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A METHOD FOR PROGRAMMING MAINTENANCE

ON PAVED FOREST ROADS

CHAPTER 1

INTRODUCTION

1.1 NEED

Recent events, particularly the energy crisis and rapid inflation,

have brought attention to the need to manage transportation dollars

better. Because transportation costs are approximately 20 per cent of

the Gross National Product (1), the close scrutiny that transportation

expenditures receive is not suprising.

This increased awareness has prompted many public agencies to

review their current transportation policies and practices. In the past

decade, transportation planners have promoted the use of systems

analysis techniques to improve decision-making. Maintenance management

systems and other programs to solve complex transportation problems have

required the use of systems analysis. Pavement management systems (PMS)

have evolved to utilize highway construction and improvement funds

better, incorporating many of the interrelated activities in
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transportation systems management, such as planning, design,

construction, maintenance, and evaluation techniques.

A pavement management system is a tool which provides road system

managers with the best possible strategies determined by clearly defined

analysis and evaluation procedures (2). The major subsystems of a

pavement management system are shown in Figure 1.1.

The planning subsystem evaluates the transportation system

deficiencies, prioritizes these deficiencies, and allocates funds for

their correction.

The design subsystem's function is to determine the best solution

to correct deficiencies. The principal steps involved in this process

are to:

1. Obtain information on available materials, expected traffic,

estimates of costs, etc.,

2. Develop feasible alternative designs for the correction of the

deficiences, based on the information collected in the previous
step,

3. Determine the best solution from the set of feasible

alternative designs, using economic analysis techniques.

The construction subsystem implements the best alternative. The

primary activities of the construction subsystem include:

1. Development of contracts and specifications for the

improvements,

2. Scheduling of the construction activities,

3. Construction,

4. Inspection and quality control.
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EVALUATION

FIGURE 1.1 Major Subsystems of a Pavement Management System



The role of the maintenance subsystem is to develop maintenance

programs and schedule the actual repair work.

The evaluation subsystem determines if the pavement has performed

as expected. This is accomplished by collecting and evaluating

information on pavement performance, distress, structural capacity and

safety.

The subsystems of a pavement management system are very

interrelated; the information collected and used by one subsystem may

later be needed by another. Therefore, it is important to provide for

data handling between subsystems. Data handling and record-keeping play

a very important role in a pavement management system.

1.2 BACKGROUND

The demand for better utilization of available funds has prompted

the Forest Service to begin development of a pavement management system.

The United States Forest Service (U.S.F.S.) manages approximately

201,000 miles of roadway, predominantly low-volume. Of this,

approximately 6,500 miles are paved, 45,000 miles are aggregate

surfaced, and 149,500 are unsurfaced (3). The primary role of this road

system is to provide "for the protection and management of the land and

resources administered by the Forest Service" (4). These roads also

carry timber haul, recreational travel and traffic to many other

activities.
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With the large mileage of existing roadway, expected construction

of an additional 136,000 miles, and reconstruction of a majority of

existing roads, roadway management is complicated. A systematic,

comprehensive approach, as provided by a pavement management system is

needed.

The development of an effective pavement management system for

low-volume roads is more difficult than for higher standard roads for

several reasons. Economics is a primary reason. To provide pavements

for a low-volume transportation system that provide the necessary level

of service and life, at a reasonable level of total costs is difficult.

Economic considerations often dictate the pavement thickness, the

quality and types of materials used, and the roadway geometrics. The

number and variety of alternatives for low-volume roads are greater than

for higher type facilities. Location, geometrics and surface type

combinations provide greater latitude and flexibility in the course of

action that may be taken by administrators of low-volume roads.

Of particular importance in a comprehensive pavement management

system is the evaluation of paved roads and setting priorities for

pavement maintenance.

1.3 PURPOSE

The purpose of this research is to describe the development of a

maintenance programming system for paved low-volume forest roads. More

specific objectives are:
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I. To develop procedures to quantify pavement evaluation
information that describes pavement performance, distress,
structural capacity and safety.

2. To provide a ranking procedure for roadways based on pavement
evaluation information, giving agencies important information
for allocating maintenance funds.

1.4 SCOPE

This paper is an extension of a study done for the Willamette

National Forest in the Summer of 1978. The evaluation and maintenance

_portions of a pavement management system are described. The paper

presents a procedure to rank roads based on the collection of pavement

evaluation information. Examples are provided to demonstrate the steps

involved in the ranking procedure.

