77,63
s 28,22 0,08 28,22
6 810,76 8,00 810,06
7 198,66 0,00 198,66
8 428 67 47,63 476,30
9 a8 08 8,08 48,00
10 74,10 0,80 78,10 -
11 1!1!,B¢ ZBZ,BB 292a,00
12 352,98 18,87 371,47
13 1672,08 a18,00 2090,00
14 173,87 5,38 179,28
15 ©83,20 n,00 683,29
17 75,28 80,16 128,40
18 331,78 82,94 414,72
19 658,38 72,82 720,20
29 230,86 7,14 238,00
21 714,08 0,00 714,08
22 823,38 16,40 819,77
23 159,60 106,420 266,00
20 773,16 136,04 . 909,68
2% 101,70 0,00 141,70
28 1199, 88 0,80 1199 82
2y 626,27 32,9 689,23
28 10 80 2,00 10,80
29 4an, 00 192,00 640,00
30 2,08 8,80 2,00
32 112,80 28,08 140,00
34 210,80 60,80 300,00
38 213,84 23,76 237,60
36 189, 20 21,08 210,00
37 108,00 2,00 188,08
4 728,80 0,00 748,00
41 77,83 8,61 86,14
a2 32,71 8,08 32,7
43 797,84 208,88 1063,39
as 28,74 17,16 42,90
a9 131,28 0,00 131,28
S0 89,32 n,00 29,32
S1 138,60 0,00 138,60
s2 984 20 0,00 984,20
Su 8,00 0,00 n,80
s 329,17 17,32 3a6,%0
S6 8,00 n,00 0,00
[37 2620,00 2,80 2600,00
58 1338,00 0,00 1338,00
59 2,08 0,80 0,20
60 33,28 1,78 35,00
61 360,00 843,00 1200,00
62 292,60 15,40 328,00
3] 2,80 0,00 a,00
64 9,80 a,00 0,00

r
Iy 80902 alss 838,00
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66 304,00
87 878,00
1] 184,00
69 307,20
70 2%00,00
7 8a3,04
73 1732,66
78 103,73
8 1283 84
76 1389 87
77 98,18
78 2067, 80
79 1917 ,40
80 1039, 74
81 2389 60
8 658,93
83 1224,00
8a 798,60
[1] 991,60
86 3,94
87 996,68
(1] 1297,49
89 328,74
90 42,56
93 1719,72
[T 1080,00
9% 727,03
97 48,87
(1] 232,08
101 %aa,%0
103 224,19
1%a 54,29
108 721,83
106 66,17
107 217,82
108 93,92
189 27,10
113 208,40
112 60,60
116 396,80
121 200,23
122 238,86
123 133,68
128 Te,00
128 380, 86
126 305,99
127 834,40
128 180,00
131 102 00
132 368,18
133 166,00
138 892,09
138 1489,07
136 84,88
137 38,30
138 20,00
139 438,00
140 100,08
TOTAL 03694,21)
PER TOT 79,17

$6,00 $60,00
8,00 875,00
0,00 14a,00
0,00 307,20
a,00 2%00,00
361,30 1203,38
91,19 1823,88
933,61 1037,3a
138,17 1381,68
1%a,43 15aa,30
186%,32 1963,50
a2 20 2110,00
1032,a4 2909,84
264,92 1324,68
3884,40 $97a,00
89,08 748,38
o,00 1224,02
1886,40 26%2,00
1887 ,00 2479,20
9,19 13,13
660,23 1661,28
68,29 1368,78
°,00 320,74
n,00 a2,%6
0,80 1719,72
e,p0 1082,00
e,p0 727,038
e,00 428,87
0,00 232,08
60,50 605,00
7a,73 208,92
2,86 £7,18
37,99 789,82
3,48 69,66
19,37 317,10
I'OI 98,87
0,00 27,10
0,00 288,40
8,00 60,60
aa, 00 a4@,00
e,e0 208,23
2,00 248,56
14,88 148,80
9,00 78,00
e, 20 380,00
e,00 308,90
8,00 834,40
120,08 300,00
1) 108,20
0,30 486,48
0,00 160,00
18,31 610,40
|b!,l! 16%4,%2
’ 590,48
2,00 38,30
a,e0 20,00
e,e0 a3s, 00
0,00 100,89
16231.93 77928,7a



4, CLASSIFICATION OF

NATIONAL

ONE=LAYER AGGREGATE 8

ONEwLAYER

s FORESTS CONSIODERED 113
+ ROADS IN THE NATION

AGGREGATE 8, ROADS IN THE NATION 18

$3114,68 HILES
77.%56 PERCENT OF TOTAL AGG, 8, ROADS IN THE NATION

THE ONE=LAYER AGGREGATE SURFACE ROADS By YHE LAYER THICKNESS
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L]

*  NATIONAL  PORESY

L

" NO, N A M [ 4
L] L]

L

L] L]

. 1 % CLEARMATER

N 2 % IANE,ST_MARIES 20NE
L] 3 « Ng2PERCE

* 4 » BEAVERMEAD .

. S % SI1TTERROOY

L] 6 » CUSTER

L] 7 * DEERLOOGE

" 8 » FLATHEAD

L] ® % GALLATIN

* 10 » WELENA

. 11 % KOOTENAL

1] 12 « LEWIS ¢ CLARK
- 13 « LOLO

. 14 » ARAPAMO & ROOSEVELY
. 1S * GRAND MEBA)UNCOMeGUN
L] 17 « RI0 GRANDE

L 18 « ROUTY

* 19 » BAN JUAN

- 20 » WHITE RIVER

L 21 « NEARABKA

. 22 » BLACK WILLS
L] 23 * BIGHORN

* 28 » HEDICINE B0OM
- 29 » BHOBKONE

L 26 * APACHE BITGREAVES
» 27 » COCONIND

" 28 % gORONADO

» 29 « KAlBAB

% 38 * PREscOTY

* 32 « CaRBON

L] 3a » GILa

. 3% « LINCOLN

* 36 » 8ANTA FE

* 37 » 8olsE

L] a® « PrAYETTE

" 41 « SALMON

» a2 » SANTQOTH

* 43 % TARGHEE

" a6 » ABHLEY

- 49 « MANTIeLABAL

. S0 % UINTA

" $1 « wWaBaTCH

- 82 * BRIDGER=TETON
- $a « CLEVELAND

- $S « EL DORADO

- S6 » InvO

- 57 * KLAMATH

[N ]

678,00
0,00
860,00
40,86
19,18
0,00
28,28
311,7%
24,00
0,00
360,00
296,68
1216,00
23,18
8,00
0,00
0,00
8,00
121,37
42,00
687,34
8,00
141,07

771} 30
T
e,08
232,00
2,00
24,89
0,00
8,10
180,80
67,50
0,00
59,13
18,63
226,58
°,0p
7,50

’
130,08

LAveER

180,00
136,12
168,00
17,02
6,88
887,00
155,32
77,94

TRTITCKNESS

8- 12

4,00
12,37
0,00
10,22
1,37
0,00
0,00
0,00
0,00
0,00
180,00
16,04
152,00
0,00
0,00
0,00
0,00
188,98
3,9
0,00
2,00
39,90
9,64
1,00
0,00
n,08
0,80
a,00
0,00
2,70
20,00
0,00
0,00
0,00
0.00
0.00
0,00
48,32
2,00
7,50
",00
2,00
",00
0,00
15,68
0,00
130,00

t 1 NCHES)

12 » 16

0,02
0,00
2,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
90,00
16,04
0,00
2,00
0,00
0,00
8,00
0,00
0,00
0,00
0,00
2,00
9,00
2,00
0,00
0,00
0,02
0,00
0,00
2,00
0,00
0,20
2,00
0,00
0,00
0,00
0,80
0,00
0,00
0,00
0,20
¢,00
0,00
0,00
0,00
0,00
8,00

+ 16

TOTAL
fMILES)

000,00
207,38
700,80

08,10
27,30
587,00
180,60
389,70
as,00
65,00

1800,00
320,82

1520,00
118,91
390,40

+8,40
239,20
593 80
131,92
220,00
663,98
Te,82
044,30
109,00
237,00
a37,98

8,40
280,00

0,00
112,00
200,00
148,30
180,00
9,00
374,00
68,70
20,70
483,18
10,00
75,00
02,90
99,00
703,00

2,00
2400,00

I EEEREEEE R EE S EEEE R EE R EE EEEREENESSEEE R R R RN E I I I S NI N
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- * LaSBEN N #,00 » . N 2,00 = a,00 » 111%,00 o
N 89 » L0OS pADRES . 0,00 » . . 0,00 » 8,08 o 8,00
- 60 *» MENPOCINO - 3.3 » » - e,00 «» 2,00 « 33,28 »
- 61 * MODOC - 8,00 - - 2,00 o a,00 «» 360,020 «
. 62 = PLUMaB - 62,70 - . 8,00 « 8,00 « 200,00 «
« 63 « BAN BERNARDING - 2,00 L - 0,00 « 0,00 « 2,00
. 64 « SEFQUOIA . 8,00 . . 0,00 « 8,00 » 2,00 «
. 65 « BHABTASTRINITY . 7,72 » . * 2,00 » 2,00 o 172,20 «
- 66 « BIERRA - 0,00 " - 0,00 « 8,00 « 360,00 «
- 67 « BIX RIVERS - 0,00 - - 2,00 » 0,00 » 628,00
. 68 » STANISLAUS N 26,00 » . N 0,00 8,00 120,00 »
] 69 » TavoE . 9%,0n ¢ ] " 0,00 2,00 « 192,00 «»
. 78 *» DESCHUTES . 0,08 » . . 0,00 2,08 » 2300,00
" 71 » FREMONY . 308,10 » . . 16,06 « 0,00 » 802,90 »
. 73 = MT w000 . 0,00 » . . 198,02 2,00 = 1630,18 »
. 74 » ocHoco . 91,53 o . . 8,00 » 2,00 181,78 »
. 7S » ROGUE RIVER * 49,28 » * » 73,87 » 20,62 » 1083,46 »
. Té » 8I8xIYOU * 138,99 o . . 0,00 2,00 « 1389,87 »
» 77 » SpuUBLAN » 0,!2 » Y » 98 @ O,GO » 98,17 »
. T8 » UNMATILLA * 206,78 » * * 183, !0 * 0,r0 » 2067,80 »
- 79 » UMPQUA - 8,00 - - 187,98 » 4,00 » 1879,80 »
. 80 » WALLOWASWHITMAN . 80,70 . . 0,08 o g'“ . 1089,28 o
. 81 » WILLAMETTE . 232,00 » * . 232,00 » 2,00 2320,00 »
* 82 » WINEMA . 2,00 » * - U.M . 2,00 933,28 »
. 83 * COLVILLE ] 1140,00 «» . . 12,00 » 2,00 » 1212,00 »
. 84 » GIFFORO PINCHO? . 234,08 » . . 0,00 8,00 » 780,00 «
- 88 » MT_BAKER«BNOQUALMIFE - 0,00 o » - 198,32 » 99,16 » 991,60 »
] 86 » OKANOGAN ] 2,83 . . 8,00 2,00 3,18 o
N 8Y » OLYMPIC . 8,00 » v N 201,9¢ 185,18 » 967,62 »
- 88 » WENATCMEE - 381,61 » » - 0,00 « 2,80 » 1272,08 »
. 89 « BANKMEADSTALLADEGA . 30P,38 » * 2,40 » 2,00 8,00 316,10 »
. 99 » CONECUW . 28,88 ¢ . 8,00 0,00 » 0,00 » 30,40
» 93 » OUACHITA » 1098,90 «» * 16,86 « 0,00 » 2,00 «» 1686,00 »
N 94 *» OZARK ¢+ 8T, FRANCIS . Sap,00 « . 0,00 » 0,00 o 2,00 900,00
- 96 » apALACHICOLA * 568,08 » . f,00 » 0,00 » 0,00 » 632,20 »
. 97 » OCALA . 345,06 . 2,00 » 2,00 2,00 383,40 »
- 98 » 08CeOLA - 198,90 » P.00 2,00 » 8,00 « 221,00 »
. 101 « DANIEL Q006 . 44s,5p » 0,00 » 2,00 @ 2,00 « a9%,00 »
. 103 » BIENVILLE - 0,00 * 0,00 » 0,00 « 0,00 «» 186,82 »
- 104 » OELTaA L 02,00 «» . 2,00 » 2,02 » 0,00 - 29,83 »
« 10% + DESOTO . 8,00 «» . 2,00 0,00 » 0,00 891,66 «
- 106 » HOLLY.SPRINGS - 0,00 » » n,00 @ 0,00 o 0,80 « 61,80 «
. 187 = HOMOCHITTO . 0,00 * 2,00 0,00 . » 2,00 228,68 »
* 108 » TOMBIGOEE . 0,00 . 0,00 » 0,00 8,00 » 87,78 «
* 109 » CROATAN . 21,68 » . 0,00 » 0,00 «» 8,00 » 27,10 »
* 111 *» PISGAM + NANTaHALA . 326,72 » . 0,00 0,00 » 0,00 408,40 @
* 112 » UWHARRZE . 48,48 » N 0,00 » 0,00 » 2,00 « 60,60 »
* 116 » CHEROKEE . 360,00 ] 0,00 0,00 « 8,00 » 360,00 o
* 121 * GEORGE WABHINGTON * 0,00 » . 0,00 » 0,00 « 0,00 27%42,%0 «
- 122 » JEPFERBON - 215,10 » - 0,00 » 0,00 » 0,00 » 239,00 »
* 123 » SMANWNEE . 20,30 » . 0,00 » 0,00 0,00 » 121,50 »
" 124 = WAYNEMDOSIER L] 0,00 - 10,00 » 2,00 » 0,00 « 40,00 »
® 129 * MYAWATMA . 2,00 . 8,00 » 0,02 » 2,00 » 278,00 o
* 126 * HURON=MANIBTEF . 0,00 « . 0,00 0,80 o 2,00 o 161,00 »
- 127 = OTTawh - §9,60 - 0,00 » 9,00 » 3,00 » 896,00 »
* 128 » CMIPPEWA . 99,00 ] 0,00 2,00 o 2,00 180,00 o
- 131 * WHITE MOUNTAIN - 2,00 - 9,00 » 0,00 » 0,00 » 100,00 »
- 132 » ALLFGHENY - 76,08 » » 30,43 » 15,22 » 0,00 o 304,32 »
- 133 *» GREEN MOUNTAIN - 8,00 » - 2,00 9,80 0,70 166,00 »
- 134 » MONONGAMELA - 40,81 » - 0,00 » 2,00 » 8,00 » 296,08 «
*  13% » CHEQUAMEGON . 156,70 » ] 0,00 » 0,00 f,00 = 783,12 »
- 136 » NICOLET - 0,00 ¢ * 2,00 » 00 » 0,00 ar9,16 »
N 137 » CMUGACH . 9,00 » . 2,00 » 2,08 » 0,00 20,08 o
» 138 *» TONGABSeSTIKINE AREA . 18,090 » » 2,00 » 2,02 » 9,00 » 20,00 o
. 139 » TONGASBSeCHATMAM AREA * 0,00 » * 2,00 » 2,00 o 235,00 » 438,00 o
- 180 % TONGABSeKFTCMIKAN A - 7! 29 -» L] 0.00 » 0,00 » 0,80 » 100,00 o
.......ll...................i............l.......l...........tt...l....l.....i..l......i......i...i.....i..i....l...........
- » » - L] »
» ToTaAlL (MILESY o 15838,19 » 28834,38 » 6719,69 » 1348,78 » 703,903 » $3178,93 »
- » » » - » » .
* PERC OF ONEaLAYER AGG.8. ROAOS » 20,21 » 83,22 12,64 » 2,61 » 1,32 » -
- IN THME NATION, Lo - - . .
atdddddddtdadpabtdd b a et o R R ot R sttt ddd gt ittt it ddadadgtgidanddenta it tddadadind iy LTI I I I T Il I Y



NATIONAL

CLASSIFICATION OF

Ny, FORESTS CONSIDEREOD
TWOsLAYER AGGREGATE 8, ROADS IN YHE NATION
WO AYER AGGREGAYE 8,

ROANS IN THE NATION 1§

113
18426,12 MILES
22,448 PERCENT OF YOTAL 4AGG,

ROADS IN THE NATION

THE YWO=LAYER AGGREGATE SURFACE ROADS Ry TME _AYER TWMICKXNFSS
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NATIONAL

NO,

OBACA BN -

TR E I EE A E T S T R RN I I I AR N N N B B A I R R IR IR A

FORESTY

N A L} €

CLEARWATER
1PNE,8T, MARIES ZONE
NEIPERCE
BEAYERHEAD
S1TTERROOT
CusTER
DEERLODGE
FLATHELD
GALLATIN
HELENA
KOOTENAL
LEWIS ¢ CLARK
LoLo

ARAPAMO ¢ ROOBEVELY
GRAND MESA,UNCOMGUN
R10 GRANDE
ROUTT

SAN JUAN
WNITE RIVER
NESRASKA
BLAcK WILLS
BIGHORN
MEDTCINE SON
SHOSHONE
APACHE SITGREAVES
CoCONING
CORONAOD
Kalma®
PRESCOTY
CARSON

GILa

LINCOLN

SANTA FE
8018F

PAYEYTE
SALMON
SAWTOOTH
TARGHEE
ABHLEY
MANTIaLASAL
UINTA

WASATEM
ORIDGERTETON
CLEVEL AND

EL 0ORADO
INYD

KLAHATH

R R R R E R R R R RN L E NN N I AV I S I N SE K I S S JF N NE S R SE N NE WY NN OE 3E 3N O N 2

80,00
1,29

2,00
2,00
0,00
2,00
4,33
0,00
0,00
2,00
0,00
0,00
3,88
a,00
41,00
2,00
66,20
3,67
8,00
13,58
$3,20
8,00
2,00
2,00
20,74
0,00

120,00

BASCE

20,00
1,28
0,00
8,0n
9,00
0,00
0,00

17,32
e,0n
9,00

40,00
2,0m

76,00
0,00
8,00
a,S6

64,80
0,00

I NN NN NN NN N IENNEN NI EE R I I I I I IS I Y

THITCXNESS

8 e 12

0.09
0,00
2,00
#,02
2,00
0,00
0,00

17,32
2,00
0,00

160,00
0,00

190,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
9,00
2,00
0,00
8,20
2,00
0,00
0,00
0,00
0,00
0,00
o,00
2,00
#,00
0,00
0,00
2,00
0,00
2,00
0,00
0,00
2,00
n,00
0,00
0,00
0,00
0,00

IR RN R N EEE R RN NI NN NIRRT E N NI NN N I N

t I NCHEDB)

12 = 16

2,00
8,00
0,00
0,00
4,33
2,00
0,00

20,00
2,00

57,00
2,00
2,00
0,00
0,00
0,00
0,00
2,00

0,00
8,00
8,00
2,00
¢,08
2,00
0,00
0,00
2,00
2,00
e,00
2,00
0,00
2,00
0,00
2,00
0,00
0,00
e,00
0,00
0,08
0,00
2,00
0,00
0,00
0,00
0,00

L]

[ EEEEREXE I I I I I IR I I I 3K I I SIS N NN I ISR N N NN NN N RS K N N Y

¢+ 16

[(EE NN EEEEYEE RS S EREENENENEENERENRIE I IS I IS I I I I I I N I Y

TOY AL

(MILES)
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100,00
2,90
0,00
0,00
2,00

12,00

16,30
0,00
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. * LASSEN . 0,00 = 9,00 = . . 8,00 » 8,00 2,00 «
. $9 « LOS PADRES . 8,00 » 2,00 = 2,00 » 2,80 o L T .
" 68 « MENDOEIND " 6,00 1,75 » 8,00 » 2,00 « 2,08 « .
. 61 « MpbDC . 756,00 # AU 00 w 0,00 « 2,07 « ",00 .
. 62 » PLUMASN . 0,08 « 11,00 .00 # 2,00 « 2,00 « .
* 63 » 84N BERNARDIND * 0.0 = 0,00 « 9,80 0,00 o 2,80 « "
. 64 « SgQUDOTIA . 0,00 = n,00 a,0a9 + 0,00 o 0,00 *
. 63 » SHABTA=TRINITY . 0,00 » 7,80 ¢ 2,00 # 2,00 » 2,00 « .
L] 66 * S1ERRA L] 0,00 0,08 = 20,00 » 20,00 « O'HO L] "
* 67 g 81X RIVERS . 8,00 w 0,00 » 0,00 o 0,08 « 9,00 .
* 6% STANISLAUS . 0,08 w #op » 0,00 « 2,00 « 0,00 .
* 69 » TAWDE L] 0,00 2,00 0,00 0,00 #,00 L]
4 70 « OESCHUTES . 0,00 » 0,00 0,00 « 0,00 0,00 L
" 74 « FREWONT * 27,33 # 172,08 « 137,64 » 6,88 o 0,00 » .
. 73 * MY WOOD . 8,60 69, a8 » 8,69 » 0,00 » 0,00 .
L] 74 « OCHOCO L] 9,00 » as.% 818,62 43,7 9,15 » *
. 78 « Rogug RRVER . 0,00 = 120,38 + 16,82 » 0,00 o 0,00 *
. 76 * 818KpYOU ” a,00 « 118,82 « 38,61 » 0,00 8,00 .
* 77 = BTUSLANW . .00 » 37,31 # 335,76« 1492.26 » 00 ¢« *
L 78« UMATILLA L 0,00 37,98 » 4,22 0,00 » 2,08 « *
. 79 « UmMPQUA * AP0 $06,10 o 506,10 = 0,020 0,00 *
- 80 # WALLOWAaWHITMAN - 12,62 239,78« 0,00 o 0,00 « 8,00 « -
" 81 o WILLAMETTE * 696,00 2088 ,00 896,00 0,00 « 0,00 *
" 82 « WINEMA " 2.00 12,72 0,00 0,00 o 0,00 « "
" 83 = COLVILLE " 2,00 0,00 0,00 0,00 « 8,00 L]
* 84 # GIFFORD PINCHOT * 91,00 » 109208 $46,00 +« 9,00 « 8,00 « *
. 8% + MT_gAKEZR=SNOQUALWIE . 9,00 504,99 297,48 « 297,48 o 297,48 » "
. 86 * OKANOGAN . 6,61 $73 0,00 0,00 0,00 -
» 87 = pLYMPIC . 0,00 193,82 » 120,02 » 129,02 9,76 » L]
L] 88 »-WENATCHEE - 0,00 = 66,98 0,00 » 0,00 0,00 « L]
. 89 3 BANKHEAO#TALLADEGA * 0,00 0,00 » .00 o 0.00 « 0,00 « *
. 92 w CONPFCUM . 0,00 0,0n 0,00 » 8,00 #,00 o »
* 93 « OyuACHITA * 0,00 » O'Qg * 0,00 0,00 o B,00 « *
* 94 « 0ZARK + 8T, FRANCIS . 0,08 » 0,00 w 0,00 0,00 2,00 « *
* 96 » APALACHICOLA * 2,00 w 0,00 w 2,00 « 0,00 0,00 « *
" 97 « OgaLa L] 2,00 = 0,00 » 2,00 0,00 O’OD " »
. 98 « DpCEOLA - 0,00 w 0,00 0,00 w 0,00 w 8,08 *
* 101 » OaN1EL BOONE . 29,50 « 5,850 0,00 0,00 « 0,00 « "
. 103 w» BIENVILLE . 2,00 62,280 » 9,00 0,00 » 0,00 .
" 104 » pgLTa L] 0,00 1,57 « f,00 0,00 » 0,80 « "
" 188 « OFROYTO " 2,00 31,18 » 2,00 0,00 0,00 « "
" 106 « HOLLY SPRINGS » 0,00 = 3,28 » 0,00 w 0,08 » 0,00 »
N 107 « HoWpCHITYOD » 0,08 6,22 » 0,00 w 0,00 « 0,00 « N
" 188 » TOMpIGREE " 0,00 a’oz " 0,00 0,08 « 0,00 « »
L] 109 » CROATAN L] 2,00 0,00 9,00 2,00 « 0,89 L]
N 111 » Py8gaw + NANTaWALA . 0,00 .00 0,00 # 0,02 0,00 « »
» 112 » UwHARRIE * 2,00 0,00 » 2,00 « 0,00 0,00 w .
* 116 » CuEROKEE * 2,08 0,00 « 0,00 2,00 0,00 "
L] 121 » GEOROGE WABHINGTON " 0,80 2,00 9,20 = R,00 2,00 « "
* 122 * JePrgRSON * 0,00 « 0,00 « 0,00 « 0,00 « 0,00 "
* 123 » SHAWNEE * 2,08 13,50 « #,00 2,00 « 0,00 *
* 124 + WAYNE=HODDBSIER * 0,00 0,.0 * 0,20 # 2,00 0,00 » *
* 128 * MYAWATHA * 0,00 « 0,00 9,00 2,00 0,00 *
* 126 » WURONeNMANISTEE * 0,00 « 0,00 « 0,00 « 2,00 « 8,00 .
* 127 « OTTawa » e,00 0,00 0.00 » 0,00 o 0,00 *
" 128 = CHIPPEWA " 120,00 l;n " 2,00 9,00 o o,u . .
* 131 & WWHITE MOUNTAIN . 0,80 2,00 0,00 2,00 0,00 0,00 o
* 132 % ALLECHENY * 2,00 87,00 18,22 «+ 3,80 0,00 T6,08 «
. 133 % GREEN MOUNTAIN * 0,00 2,00 2,80 » 0,09 « 2,00 « 2,00
L] 134 + MONONGAWELA L] 2,80 = 9,16 » 2,00 2,00 « 2,00 « 9,16 «
. 138 » CHEQUAMEGON . 87,08 » 0,00 0,00 = 0,00 » 8,02 07,08 o
- 136 » NICOLEY L] e,00 4,00 2,00 2,00 « 0,00 » 4,88 «
« 137 #» CHUGACM " 2,00 = 0,00 » 8,00 9,00 o .00

* 138  TONGASBWSTIKINE AREd 2,00 20e » o.08 o.00 + ’on o 200 o
+ 139 « TongaB8ucHATHAM aREM o 2,80 200 #,00 o 0,00 o WIS 2,80 +
" 148 o TONGASBaNEFCHIXKAN 4 . 2,08 = 2,00 A,00 «» 2,00 o u:u * n:u "
'ti'l'ﬂ"'...."i".'l\"i'""".."'i""l"'."t.tl".'ititit'.'tttltttt.tt.t.ttt.i....tt.t..tttt.tt...tt't...ttl'ttl..i..
. . . . 3 - . ° . .
. TOT AL (mILES) o 2312.26 ¢ 6268,15 3913,A8 o 2167,56 o oo UB o 15121,42 »
L] .. . . . . . .

* PERC OF TwOeLAVER AGG.8, ROADS » 185,20 ag.a8 25,88 o 164,33 3.00 :
. IN THE NATION . . . . - .
ATl P Y P YT L L) t”“lmat-t--t'tin-n--t..tttttt--.-n--a..-.tt--t..co-ttttt---.-..----.--t-..---t-...t..--t-nn.n.......
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L

«  NATIONAL  FORESY

L

« NOyg» N A M
* -

LA L LA T AR LAl P T e 1Y
L L

- 1 » CLEARWATER

L] 2 * IPNp, 8T _MARIER ZONE
* 3 « NEZPERCE

- 4 » BEAVERKEAD

. S « @ITTERROOT

. 6 » CUBTER

* 7 « DEFRLODGE

» 8 « FLAYHEAD

. 9 w GALLATIN

. 10 « HELENA

- 11 » KOOTENATL

. 12 » LENIS + CLARK
. 13 « LOLO

. 14 * ARAPAND 4 ROOBSEVELY
. 15 « GRAND MEBA,UNCOM4BUN
L] 17 « RID GRANOE

- 18 » ROUTY

. 190 * GAN JUAN

. 20 « WMITE RIVER

. 21 * NESRABKA

. 22 « BLACK HILLS

. 2% « BIGMORN

. 23 « MEOICINE 8OW

. 2% » SMOMONE .
. 26 * APACHE SITGREAVES
. 27 » CoConIND

* 20 » CORONADO

. 20 » KilgAB

. 3@ « PRESCOTY

- 32 » CARBON

. 38 » QILa

" 38 » LINCOLN

[ 36 » BiNT, g

. 317 « Bolse

- 40 » PAYEYTE

. &1 * SALNON

- 42 » BAWYDOTH

. 43 » TARQHEE

. a6 * ABWLEY

" 49 w MANTILASAL

* S8 » UINTA

* $1 « WASATCM

. S2 » ARIDGER=TETON
. 84 » CLEVELAND

3 $S « EL DORADO

- %6 * INYO

. ST » KLAMATM

. S8 « LASBEN

- $9 » LO8 PADRES

. 42 « MENDDCINO

* &1 » Hoooc

SURFACE

TwrTCxNESBS

CINCHES)

12 = 16
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8,00
8,00
8,00
0,08
1,78

756,006

-
-
-
-
-
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L
.
-
-
-
-
L
.
.
.
L
-
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-
.
L
.
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L
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L
-
L
L
.
L
L
L
L
L
L
L
.
-
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0,00
0,00
0,00
8,00
8,00
®,00
9,00
0,00
0,00
n,00
8,00
2,00
0,00
2,00
8,00
8,00
8,00
8,00
0.00
2,00
2,00
0,00
0,00
2,00
n,00
8,08
0,00
0,08
0,00
",00
2,00
2,00
2,00
0,00
0,00
2,00
0,00
0.00
0,08
n,00
0,00
",00
2,00
2,00
2,00
",00
8,08
",00
2,08
8,08
2,089
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CROATAN
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cHEROKEE

GEONGE WABMINGTON
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HIANWATHA
HURON=MANTSTEE
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R,00 o 8,70
n,08 » 0,00
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8,00 29,00
0,00 » 0,%a
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0,00 0,00
389,60 ¢ 3a,09
78,16 8,60
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136,80 » 0,00
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120,00 « 2,00
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a,an * 0,00 =
0,00 « 2,00 «
9,00 « 7,88
0,00 « 40,00 «
.00 « 2,00 o
2,80 o 0.08 ¢
9,00 « 8,00 o
8,00 « 2,00 «
0,00 340,10
0,00 86,88 o
0,00 915,30 o
aree o 136,80
0,00 o 154,383 »
n,08 1868,32 «
0,00 « 2,20 »
2,80 1012,20 «
n,00 ¢ 292,32 »
u'eu . 3a80,00 o
0,00 72,72 »
9,00 0,00 «
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2,00 1087,30 o
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0,00 o 645,08 o
9,00 « 66,95
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8,80 « 1,57 »
0,00 o 31,18 »
0,00 3,28 ¢
0,00 » Te,22 «
0,00 « Gy62 v
0,00 « 0,00 o
0,00 « 2,00 o
9,00 8,00
0,00 40,00
8,08 « 0,00
8,00 0,08 o
0,00 13,50 o
0,00 8,80 «
2,00 « 0,00 o
0,00 o 0,00 o
0,00 « 2,00 «
2,00 120,00
0,00 2,00 «
2,00 74,08 o
8,00 « 0,00 o
2,00 = 916
0,00 ¢ 87,08 o
2,00 o 3,80
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8,00 « 0,08 o
2,8 » 2,00
0,00 o 0,00
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b AVAILARLE RECORDS ON THE NUMBER OF LAYERS AND THICKNESSFS OF 48 BUILT AGGREGATE SURFACE ROADS,
NAYIONAL N, FORESTS CONSIDERED 113

*
. NATIONAL FORESY . MILES OF * PERC OF MILES TN THE NF WITH RECORDS ¢
. * AGGREGATE 8, ¢ .
* NO, * N A M [ 4 . ROADS * 10075 ¢ 8.2 & 298 + NONE *
* . * * - L]
[ 1] ettt e tontt ettt RoR oty P I T I LA L L Y AL L L T A P Y P P R X222 X1R21] (112231 111]
* 1 ¢ CLEARWATER . 1000,00 « . X . . .
" 2 « IBNF,8Y ,MARIES 20NE . 290,00 | . . .
* 3 » NgpZPEfCE . 700,00 o . - * X *
. 4 ¢ BEAVERMEALD " 68,10 | . . "
- S « BITTERROOY . 27,48 » . - » X .
* 6 ¢« CUSTER . 587,00 . . . X .
* 7 » DEERLNOGE L] 180,60 ¢ - ¥ * - .
* 8 « FLATHEAD . 433,09 ¢ . ¥ . * *
* 9 ¢ GALLATIN . _a8,00 * . X . .
* 10 » HELENA . 65,00 ¢ X e . . .
* 11 » KOOTENAI » 2300,00 L . X - .
* 12 « LEWIS + CLARX * 337,78 » - . . X .
* 13 » LOLO L] 1900,00 « X . - 1]
- 14 * ARAPAHO ¢ ROOSEVELT . 119,50 ¢ X e . 1] .
* 15 * GRAND MESA,UNCOHQUR # 390,40 . H * * .
* 17 « R10 GRANOE . 114,00 X » . . .
* 18 » ROUTY - 324,00 ¢ | B . - -
. 19 « BAN JUAN . 662,00 » LI . . "
. 28 « WHITE RIVER L] 136,88 «+ . . X - -
L] 21.% NEBRASKA . 40,00 - . - 4 L]
» 22 » BLACK WILLS . 677,50 ' » X » . * .
. 23 » BIOWORN * 133,00 » X w . . .
* 24 » MEOTICINE 8OW . 758,00 . . . X .
. 2% + BHOSHONE . 109,00 ¢ . . » X *
. 26 ¢ APACHE BITGREAVES . 887,00 « " . x . "
. 27 « COCONINO . 461,00 w . x » . .
. 28 + CORONADO . $,40 » . . . X .
. 29 * KalBas . 408,00 | 1] * .
. 38 « PRESCOTY . 0,00 ¢ | . . .
. 32 * CaR@ON . 140,00 » X w . . *
. 34 » GIla L] 250,00 » X w * . L]
* 38 » LINCOLN L] 165,08 » L] . X L] *
» 36 » SANTA PE * 200,00 » | ] * * .
. 37 » BOISE . 90,00 X » . . .
. 40 « PavgrrE . 374,00 o X e . . .
- 41 « SALMON . 73,00 . . L] x .
. 42 ¢ BANTOOTH * 20,70 * . '} . »
* 43 ¢ TARGHWEE L] tul.zu [ * * * 4 *
* 46 o ABHLEY * 30,00 « X o * L] *
» 49 & MANTILABAL * 75,00 « Y . . X .
. S0 & UINTA . 62,90 ¢ - - X . -
L] S1 ¢ WABATCH L] 96,00 o . - X . »
. $2 ¢ BRIDGER-TETON . 783,00 o » Y . X .
. 53 * CLEVELAND . 8,00 ¢ . * . x .
Y SS « EL DORADO . 330,00 . . ¥ Y Y
. S6 « INYD L] 2,08 L] * L] X L]
. 87 o KLAMATH . 2600,00 o * 1] * X .
L S8 ¢ LaASSEN . 1115,00 « L] . * X .
- S6 o LOS PADRES . 2,08 ¢ . . . X *

215



216

. 60 « MENOOCIND . 35,00 « . . " X .
. 61 « WoooC " 1200,00 X " " "
* 62 * PLUMaS . 220,00 « . X s . .
* 63 « SAN SERNARDIND " 0,00 L L " X L
[ 64 » BSEQUNIA . 0,00 . - . X -
" 6% ¢ SMASTA=TRINITY . 780,00 « . x . . .
. 66 » STERRA " -400,00 ] " . .
. 67 » SIX RIVERS . 623,00 . . . X .
1] 68 « STANTBLAUS 1] 120,00 » - * X - -
- 69 « TaiHpE 1] 192,00 « - ™ X - -
- 70 « DESCHUTES . 2%00,00 . X . . .
L] 71 =« FREMONT 1] 11!1'00 - X .« - ™
* 7% % MY HOOD " 1737,00 » | . . "
. 74 » 0cHOCO . 1017,00 « . . X . .
. 78 « ROGUE RIVER L 1368,00 « . . L | L
* 76 » ST8xIYVOU " 182a,30 « . . X . .
. 77 * STUBLAN . 1963,50 « X w . . "
. T8 w UMATILLA L 110,00 » . L X . L
- 79 = UMPQUA L] 2892,00 X w ™ [ .
L 80 % WALLOWA=WHTITHAN . 1261,60 . " % . - .
. 81 w WILLAMETTE . sspe, 00 « . . . X .
L 82 » WINEMA - 606,00 » X w M - .
L] 83 » coLVILLE L] 1200,00 L 1] L] X L]
- 84 « GIFFORD PINCHMOT 1] 2600,00 « X w - 1] "
- 8% » MT _gAKEReBNOQUALMIE " 2079,00 " ¥ " " "
. 86 ¢ OKANOGAN . 10,50 » . . . X .
L] 87 « oLyMpIC 1] 1612,70 X w " - -
. 88 « WENATCHEE . 1339,00 o X w . . .
. B9 » BANKHEAD+TALLADEGA . 316,10 » . . . X .
. 94 « CoNEEUM . 10,40 « . . . X .
L] 93 « OUACHITA 1] 1686,80 - ¥ . - -
* 94 » DYARX ¢+ 8T, FRANCIS 1] 900,00 [ - . 4 .
- APALACHICOLA . 632,20 « . . . X .
- OCALA . 385,80 o - " " X "
. 98 « O3CEOLA . 221,00 + . . . X .
. 1081 « DANTEL SOONE . Ss0,00 . " . X .
* 183 « BIENVILLE " 209,10 « - X . " "
- 104 « DELTA " 31,80 o " X . " "
e 10S « DESNTO . 622,80 . ¥ . . .
. 196 » HOLLY BPRINGS 1] 63,10 - X - - *
. 107 « WoMOCHITTO . 324,90 . ¥ . . .
- 108 « TOMpIGHEE - 92,40 v - - X - "
L] 199 « CROATAN * 27,18« * * * X *
- 111 o« RISGAN + NANTAMALA . Q08,00 " - . X "
- 112 » UWHARRIE L 60,60 . . . X -
*« 116 » CHEROKEE . Q20,00 « . . . X .
- 121 * GEORGE WABHINGTON L] 274,%8 .« L] . . X .
* 122 » JEFFERSON . 239,00 . * X . "
- 123 « SHAWNFE - 138,80 - - - X -
. 128 « WAYNE=HOOBIER . 30,08 « . . X . .
* 125 e HIAWATHA . 278,00 . . . X .
* 126 * HURON=MANISTEE . 161,869 « X = . - -
- 127 » OTTaMWa . S%,08 " - X . .
* 128 o CHIPPENA - )'0'09 Y - '3 Y - -
- 131 = NNITE HOUNTAIN - 100,90 - - - X -
- 132 o ALLEGHENY . 382,40 o X w . . .
* {33 & GREEN MOUNTAIN - 166,08 « X = - ] -
Y 138 « HANANGAMELA Y l.!.!. Y - X Y - Y
« 135 « CHEQUAMEGON . 870,80 « . . X . .
- 136 « NICOLET . sa, 00 o . ' . " .
+ 137 o CMUBACM . 28,00 . . . ¥ .
. 138 « TONGASS=BTININE AREA . 20,00 o X e - - -
* 139 & TONGASB=CHATMAM AREA « 438,80 « . . . ¥ .
- 180 » TONGABBKETCHIKAN A . 100,00 o X e . . .
CHN NN TR ON NN NGO SNt atetaliqtgeat et atetttttadeew et atgttaatat et it ettt et ttgtaed
- - -
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. LEVELS OF AOT ON THE AGGREGATE SURFACE ROADS (PERCENTAQE),
NATIONAL N, FORESTS CONSIDERED 113 .
MILES OF AGGREGATE SURFACE ROADS IN THE NATION 48708,00

............'l...t'........t.......‘...........................'....................

-
L]
L]
L]
*
*

B R EEEESETEEE R R R I NN I NN I IR I SN N N IR N S AL A A

[ E RS R R RN N A R R AR A BN N R RN N SR B NN

NATIDNAL FOREST
NO, * N A M [ 4
- -
AL L L L T T LI I I T T I I T T T 1112
1 % CLEARWATER
2 v IPNF,QT MARIES ZONE
S« NEZPERCE
4 * BEAVERMEAD
S « BITTERROOY
6 « CUSTER
7 « DEERLOOGE
8 & FLATHEAD
9 w GALLATIN
18 « HELENA
11 = KOOTENAT
12 » LEWTS & CLARX
13 » LoLo
14 « ARAPAHO ¢ ROOSEVELT
18 » GRAND HESA,UNCOMeGUN
17 * RI0 GRANDE
« ROUTY
* SAN JUAN
* WNITE. RIVER
NEARASKA
22 » BLACK WILLS
23 » BIGHORN
24 * HEDICINE gOM
2% » SHOSHMONE
26 « APACME SITGREAVES
27 » CoCONIND
28 « CORONADOD
29 » KalBaAS
30 = PREJEDTT
32 » CARSON
38 « GILa
38 » LINCOLN
36 * 8ANTA PE
37 » BOYOE
40 w PAYETTE
a1 * BALMON
42 » SAWTOOTH
a3 » TARGHEE
Q6 « ABMLEY
49 & MANTI=LAGAL
80 » UINTA
81 » WASATCH
$2 * BRINGER=TETON
Sa « CLEVELAND
8S « EL NPORADO
S6 * INYO
87 » KLAMATH
%8 » LASBEN
S9 + LOS PABRES

AOT
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(VEHICLES IN BOTH DIRECTIONS?