The paper is divided into five chapters and an appendix. Chapter

Two discusses pavement evaluation and maintenance considerations for

development of a pavement management system for low-volume roads.

Chapter Three describes an earlier study done for the Willamette

National Forest. Chapter Four describes procedures for quantifying

pavement evaluation information and the relative ranking of roads. The

Appendix is used in conjunction with the evaluation of pavement

distress, as described in Chapter Four. Chapter Five discusses the

limitations and suggests future enhancements of the pavement management

procedure.



CHAPTER 2

PAVEMENT EVALUATION AND MAINTENANCE

2.1 DESCRIPTION

7

This chapter discusses the procedures for pavement evaluation and

maintenance considerations in a pavement management system. Various

equipment and procedures used for the determination of pavement

performance, distress, structural capacity, and safety are presented.

The importance of traffic information, such as, traffic volumes, and

distributions in the road system are discussed. Factors affecting

pavement maintenance criteria and decisions are also discussed.
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2.2 PAVEMENT EVALUATION

Pavement evaluation compares the levels of pavement properties

against accepted criteria. The pavement properties examined here

measure; performance, distress, structural capacity and safety.

The information collected by the pavement evaluation process is

useful to:

1. Determine the current condition of the pavement,

2. Measure the effectiveness of policy changes,

3. Allocate maintenance resources,

4. Compare the serviceability, riding quality and other qualities

of roads.

2.2.1 Performance

The term "pavement performance" is often confused with "pavement

serviceability", which is the ability of a specific portion of roadway

to serve traffic in its existing condition. "Pavement performance" is a

measure of how adequately the pavement is fulfilling its intended

purpose, in terms of the accumulated service it has provided (4).

In the evaluation of pavement performance; the criteria used is the

relationship between serviceability, and age or the number of load

repetitions.
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2.2.1.1 Pavement Serviceability Pavement serviceability is a

qualitative concept developed during the AASHO Road Test (5) to indicate

the condition of the pavement at any particular point in time. The

procedure used at the AASHO Road Test resulted in a serviceability

rating known as the Present Serviceability Index (PSI). This PSI rating

was originally derived from ratings by a group of individuals who rated

pavements on a scale from 0 to 5, where a rating of 0 indicates an

impassible pavement and a rating of 5 indicates a perfect pavement. The

PSI was later statistically correlated by multiple regression analysis

to various objective measurements, such as, roughness, rut depth, extent

of cracking and patching.

2.2.1.2 Pavement Roughness Pavement roughness has been found to be

the major factor affecting the PSI rating. So, a substantial amount of

research has been done to develop methods to determine pavement

roughness. A few of the devices that measure roughness are:

1. Bureau of Public Roads roughometer,

2. CHLOE profilometer,

3. Car road meters, i.e. Mays ride meter,

4. Surface dynamics profilometer, i.e. GMR profilometer.

One of the earliest devices to determine road roughness is the

U.S. Bureau of Public Roads roughometer. As can be seen in Figure 2.1,

the roughometer is a trailer-like device that simulates the movements of

one wheel of an automobile. The vertical movement of the axle relative

to the trailer frame is measured by the integrator located above the
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wheel. The electrical signal from the integrator drives an electric

digital counter which shows the total accumulation of vertical

displacement in one direction. The total accumulation of displacement

over a given distance is known as the roughness index, expressed in

inches per mile. However, this device has several limitations including

a slow operating speed of 20 mph and difficulties with repeatability.

The CHLOE profilometer developed for the AASHO Road Test (5) is a

20-foot long trailer-like device supported at the rear by two large

wheels, see Figure 2.2. Two smaller wheels, located in front of the

larger wheels, provide a small wheel base from which angular

deflections, relative to the trailer frame, can be measured. The

pavement roughness is determined from the angular deflection

measurements. This device has good repeatability, however, a very slow

operating speed of 3-5 mph.

Car road meters, such as the PCA road meter and the Mays ride

meter, are popular among many agencies. The PCA road meter, illustrated

in Figure 2.3, is a simple device that can be attached to most

automobiles. The instrument uses electric counters that accumulate the

number of deviations of the axle relative to the car body in 1/8-inch

increments. This device can be used at speeds of 50 mph and is very

accurate in most applications.