S8e180 + 100.200 * 200440 *
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« WEIGHTED AVERAGE (PERCENTAGE).
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MENDACINO

MaDac

PLUMAS

8AN BERANARDINO
8EOUOTA
BHASTA-TRINITY
SIERRA

81X RIVERS
STANISLALS
AFLLTS

orSeHUTES
FREMONT

MY HOOO

ocHoco’

ROGUE RIVER
818x1vOUL
STUBLAN
UMATILLA

UnPaua
WALLOWAaWHITMAN
WILLAMETTE
WINEMA

coLviLLe
GIFFORD PINCHOT
MT MAKER=BNOBUALMNIE
OMANOGAN
OLYHPIC
WENATCHEE
SANKHEAD#TALLADEGA
CONECUN
OUACHITA

OZARK ¢+ BT, PRANCIS
ApPALACHICOLA
OcaLa

osceoLa -

DANTEL MOONE
BIENVILLE

DELTA

besovTo

HOLLY 8PRINGS
HOMDEH1TYO
TOMBIGAEE
CROATAN

PI8GAM ¢ NANTaMALA
UWNARRIE
CHEROXEE

GEORGE WASHINGTON
JEFFERSON
SHAWNEE
WAYNE=MNDAIER
HYAWATHA
HURON=HANIBTEY
OTTand

CHIPPEWA

WHITE MOUNTAIN
ALLEGHENY

GREEN MOUNTAIN
MONONGAMEL A
CHEQUAMEGON
NTCOLEY

CHUGACH

TONGASS=8TIKINE AREA
TONGASB=CHATHAM AREA
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23,00
28,00
68,00
20,00
10,00

s,00

5,00

2,00
15,00
20,08
20,00
20,00
18,00
10,00

5,00
.5,00
10,00

5,00

5,00
33,00
33,00
33,00
10,00
20,00
3,00
i0,e0
2%.00
18,00
_0,00
ie,00
28,08
_S.00
is.00
10,80
28,08

20.00 .

10,00
0,00
2,M0
s,00
78.28
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CLASSIFICATION OF THE TRAFFIC 8y GROSS VEMICLE WEIGHT (PERCENTAQE)

NATIONAL N, FOREST CONSlOERED 113

LA e T L L L T L T T T T TS T LTI
. . .
- NATIONAL FOREST L] GRDSS VEMWICLE WEIGMT (L8 X {aPB) *
L] - L]
« NO, *» N A W B w PASS, CARS ¢ 10038 + 3JpeiQ0 w 100200
* * * o PICKayUPS » *
LI R T I Y I P L Y RS2 i) (T2 A2 111 thhgdgtptRad et R e L]

* { % CLEARWATER . . * 3,00 ¢+ *
. 2 * IPNF,8T MARIES ZONE . . * 4ap,20 « .
. 3 « NEIsERCE . . « 15,00 » .
. 4 » BEAVERNEAD . . * 10,08 . .
. S « BITTERROOY * * - 1a,00 * *
- & » CUSTER * * * s, 30 * »
- ? » DEERLODGE - - - 2.%0 - -
- B % FLATNEAD - v L] 2%,00 - *
- ® » GALLATIN - - - 1,00 - -
L] 10 ¢ HELENA - - - 20,00 - -
. 11 « KOOTENAL . . . 26,00 .
L] 12 & Lgwis o CLARK - * v 18,00 - -
- 13 *« LnLO . . * Sn, 00 * .
. 148 * ARAPANO ¢ RODSEVELT * * * 18,20 * *
v 15 « GRAND MESA,UNCOMeGUN - - L] n. 00 * -
. 17 « R10 GRANDE * * * 7,00 * *
- 18 & ROUTY - - - In,00 - *
. 19 « 84N JUAN . L] » 18,00 . .
- 20 = WnlTe RIVER - L] - 4,00 L] L]
. 21 » NESRASKA . . . a,00 . .
* 22 % BLACK NILLS . . . 20,80 . .
- 23 » HIGHORN » - * 20,080 * *
- 24 « MgpicINg ROW » * » 3a,00 L] *
* 2% « SHOSNONE . . . 20,00 . *
- 26 v APAPNE SITGREAVES - * v 20,00 - *
. 27 « CoCnnIND * * . 15,00 . »
. 28 » CORDNADO * * * r,00 * .
* 29 » xAIBAB . . . 0.08 L] »
- 3@ » PRgscoOTY - v - 8,00 L] -
* 32 « CARSON . . . 25,00 o .
. 34 « GILA . . . 3o,08 o -
. 35S « LINCOLN . . » a,00 . .
» 36 & BANTA FE » * * im, 00 * »
L] 37 « Boise - - - 30,00 v -
. 4 » PvevTE * . L] 20,00 L] »
* 41 * SALMON * » * 7,0. * »
- 42 « 82WTOOTH - v - 15,00 v -
* 43 » TaRGHEE * * » zg,ll * *
* 46 & ASMLEY * * * 18,00 * *
- 49 w MANTI=LABSAL v - L] 4,00 L] v
- §0 « UINTa » * - 2,00 v .
* 81 o WABATCM * * . 1,29 * *
. %2 * BRIPDGER=TETYON » . L] 2,90 - .
. 84 « CLEVELAND » . . 0,00 . .
. SS » FL DORADO - .. * 30,00 * .
- S& + INyD . . » 5,00 » .
. S7 & KLAMATM . » . bh,00 * .
v S8 * LASSEN v . v 50,00 o .
* $9 « LNS PADRES - L] * 2,00 L] .
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MENDOCINO

Mobae

PLUMAS

8AN BERNARDINN
8gqQuUntA
SHASTA=TRINITY
S1ERRA

81X RIVERS
8TaNtSLAUS

TAHDE

bESCcHUTES

FREHONT

MY WOOD

ocKoco

ROGUE RIVER
818k1YOU

STUSLAW

UMATTILLA

UmMPQUA
WALLOWA=NMITMAN
WILLAMETTE

WINEMA

CoLVILLE

GIFFORD PINCHOT

MY RAKERENOQUALNMIE
DKANOGAN

oLyMp1C

WENATCMEE
BANKMEAD¢TALLAOEGA
CONECUM

OUACHITA

OZARK + 8T, FRANCIA
APALACHICOLA

OrALA

osceoLa

DANIEL SO0ONE
SIENVILLE

DELTA

besovo

HOLLY $PRINGS
HOMOCMITTO
TOMBIGREE

CROATAN

PISGAM & NANTANALA
UNMARRIE

CHEROKEE

GEORQE WABHINGTON
JEFFERSON

SHANNEE
WAYNE=HODBIER
HIAWATHA
HURON=MANISTEE
0TTAWA

CHIPBEWA

WMITE MOUNTAIN
ALLEGWENY

GREEN MOUNTAIN
MONONGAMEL A
CHEQUAMNEGON

NICDLE?

CHUGACH
TONGASS=8TIKINE AREA
TONGASS=CHATHAM AREA
TONQABB=KETCHINAN A
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o, SYSTEMA USED TO MEASURE TRAPFIC (NO, OF APLICATIONS) IN AGGREGATE SURFACE ROADS
NATINNAL NF CONSIDERED 113

CE R A L I I I A P T Y YT 11 1] L L Lt L

- L] L]

. NATIONA| POREST * AGGREGATF SURFACE ROADS + M T L E 3 COVERED ay THE S YSTEN »
- L] L] -
. NO, * N i L] € - TOTAL « PERC MILES » NONE - TRAFPFIC « INDUCTIVE o ELECTRONIC # MAGNETIC
- - L] MILES « CovErED L 0p NOT & COUNTERS LooPY & COUNTERS « COUNTERS
* . . APPICABLE « GENERAL »

LI XAl ]) X113 11222 0112 FITTY LA LA AL D I T T ] ] LI R T T T R T T R T I I I 1 1 T T .......’......... (1)
* 1 CLEARWATER . 1000,00 « 12,00 » . 120,00 « 0,00 w 9,00 « .
* 2 & IPNR,ST_MARIES 20ONE . 230,00 « 12,00 * . 30,00 * 0,00 » 0,00 * "
. 3 % NgIPERCE " 700,00 « 8,00 « * 8,00 » 0,00 » 0,00 « *
L] 4 » AZAYERHEAD - 68,10 » s0,00 " " 33,08 » 0,00 0,00 w -
L S » AYTTERROOY * 27,40 o 9,00 - " 2,00 » 0,00 » 0,00 « *
. 6 « CuSTER . 587,00 » 0,080 w . 0,00 » 0,00 w 0,00 « »
. 7 « oERRLOOGE . 180,60 « S0,00 « . 2,00 » 90,30 + 0,00 w *
. 8 « PLATHEAD * Q33,00 12,80 » * 81,9 » 9,00 « 9,00 *
" 9 « GALLATIN * 48,80 « 12,00 « . S,76 « 8,00 » 0,00 w *
- 10 « WELENA . 65,00 o se,a00 » " 32,50 « 2,008 » 0,.0 . -
- 11 » KNOTENAY » 2000,00 «» 12,00 " . 202,00 » 0,00 » 0,00 w .
- 12 » LEWIY + CLARK - 337,78 « 0,80 L] - 0,00 9,00 » 9,00 « .
. 13 » LOLD » 1900,00 » 25,00 « . 478,80 0,00 » 2,00 * .
. 14 « ARAPAHO + RDOSEVELT - 119,50 « 12,00 * L] 14,34 » 0.00 « 9,00 w L]
. 1S % GRAND MESA,UNCOMeGUN  w 390,40 & 30,00 w . @,00 « 2,00 « 0,00 w .
. 17 » R10 GRANDE * 110,00 « 50,00 . e.,00 » 0,00 « 0,00 w .
L] 18 « ROUTY L] 324,00 o 12,00 L] * 8,00 # 38,88 » 0,00 L]
- 19 « SAN JUAN L] 662,080 o S0,00 L} L] 331,08 « ",00 w 0,60 » L
- 28 « WNITE RIVER . 136,00 « 12,80« . 16,32 » 2,00 w 2,00 « *
. 21 * NEBRRASKA . 420,00 « 2,00 « . 2,00 » 9,00 » 9,008 « *
. 22 » BLACK HILLS - 677,30 o 25,00 . . 9,00 » 0,08 « 2,00 « .
- 23 * BIGHORN - 133,00 « 75,00 - - 9,00 » 9,00 w 0,00 w L]
. 24 « MEDICINE BOW . 758,00 « 50,00 . * 0.80 0,00 w 379,00 « .
- 2% « BHOSHONE . 100,00 « 0,00 » . 0,08 » 0,00 « 0,08 w "
. 26 » APACHE AITGREAVES L] 457,00 » 5,00 L] L] 214,293 » 2,00 » 2,00 w [}
. 27 » COCONIND . Ge1,00 v 25,00 W . 118,28 » 9,02 « 0,00 * »
. 28 « CORBNADO . 5,40 » 12,00 . 2,00 0,00 » 0,00 "
. 29 « Kalgap . 400,00 « 12,00 « » 28,00 « 2,08 « 2,00 * "
. 3@ « PRESCOTY . 2,00 o 0,008 - - 0,00 » 0,00 # 2,00 « L]
. 32 = CaRPON . 100,00 « 2,80 « . 2,00 » 2,00 » 0,00 » .
. 34 « GILa . 2%2,00 o 78,00 L . 2,00 » 197,50 « 2,00 » .
. 38 » LNEOLN L] 165,00 « 12,00 L] - 19,80 » 2,00 » 9,00 « L]
. 36 « SANTA PE . 200,00 « 8,080 » . 8,80 « 190,00 » 0,00 w .
. 37 « BOISE . 90,00 « 12,08 « - i9,80 .« 0,00 w 0,08 .
* 40 w PAYETTE . 374,00 « 35,08 * 2,80 « 2.20 » 130,90 .
» 41 « SALMON . 73,00 « 0,00 . 2,00 * 0,00 « 8,00 w *
. 42 = JAWTOOTH . 20,78 « 75,00 - . 0,00 w 0,00 « 0,00 « .
. 43 » TaRGHEE . 604,20 «» 9,00 L . 9,00 « 0,08 « 0,080 w .
. 46 & ASHLEY . 30,080 « 12,00 » . 3,60 » 0,00 « 0,00 » .
. 49 » MANTYeLABAL . 75,00 o 5@, 00 . - 8.00 » 37,50 » 2,00 « .
. S0 & UINTA . 62,90 « 12,00 . 7,58 « 0,00 « 0,00 » *
- 1 = WASATCM . 99,049 » 2,00 . - 2,90 « 8,00 » 0,00 » -
. S2 = BRIDGERTETON . 703,00 o 12,00 o " 84,3 » 0.00 « 0,00 » "
. S0 & CLEVELAND * 0,00 o 0,00 * * 9,08 » 0,80 « 2,00 « L
. SS « EL DORADD - 330,00 « 78,00 - - #,00 » 247.32 » 0,80 » .
. 56 « INYD L] 8,00 « 12,00 - L] 0,00 » 0,80 » 8,00 = *
. 87 & KLAMATH " 2600,00 « 12,00 « . 2,00 « 312,00 « 0,00 .
. S8 » LaSSEN . 1115,00 « 23,00 « * 278,78 2,00 « 0,00 = .
- S9 « LOS PADRES - 2,00 2,00 L] - 0,00 » 2,00 » 2,00 w L]
- 63 = MgNDOCINO [ 35,00 « s0,00 - - 3,90 » 17,50 » 2,00 = -
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[1) Y * 19%6,00 « 148,09 * 9,00 9,00 0,00 »
. v s . !g::u . "r:':: . $5,00 « 165,80 2,00 + 2l00 9,00
. 1« SIN BERNARDINO " 9,00 o 908 « 0,80 « » 0,20 ¢ 0,00 » 0,00 «
. + SEQUDIA * 0,00 « 12,00 eleg o » 0,00 » 0,00 w 9,00 »
. * SHABTA=TRINITY " 780,00 « 25,00 - 585,00 « " 0,00 « 0,00 » 10!.“ "
. « S1ERRA L] 400,00 o 25,00 L] !00 00 » L] 0,00 « 100,00 « 0,00 »
. * 81X RIVERS " 625,00 o 0,00 2,00 v * 0,00 0,00 w 0,00 «
. * BTANTSLAUS " 120,00 « 25,00 « 9000 « * 0.90 0,08 * 9,00 «
. * TaNOE L] 192,00 » 25,00 L] 144,00 « " 0,80 ¢« 9,00 0,00 «
. * DESCMUTES L] 2%500,00 o 37,00 L] 1!7! 00 « " 2,00 » 2,00 # 0,00 «
. * FREMONT * 1147,00 » 12,00 " 1"0 36 » " 0,09 0,00 « 0,00 »
* . “T_ROOD L] 1737,00 « 12,00 L] 1'!!,!6 L] " 2,00 ¢ 0,80 « 0,00 »
. * 0eHoEo «  1017,00 ¢ 12,00 « 894,84 « . 0,00 ol00 « 2,00 «
. * RQGUE RIVER L] 1!6! 00 « 25,00 L] 1026,00 « . 2,00 w 2,00 » 0,08 »
. * 8I3K1YOU L] 1!!0 30 » 50,00 L 772,18 » L 772,18 0,00 « 0,00 »
. * STUBLAW L 106!.50 . S,OG L] 1865,3% » L] 0,00 0,00 . 0,00 w
* * UMATILLA . 2110,00 o %0,00 " 108%,00 «» " 0,00 0,00 » 2,00
. * UMPQUL *  2092,00 4 25,00 v 169,00 # . 2,00 + 8,00 + 9,00 «
. * WALLOWA=WHITMAN " ﬂn,tl " 12,00 1110,21 « . 0,00 w 9,00 # 151,30 »
* WILLAMEYTE * 5800,00 « 12,00 « 8104,00 + . 0.08 « 9,02 * 9,00 «
» RVHERN v 826,08 & 78,08 + 151,58 # . 2,80 + 9,00 9,08 +
. * COLVILLE L 1200,00 » 12,00 L] 10856,00 « L] 0,20 » 9,00 :.0: :
. * GIFFORD PINCHOT " 2600,00 « 59,00 w 1300,00 « " 9,00 # :,:: : ',:' .
. * MY _RANEReSNOQUALMIE " un 00 # ’;,u [} )!lz :: " : :.:: : '," . .," .
+ OKANOGAN " 10 ll - .1} L] " . , »
. * oLvupIC v 181278 4 2508+ (200,52 # . 2.00 ole0 0,00 «
. * WENATCHEE - 1339,00 12,00 L] 1178,32 » L] 2.80 « 2,09 : :,:: :
« % BANKHEADSTALLADEGA . !lt 10 » 8,00 - 316,10 » - 9,00 « 2,00 .
. & CONgCUM L] “," " 9,00 L] 3o,ap » . 0,00 w 2,00 » 0,00 «
. * DUACHITA " 1686,00 2,00 « 1606,80 . 2,00 * 2,00 . :,:: .
. s iviacicola YL W32 e  aabe . ssese e " 2:00 + - 75'8% o ol00 «
. * APALACHICOLA - 6!! 20 » . - . . ey .." .
[} 2,00 » 337,30 « * 2,80 w 6, 1 ’
. : ggt‘:ll'c‘)u : ::?,o: : ;l:u " 1650758 « " 2,00 w s:,z: 0 :,:: .
406,00 L] 2,00 »00 » . L]
. * DANTEL SOONE " 559,00 « 12,00 « . 2.00 + 8,00 8,00
. * BIENVILLE - 209,10 » 0,00 L] !“0.10 L] . . ..“ .
[ W40 " 0,00 # 0,00 « N
. s DESoro . a:;::: . ::o: . a:;,au . 9.00 + 0,00 « ::u v 0.0 «
[4 65,10 + 2,00 w 2,20 « )00 * »00 »
. . Mosbentrro . ;33 FHN o::: . u:'oo . 2,00 * 0,00 + 2,00 * 8,00 +
0,00 » 2,00 » 0,00 « . .
. * ToualQBEE " Oa,u N 9,00 o: ag w . )
7.10 » 0,00 « 0,00
* CROATAN . 27,10 « 0,M0 w 0,00 2,00 » . .
: . gucm + NANTAWALL * ua,ne . :,u . :,:: : :.:: : l::.:: : :,:: : :::: :
. ?
. + ChEmoREE I u::: . 300,20 « 3,00 180,00 + 0,00 8,00
. * GEORGE WABNINGTON " 274,50 « 2,00 ;:l: :; " ::.:: : :.:: : :,:: : :,:: :
L * JEFFEROON * 239,00 « 12,00 L] L] . . » .
2,00 w 0,00 p,00 * 0,00 »
. * SHAWNEER . 135,00 » 9,00 « us.u . B, »
2,09 0,00 «» 2,00 » 0,00 «
. * WAYNEwHDOSIER . 40,00 o 0,00 4g,00 w . °
8,00 0,00 2,00 « 9,80 #
. * HIAWATHA " 278,00 o 50,00 « 139,00 » 8.2 - 00 - 2,00 »
. * HURDN=HANISTER . 161,00 « 0,00 w 101,00 . . , .
[ 0.00 + 8,00 0,00 w
» * OTTaMA . 596,00 o 12,80 « $2a,a8 2, g.20 « 8,00 o,00 %
A . 300,00 « 12,00 204,00 3,00 » . » »
. . s“:":ouunm " 100,00 « 0,00 # 100,00 « 2,90 « P,00 » 0,00 2,00 »
. ’135 . ANEEEH!NV " ue a0 « 12,00 « 332078 a%,68 » 9,00 9,00 w :.:: .
. 133 ¢ cliun MDUNTAIN " 166, reo . 23,00 « ;:; :: : :.:: : “'l,.:: : :,:: : .:" .
. .
* 134 & MONGNGAHELA . :ul 20 « 23,00 « 70'80 o 2enn e 2ee v n:u ' i
AMEGON " 870,80 « 0,00 s ' .
. 136 o Eytou asa, OU - 12,00 L] l!! 9 8,09 » 0.00 » 9,00 « 0,00 «
. ”: . N!SOL!; : u 00 o:n " u 80 2,00 w 0.00 ¢ 2,00 + :.:a .
* CHUGA
: };5 » EONgAEO-!YIK!N! AREL o 20,00 « 0,08 « a.n * :.:: : :.:: : 'p:: : .,.= Iy
v 139 ¢ TONGASSSCHATHAM AREL 4 ‘:’.": . 1.!':: . A::'::: 2,00 * 9,00 ¢ 0,00 « 0,00 »
»KETCHIKAN 4 * 120,00 « "
:i..:::.:':2:5:::..5'5.:"""".'...'."itt..'.""';.""'i't'-.'..i.i..it.i.....t.:i.i.......'l...i....."i.:i....t......:
- *
. TOTAL MILES w  68742,00 o " !):n.u : :;9;:1 : !;M:;OJ : ;ro';;n : !::5“ :
.
« PERC OF AGGREGATE SURFC, ROADS : : 21.68 : 78,36 . . : ’ . . :
L]
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CONTINUATION

AR I I I I T I A L L T T L T T R e R L R e T R R T T LA L L L T I T st et e e e I e L T T T I T R L F YT ]

» - - -
* . . “1TLES COVERED By .
. L] - -
+ NF e *  MANUAL  « PNEUMATIC « RANDON « RELATION ¢
* NO @ * COUNTERS « COUNTERS « SAMPLING « TINARER VOL ¢
L] - - - - - -
'!'..........'................................‘..i......................P.................i.i..............’....
. 1« . 0,00 ¢ 0,00 « 0,00 » 0,00 ¢
* 2. . 2,00 » 2,00 « 2,00 « 0,80 »
" 3 . . 8,00 « 0,00 « 0,00 « 0,00 «
. 4« . 2,00 « 2,00 « 0,00 w 0,00 ¢«
* S e * 0,00 « - 0,00 ¢ 0,00 « 0,00
* 6 ¢ . 0,09 « 2,00 * 2,00 ¢+ 9,00 *
. 7 . 0,00 « 8,00 » 0.00 ¢ 2,00 «
" 8« . 0,00 « 0,00 « 0,00 ¢ 0,00 «
. 9w . 0,80 ¢ 0,00 « 0,00 « 2,00 ¢
- 10 ¢ - 0,00 « 0,00 « 2,00 « 0,00 «
. 11w . 0,00 « 8,00 « 0,00 « 0,00 «
* 12 » . 0,00 « 0,00 « 0,00 « 0,00 »
- 13 » - 0,00 « 0,00 0,00 « 0,00 ¢
. 18 « - 2,00 « 8,00 « 0,00 * 0,00 «
* 15 . 0,00 « 0,00 ¢ 195,20 « 2,00 «
* 17 « . 0,00 w 2,00 « $7,00 » 0,00 ¢
s 18 ¢ * 0,00 « 0,00 « 0,00 ¢ 0,00 «
- 19 « * 8,00 « 0,00 « 2,00 « 8,00 ¢
. 20 « . 2,00 « 9,00 ¢ 0.00 « 0,00 «
. 21 » . 0,00 » 9,00 « 0.00 ¢ 8,00
. 22 « . 2,00 « 169,38 « 2,00 « 0,00 «
. 23 » * 9,00 + 99,78 « 0,00 « 0,0! -
b 23 « . 2,00 0,00 « 2,00 ¢ 2,00 +
- 2% « L] 0,00 0,00 ¢ 0,00 » 2,00 «
* 26 ¢ . 8,00 » 8,00 « 0,00 « 0,00 ¢
] 27 « * 2,00 + 9,00 « 9.00 ¢ 0,00 +
- 28 « * 2,00 0,00 ¢ 68 @ 0,00 «
. 2% «» * 9,00 ¢« 0,00 » 9,00 « 0,00 «
* 30 « * 9,00 « 0,00 ¢ 0,00 « 0,0! *
* 32 « . 9,00 « 2,00 « 2,00 * 0,00 *
* 34 « . 0,00 « 2,00 » 0,00 ¢ 2,00 «
* 38 . 9,00 0,00 « 0,00 ¢ 0,00 +
- 36 @ * 0,00 « 0,00 + 0,00 « 0,!0 -
- 37 ¢ . 2,00 ¢ 0,008 » 0,00 0,00 +
. ae « - 2,00 + 9,00 « 0,00 « 2,00 «
- a1 - 0,00 + 0,80 + 0,00 ¢ 2,00 ¢
. az e . 0,00 » 0,00 » 15,53 « 0,00 w
. a3 « - 0,00 ¢« 9,00 ¢ 0,00 0,00 +
. 46 « . 0,00 ¢ 0,00 2,00 ¢ 2,00 ¢
- a9 - 9,00 ¢ 0,00 « 2,00 0,00 «
- 50 o * 0,00 + 0,00 « 2,00 ¢ 0,00 «
- sy ¢ . 5,00 « 0,00 0,00 « 0,00 «
- 52 ¢ . 0,00 « 0,00 « 0,00 0,00 »
M a3 ¢ * 9,00 ¢ 0,00 « 9,00 « 2,00 +
. L L] . 0,00 ¢ 2,00 0,00 ¢ 0,00 »
- g6 w L] 0,00 » 2,00 0.00 ¢ 9,00 «
N 87 « . 0,00 « 6,00 « 0,00 « 0,00
- 58 L] 0,00 « 0,00 « 0,00 ¢ 2,00 «
- 89 L] 2,00 » 0,00 « 0,00 0,00
- 60 « - ",00 ¢ 9,00 « 0,00 ¢ 0,00 «
- 61 * * 9,00 9.00 ¢ 0,00 0,00 +
. 62 = . 9,08 « 2,00 ¢ 2,080 ¢ 0,00 +
- 6% « . 2,00 » 2,00 » 0,00 » 9,080 +
. 6d * . 0,00 + 2,00 » 2,00 « 0,00 v
. 68 - 2,00 9.00 « 9,00 « 0,80 «
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. 66 * L 2,00 « 2,80 « 2,00 « 2,00 «
. 67 = L 2,00 « 2,00 ¢ 0,080 « 629,00 «
. 68 « . 2,00 « 2,00 « 0,90 « 0,00 «
. 69 « . 0.22 « 0.9 « 48,00 « 0,00 «
. 70 . 0,00 « 2.00 « 928,00 ¢ 0,00 ¢
. Tt . L] 2,00 « 0,00 « 0,00 « 9,00 «
. 73 . . 2,00 « 7,00 « 0,00 « 9,00 «
» 78 « . 2,00 o 2,00 0,00 ¢ 2,00 «
. 7% « . 0,00 « 0,00 « 0,00 » 2,00 «
. 76 ¢ . 0,00 « 0,00 « 0,00 « 0,00 «
. 77 . 0,00 o 0,00 « 0.00 « 0,00 ¢
- 78 « L 0,00 o 0,08 « 0,00 « 0,00 «
. 79 . 0,00 « 0,00 ¢ 0.00 « 0,00 «
. 80 « . 8,00 « 9,00 « 0,00 ¢ 0,00 +
- 81 « L 9,00 ¢ 0,00 « 0,00 « 0,00 ¢
- 82 ¢ L] 0,00 0,00 « 0.90 0,00 «
- 83 ¢ L] 0,00 « 0,00 « 0,00 « 8,00 «
« B4 . 0,00 « 2,00 « 2,00 + 2,80 «
. 85 « . 0,00 « 0,00 « 2,00 « 0,00 «
. 86 « . 0,00 « 8,00 « 0,00 « 0,00 «
- 87 « L] 0,00 « 9,00 ¢ 0,00 « 0,00 «
. a8 . 0,80 « 0.00 0,00 « 0,00 «
. 89 « * 0,00 o 0,00 « 9,00 « 0,00 «
- 90 « L] 0,00 « 0,00 « 0,00 « 0,00 «
. 93 « . 0,00 « 0,00 « 0,00 ¢ 2,00
- 93 « L] 0,00 « 0,00 « 9.00 ¢ 2,08 «
. 9% « * 0,00 « 0,00 « 8,00 « 0,00 «
- 97 « L] 0,00 « 0,00 « 0,00 « 0,00 «
. e . . 2,00 « 2,00 ¢ 0,00 2,00 «
- 104 « . 9,00 « 9,00 « 66,00 « 2,00 «
* 103 o L 0,00 ¢ 9,00 ¢ 0.00 « 0,00 «
. 108 « . 0,00 « 9,00 « 9.00 « 9,00 «
* 1RS .« L] 0,00.¢ 0,00 « 2,00 « 9,00 «
* 106 « L] 0,00 o 9,00 « 2,00 ¢ 0,00 «
« 1287 ¢ . 0,00 ¢ 0,00 « 0,00 # 0,00 «
* 188 . 0,00 « 0,00 « 0,00 o 0,00 «
« 109 « . 0,00 « 0,00 « 0,00 « 0,00 #
- 111 L] 0,00 « 0,00 « 0,00 « 0,00 ¢
« 112 . 9,00 « 0,00 « 8,00 ¢ 0,00 «
- 116 « L 0,00 « 0,00 « 0,00 « 0,00 «
- 121 « . 0,80 « 0,00 » 9,00 0,00 «
- 122 « L] 2,00 « 0,00 « 0,00 « 0,00 «
¢ 123« . 0,08 « 0,00 « 2,00 » 9,00 «
. 124 « * 0,00 o 2,00 « 0,00 « 9,00 «
- 128 * 8,00 « 0,00 ¢« 139,00 « 8,00 »
. 126 - 2,00 « 0,00 « 0,00 ¢ 0,00 «
- 127 « * 0,00 « 0,00 « T1,52 « 2,00 «
- 128 « - 9,00 » 36,00 9,900 « 2,00 «
» 131 « L] e,00 « 0,00 « 2,00 « 0,00 «
- 132 « L 0,00 « 0,80 « 0,00 ¢ 0,00 «
* 133 ¢ . 2,00 « 2,02 « 0,00 ¢ 8,00 «
*« 134 « . 0,00 « 76,30 » 0,00 « 2,00 «
. 135 « L] 0,00 « 0,09 « 0,00 « 0,00 «
L] 136 « L] 0,08 « 0,00 » 0,00 « 0,00 o
" 137 » . 0,08 » 8.00 « 0,00 » 0,00 «
" 138 » . 0,00 « 09,00 » 20,00 » 0,00 »
" 139 « L 8,00 » 2,00 « 0,00 » 0,00 «
. 149 » . . 12,00 ¢ 0,00 » 0,00 » 0,00
l..--.............................l........l...'................-.....'.-.t...l....-li...t..'....'t'!...l'.’.---
* « 12,00 « 381,43 «» 137,80 » 628,00 »
" . 02 . 58 2.2 134 TN
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FOREST

N A L] [ 4

CLEARWATER
IPNF, 8T MARIES Z0NE
NEZPERCE
SEAVERHEAD
81YTERROOT

cusrer

DEERODGE
FLATHEAD

GALLATIN

HELENA

KOOTENAT .

LEWNIS + CLARK
LoLo

ARAPAMO ¢ ROOQEVELY
GRAND HEBSA,UNCOMeGUN
RI0 GRANDE

RouTY

SAN JUAN

WHITE RIVER
NEBRASKA

BLACK MILLS
S1GHORN

MEDICINE ROW
8HOBHONE

APACME SITYGREAVES
COCONINOD

CORONADO

KAl8A8

PRESCOTY

CARSON

GILA

LINCOLN

SANTA FE

o018

PAYETTE

BALMON

B8ANTOOTH

TARGHEE

ASHLEY
MANTI=LABAL

UINTA

WASATCH
ARINGER=TETON
CLEVELAND

L DORADO

*
*
*
*
*
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18,

a;
1a,
2!
1a,
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InNyD

KLAMATH

LASBEN

LOS PAORES
HENOOCINO

Ho0ot

PLUMAS

8AN BERNAROINO
8gauola
SHABTATRINITY
SIERRA

8IX RIVERS
STANISLAUS

Tanoe

bescHuTES

FREMONT

MY HoOD

o¢cHneo

ROGUE RIVER

134 1844:0)

STUBLAN

UMATILLA

Unpaua
WALLOWA=WHITHAN
WILLAMETTE

MINEMA

coLvILLE

GIPFORD PINCHAT
MY, BAKER=SNOQUALMHIE
OKANOGAN

oLYMPIC

WENATCHEE
BANKHEAO4TALLADEGA
CONECYN

OUACHITA

OlARK + BT, FRANCIS
APALACHICOLA

ocALa

08CEOLA

OANTEL BOONE
STENVILLE

DELTA

ogsoTa

HoLLY BPRINGS
HOMOCHITTO
TOWA1GBEE

CRDATAN .
PIBGAM ¢ NANTAMALA
UwHARRTE

CHERDKEE

GEORGE WASHINGTON
JEPFERBON

BHAWNEE
WAYNE=HOOBTER
HIAWATHA
HURONMANTSTER
OTTAWA

CHIPPEW,

WHITE MOUNTAIN
ALLEGHENY

GREFEN MOUNTAIN
MONONGAHEL &
CHEQUAMEGON
NIcoLET

CHUGACM
TONGASBSTIKINE AREA
TONGABBwCHMATMAM AREA
TONGASBWKETCHINAN &
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2,
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22,
1a,

14,
11,
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22, 15, 9,
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10, 2a,
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1, 2a,
19,
7: 1, 4,
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7
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N
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16,8 QUANTIPFICATION OF TYPCAL SUBGRADE MATERYALS,

T I I 1 I T Y2223 A8 X T A S X222 2238321222123 17)

" " " )
* TYPICAL SUBGRADE MATERIAL, w» NO, OF « pERC, OF w
* * NP WITH & NF WITH w
* NO, N A M e w THIS MAY » THIS MAT »
" " " " "
T L Y R e PR T I R R TR e A A LR I R TR A A T L T
b 1 % GRAVELS GENERAL " 29 ) ZS 66 w
» @ = SANDY GRAVEL » 4 3, "sa o
* 3 w CLAYEY GRAVEL " 4 ) 3 84
" 4 » SILTY GRAVEL " 10 " 8, 85 "
» S # ALLUVIUM » 3 * 2 685
» 6 » SAND GENERAL " 18 " 18, 93
" 7 w GRAVELLY SAND * 6 'Y s 3f w
" 8 w CLAYEY 8AND ) 7 " 5 19 «»
* 9 # SILTY SAND L 19 L 16 81
» 10 « CLAY GENERAL " H] » 21, 24 "
" 11 % CLAY LOW COMPRESSIB 18 » 13 27 «»
" 12 = CLAY HIGH COMPRESSIB « 6 " 5 p31 »
" 13 « CLAY SHALE " 7 » 6 19 »
" 14 « SILT GRAL " 17 » 18, 84 "
* 1§ « SILT LOW COMPRESSIB 17 " 15 84 w
* 16 « SILY HIGH COMPRESSIB L4 * 6,19 "
* {7 w ORGANIC 8ILTS * 88 #
* 18 » |LOAMS GRAL, " 1 " 4,42 @
" 19 « SANDY LOAMS " s * 4,42 «»
" 20 » CLAY LOAMS " 6 S 31 »
» 21 % BSILT LOAMS - s 4, 42«
* 22 % VOLCANIC MATERIALS " 7 " 6 19 «»
" 23 * ORGANIC MATERIALS » 7 » 6 19 w
" 24 « WEATHERED ROCK w 8 " T aa "
» 2% % R OGeCK ) 44 " 38, 94 "
" 26 w INPF NOT AVAI OR 8UFY » e " 1.77 "
IITTTITII ST TSI LS LY T SRR AR RS AR AL R AR A Al Ly
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19.C QUANTIFICATION OF TYPICAL SURGRADE MATFRIALS (MILES ANR LANE MILES)

NATIONAL NF CONSIDERED 113

vAY MILES oF ROAD PERC M .

coDE_(ALL TYPES)  WITH YIS AL TYeee W1Th THrs

MAT  MATERIAL NITH THIS M
12X 23X XX X)) AT M‘T!RI‘
iiiiiii.iii'ﬁi.iii.i.itiiiiiiiiiiiit..iiiiiiiiiiit...i.
! 19324,85 7,79 .
2 2074, 88 T80 S Tree
3 195897 179 201753 21
a 072788 3,92 1osva’sf oy
s 98y, 83 ya8 1092" 8 3t
6 1455013 )8y 10622' 2 g
7 2982, 05 1;20 3106 o6 1la
. 2602, 13 1,07 2082074 N
9 21770012 8,78 23643761 "os
10 1551840 626 16778"55 031
11 9184,90 3,70 oqze’a 3er
12 2261,68 ’91 2507, 2 W
'3 284502 1,03 2778 ’3 o3
12 11200 3¢ 4,52 12304" q 1183
1S 14436, 40 5,82 15350"1 Lss
16 4659, 47 1,88 2959”43 HN
17 184,60 b8 505’73 Ht
18 5801168 2,38 5::1"2 gt
19 379716 1,53 2070’39 e
20 189603 1,57 a616; 14 it
21 6761,92 2,73 737076 By
22 976323 1,90 10304’ o 2
23 2303,12 1,05 2006’ a0 104
11,58 MY 15035, 27 INT

2% 6748013 22,89 61856755 22190

26 8286,00 1l 34 10108, 10 3.7



NATIONAL

11,4

TYPICAL

AGGREGATE

MATERTIALS

N. FORESTS cONSIOERED

113

DISTRIBUTION OF TYPICAL AGGREGATE MATERTALS 8Y NATIONAL PNREST
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-
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NATIONA(

OWEO AL -

T XX 2RI TR R Y NN NN NN N NN N NSNS NN NN NN NE NN

FOREST

N A ] [ 4

CLEARWATER
IPNF,8T MARIES ZONE
NEZPERCE
BEAVERHEAD
BITTERROOT
CusTeER
OEERLODGE
PLATHEAD
GALLATIN
HELENA
KODTENAL
LEWIN ¢ CLARK
LoLo

ARAPAHO ¢ ROOSEVELTY
GRAND MESA,UNCOMsGUN
R10 GRANOE
ROUTT

SAN JUAN
WHITE RIVER
NEBRASKA
BLACK MILLS
B1GHORN
MEOYCINE BOW
SHOSHONE
APACHE SITGREAVES
CoCoNINO
CoRoNADO
Kalpan
PRESCOTT
CaRSON

GILA

LINCOLN

8ANTA PE
8otse

PAYETTE
SALMON
SAWTOOTH
TARGHEE
AsHLEY
MANTI = ASAL
UINTA

WABATCH
BRIDGER=TETON
CLEVELAND

EL DORADD

T E R R E R A N NN NN NN NN NN AN NN

14,
11,

9,
22,

13,
2,
21,

7
18,

13,
8,
18,
[

18,
23,

TYPICAL

13,
22,

1,

7,

.
23;
15!

8, 18,

AGGREGATE
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13,
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teyYo

KL AMATH

LABREN

LOS PaADRE]
MENDOCINOD

Maboc

PLUMAS

84N BRERNAROIND
8gQUOLA
SMASTATRINITY
S8IERRA

81X RIVERS
STANTSLAUS

Tanor

DESCHUTES

FREMONY

MY M0O0D

ocHoOLo

ROGUE RIVER
S18x1Y0U

srusLan

UMATILLA

UMPQUA
WALLDWA@WMITMaAN
WILLaMETTE

WINEMA

COLVILLE

GIFFORD PINCHOT
MT ,BAKER=BNOQUALNTIE
OKANOGAN

0L yMplcC

WENATCMEE
BANKHEAD#TALLADEGA
CoNECUM

OUACHITA

0ZaRK ¢ 8T, FRANCIS
APALACHICOLA

ocaLa

osceoLa

DANTEL 8OONE
BIENVILLE

beLTa

ogsoY0

HOLLY S8PRINGS
HOMOCHITYO
TouRIGAEE

CROATAN

PISGAH ¢ NANTaWALA
UWHARRTIE

CHEROKREE

GEORGE WASHINGTON
JEFPERSON

SMAWNEE
WAYNEwHOOSTER
HYAWATHA
HURONeMANTSTEE
0TTana

CHIPPENA

WHITE MOUNTAIN
ALLEGMENY

GREEN MOUNTAIN
MONONGAMEL &
CHEQUAMEGON
NICOLEY

CHUGACH
TONGASS=OTIKINE AREA
TONGASSCHATHAM AREA
TONGABSKETCHTIKAN &
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1,
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1a,

6,

16,

27,

17,
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11,8

QUANTIFICATION OF TYPICAL AGGREGATE MATERIALS,

t*iiiiiitiitittiiiiitiiiitifitiiiitttiiiiiiiittiittiitii

NO.