The Mays ride meter, when installed in a vehicle, measures the

vertical excursions of the differential (rear axle) relative to the

vehicle body. The ride meter measures 0.1-inch incremental vertical

axle displacements and records these on a special chart recorder. The
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FIGURE 2.2 CHLOE Profilometer. After Yoder (7 ).
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chart recorder feed is advanced in increments of 1/64-inch for each

0.1-inch of axle to body excursions. The length of paper produced when

divided by the known distance traveled is an indication of pavement

roughness. An example of the chart recorder output is shown in Figure

2.4.

The PCA road meter and the Mays ride meter both require

installation in a vehicle. Also, the vehicle's ride characteristics

affect the performance of these devices. Therefore, several desirable

characteristics of a vehicle used with road meters are:

1. Solid rear axle,

2. Coil springs,

3. Firm shock absorbers, and

4. Dynamically balanced tires.

The advantages of the road meters include the higher operating

speeds (approximately 50 mph), lower cost, and good repeatability. Some

of the disadvantages are the inability to measure long wavelength

distortions and the relatively frequent calibration that is necessary.

The surface dynamics profilometer is a device that is mounted in a

vehicle. The device uses two small wheels mounted beneath the vehicle

that run in the wheel paths and are held down by a strong spring force

of approximately 300 pounds. The relative motion between the wheels and

the vehicle is determined by a potentiometer. An accelerometer measures

the vertical acceleration of the vehicle. An analog computer is used to

process the information from the accelerometer and the potentiometers,

yielding the right and left surface profiles.
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The surface dynamics profilometer has the advantage of the

determination of actual surface profiles, data handling ease, and

excellent repeatability. An operating speed of 20 mph is typical. The

high cost of equipment and the need for skilled operators are its major

disadvantages.

2.2.2 Distress

Pavement condition surveys are the primary method used for

obtaining information for the evaluation of pavement distress. In these

surveys, physical measurements of various forms of distress; surface

defects, surface deformation, cracking, and patching are made. These

surveys are generally quite detailed, including information on the type

of distress, its severity, its extent, and the actual location on the

roadway.

A large portion of the information collected in these studies is

collected by hand with very simple tools, if any. From a survey of

various state highway agencies pavement rating systems, "cracking is the

single most heavily weighted distress variable used in making

maintenance and rehabilitation decisions" (10). Although cracking is

considered to be a very important factor in distress, visual

observations are still the primary method used to determine severity and

extent. Therefore, the reliability of the information collected is

dependent upon the skills and training of the observers. This has

prompted several agencies to adopt standard methods for how these
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surveys are to be conducted, what types of distresses are to be reported

and how to determine the severity, extent and location. Two of these

procedures are the Washington method and the Ontario system.

2.2.2.1 Washington Procedure - In the Washington method, two factors

are believed to be an indication of the present serviceability of a

roadway, namely riding comfort and pavement distress (11, 12). In this

technique the ride rating is based on a scale from 0 to 10; a score of 0

indicates a perfect ride and a 10 indicates a roadway that is

impassible. Next, an evaluation of the roadway for pavement distress is

done. This is accomplished by assigning numerical values to the pavement

defects, which increase with severity and extent of the defects, based

on a standardized rating form and procedure.

Ratings for ride and defects are determined by the following

formulas:

Ride rating, (GR) = 100 (10 x ride score) EQ (2.1)

Defect rating, (GD) = 100 - Edefect values for EQ (2.2)
pavement distress

These ratings are combined by the following formula to give a final

rating:

Final rating, (RR) = i/GR x GD EQ (2.3)

2.2.2.2 Ontario Procedure Another method is the Ontario procedure

(13) for condition rating of flexible pavements. In this method riding

quality and distress manifestation are recorded on the form shown in

Figure 2.5. The various forms of distress are categorized and
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photographs of each category are provided. Scales from 1 to 5 with

standard words are given to quantify the severity and extent of any

particular distress manifestation. For example, "moderate longitudinal

mid-lane cracking is extensive in this section." In this example, the

words "moderate" and "extensive" are the standard words which correspond

to numbers 3 and 4 on the severity and density scales, respectively.

The manual also discusses probable causes of each distress manifestation

and factors which might affect remedial treatment.