OPAT AW N-

10

iiiiiiitiittitttiittti.ittiitiitiitttiiiittitﬁiiittiii

]
]

L 3R JE 3 30 I AN S I 3 IR N N BN NE IR B N N N N NE R NN N B BN IR BN B A J

TYPICAL AGGREGATE MATERYAL,

N A M E

NATURAL DEPOSITS
VOLCANIC MATERIALS
WEATHERED ROCK
VOLCANIC ROCKS GRAL,
PEGMATITE

DIORITE

ANDESITE

GRANITE

BASALY

GABBRO

DIABASE

SCORIA

RHYOLITE

METHAMORP ROECK GRAL
QUARTZITE

SCHIST

PHYLLITE

GNE1SS

SERPENTINE

MARBLE

SEDIMENTA ROCK GRAL
LIMESTONE

SANDSTONE

CALICHE
METASILTSTONE
MUDSTONE

SHALP

GRAYWACKE

ARGILLITE

CRUSHED STONE NOT 8P
INF NOT AVAY OR sUP?

]
]
]
]
]

L 20 3 B b BN BE BE JE B R I I b I b BF Jb R B b ONE BB b O JF BB 2B B OB J

NO, OF
NP WITH
THIS MAT

a3
12

10

WA AUHNLIQ e B AN E®O e

]
]
]
]
]

| 2% 3 BB NE B BF N BN BB Jb I B BN B B b B b B N BB N N b BE B B BB BB 2§ J

THIS MAT

VAR AL AR AR XXX s lll]y]])

38,08
10 62

88
8, 85

88
4 42
14 16

Z 6S

4,42
6,19
2,68

]
]
]
]
]
]

]
]
]
]
]
]
]
]
]
]
]
]
]
*
"
»
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
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11.¢

QUANTIFICATION OF TYPICAL AGGREGATE MATERIALS
MATIONAL

(MILES AND LANEeMILES)
NF CONSIDERED 113

MAT MILES OF ROAD

CODE (ALL TYPESR) WITH THIS (ALL TYPFS) WITH THTS
WITH THIS MAT MATERTIAL WETH THIS MaT MATERIAL

2 T i 2 i AR A I e Y L R L Y PP I A T Y T P I Lol |

PERC MILES LeMILES nF RD PERC LeMIL

1 3830816 15,48 43965 8 16,28
2 19484 858 M 286 21148,47 ,as
3 2005, 00 b8 2495, 90 )92
4 7630,69 3, ga Olva,ua 3, 9 9%
s 826,87 3 894 63 "33
6 248497 1,00 2782) 1 1)02
7 14380 ,89 s, T80 15231, 51 S,oa
8 20459 63 8 25 23626, 11 8,78
9 aea1o,3a !6 30 432%2,19 16, 81

1a 527,67 ,21 S49,39 zg

1 2125,09 )86 2125,00 ;79

12 2447 00 99 2693 96 1 oe

13 87%4,71 3,!3 aoas,ao 3,34

14 6224,9%3 2,51 651S,17 2! 41

15 12655, )5S 5,10 13278 a8 u) 91

16 7n1,73 ,30 791,%7 ,20

17 1188,33 a8 1236,67 286

18 2451,23 299 2767,98 1,02

19 zoas.sa 83 2128, 68 79

20 363,49 215 363,40 ’13

21 2287,48 )92 ztte,ss 097

22 zooeo 89 12,09 32497,24 12 23

21 598767 2,42 os:s,qt 204y

2n sus;on 030 929,05 )34

2% 363,40 218 363,40 0193

26 @,00 8,00 a,ao 2,00

27 3380 a2 1,36 348764 1 29

28 zae 28 p12 301,1& ,11

29 3997,30 1,87 4033,aS 1,49

319 11198,60 6,82 11692 20 ‘ )33

3 42my 00 1.69 4v22,45% 1278




12, TESTING METHODS HOST UBED TO EVALUATE THE STRENGTH OF sUBGRADE AND AGGREGATE MATERIALS

NATIONAL NF CONSIDERED 113

12,4

METHODS USED IN EACH NATIONAL POREST,

LAl L s T T3 2 e e AT P LLTTT PE e ee e e e e 23 1T 1 1 T 1)

*
]
*
*
*
*

R R R RN EEE VSN NN NN N NS N NN EESEEEESESESES

NATIONAL

-
D OMAPE DU -

Y SR E RS EEEEEZE S S RN NS SN RN ERE R EENEESEEEESMN]

»
*

FORESY
N A “ [ 3

CLEARWATER
IPNF, 8T MARIES ZONE
NEZPERCE
BEAVERMEAD
BITTERROOY
cusrer
DEERLODGE
FLATHEAD
GALLATIN
HELENA
KOATENAS
LEWIS ¢ CLARK
LoLo

ARAPAHO ¢ RODSEVELTY
GRAND MESA,UNCOMeGUN
R10 GRANDE
RoUTY .

SAN JUAN
WHITE RIVER
NEBRASKA
BLACK HILLS
BIGHORN
MEOICINE BoW
S4OBMHONE
ARACHE SITGREAVES
COCONIND
CORONAOD
Kalnan
PRESCOTY
CARSON

-3 (W}

LINCCLN

SANTA PE
BO1&E

PAYETTE
SALMON
SANTOOTH
TARGHEE
ASMLEY
MANTIwLASAL
UINTa

WABATCH
BRIOGEFA=TEYON

*
»
*
*
*

PO I N 2 N N N BN Y AN IR I 3 I I I NN AN 2N I I IR NN AN I AR B I R IR N 2% BN JN 2% N G % % 2% % J

T e s 11
SBUSGRADE

N G
MATERIAL

Cy8,R,
chean,
R. VALUE
HVEEM STABILOMETER
DENSITY MEASUREMENTS
DENSITY MEASUREMENTS
DENSITY MEASUREMENTS
Cy8.R,

Lhak
", VALUE
CyBuR,
AN
n, yaLuE
Cy8,R,
€y8,8,
c"'..
C,8,R,
C.8,.R,
N, O N E
Ci8,R,

B0,
FIELD EVALUATION
MVEEM BTARILOMETER
OENPITY MEASUREMENTS
C,8,R,

C.B.R,

BENSITY MEASUREMENTS
88 UBING Pl AND =200
AABHTO METHODS GRaL
€ 8.0,

8,0,

- c..l'l

FRELD EVALUATION
C.8,R.

N, O N E

Ry VALUE

R, vALUE

HVEEM §TARTLOMETER
PIELD EVALUATION

C..-nc

WyEEM STABTLOMETER
R, VALUE

C.B.R,

L]
»

I EE T RN EY EE NN BN ENENEEN BN SN ESN NS NEEEEEEEENEE]

M g€ Y H 0 D

AGGREGATE MATERTAL

tttttt'ttﬁttt.t'ttt"'t't'ttt'tttt.ttt"ﬁtt't‘t'tt"ttt.'tt't""'ﬁt't'ﬁttt..ttttt

LR8 ANGELES ABRASION
LOS ANGELES ABRASION
L08 ANGELES ABRASTON
LOS ANGELES ABRASION
OENSITY TESTS
DURABILITY OR DEGRAD
LDS ANGELES ABRASION
LO8 ANGELES ABRASION
LOB ANGELES ABRASION
LOS ANGELES ABRASION
LOS ANGELES ABRiSION
c

8.8,
AABHTO METHODS GRAL
L0S ANGELES ABRASION
Tarn

s
LOS ANGELES ABRASION
LOS ANGELES ABRASION
LNS ANGELES ABRABIDN
N N N 2
DENBITY TESTS
LOS ANGELES ABRASION
LO8 ANGELES ABRASION
LOS ANGELES ABRASION
u;l;!LLANEOUl METMDS
C,8R,

N

I
OENAITY TESTS
L0S ANGELES ABRASION
AABWTO METHODS GRAL
LOS ANGELES ABRASION
LOS ANGELES ABRASION
SODIUM SULFATE SOUND
ci8.R,
DURASILITY OR DEIGRAOD
LO8 ANGELES ABRASION
LGS ANGELES ABRASION
[, vaLuEe
HyEEM STAAILOMETER
", i

LBLR,
WVERM STARILOMETER
LOS ANGELES ABRASION
N N

*
*
*
*
*
*

LN 2N 2N O 28 B N R J% I 2N 2N 2N 2N 2N 2% 2% M IR I N N NN W AR I I NN IR N NN AN 2R 3 3 R N 2 I B O 3
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CLEVELAND

€L OORADO

INYO

KLAMATH

LABBEN

LOS PAORES

MENDQC INO

MQDOC

PLUMAS

8AN BERNARDINO
sgouotA z.'&
BHABTATRINITY
S1ERRA

81X RIVERS
STANIBLAUS

Tamor

bgacHuTES

FREMONT

MT MOOO

acHoCo

ROGUE RIVER
(38134411}

BIUBLANW

UMATILLA

UmMPguUA
WALLOWA=WMITMAN
WILLAMETTE

NINEMA

coLviILLE

GIPFORD PINCHOT

MY BAKER=SNOQUALMIE
OKANOGAN

oLYMPIC

WENATCHEER
BANKHEADSTALLADEGA
CONECUM

OUACMITA

OZARK ¢ BT, PRANCES
APALACMICOLA

OCALA

0SCEOLA

DANTEL BOONE
BIENVILLE

OELTA

ogsoto

HOLLY SPRINGS
HOMOCHITTO
TonBlIGAEZE

CROATAN

PIBGAM ¢ NANTAMALA
UNHARRIE

CHEROKEE

GEORGE WASHINGTON
JEPFERBON

SHANNEE
WAYNE=MODSIER
HIANATMA
HURONaMANISTER
OTTAWA

CHIPPEWA

WHITE MOUNTAIN
ALLEGHENY

GREEN MOUNTAIN
MONONGARELA
CHEQUAMEGON
NICOLETY

CHUGACN
TONGABSSTIKINE AREA
TONGABBaCHATHAN AREA
TONGASBaKETCHIKAN A

LTI AL R R R R L A LA T R eI lidTd)

I E R B R BN SR E R R S A N E I E R E R R R R R R R E RS RS R E R RS E R RN SR RS R R R E R RS E RSN ES]

DENSITY MEASUREMENTS
R, VALUE
R, VALUE
R, VALUE

R. VALUE
DENSITY‘MEABUREMENTS
N.O N E
R, vALUE
R, VALUE
R, VALUE
R, VALUE
R, VALUE
CoBeR,
AASHTO METWODS GRAL
€y8,R,
Cy8,yR,
18,0,
Cy8yR,
Cy8,R,
CI8,R,
Cy8yR,
€, 8.7,
c....'
OENSITY MEZABUREMENTS

o
-

L
-

»
.

ZBeeeee
-~ DPDDDBD
45w swww

Mo s = vww

MEZASUREMENTS

e s »vwveswes ODO0O0OCO DOO®e % &9

cevswvsww e

TY MEASUREMENTS
EVALUATION

DD DRNDODIIDODIDDIDN

evee seew

ZZEZZOOOOOOOOOOOO MO ZEZZZEZOIZIZZOONONHOOOO

2 0000 ww v »9 0

I E R E B S RN REENEE SR E S SR E E N E R R R R R R R R R S RN E N R R RS R R RS R RN SRR N

DENAITY TESTS
PLASTIC FINES IN G.A
LDS ANGELES ABRASBTON
R, vALuE

DYRABILITY OR DEGRAD

a%a™e
LOS ANGELES ABRASION
Lp8 ANGELES ASRASION
R, vALUE
DURASILITY OR DEGRAO
DgNl!TV Teers
R, viLue
LOS ANGELES ASRABION
DURABILITY OR DEGRAD
Ln8 ANGELES ABRASION
GRADATION TESTY
LO8 ANGELES ABRASION
AABHTO METMOOS GRAL
LOS ANGELES ABRASION
N 0 N ¢
LOS ANGELES ABRASION
LOS ANGELES ABRASION
DURABILITY OR OEGRAD
LOS ANGELES ARRABION
LO8 ANGELES ABRASION
LO8 ANGELFS ASRABION
ATTERSERG LIMITS TES
MI8CELLANEOUS METMDS
LOB ANGELES ABRABION
MISFELLANZOUS METMOS
LOS ANGELES ASRASION
LOS ANGELES ABRABION
LOS ANGELES ARRASION
LOS ANGELES ABRASTION
N 0 N €
N BN

C,8 R,
O!NQITV Tesve
'R

ZEZZZTXZXZZZZXZZX
DIDIIDIIIIDIDID
ZXZZZEZEZZZZZ
LELELELLYY ]

LOS ANGELES ABRASION
LOS ANGELES ASRASTON
M;ls!LLAN!DUl METHDS
c.8.R,

N 6 N [

DENATTY TPSTS
GRANATION TEST
c,8,R,

N e

N £

N

LOS ANGELES ARRASION
LOS ANGELES ABRASTON
N o N

UENAITY TEBYS
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12,8 QUANTIFICATION OF THE MOST USED SUBGRADF MATERIAL TESTING METHODS

CUSING NUMBER OF FORESTS AND MILES)H

235

L2 L A A A A P T R R R R I E R R A AR s A A S I P I R X R R R R R s R T xRzl

" "

» TESTING METHOD o NUMBER OF «
* . * NP UBING «»
« NO, N A M E * THE METHOD o
L] " L] "
»

" 1 » R; YALUE " 17 "
" 2 » C,B.RY " b1 "
* 3 « DENSITY MEASUREMENTS L 10 "
" 4§ » MOYSTURE MEASUREMENT " ] "
* S o« HVEEM STARILOMETER " [} "
" 6 « SIEVE ANALYSIS " ] "
L 7 « PIELD EVALUATION " [} *
* 8 » 88 USING PP AND =200 " 1 "
" 9 « N 0O N ] 16 "
" {@ w» AASHTO METHODS GRAL " F )
*

PERCENTAGE
NF USING
THE METHOD

15,04
52,21
8,88
2,00
3,84
0,00
3,84
14,16
1.77

EQUTVALENT
MILES
USING THIS

43821 ,00
146060,70
1el62,20
9,00
$960,70
2,00
#184,00
2964,00
140888,50
0694,00

12.¢ QUANTIFICATION OF THE MOST USED SUBGRANE MATERIAL TESTING METHNDS

(USING LANE=MILES),

TM  LeMILES USING PERCENTAGES
NO  THIS METHOD L=MILES
"SI A IR XA AR AR R AR AL R AR ) )]
1 49316.65 18,26
2 185576,93 57,60
3 18589 ,91 6,88
4 2,20 8,808
5 7814,98 2,89
) 0,00 @,%0
14 7180,27 2,68
8 3209,80 1,19
9 18341,44 6,83
18 9996 ,80 3,70

PERCENTA
MILES
USING TH

17,58
86,91
6,64
0,00
2.8
0,90
2,49
1,20
6,49
3,91
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C.B.RL
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"
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NUMBER oOF
NF USING
THE METHOD

43

-
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VAL NN~ DOdWN-O

PERCENTAGES

12,E
(USING LANE=MILESH,

™ L=MILES USING

NO THIS METHOD La=MILES

'S 222222 2AX2XXX22 232 AR 22 A2 X X2 L 22

1 11699564 43,32
2 19317,38 7,18
3 2637,25% .98
a4 19156,60 7,09
S 33146,84 12,27
[} 14029,56 5,19
? 0,00 8,00
] 70%6,00 2,61
9 5472,19 1,91
12 3v07,77 !,31
11 18%9_90 69
12 8887,19 3,29
13 23867,64 8,73
14 14862,80 5,39

]
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PERCENTAGE
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4,42
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| ]
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L ]
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7,13
12,33
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1,24
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8,13
5,65
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. « MENDOCINO - 2393,20 o 0',00 L] 9,00 L] 100,00 * 0,00 L] 0,00 L]
' 61 * MpDOC L] Q220,00 o L] 0,00 [] 40,00 L] 0,00 L] 0,00 L]
. 62 * PLUMAS * 3512,00 o . 30,90 « 35,00 20,00 o 8,00 ”
. 63 » SAN BERNARDINO . 15420,08 « L 30,00 . 60,00 « 5,00 « 0,08 L
« 64 * BpOUOTA . 1377,00 » * 12,00 . 40,00 L 9,00 . 2,00 *
. 65 & SMABTA=TRINITY . 6065,00 o . 25.00 o 28,00 0,00 0,08 [
. 66 * BIFRRA . 1950,00 » . 0,80 « 40,08 o 60,00 ¢ 0,00 .
. 67 » BIX RIVERS L] 200%,00 o . 0,80 * 100,00 L] 0,29 * 0,20 .
- 68 * STANTSLAUS . 2270,00 o * 50,00 o 10,80 « 10,00 » 0,00 .
. 69 « TaMpl . 2221,00 » . 0,80 o S2,80 o 30,00 o 0,80 .
- 72 « DESCHUTES . 9760,00 o . 80,00 . 20,08 . 8,00 . e.00 .
. 71 « FREMONT * 8410,00 o L] 52,00 . 4o,08 L] 18,00 L] e,00 -
. 73 « MY HOOO . 3513,00 o . 0,00 o 70,08 « 33,00 9,00 .
. 74 « QeMocoO - 228,20 o - ae,00 - 4Q,008 o Q0,00 L .00 -
. 75 « ROGUE RIVER . 2586,00 o . 0,00 o 40,00 o 0,00 ¢ 8,00 *
. 76 « S18K1YOU . 2300,30 o . 10,00 o 10,00 ¢ 70,00 0,00 .
. 77 & StUSLANW . 2639,28 o L] al,00 * qae,00 - e,00 L] Q.00 L]
* T8 o UMATILLA * 3220,00 . . 15,80 - 25,00 - 10,00 . e,00 -
. 79 « UMPAUA . 4291,00 « * 28,00 . 63,00 . 18,00 * e,00 .
* 00 o WALLOWA=WHITMAN . 65%4,30 o L] 0,00 . 60,00 L] 49,00 L] e,00 .
. 81 * NILLAMETTE . 6710,88 o . 0,00 o 60,00 . 20,00 * 0,00 *
* 82 o WINEMA . 1400,00 o . e,00 . 34,00 L] 26,00 . Q.00 L]
. 83 « COLVILLE . 4010,00 « . 0,00 « 100,00 « 0,00 o 0,00 .
. 84 « GIFPFORD PINCHOT . 500,080 o . 0,00 o 60,00 « 10,00 » 2,00 .
. 8% o MY _BAKER=PNOQUALMIE . 3407,008 o . 15,00 . 20,08 . 60,00 . 0,00 .
* 86 * OKANOGAN . 1040,38 » . u@,00 » 62,00 o .00 » 2,00 *
* 87 « OLYHPIC . . . Qo,00 * 25,00 * Ss,00 L] 8,00 -
* 88 » WENATCHEE . . . 26,00 o 66,00 o 8,00 o 0,00 .
- 89 « BANKHEAD#TALLAOEGA . * » 53,00 . an,00 » e,00 * e,00 *
* 90 »« CONgCUM * . * 0,00 . 9,00 * Q.00 * 0,00 L]
- 9% » OUACHITA » . * 0,00 . 9s,00 L] Q.00 L] 0,00 .
. 9a * ODZARK # 8T, FRANCES . . . 0,00 o 100,00 o 0,00 o o,00 .
- 96 * APaLacHICOLA L . * 5,00 » a,00 L] e,00 . e,00 .
- 97 o QCALA .. . » e,00 . e,00 » 9,00 . e,00 .
- 98 + OsceOLa . . . 33,00 . 0,00 « 0,00 . 9,00 *
- 1901 « OANIEL BOONE * . . 20,00 L] 82,00 . e,00 . e.,00 .
- 103 » BIENVILLE . . . 100,00 * 2,00 * e,00 * e.,00 .
- 104 « DELTA . . * 8,00 o 9,00 * 9,00 . 0,00 .
. 108 « DESDTD . . . Ag,00 . 0,00 » 0,00 . o,00 .
- 106 o« HOLLY SPRINGS . . . 100,00 » 0,00 . 0,08 L e,00 -
« 107 » HOMOCWITTD . . * 120,00 o 2,00 o 2,00 0.00 .
- 108 « ToWnIGAEE - . * 100,00 . 9,00 . e,08 . 8,00 v
. 109 « CRDATAN . . * 0,80 o 2,00 o 0.00 * 0,00 *
. 111 @ PISGAM & NANTAMALA - . . 50,00 o 50,00 o 0,00 o 0,00 .
* 112 * UWHARRIE . . . 0,00 . 100,00 * 0,00 . e,00 .
. 116 » CHEROKEE . . . 0,00 « 100,00 o 0,00 o 0,00 .
- 121 * GEORGE WASBHINGTON . . . @,00 - 15,00 . 83,00 . @,00 »
* 122 * JEFFERBON * . L] 10,00 * 90,00 . e,nd . 9,00 *
- 123 = SHAWNEE . . * 10,00 » 30,00 . 8,00 » e,00 .
- 124 « WAYNE=MOOSIER * * L] e,00 . 0,00 * 0,00 . 100,00 *
* 129 « HIAWATHA . - . 25,00 . 5,00 . e,00 * 0,00 .
* 126 + HURON=MANIBTEE * - . 10,00 . 9,90 . 0,00 . .00 *
- 127 « OTTAWa . . . 190,00 . 2,00 - 5,00 . e.00 .
- 128 * CHIPPEWA . . . 5,00 - 10,00 . @.,00 » e,20 *
. 131 = WHITE MOUNTAIN * « - 20,00 * 20,00 * 9,00 * e,00 .
« 132 o ALLEQHENY . . . 0,00 o 00,00 o 0,00 o 8,00 -
- 133 * GREEN HOUNTAIN . . . 40,00 . 40,00 . e,00 . 0,00 L]
« 134 « MONONBAMELA . . . 20,00 o 30,00 o 50,00 o e.00 .
. 138 *« CHEQUAMEGON * . L] 8,00 * 9,00 . 0,00 . e,00 *
. 136 = NICOLET . . . #5,00 o 9,800 0,00 * Q,00 *
- 137 « CHUGAEH . - * e,00 * 100, 00 L] 0,00 . e,00 .
e 138 o TONGABS=STIKINE AREA o . . 0,00 » 25,00 o 23,00 « 0,00 .
« 139 & TONGASS=CHATHAM AREA o 439,00 « . 8,00 » 0,00 o 2,00 o 0,00 .
. 180 = TONGABS=KETCHMTIKAN A * 1600,00 L] e,00 * e, . 8¢,00 . 9,00 .
....................."‘.'....l....'......".'..l....."..'.'..'..t....'..l......'.........t.........'.............
. * . [} * . L] .
. T o T A L . 287935,10 o 16,33« 18,77 o 2,67 o 15,23 o 6,98 .
- . - . * .
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TOPOGRAPHIC CONDITIONS (SUMMARY USING LANE=MYLES)

TOPOGR LANE=MILES PERCENT
CONDIT LeMILES
(TR R R A A A XY S R LR AT AT IR

| 45633.%4 16,90

2 S00086.08 18,81

3 114103,69 42,2%

4 01031 .64 18,19

g 19321.84 7.1%
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U.S. FOREST SERVICE
SUMMARY OF THE "BRAINSTORMING SESSION"
with
FOREST SERVICE ADVISORY COMMITTEE

Held at Austin, Texas
December 4-5, 1979

FAILURE CRITERIA DISCUSSION

A summary of the ideas, concerns, opinions and suggestions about Failure
Criteria for the aggregate surfaced roads is presented in the following

pages.

The principal purpose of this discussion was to discover the key factors
or parameters which define failure of the road and concentrate our research
and data collection efforts on these. This knowledge will allow us to design
the road to that condition when the road is considered to have "failed" (not
recessarily a catastrophic occurrence) .

Some of the factors or parameters that were discussed as potential
components of the Failure Criteria are (1) rutting, (2) corrugations, (3)
sggregate loss, (4) degradation, (5) dusty surface, (6) riding quality, and
(7) safety.

It was also suggested that in defining the failure criteria, we should
identify and consider the type of the road as well as its purpose.

Rutting

Rutting as a failure criteria comes from the Corps of Engineers; maximum
permissible value of rutting is 3 inches.

Three types of rutting were identified during the discussion:

(1) classical or densification,

(2) redistribution of gravel by the traffic action, and

(3) shear failure.
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Obviously the three types are not going to occur at the same place or at
the same time. It was mentioned that rutting is important not only because
it represents distortion or distress; it is also important because of the
mesence of surface channels, which will carry water.

A general feeling among the attendees was that of the three types of
rutting, the first and the second types do not have to be included in the
definition of the Failure Criteria and are closely related to the maintenance
effort. We should include rutting due to shear failure. It was stated that
this type of rutting is important because we do not have enough surface layer
depth on the road to provide the required strength. Rutting of the surfacing
layer due to shear failure can be related to subgrade rutting. Also, it was
mentioned that if the rutting is on the surface, it will be easy and
inexpensive to repair (blading); if it is in the subgrade, it will have more
serious consequences and the correction of this defect will be difficult and
expensive.

The fact that it is difficult to recognize or predict when the damage
begins extending from the surface to the subgrade, as well as the complexity
of measuring this paremeter, was emphasized. An important characteristic of
rutting is that the depth of rutting increases rapidly after the first signs
of distress.

Other opinions indicated that rutting on the surfacing layer should be
included in the Failure Criteria. It was mentioned that 2 or 3 inches of rut
depth is very significant as a failure criteria. It was also said that
rutting is closely related to the roughness of the road.

It was pointed out that we can not deny the wide extent and presence of
rutting. In some regions of the Forest Service, a great amount of rutting
due to densification has been observed, while in others the presence of
rutting during summer has been insignificant. It was said that longitudinal
rutting is not a controlling factor, because, in almost all the cases of
failure, something else is the controlling critical failure parameter. For
example, the road could fail first due to the washboarding phenomenon, than
due to the presence of rutting.

It was also mentioned that the moisture content has a large influence on
the amount of rutting. The rut depth will be different during the dry season
than during the wet one.

In the view of some representatives of the Forest Service at this
meeting, rutting may be considered as a major problem of the road but it is
pssible that with good maintenance the problem would not exist; thus there
my be other parameters causing the failure of the road. It appears that
rutting should be a matter related to maintenance rather than to Failure

Criteria.

From the experience and observations of some roads of the Forest
Service, sometimes a 6-inch rut depth has not been a problem. The experience
of some researchers in Brazil indicates that rutting is not very prevalent
and possibly should not be considered seriously in the Failure Criteria. In
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this part of +the discussion, it was recommended that some qualitative
measure, such as PSR, be used in establishing the Failure Criteria.

Corrugations

Corrugations are related to roughness. They are a definite problem on
aggregate surfaced roads.

Aggregate Loss

Aggregate loss was accepted as a problem and should be a factor in
determining the Failure Criteria of the aggregate surfaced roads. An
important fact mentioned during the brainstorming session was that 66 percent
of the aggregate loss is attributed to maintenance operations.

Degradation

Degradation should be considered as a part of aggregate loss.

Dusty Surface

It was mentioned that dusting is becoming a very high-cost, service-wide
factor and should be considered in association with disintegration of the
material and aggregate loss. This phenomenon should be focused on as a
consequence of +those factors previously mentioned. Also, it was suggested
that this problem could be faced by using special maintenance procedures and
should be covered in the maintenance program of the road. A dusty surface
has an important effect on maintenance cost, as well as on the safety of the
road.

Riding Quality

This factor was not defined in Chapter 50 but is included in +the PDMS
computer program by using the PSI concept from the AASHTO Road Test. This
factor has a very big influence on the thickness design. In the opinion of
some of the attendees of the "brainstorming session," riding quality is
closely related to roughness and rutting. Other opinions were that +the
riding quality was related to roughness, as well as to operating speed and
kind of traffic on the road, which depends on the purpose or type of road
under consideration.

In this part of the discussion the existence in the Forest Service
Policies of five different levels of maintenance was mentioned; the policies
recommend taking into account the purpose of the road, (i.e., recreational
road, timber hauling road, etc.). BEach of these maintenance levels obviously
will produce a different riding quality. The comment was made that the
Failure Criteria should be those things which control the thickness of the
aggregate. Riding quality seems more to be composed of or related +to
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maintenance schedule or something that will help in the selection of the type
of aggregate to be used. TFor all those reasons, it was suggested that riding
quality should not be included as a parameter of the Failure Criteria.
Opposite to this recommendation, there were some who thought that riding
quality should be included in the Failure Criteria.

For some other Forest Service Engineers, riding quality could very well
T a design factor for controlling maintenance design, and it is a factor
that the land manager can relate to roughness. In the same way, riding
quality could be included and handled in the operating cost concept.

In the Brazil project, the riding quality of the aggregate surfaced and
ssphalt surfaced roads was measured by using a specially developed index
called Quarter Car Index (QIL), in order to have a larger scale for measuring
toth types of roads. From this project two important opinions were
mentioned: (1) after each blading, the value of roughness and, consequently,
riding quality will always be different, (2) a minimum value will protect the
road from severe damage, even during the wet seasons.

Some important suggestions mentioned during the discussion of the riding
quality as a factor of the Failure Criteria are the following:

(1) It could be interesting to determine the influence of maintenance
on the structural capacity of the road.

(2) Considering the PSI concept 1in relation to aggregate surfaced
roads, it is very important to develop an interim procedure for
design of aggregate roads, and it looks like the AASHTO equation
does not apply very well to the aggregate surfaced roads.

(3) Maintenance criteria are needed in the actual operation of the PDMS
computer programe. In the future, it is expected the program will
predict when to maintain and where, in order to provide a certain
riding quality.

Safety

The general feeling was that this factor should be included in the
formulation of the Failure Criteria for Aggregate Surfaced Roads. In the
last part of the discussion it was recommended that research efforts be
concentrated primarily on the distortion factors, such as rutting and
roughness, as well as on economical or cost factors for defining the Failure
Criteria. After that, other factors, such as comfort and safety, should be
studied. Trying to do this in as simple and straight forward a way as
possible, with the establishment of priorities, was emphasized. Also,
choosing typical sections of the road and measuring, over a period of time,
the cost of maintenance and the cost of materials to determine the
relationships of the key variables was suggested.
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DATA COLLECTION DISCUSSION

The second part of the "brainstorming" session consisted of the
identification of the most important and significant variables related to the
sggregate surfaced roads. A summary of these ideas, as well as suggestions,
recommendations, and concerns, is presented in the following paragraphs.

Two major ways of collecting information were proposed:

Main_Study. This study will analyze a few variables (probably less than
10) and the data will be collected in all the regions of the Forest Service.

Satellite Studies. If we have specific concerns about some variables, a
particular study called a satellite study will be developed. This satellite
study will take into account very particular correlation studies.

Material Properties

(1) Variables that characterize the materials are the gradation
analysis and Atterberg Limits, which should be collected in
satellite studies.

(2) The studies, main and satellite, should measure or comprehend all
the properties of the materials.

(3) Initially, information should be collected on those variables which
have an important economical influence (i.e., crushed aggregate).

(4) Information should be collected about deflection, from which
important characteristics of the materials may be obtained.

(5) This collection of data should be done taking into account the
seasonal variations of the variables.

(6) Information should be collected on layer thickness and number of
layers.

(7 Information about moisture content, density, and resilient modulus

should be collected, according to some opinions, in the main study
and to others, in the satellite studies.

(8) Hardness (soundness) of the aggregate should be measured.

(9) Particle shape of the aggregate may be studied in the main study
and graduation in the satellite studies.

(10) Aggregate properties (degradation, gradation, particle shape, etc.)
should be included in the satellite studies.
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(11) Take into account that for some places, some variables are more
important than for other places.

(12) In satellite studies, the following variables should be included:

(a) degradation testing,

(b) determination of resilient modulus in the lab and correlation
with field determination,

(¢) seasonal variation of moisture and density,
(d) correlation between strength testing methods, and

(e) stability of surfacing.

These variables could be correlated with the major characteristics
or parameters of the main study.

(13) The structural capacity may be obtained by using the unconfined
compressive strength.

Traffic

For the main study, The University of Texas personnel proposed to
collect the following information: number of applications and distribution
of the traffic (passenger cars, pick-ups, and logging trucks). For a
satellite study, the measurement of the axle 1loads was suggested.
Distribution of traffic is extremely important. Further items to be
considered are:

(1) Using photo-counters to obtain the distribution of traffic.

(2) In some regions of the Forest Service, camera counters are
successfully used to obtain information on traffic.

(3) In a satellite study, measuring the relationship between aggregate
loss and vehicle speed.

(4) Basing traffic analysis only on timber hauling trucks, ignoring all
the passenger cars.

(5) For pavement design, developing a relationship between traffic and
some other parameter, such ass MMBE, in a satellite study for the
particular case of timber haul roads.

(6) In the determination of the traffic, emphasizing the purpose of the
road (e.g., on recreational roads, garbage trucks constitute the
ma jority of the heavy loads).
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(7) Taking into account the construction vehicles and equipment on the
road during the construction or reconstruction phases.

(8) Including in satellite studies the measurement of horse power and
weight ratio.

(9) Measuring, also, the tire pressure in a satellite study.

(10) Including in a satellite study, the configuration and type of
axles.

(11) Taking into account seasonal distribution of traffic also.

Environment

For satellite studies The University of Texas proposed to collect data
on the following:

(1) depth of frost penetration,

(2) temperature, and

(3) precipitation (rain and snow),

which could be obtained from the U.S. Weather Bureau.

Obviously, seasonal distribution of each variable needs to be obtained.
Taking into consideration the 1location of weather stations was suggested
because sometimes the road site may have different climatic conditions
(elevations). The U.S. Forest Service has weather stations in various areas
of the country. In the satellite studies, the particular characteristics of
the road, such as shaded areas, which do not exist in typical U.S. highways,
must be taken into account are

(1) groundwater table,
(2) snow depth,

(3) elevation,

(4) wind, and

(5) freeze-thaw periods.

Economic, Maintenance, and Construction

In the satellite studies, The University of Texas proposes to collect
information on
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(1) construction and maintenance costs,
(2) salvage value,
(3) construction quality control, and

(4) maintenance (number of bladings).

It was suggested that the number of bladings should be taken as a part of the
min study. Reports about this variable are carried by some of the regions
of the Forest Service. These reports include the work that was done, +time
that was used, labor, equipment, and material cost. Collecting information
vhich could solve the following concerns was suggested:

(1) effect of snowplowing on aggregate loss,
(2) how to program seasonal closures,

(3) relate the degree of construction control with the performance of
the roads, “

(4) quality blading and how it relates to riding quality,

(6) now total maintenance cost relates to performance of the road.

A satellite study must show whether or not there are some benefits from
adding water and rolling as part of maintenance. The way in which the road
is operated may also affect the maintenance and performance of the road.
Another satellite study should cover the aspect of energy cost of the
maintenance operation. Also, in these satellite studies the cost of factors
such as tire wear, accident, and delays should be analyzed. Variation of the
subgrade support should be measured, and the construction quality
requirements should be studied in such a way that a better relationship
between cost of inspection and quality achieved can be reached. Due to the
jmportance and influence of the parameter "“salvage value" on the PDMS
mogram, and to the shortage of information for the determination of this
perameter, a special study which could give recommendations or equations

should be developed.

Data Collection, Retrieval, and Administration

In order to measure the relationships between the different kinds of
maintenance and performance of the road, the use of separate test sections
rather than different parts of one section was suggested. It is important to
identify the non-traffic deterioration. Each year the road is reviewed by
the Forest Service in accordance with the operation of the road and the
expected use of the road (hauling timber, recreation, etc.) and a maintenance
level is recorded. Short term commitments are to organize the data base with
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.a smooth transition of collecting data. Long term commitments (after data
are obtained) are to determine who is going to be responsible for the
successful collection of data. The regional level should supply, if
recesgary, the financial help.

It was also mentioned that the Washington office of the Forest Service
should be responsible for coordination between the Regional Offices and The
University of Texas. Other alternatives would be the formation of some three
or four "data collection +teams,” which collect all the data all over the
United States. A team leader could be the project coordinator and be
responsible for storage of the data and checking it. The information could
be submitted to this team leader by the other crews. These teams do not have
to be composed of Forest Service personnel.

Also mentioned, was the possibility +that sgome regions could share
resources for data collection. The personnel from the Forest Service should
be responsible for collecting data because they are going to wuse 1it. If
financing is necessary, it should be supplied. Another alternative is to put
the Research Arm of the Forest Service in charge of this activity.

Cogt of the data base will most likely be founded as a special item, and
the regions of the Forest Service will not have to sacrifice money or man
power. Also suggested was that the satellite studies should be coordinated
and checked by the University of Texas. Special tests could be
subcontracted.

Measurement of Roughness

Roughness is the key factor in the PSI and may be measured by using the
following equipment: Mays Meter of Coxmeter. Both devices are based on the
movement between frame and rear axle. A more sophisticated device is the
profilometer; the General Motors Profilometer could cost approximately
$125,000. The Mays Meter installed in an automobile costs $1,500 to $2,000.
This device, as well as the Coxmeter, requires constant calibration and is
subject to a wide error (frame changes, tire changes, etc.). The University
of Texas may propose to use the Mays Meter on the Forest Service roads. In
some regions of the Forest Service, the Coxmeter has been used.

Measurement of Aggregate Loss

The use of the benchmark in the subgrade was suggested for measuring the
gravel loss. When measuring the aggregate loss, it is necessary to take into
account that the change in the level of the surface could be attributed to
the presence of rut depth, or penetration of the aggregate into the subgrade,
or the aggregate loss only. The use of common surveying techniques could
bring about many errors in the measurement of aggregate loss. The use of a
"multi-pin-level” was suggested for measuring the surface profile. Keeping
track of the measurements of rutting, aggregate settlement of the
crogs-gection, etc., but independently of each other, was suggested. The use
of an inclinometer and pacometer was suggested. Keeping records of how much
gravel is added to the road during certain periods and relating this to the
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amount of timber <that has been carried off during the same period was also
suggested. By finding the ratio of aggregate loss per timber hauled and by
measuring the layer depth at any time and making a comparison between the
value and the value measured at the time of construction, the volume and,
consequently, the aggregate loss could be inferred.

Measurements Frequency

It will be a function of what results are desired. The frequency will
e a function of the performance of the variables. The use of statistical
techniques to obtain the measurement period of each variable was suggested.
Muke an experimental study and determine the intervals to measure the
variables by using statistical techniques. One suggestion was to make
measurements in each season, thus taking into account seasonal variations.
Al so suggested was oversampling at the beginning and, according to the
variations observed, modifying the criteria.
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APPENDIX D. PCA ROAD METER MEASUREMENT VARIABILITY

Several studies have Dbeen performed in order to check the
reproducibility of results from the PCA Road Meter. Among them we can
mention the study carried out by The Minnesota Department of Highways,
documented in Ref 28. During this experiment, the repeatability of the PCA
Road Meter was evaluated under the same operating conditions. Running the
Road Meter 5 times on 7 sections of pavement, it was found that the it has an
excellent repeatablity as shown in Table D.1.

The second part of the study investigated what changes in operating
conditions would affect the results reached with the PCA Road Meter. The
seven factors involved in the study were: (1) type of tire, (2) tire
pressure, (3) speed of automobile, (4) load in the automobile, (5) air
temperature, (6) wind velocity, and (7) type of automobile. A summary of the
findings in this part of the experiment are presented in the following pages.

1. Type of Tire

Initial tests on 6 sections, (bituminous and concrete pavement), were
made with standard 2-ply tires and winter 4-ply snow tires (all tires
inflated to a pressure of 30 psi).

The results indicated that there is no significant difference between
the output, measured in terms of PSR, obtained with snow tires and the output
obtained with standard tires. An average difference of 0.08 PSR units was
the result of using different types of tires.

2. Tire Pressure

As reported by Brokaw, (Ref 27), and from tests conducted in evaluating
the tire pressure influence, it was found that pressure within the range of
24-26 psi (cool and static situation) had no significant effect on

serviceability index.

3. Speed of Automobile

Tests were run on 19 sections at 30, 45 and 60 mph. It was found that
vehicle speed significantly affects the output of the Road Rater. The higher
the speed, the lower the PSR or the rougher the road. An average difference
of -0.30 PSR units was found when measuring the roughness at 30 mph and at 45
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TABLE D.1. REPEATABILITY CHECK OF ROAD METER (REF 27)

P8R
Test Standard
Section Maximum Average Minimum Range Deviation
1 1.80 1.33 1.21 0.29 0.09
2 1.64 1.58 1,54 0.10 0.03
3 3.28 3.20 3.10 0.18 0.04
4 3.38 3.26 3.20 0.18 0.05
H) 2.52 2.50 2.48 0.04 0.01
[} 2,82 2.50 2.46 0.06 0.02
7 2.79 2N 2.65 0.14 0.05

Note: Tests made with 1966, 2 door, full-sized Ford (coil springs).
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mph. Measuring roughness at 45 and 60 mph, an average difference of -0.28
PSR units was found.

4. Load in the Automobile

A limited number of tests were made to determine what effect different
vehicle 1loadings, composed by amount of gas in tank, weight of equipment in
trunk and number of passengers in car, would have on the output of the Road
Meter.

It was found that except for the case of a passenger in the back seat,
mone of the other types of car loadings had any effect on the output.