2.2.2.3 Discussion - An important reason for conducting condition

surveys is to gather information to relate pavement distress to

performance. For example, a crack may not at first affect the

performance of the pavement, but in a short period of time it may lead

to a rapid loss in pavement serviceability.

These surveys also provide the design subsystem with information

that is useful to determine if the pavement's behavior is as expected.

The feedback to the design subsystem may aid in correcting discrepancies

between the models used to predict pavement distress and the actual

distress. The presence of distress in a section of pavement does not

necessarily imply that the pavement has failed. Pavement failure is

determined by whether or not the serviceability falls below the

acceptable level established to meet the objectives of the roadway.



18

2.2.3 Structural Capacity

In evaluating pavement structural capacity, several characteristics

of the pavement are monitored. These characteristics are then evaluated

to estimate the load-carrying capabilities and the service life of the

pavement. The most common characteristic measured is the deflection of

the pavement surface due to a static, slow-moving, or dynamic load (14).

Two general categories of tests for structural load-carrying capability

of pavements are nondestructive and destructive evaluations.

2.2.3.1 Nondestructive Evaluation Nondestructive structural

evaluation techniques cause little, if any, damage to the pavement.

Three general categories of nondestructive testing procedures exist,

static load, dynamic load, and nuclear radiation tests (6). Nuclear

radiation tests, such as nuclear density test are not generally used in

pavement evaluation procedures.

Static or slow-moving loads are used to determine of pavement

structural capacity by several devices, such as the Benkelman beam,

Lacroix deflectograph and California's travelling deflectometer. These

devices measure the deflection of the pavement surface for a given load.

Many agencies use pavement deflection information from dynamic or

repetitive load devices to evaluate the pavements structural capacity.



19

There are many of these devices available, such as;

1. Dynaflect,

2. Road-Rater,

3. Cox vibrator,

4. Falling weight deflectometer.

The deflection measurements are often made by accelerometers or velocity

transducers, such as a geophone. Usually several of these sensors are

used to record the deflection basin formed by the dynamic load. Figure

2.6 is a drawing of a Dynaflect showing the location of the geophones.

The dynamic load is applied in a variety of ways; several devices

use eccentric rotating weights, while others use hydraulic force

generators. The falling weight deflectometer uses a fixed weight

dropped from a predetermined height to give the desired load.

2.2.3.2 Destructive Evaluation - In destructive evaluation procedures

the actual pavement structure is altered. This procedure may require

removal of samples from a portion of the pavement and the layers below

for a variety of material tests, such as, resilient modulus tests. The

types of tests conducted on the samples depend upon what type of

information is desired. Generally, this type of testing is done to

determine the cause of a given distress.

Pavement research activities, such as the AASHO Road Test (5) and

the WASHO Road Test (15), utilized information collected from

destructive testing. This information was useful in the determination

of some of the causes of major distresses, which later improved design
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procedures.

2.2.4 Safety

Several items that must be reviewed in the evaluation of pavements

for safety are: skid resistance, pavement rutting, chuckholes, and edge

drop-offs.

2.2.4.1 Skid Resistance Skid resistance is one of the most important

factors in safety evaluation. The National Cooperative Highway Research

Program, Synthesis of Highway Practice Report 14 summarizes a large

portion of the available literature on skid resistance (16). The current

state of the art in skid resistance evaluation is elescribed, including

skid resistance requirements, methods of skid resistance measurement and

maintenance of skid resistant surfaces. Figure 2.7 shows the California

portable skid tester.

The skid resistance of the pavement is generally expressed in terms

of a skid number, SN, which is determined by a procedure, such as, ASTM

standard test method E274. In this procedure the skid number (SN) is

determined from the force required to slide a locked tire, divided by

the wheel load and multiplied by 100. Extensive effort has been given

to the standardization of the skid resistance measurements taken by

various methods.
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FIGURE 2.7 The California Skid Tester. After HRB (16).
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There are six factors which influence the available friction on

roadways (17), they are:

1. Weather Conditions,

2. Surface Texture,

3. Surface Drainage,

4. Cross Slope,

5. Tire Characteristics,

6. Vehicle Speed.

The weather is the greatest influence on pavement friction or skid

resistance. A dry pavement surface may have up to six times the skid

resistance of a wet or frozen surface.