Based on these results it was decided +that when testing: (a) no
passenger would sit on the back seat, (b) the gas tank would be at leat
one-quarter full, and (¢) there would be no more than 100 1b in the trunk,
excluding spare tire and jack.

5. Air Temperature

It was found that low temperatures appears to significantly affect Road
Meter output. This is  probably due to changes in +the operating
characteristics of the shock absorbers and other vehicle components including
tires.

After consideration of this variable, it was decided that the Road Meter
should only be operated at temperatures above 250 F. It was also decided
that before beginning the testing, the road meter should be turned on and the
test vehicle driven several miles to allow all components to warm up and to
check out the counters.

6. Wind Velocity

Wind did not significantly affect the Road Meter output until it reached
a velocity of 15 mph. Crosswinds of more than 15 mph were of the most
concern because they can result in a change in the static reference position
of the rolling contact of the road meter. Head and tail winds are of less
concern than crosswinds.

Based on this information, it was determined that the Road Meter should
only be operated when the wind velocity is less than 15 mph regardless of the
direction.

7. Type of Automobile

In order to ensure an acceptable correlation for the output of any
combination of Road Meter and test vehicle, it was found that the combination
mst be calibrated individually with the laboratory Road Meter. To avoid any
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change in Road Meter output due to deterioration in vehicle condition, the
suspension system, shock absorbers, and tires must be maintained in excellent
condition. Each  spring, the shock absorbers should be replaced.
Periodically, the tires should be balanced dynamically and checked for
roundness, the front end should be in good alignment and any vibrations that
my interfere with obtaining agcurate output must be corrected.
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APPENDIX E. MAYSMETER MEASUREMENT VARIABILITY

Several experiments to determine what factors influence the Maysmeter
operation and output have been performed. Two of them are the studies
conducted during the Brazil Project and the one performed by the Texas SDHPT
and reported by Goss, Hankins and Hubbard et al (Ref 31).

The factors considered in both studies were: (1) load conditions, (2)
tire pressure, and (3) and vehicle's speed. During the Brazil Study an
additional factor was monitored: variation in roughness measurements when
using the tubeless tires and tube tires.

In both studies three different roughness levels were selected in each
case. The results and recommendations obtained from these studies were
gimilar. The experiences from the Brazil Study are +transcribed in the
following paragraphs.

1. Load Conditions

One run was carried out over each of +the three sgections at three
different speeds: 20 kph (12 mph), 50 kph (31 mph), and 80 kph (50 mph) with
three different loads: no additional load, 90 kg (198 1b), and 180 kg (396
). The tests were carried out at a tire pressure of 25 psi. The results
obtained are shown in Fig E.1. From this figure, we may realize that at 80
kph (50 mph), there are only small differences in the results over all three
sections with different loads. At 50 kph (31 mph), and 20 kph (12 mph) ,
there are relatively large variations, but no trend is apparent.

As a result of these experiments, a load of 90 kg (198 1b) was selected
as a standard load in such a way that the only possible variation in load is
a result of the gasoline carried. The factor of the +time of the day was
related to the quantity of fuel carried since the vehicle was filled each
morning. An inspection of the results taken showed no order in the scatter
of the morning versus afternoon results; and therefore, the problem of fuel
carried can be neglected.

2. Tire Pressure

In this experiment the standard load of 40 kg (88 1b) was used. The
tire pressure was varied within the range of 20 to 30 psi (+ or - 5 psi over
the manufacturer's recommended pressure). Measurements were taken in the
same 3 sections as the load effects measurements. The results obtained with
the different tire pressure, the higher the value of roughness. Although the
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increasing slope is small, compared to the range in results, it is meaningful
and constant enough to influence the results. Since no startling variations
in results occurred, it was decided to use the manufacturer's recommendation
of 25 psi as a standard tire pressure.

3. Vehicle Speed

As can he seen in Fig E.1 and E.2, Maysmeter roughness is strongly
dependent on the vehicle speed. Since the majority of the measurements in
Brazil would be taken on rural roads, it was decided to standardize the
roughness measurement speed to the general speed limit; in these roads 80 kph
(50 mph). This decision was influenced by the fact that a lower speed could
cause a traffic hazard and that at 80 kph (50 mph) a best utilization of the
equipment would be made.

However, certain conditions such as high roughness on unpaved roads,
climatic, traffic and safety conditions imposed sgpeed constraints. Two
alternate operating speeds, 20 and 50 kph (12 and 31 mph) were selected to
cover these conditions. In all the cases, the highest possible speed was
used. To be able to correct results at speeds which differed from the
standard 80 kph (50 mph), correction equations were established from a large
number of measurements on paved and unpaved roads. The regression equations
are shown below, where mm being the Maysmeter reading in mm/km, and the
subscript indicates the speed in km/hour:

4. Type of Tires

During the Brazil Study it was found that a vehicle fitted with tires
and ‘tubes gives a different result than when it ig fitted with tubeless
tires. To avoid problems in this reaspect, all vehicles were fitted with
tires and tubes as standard procedure. After fitting new tires and tubes,
the vehicle was run for at least 100 kilometers (62 miles) to seat the tires

before balancing.

Because of the similarities Dbetween the PCA Road Meter and the
Maysmeter, the effect of some factors as load, tire pressure, vehicle speed,
and type of tire are similar. In the same way, the recommendations derived
from the studies of the effect of such factors as air, temperature, wind
velocity and direction, and type of automobile on the PCA road rater must be
observed for the operation of the Maysmeter.
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APPENDIX F. MAYSMETER CALIBRATION PROCEDURES

Three procedures used for calibrating the Maysmeter are presented in
this section, namely: the procedure adopted in the Brazil study, the TRRL
Pipe Calibration Course, and the Rod and Level Procedure.

BRAZIL CALIBRATION PROCEDURE

The calibration procedure adopted in Brazil used the Surface Dynamic
Profilometer (SDP), to measure roughness, expressed in terms of QI (quarter
index), over 20 paved road sections which varied from smooth to rough.

The profilometer was run over each of these sections at regular
intervals. From these runs, a QI value was established for each section for
a specific time period. Very little change in the QI value of the majority
of sections occurred during the project since they were located on lightly
trafficked roads.

The Maysmeter calibration was used by running it five times over each of
the calibration sections during two days. The first, third and fifth results
from the first day and the second and fourth result from the second day were
used to calculate the average Maysmeter output for each of the sections.
These results were then related to +the profilometer QI values for each
section and a regression equation for each Maysmeter unit was obtained. An
example of this is shown in Fig F.1.

In order to ensure the proper operation of the Maysmeter and to check
that the unit is not out-of-calibration, a control procedure was established.
This procedure was based, as well as the calibration procedure, upon the
recommendation proposed by Walker and Hudson et al. (Ref 68).

The Maysmeter control was provided by comparing the mean and range
values from periodic test runs against the control limits. Control runs were
made once per day when the units operated in the vicinity of the calibration
sections, or before and after each field trip when away from calibration
sections' zone.

Bach set of control runs comprised the measurement of at least 3 test
sections for the daily control, or five sections before and after the trips.
The sections selected for the control runs covered the full range of
roughness encountered on the calibration sections. Whenever the control run
results fell outside the established limits, a close inspection was made of
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the Maysmeter unit, if the cause of this output was attributed to a
malfunction in the system, this was repaired, and the vehicle recalibrated.

THE TRRL PIPE CALIBRATION COURSE PROCEDURE

This calibration procedure developed by S. W. Abaynayak (Ref 69) from
the United Kingdom Transport and Road Research Laboratory (TRRL) uses one
standard section to calibrate any roughness measuring device. Measurements
are taken for six different roughness levels which are varied by means of
pripe segment. The rough new range covered varies from 2500 mm/km (paved road
in good condition) to 14,000 mm/km (unpaved road in extremely poor
condition).

The procedure congists of establishing a permanent test section on a 300
meter (984 ft) long rigid concrete pavement, preferably continuously
reinforced, at least 20 cm. (7.8 in) thicker. The six different stages are
as follows:

Stage Pipes Distribution
1 No pipes.
2 25 pipes at points 0,12,24,3%6,etc. to 288 meters.
3 25 additional pipes placed at points 8,20,32,36,etc. to
288 meters.
4 25 additional pipes placed at 4,16,28,40, etc. to

292 meters.

5 39 additional pipes placed at 2,6,10,26,30,34,50,54,58,
etc. to 266 m., 270,274,290,294,298 meters.

6 36 additional pipes to fill all spaces at 2 meters.

The pipes, 2.15 m (7 ft) long and 1 11/32 inches e.d. (heavy gauge
type), are fixed to the pavement by means of three screws, two driven in the
15 cm. flattened end extreme and third in the center of the pipe.

Roughness measurements are taken at least three times for each stage at
a constant speed to establish the calibration.

This method has been used to calibrate the Maysmeter in Bolivia (Ref 29)
and in the Kenya Study (Ref 69).

By using this method only one test section needs to be established and
may be used for calibration and control. A correlation between the SDP and
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Maysmeter, or other roughness devices may easily be established. A
"rough-typical" section may be used, even in widespread areas, requiring only
one measurement by the SDP in order to have an absolute roughness value (QI
or SI). If keeping traffic away from this section, the roughness value is
almost invariable.

The disadvantage of this method is that the test section should be built
especially for this purpose.

ROD AND LEVEL CALIBRATION PROCEDURE

This procedure has been used in Brazil for several years as reported by
C. Queiroz et al (Ref 70), and is based on the use of the traditional rod
and level measurements to obtain the true longitudinal profile of the road.

After the profile has been obtained, an absolute index which reflects
the roughness of the road should be obtained. With the use of this index, a
relative indicator that one road is rougher than another is obtained.

A typical index may be, as the one proposed by McKenzie et al (Ref 72)
called Root Mean Square Vertical Acceleration (RMSVA), and obtained in the
following way: Let Y, Y ,...,Y represent elevations of equally spaced
points along one wheel path of the profile. If this is the horizontal
distance between adjacent points (sampling interval), then a simple estimate
of the second derivative of Y at point 1 is:

The distance b = ks we shall call the base length corresponding to VA , the
resul ting measure of:

where C is the constant that transforms units to ft/sec for a given
vehicle speed.

It is apparent that specifying the base length b 1is essential if RMSVA
is to be a meaningful description of a road profile. It has been found that
Y increases dramatically as b is decreased. Furthermore, in a typical
profile, VA is most sensitive to half wavelength approximating b.
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Wavelengths much larger than b contribute very little to VA . In fact, it
is this sensitivity of RMSVA +to base length that renders it a valuable
statistic for describing a profile. Therefore, it should not be regarded as
a sgsingle roughness index, but rather as a set of indices, say, VA ,
i=1,2,00es, which collectively can reveal many of the pavement
characteristics usually associated with roughness.

This precedure may be used in two ways: as a direct roughness
measurement procedure or as a calibration procedure for other devices as the
A road rater or the Maysmeter. The first approach has Dbeen followed in
Brazil and the second has been used by the Texas SDHPT for Maysmeter
calibration. From studies conducted at +the University of Texas with
different base 1lengths, it was concluded that the optimum base length was 8
feet. More details of this study may be found in Reference 72.
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APPENDIX G. DEFLECTION MEASUREMENT DEVICES

A brief description of each of the most common devices used for
measuring deflections is presented in this Appendix. This description
includes operating principle, features, manpower requirements, production
indicators as well as operation procedure. The devices considered are the
Benkelman Beam, the Dynaflect, the Road Rater, the Falling Weight
Deflectometer and three auto-propulsed prototype devices including the
traveling Deflectometer, the Lacroix Deflectograph and the Waterways
Experiment Station (WES) 16 kip Vibrator.

BENKELMAN BEAM

The Benkelman beam is a simple, hand operated device and is widely used
for measuring pavement deflections. This device was developed at the Washo
Road Test and was used at the AASHO Road Test as well as in +the Kenya and
Brezil Studies. It consists of a simple lever arm attached to a lightweight
aluminum or wood frame, and the deflections are recorded by means of a dial
placed at one end of the beam.

The basic operation congists in placing the toe of the beam between the
dual wheels of a single axle, loaded to 18,000 1lbs. The dials are zeroed,
the truck is moved to the next position, and the rebound or upward movement
is thus recorded. The maximum deflection is recorded to within 0.0001

inches.

This equipment is versatile, simple and has a low first cost. In terms
of operator +training, it requires probably as much or more than any other
devices (Dynaflect, Road Rater, etc.).

If desired, by reading the dial as the +truck tire passes designated
distances for +the measured point, it is possible to obtain a picture of the
deflection basin under the tire by the principle of reciprocal displacement.

For optimum operations, three persons are required - one handling the
Benkelman Beam and the other recording the deflections, plus one truck
driver. In addition, one loaded truck with an 18,000 1b single axle is
required along with the Benkelman Beam.
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DYNAFLECT

It is an electromechanical device, widely used for deflection
measurements in the U.3. and manufactured by SIE, Inc., Fort Worth, Texas.
It consists of a dynamic cycle force generator mounted on a two-wheel
trailer, a control unit, a sensor unit, a sensor assembly and a sensor
(geophone) calibration unit. :

A sinusoidal force is applied to the pavement by means of two steel
vwheels. The deflection is measured with five geophones or velocity sensors,
the first of them located directly between the two steel wheels and the other
four geophones are spaced at 12 inch intervals in the longitudinal direction
on the surface of the pavement. The output of the velocity sensor is
integrated with the recording equipment provided to vertical deflection.

The vibratory force is produced by two counter-rotating masses that are
rotating at a constant frequency of 480 rpm. This produces a cyclic vertical
force of 1,000 1bs. on the loading wheels at a frequency of 8 to 12 Hz.
This device applies a 2,000 1b. static weight to the pavement.

Two types of signal conditioning and recording devices are available
wvith dynaflect: standard control unit and the digital control system. With
the standard unit the frequency is monitored on a meter, but the deflection
from each of the five sensors must be hand-recorded from a single meter by
switching an indicator to each of the five positions. The digital system has
a digital display for each of the five sensors as well as a meter for
monitoring the frequency. A thermal printer can be attached to the optional
recorder that will record each of the five deflectors and a test number.

For this particular device, as stated by Yoder (Ref 25), the magnitude
of load placed on the pavement is quite small, and, hence, it is necessary to
correlate the results of the Dynaflect with that of +the Benkelman Beam.
Because of the wide range of this correlation, agencies wishing to relate the
two devices conduct their own correlation studies.

In operating the Dynaflect, the geophones must be calibrated, and after
that, attached to the device. It is recommended that the device be warmed up
before operating. The steps involved in the operation are: (1) vibratory
wheels lowered to the test position, (2) geophones are lowered, (3) allow
displays to stabilize, (4) record values read, (5) geophones raised, and (6)
move to the next position (if the test interval is short enough and the
pavement smooth, the vibrator is left running with the wheels down.

The required time for the test is around 1.25 minutes in the case of the
standard control unit and O0.75 minutes in the case of the digital control
wmit. The operator training will take around one hour and the manpower
requirements are as shown below:
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Manpower Requirement Standard Digital
Minimum 1 1
Optimum 2 1 (with printer)

Little maintenance is required, particularly if it is not abused.

ROAD RATER

Manufactured by Foundation Mechanics, Inc. of El Segundo, California,
this device has an operation principle similar to that of the Dynaflect by
with two basic differences: the force is generated by an electrohydraulic
system instead of a mechanical system, and the force and frequency of the.
load applied to the pavement, may be variated. The pavement deflection is
monitored with 4 velocity sensors.

The static weight of the Road Ruter can be varied through hydraulic
lines. The frequency can also be selected among a range of 10,20,25, 30,40,
Hz. TForce and deflections are read as percentages of full scale deflections
on the scales of a control display console. Two basic models are
commercially available. One is truck or van mounted and the second one is a
trailer mounted unit.

Similar to the Dynaflect, very little operator +training is required.
The basic operator procedure includes: (1) vibrator lowered to the pavement,
(2) vibrator unit is turned on, (3) vibrations are generated at a preselected
force and frequency, (4) data recorded, (5) turn off vibrator, (6) raise
vibrator, and (7) move to the next position. The time required for test is
one minute with 15 minutes set-up and calibration time. The equipment is
truck or van mounted with two operators required.

Maintenance costs are insignificant if a few preventive maintenance
steps are followed. Due +to little maintenance requirement and fuel costs
being very nearly equal, operator costs would govern the operating cost.

When operating this type of device, it is important to be sure that:
(1) 1t is properly calibrated, (2) the force being applied to the pavement is
actually that which it is assumed or recorded to be, (3) recorded deflections
are properly calibrated, and (4) it is extremely important to check that the
frequency at which the load is applied is equal +to the recorded force,
because if not, it can affect the force actually generated and because the
pavement response can vary significantly at different frequencies.
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FALLING WEIGHT DEFLEC TOMETER

This is a relatively new device in the U.S. and has been developed in
Barope by different researchers, such as Bohn and Claessen. It consists of a
mass which is dropped on a set of rubber cushions. The resulting force and
deflection are measured by load cells and velocity transducers. The drop in
height, and consequently the force, can be varied. The control system
displays the pressure applied to the pavement and the maximum peak
displacement.

This device is trailer mounted and carried by any small vehicle. It
weighs around 1,200 1lbs. The sensors are placed by hand and not mechanically
as in the other devices. (Dynaflect and Road Rater.)

Two persons are required for proper operation and the operator +training
required is greater than for +the Benkelman Beam, and no more than for
Dynaflect.

The steps in the operation are: (1) lower rubber cushions, (2) select
adequate height, (3) set up load cells, (4) operate, (5) record readings, (6)
raise rubber cushions, and (7) move to the next positions. The time required
per test is around 1.5 minutes.

AUTO-PROFULSED DEFLECTION MEASUREMENT DEVICES

Based on the working principle of the Benkelman  Beam, three
auto-propulsed deflection measurement devices have been developed: the
Traveling Deflectometer, the Lacroix Deflectograph and the Waterways
Experiment Station (WES) 16 kip vibrator.

The Traveling Deflectometer

It was developed by the California Division of Highways and combines a
truck-trailer unit with a single rear test axle loaded to 18,000 lbs, or any
other desired load, with a Benkelman Beam type apparatus attached to the
trailer. As the truck moves continuously along the road surface, a beam is
alternately placed on the pavement and permitted to rest at a specific point
until the wheel passes over the reference point. After the deflections have
been recorded, the beam is mechanically moved forward and the readings are
repeated. Pavement deflections are measured each 20 feet and recorded to the
nearest 0.001 inch. The truck-trailer travels at a speed of 0.5 mph. During
an average working day a single deflectometer, truck and crew of two people
can perform between 1,500 and 2,000 measurements.
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The Lacroix Deflectograph

This device, developed by the National Laboratory of Roads and Bridges
in Paris, France, is used extensively in France as well as in Great Britain.
The operation principle is the same than for the previous device, and the
traveling speed is around 1.1 mph.

The Waterways Experiment Station (WES) 16 kip Vibrator

The WES 16 Kip Vibrator is an experimental prototype which operates
electrohydraulically and is housed in a 36 ft. semitrailer containing
supporting power supplies and automatic data recording systems. The
vibratory mass assembly consists of an electrohydraulic activator surrounded
by a 16,000 1b. lead-filled steel box. The vibration load can be varied
from O to 30,000 lbs., peak-to-peak, with a frequency range of 5 to 100 Hz
for each load setting.

The load applied is measured by three load cells; the pavement response
is picked up by velocity transducers located in the 18 inch diameter steel
load plate and at points away from it.

The frequencies and the load can be varied by means of a servomechanism.
An automatic X-Y recorder plots load vs. deflection, and a printer that
provides data in digital form are some of the instrumental devices.

Speed of testing is 1 1/2 minutes per location and 60 minutes are
required for set-up and calibration at the start of the day. Resource
requirements are four persons as operators and one large truck to house the
vibrator and tow it.
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APPENDIX H. VEHICLE LOAD WEIGHERS

Two devices commonly used in measuring the vehicles' 1load are briefly
described and evaluated througtout this appendix. Those devices are the
wheel-load weighers and the platform scales or weighbridges. Recommendations
in locating the surveying site are presented in +the last part of the
appendix.

WHEEL~LOAD WEIGHER

The wheel-load weigher, as manufactured by General Electrodynamics,
Garland, Texas (Ref 56), is a static weighing scale, hydraulically operated.
This device measures the weight of a wheel and the load applied to it.

This was the kind of weighing instrument used during the Brazil Study,
and as stated by Buller, et al (Ref 55), comprises a pressure plate which,
when pressure is applied to it, depresses a diaphram by means of +the roller
bearings and pressure transfer plates, which in turn transmits the pressure
via hydraulic fluid to a bourdon tube. This tube tends to straighten, and in
doing g0, activates a rotating shaft by means of a pivoted lever which has a
sector gear on one end that meshes with a pinion gear on +the shaft. The
shaft has a calibrated circular scale mounted on its upper end, thus as the
shaft rotates, the scale also rotates and the weight is read from it opposite
a datum line.

The whole assembly is contained in a high strength cast aluminum alloy
chasgis which has a non-skid base and a small angle ramp on either side of
the pressure plate.

This device needs to be calibrated regularly. In doing this a hydraulic
press capable of producing a total 1load of more than 20,000 pounds, is
required with either an accurate pressure indicator or another previously
calibrated portable 1load-wheel weigher. In the calibration procedures two
parameters need to be considered: the "span" and "linearity." Span 1is the
emount of movement between zero and the maximum reading. Linearity is the
equality of the increments between these two points. More details of the
calibration procedure may be found in Ref 55 and Ref 56. During the Brazil
Study, the scale accuracy was maintained to within 5 percent at any reading.

Experience derived from the Brazil Study indicates, as stated in Ref 55
that the most popular problems encountered in the operation of the wheel-load
weigher were physical damage caused by irate drivers pulling away too quickly
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and throwing the instrument along the road. This resulted in broken carrying
handles and sheared pressure transfer plate locating pins. Since it is not
always immediately noticeable that these pins are sheared, further internal
damage 1is readily incurred during the next attempted weighing. This is due
to the fact that the pressure-transfer-plates are free to move about inside
the instrument. In one such case, the pressure plate was cracked across its
width and in two other instances, the diaphragm was split with the consequent
loss of hydraulic fluid.

PLATFORM SCALES

This equipment, as developed by the Overseas Unit of the Transport and
Road Research Laboratory, - specifically for use in developing countries
(Ref 54), consists of an aluminum alloy weighing platform or weighbridge, a
read-out unit, and a 12-volt car battery (the dial gauge is normally nitrogen
filled and fully sealed). The dimensions of this particular weighbridge are
7 m x 5 m x 0.9 mand it is 44 kg in weight. The system has a measuring
range of 0-10,000 kg and under field conditions of wuse, has an overall
accuracy to within + or - 2 percent of full scale. The equipment is not
adversely affected by high temperafure or humidity.

The site selected for the weighbridge installation should be firm and
level, with no high spots and no risk of subsidence during weighing. The
weighbridge should be installed in a pit with its top face 1level with the
surrounding road surface. The design of a typical pit is shown in Fig H.1.
Timberform work is employed to form the edges of the pit and a level concrete
tase with soakaway to drain off any water that may accumulate, should be
constructed. A layer of sand may be placed on the base of +the concrete to
facilitate the positioning of the weighing platform which should be levelled
with a spirit level. It is also recommended to construct a channel +to the
edge of the pit to carry the cable connecting the weighbridge to the read-out
unit; this prevents it being damaged if a vehicle inadvertently drives over
it. The pit should be made sufficiently wide to allow the platform to be
moved laterally, by about 20 cm (18"), to enable large vehicles and trailer
combinations to align +their wheels more easily. It is convenient when
sitting the weighbridge pit to place it on the driver's side of the vehicle
to make it easier for him to position his vehicle correctly. A white line
painted along the road also helps in this respect.

It is recommended to keep the read-out unit out of the sun and protected
from rain.

Calibration of the wheelbridge is carried out by the manufacturer wusing
a calibrated proving ring. The user should check the calibration from time
to time. This may be done using the in-built calibration signal, which
simulates a known load or using an accurate loading device if it is
available.
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Fig H.1. Construction of weighbridge pit as suggested by the TRRL (Ref 54).
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LOCATION OF THE SURVEYING SITE

As stated in Ref 54, the success of an axle-load survey and the ease
with which it can be carried out will depend very largely on the choice of
site. It must be permitted to sample the traffic easily, quickly and safely.

The ideal survey site should be located on a clear stretch of road with
good visibility as it is important that traffic is aware of the survey well
in advance to give plenty of time to slow down and stop. It is often useful
to site the survey point at the crest of a hill where, provided the
approaches on both sides have good visibility, the heavy vehicles being
surveyed will have to slow down anyway to cope with the gradient. Sites
should always be positioned on stretches of road with no junctions or other
turnings.

Layouts for survey sites are shown in Fig H.2 through Fig H.3. In these
cases a two-lane road is considered. The TRRL recommends to use the layouts
illustrated in Fig H.2 for traffic flows over 30 commercial vehicles per hour
in both directions (Ref 7). For 1lower flows, or where turning vehicle
conflicts do not present a hazard, as the case of the majority of the Forest
Service roads, the layouts shown in Fig H.3 may be used. Some of the layouts
require a service road parallel to +the road being surveyed. This is a
rarticularly convenient arrangement since vehicles being weighed are isoclated
completely from the main traffic road and do not create a traffic hazard. A
most commonly used type of layout is the one in which the shoulder is
widened. The TRRL experience derived from studies in developing countries’
roads indicates that the shoulder be widened and leveled over a length of at
least twice the length of the longest vehicle and trailer to be weighed.

When the layouts illustrated in Fig H.2 are used, it is not necessary
for the +two surveying sites to be exactly opposite each other, but it is
recommended that the two survey points be between the same pair of junctions,
to ensure that the same sampling conditions apply for both directions of
traffic.

Fig H.4 illustrates two more rudimentary layouts, which may be used when
traffic flow is quite small. The advantage of this layout is that either the
service road or the widened shoulder would be narrower than in +the layouts
presented in Fig H.3, which have to provide enough space to accommodate and
to permit circulation of vehicles 1in both directions. In the case of
one-lane roads it would probably be necessary to wide a small section of the
opposite lane, in order to allow long vehicles to adequately turn, as shown

in Figs H.4.b.

The adequate selection of the layout for the experimental sections will
be basically a function of the topography of this section, as well as of the
traffic flow and available resources. The pilot study should define the most
adequate layout.
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Fig H.2. Layout of bilateral survey sites recommended for high traffic
(Ref 54).
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54).
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MEASUREMENTS COST ANALYSIS

RUT DEPTH MEASUREMENTS

Equipment

Rut Depth Gauge $ 2.70/section
Labor

Two Technicians

(2) ($15/hr) (5 hours*) = $150.00/section

Transportation Vehicle

Travelling: (2 hr) ($6.56/hr)= $13.12

Idle : (3 ht) ($2.60/hr)= 7.80

$20.92

$ 20.92/section

$173.62 /section

*It was assumed a transportation time of two hours (round
trip). Two rut depth measurements would be made every 200
feet in a 1200 foot long test section. Three hours would
be needed to locate the cross sections and measure the
entire section.
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MEASUREMENTS COST ANALYSIS

ROUGHNESS MEASUREMENTS

Equipment

Mays Meter $ 19.45/section

Mays Meter Automobile:

($6.38/hour) (2.5 hrx*)

15.95/section
Labor

2 Technicians:

(2) ($15/hr) (2.5 hr*)

75.00/section

Total $110.40/section

*Assuming that two hours would be spent in transportation
and that the measurements would take half an hour, the

operating speed is assumed to be 30 mph. A set-up time

of 20 minutes has been considered.
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The adequate selection of the layout for the experimental sections will
be basically a function of the topography of this section, as well as of the
traffic flow and available resources. The pilot study should define the most
adequate layout.
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MEASUREMENTS COST ANALYSIS

AGGREGATE LOSS MEASUREMENTS

Equipment

Rod and Level, transit, and
related equipment = $ 10.00/section

Labor

Leveling Crew

(3 Technicians) ($15/hr) = $45.00/hr
Surveying Crew
(3 technicians) ($15/hr) = 45.00/hr
90.00/hr

Time Required:
Transportation: 2 hours
Measurements : 3 hours*

5 hours
Charge per labor: ($90/hr) (5 hr) = $450.00/section

Transportation Vehicles (2 units)

Traveling: (2 units) (2 hr)

(6.56/hr) = $26.24
Idle : (2 units) (3 hr)
(2.60/hr) = 10.40
$36.40
Charge per transportation vehicle = $36.40/section
Total $496.64 /section

*Assuming that a 200-foot-long section would be leveled

following a grid pattern of 20 ft x 4 ft, thirty-three
points need to be located and leveled.
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MEASUREMENTS COST ANALYSIS

LOOSENESS OF MATERIAL

Equipment

Dust Pan and Related equipment

$ 3.00/section
Labor

2 Technicians

(2) ($15/hr) (5 hours*) = $150.00/section
Trangportation Vehicle
Travelling: (2 hr)
($6.56/hr) = $13.12
Idle : (3 hr)
($2.60/hr) = 7.80
$20.92
Charges per transportation = $ 20.92/section
$173.92

*Assuming two hours for transportation (round trip)
and three hours taking measurements in two cross
sections of the road.
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MEASUREMENTS COST ANALYSIS

IN-SITU DENSITY AND MOISTURE CONTENT MEASUREMENTS

Equipment

Nuclear Gauge $8.17/section
Labor
One Technician

(7 minutes/test) ($15/hr)

$1.75/section

Transportation Vehicle

It is assumed these measurements
would be performed by the crew per-
forming other tests, so 0.00/section

Total $9.92/section

Since this cost includes the den-
sity and molsture content measure-
ment, the latter total must be di-
vided by two to get the cost for
each of these tests, so the unit
cost would be $4.96/section
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MEASUREMENT COST ANALYSIS

DEFLECTION MEASUREMENTS

Equipment

Falling Weight Deflec- -

tometer $20.07/hr
Towing Vehicle

(Pickup) 6.38/hr

Duration of the Measurements 1 hr

Charger per equipment: ($26.45/hr) (1 hr) = $26.45/section
Labor

Two Technicians

(2) ($15/hr) (3 hr*) = 90.00/section
Transportation Vehicle

2 hours travelling

(2 hr) ($6.38/hr) = 12.76/section

$129.21/section

*[t was assumed two hours for transportation, round trip,
and one hour for taking the measurements. If deflection
measurements are taken every 100 feet, in both wheel paths,
the number of measurements per section would be 26 and
estimating 1.5 minutes per measurement and 20 minutes for
set—-up and mobilization, the time required per section
would be one hour.
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MEASUREMENTS COST ANALYSIS

LAYER THICKNESS MEASUREMENTS

Equipment
Not Considered
Labor

Assuming that two test pits 3 ft x
3 ft x 8 in. would be dug, taking 2 hours
to perform this, adding two hours for
transportation, the charge per job would
be, considering two technicians.

(2) ($15/hr) (4 hr) = $120.00/section

Transportation Vehicle

Travelling: (2 hr) ($6.56 hr) = $13.12
Idle : (2 hr) ($2.60/hr) = 5.20
$18.32

Charge for Tramnsportation $ 18.32/section

Total $138.32/section
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MEASUREMENTS COST ANALYSIS

TRAFFIC MEASUREMENTS
QUANTIFICATION AND CLASSIFICATION OF THE TRAFFIC

Equipment

Time Lapse Camera $22.48/section

Time Lapse Projector 1.20/section

$23.68/section
Charge for Equipment $ 23.68/section
Labor
Shooting. One technician during seven
days for two and a half hours a day:

(7 days) (2.5 hr/day) ($15/hr) = $262.50

Analyzing the film. It will take one
technician one hour: (1 hr) ($15/hr) 15.00

$292.50
Charge for Labor $292.50/section
Transportation Vehicle
Travelling: (2 hr/day) (7 days)
(86.56 hr) = $ 91.84
Idle : (0.5 hr/day) (7 days)
($2.60 hr) = 9.10
$100.94

Charge for Transportation $100.94/section

Materials

Super-8 Film

(7 rolls) ($5.60%/each) = $ 39.20
Developing
(7 rolls) ($3.40%/each) = $ 23.80

$ 63.00 (Continued)
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QUANTIFICATION AND CLASSIFICATION OF THE TRAFFIC (Continued)

Materials (Continued)

Other materials such as batteries
mounting material, etc., assuming
a 107 of the film cost:

(0.10) ($63.00) = $ 6.30
$69.30

Charge for Materials: $ 69.30/section

Total $486.42/section

An average daily traffic of 60 vpd is assumed. Each vehi-
cle would be filmed for 1.5 minutes. This would represent
90 minutes of film per day. If the picture is shot at 30

frames/minute, 2700 frames would be required. A common
super-8 roll has 3600 frames,

*Prices as provided by The University Co-op, Camera Depart-
ment, Austin, Texas, October 1980.
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MEASUREMENT COST ANALYSIS

TRAFFIC MEASUREMENTS
AXLE LOADS

Equipment
2 Portable Wheel-load Weighers

(2 units) ($19.75/section)

$ 39.50/section
Labor

2 Technicians surveying for 16 hours
per day during the seven days of a week:

(2) ($15.00/hr) (7 days) (16 hr/day) = $3,360.00/section
Transportation Vehicle and Shelter
A mobile home may be provided for this
purpose at a charge of $25./day:
(7 days) ($25.00/day) = 9§ 175.00/section

$3,574.50/section
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Equipment Cost Analysis

Rut Depth Gauge

Acquisition cost: $ 400.00
Life (years): 3
Salvage Value: 0%

Ownership cost

Depreciation (D):

D = (400.00 - 0.00)/3 years
Investment, insurance, and storage cost (I):

I = (400.00 + 0.00)(0.15)/2 =
Maintenance and repairs (M):

M = (133.33)(0.60) =

Total ownership cost:

Operation Cost

Fuel, lubricating oil, etc.

Total operation cost:
Total cost:

If one rut depth gauge is used for five sections,

$  133.33/year

S 30.00/year

80.00/year

$ 243.33/year

$ 0.00/year
$ 0.00/year

$ 243.33/year

and measurements

are taken every three weeks, the cost per section would be

Cost per measurement and per section: (243.33)/(5)(18) = $2.70



Equipment Cost Analysis

Transportation vehicle.

Pick-up truck, 8 cylinders.
Acqusition Cost; $ 6,000

Life (years): 5
Salvage value: 107
Operation hours per year: 1,000

Ownership Cost

Depreciation (D):

D = (6,000 - 600)/(5)(1000)

(]

Investment, insurance and storage (I):
I = (6,000 + 600)(0.15)/(2)(1000) =

Maintenace and Repairs (M):

M = (0.50)(1.08) =
Total Ownership cost:

Operation Cost

Gasoline: (0.06) (100 HP) (0.60)( 8§ 1.1/gal) =

0il:
[ ((100 HP) (0.6)(0.006)/7.4) + 4 gal/100 hour][$ 2/gall

Tires: (4)($ 150.00/each)/2000 hours =
Total Operation Cost:

Total Cost:

305

$ 1.08/hour

0.50/hour

0.54/hour
$ 2.12/hour

$ 3.96/hour

0.18/hour
0.18/hour

0.30/hour
$ 4 .44 /hour

$ 6.56/hour
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Equipment Cost Analysis

Mays Meter

Unit furnished with DMI and electronic output system
Acquisition cost: $ 2,900

Life (years): 3

Salvage value: 20%

Ownership Cost:

Depreciation (D):
D = (2,900 - 580)/3 years

$ 773.33/year

Investment, insurance and storage (I):

1 = (2,900 + 580)(0.15)/2 = 261.00/year

Maintenance and repairs:

M = (0.80)($ 773.33) = 618.66/year
Operation Cost 0.00/year
Total Cost: $ 1,652,99/year

If the Mays Meter is calibrated four times during the year, each
time requiring three days, the Mays Meter would be available

fifty weeks during the year. If measurements are taken every three
weeks and if each unit is shared by five sections, the cost per
measurement and per section (OMS) would be

cMS = ($ 1,652.99)/(5 sect.) (17 meas./year) = $19.45



Equipment Cost Analysis

Nuclear Gauge

Nuclear Density Meter Mod. NIC-5DT, manufacturd by Soiltest, Inc.
Acquisition cost: $ 2,800

Life(years): 4

Salvage value: 0%

Ownership Cost

Depreciation (D):

D = ($ 2800 - 0)/4 years $ 700.00/year
Inyvestment, insurance and storage (I):

I = (2800 + 0)(0.15)/2 = 210.00/year

Maintenance and Repairs (M):

M = (0.8)($ 700.00) = 560.00/year
Operation Cost = 0.00/year
Total Cost: $ 1,470.00/year

Assuming that this device would be shared by five sections and that it
would be used for density and moisture measurements every three weeks.

The total number of tests that would be performed would be 36 for each

of them and the charge for equipment per test (CET) would be

CET = (3% 1,470.00/year)/(5 sect)(36) = §$ 8.17
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Equipment Cost Analysis

Mays Meter Automobile
Medium size vehicle, six cylinders, gasoline engine
Acquisition cost: $ 5,000

Life (years): 4
Salvage Value: 10%
Hours per year: 1,000

Ownership Cost

Depreciation (D):

D = (5,000 - 500)/(4) (1,000 hours) = $ 1.13/hour
Investment, insurance and storage (I):
I = (5,000 + 500)(0.15)/(2)(1,000) = 0.41/hour
Maintenance and repairs (M):
M = (1.2)($ 1.13) = 1.35/hour
Total Ownership Cost: $ 2.89/hour
Operation Cost:
Gasoline: (0.6) (80 HP)(0.6)($ 1.10/gal) = $ 3.17/hour
0il:
[ ((80 HP) (0.6) (0.006)/7.4) + 2 gal/100 hr)]1[$ 2/gall= 0.12/hour
Tires: (4)($ 100/each)/2000 hr = 0.20/hour
Total Operation Cost: $ 3.49/hour

Total Cost: $ 6.38/hour
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Equipment Cost Analysis

Falling Weight Deflectometer
Acquisition Cost: $ 60,000
Life (years): 5
Salvage Value: 10%
Hours of operation per year: 1,000

Ownership Cost

Depreciation (D):

D = (60,000 -~ 6,000)/(5)(1,000) $ 10.80/hour

Investment, insurance and storage (I):

I = (60,000 + 6,000)(0.15)/(2)(1,000) = 4.95/hour

Maintenance and Repairs (M):
M = (0.40)($ 10.80) = 4.32/hour
Operation Cost = 0.00/hour

Total Cost: $ 20.07/hour
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Equipment Cost Analysis

Portable Wheel Load Weigher

Model MD-500 as manufactured by General Electrodinamics Corp.,

Garland, Tx.; 20,000 1bs capagity.
Acquisition Cost: §$ 1,312.50
Life (years): 3
Salvage value: 0%

Ownership Cost

Depreciation (D):

D = (1312.50 -0.00)/3 years
Investment, insurance, and storage (I):

I = (1312.50 + 0.00)(0.15)/2
Maintenance and repairs (M):

M = (0.40)($ 437.50)

Operation Cost

Total Cost:

$ 437.50/year

98.44 /year

175.00/year

0.00/year
$ 710.94/year

Assuming that the axle load measurements would be made once a year,
and that the survey would take one week per section, monitoring three
sections per month. The charge per section and per survey (CSS)

would be

CSS = ($ 710.94)/(12 months) (3)

$ 19.75
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Equipment Cost Analysis

Time Lapse Camera
Model 1240 as distributed by Timelapse Inc., Mountain View, CA,
including super-8 camera, lenses, gripod, and remote control.

Acquisition Cost: $§ 2,075.00
Life (years): 4
Salvage value: 20%

Ownership Cost

Depreciation (D):
D = (2075 - 415)/4 years = $ 415.00/year

Investment, insurance, and storage (I):

I = (2075 + 415)(0.15)/2 = 186.75/year

Maintenance and repairs (M):

M = (0.50)(415.00) = 207.50/year
Operation Cost = 0.00/year
Total Cost $ 809.25/year

Assuming this camera would be shared by nine sections, making four
measurements in each section during the year, the charge for each
section and for each measurement (GCSM) would be

CSM = ($ 809.25)/(9 sect)(4) = $ 22.48

Timelapse price list as June 1980
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Equipment Cost Analysis

Time Lapse Projector

Model 3240 as distributed by Timelapse Inc., Mountain View, CA.

Acquisition Cost: §$§ 2,075
Life (years): 6
Salvage value: 20%

Ownership Cost

Depreciation (D):
D = (2075 -415)/6 years = $
Investment, insurance, and storage (I):

I = (2075 + 415)(0.15)/2

Maintenance and repairs (M):

M = (0.50)($ 276.67)

Operation Cost =

276.67/year

186.75/year

138.33/year

0.00/year

Total Cost: S

601.75/year

Assuming that by using one projector the traffic information from
500 sections may be counted and classified, the charge per section

CS would be

€S = ($ 601.75)/500 = $ 1.20
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