Surface texture is important for good skid resistance, and for

bituminous surfaces the aggregate size is the most significant factor

(16). Surface texture is generally described by its microtexture and

macrotexture. Microtexture refers to the roughness of individual

aggregate particles. On wet pavement the microtexture controls the

contact between the tire and surface by breaking through the thin film

of water that remains after most of the water has been displaced by the

tire. Macrotexture is the roughness of the pavement surface controlled

by the size, shape and gradation of the aggregate used in construction.

The role of surface drainage is to prevent hydroplaning by removing

water from the surface. This is accomplished by controlling the surface

macrotexture and cross slope. Tire pressure, tread depth and tread

pattern also influence hydroplaning. Vehicle speed is a primary factor
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causing hydroplaning, as vehicle speed increases, the surface water

cannot be forced aside and the tire rides on a thin film of water.

2.2.4.2 Pavement Rutting - The effect of pavement rut depth on safety

is influenced by a number of factors:

1. Vehicle speed,

2. Vehicle characteristics - type of vehicle, type of tires, tire

wear, etc.,

3. Surface characteristics surface texture, surface porosity,

cross-slope, etc.,

4. Environmental considerations - weather conditions, intensity
and duration of precipitation, etc.

Water accumulation in ruts is an important consideration for

safety. Hydroplaning, splash, or icing of accumulated water may lead to

an increase in the potential for accidents. Dynamic hydroplaning

potential is significantly increased if pavement rutting is present,

whereas under ordinary conditions dynamic hydroplaning is rare (18).

Partial hydroplaning and wet skid are primarily affected by the

pavement surface texture. The visibility interference due to splash and

spray contribute to less than 0.2 percent of reported accidents (18).

Ruts may also influence vehicle steering characteristics. Common

bias and bias-belted tires have a tendency to climb the side of ruts,

while tires of a radial design are affected less (18). Drop-offs at the

pavement edges create a very serious safety hazard, 5 out of 20 traffic

fatalities in one county in Oregon were caused by this problem (19).
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2.2.4.3 Roadway Delineation - Research has found that more than 50

percent of night driving accidents are due to poor roadway visibility

(20). Post-mounted delineators and pavement markings are the two most

common forms of roadway delineation.

Other considerations should include the light reflectivity of the

pavement. Also, a roadway design should be provided that gives adequate

sight distance so the pavement can always be seen with adequate time to

control the vehicle.

2.3 TRAFFIC FACTORS

The determination of the values for various traffic variables is

often a difficult task. Some of the variables that are used in pavement

management are:

1. Traffic volume - the number and sequence of load applications,

2. Loading condition - wheel loads, axle loads, total vehicle
load, tire pressure or contact pressure, and wheel

configuration,

3. Vehicle speed,

4. Distribution of loads - lateral and lane distributions.

The variations in traffic volume, traffic composition and vehicle

types are extensive. Consequently, estimation of the volumes and axle

loads that the roads must carry is very difficult. Since many of the

activities in the forest are seasonal, the distribution of traffic is

also seasonal. In the winter, many of the roads become impassible
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because of mud or snow, while during the summer they are open for

traffic. Because the Forest Service regulates the size of timber sales,

a reasonable estimate of the size and number of logging loads on the

roads can be made.

Traffic information is necessary for the design subsystem to

determine pavement thickness, overlay thickness, and the expected

pavement life. In pavement design there are two basic types of

approaches: a fixed traffic level procedures and a fixed standard

vehicle type procedures (7). In the fixed traffic level approach, a

relationship between pavement thickness and a single-wheel load is

established for different values of subgrade strength. The fixed

standard vehicle type approach uses the number of repetitions to failure

of the pavement for a standard vehicle to determine pavement thickness.

2.4 MAINTENANCE SUBSYSTEM

Pavement maintenance is a set of activities, such as resurfacing,

patching, or sealing, that are done to keep the pavement in a

serviceable condition. Maintenance requires the evaluation and

selection of maintenance materials and procedures. Effective planning

and design must have estimates of the associated maintenance costs

incurred in providing various Levels of serviceability for any

particular roadway. The objective of pavement design is to minimize the

total cost of the pavement structure, including first cost and

maintenance costs. In planning, total costs are also used to select the
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best alternative from among potential improvement projects. Effective

maintenance must also take account of the structure of the organization,

its capabilities and its limitations.

2.4.1 Organizational Structure Effects

Many agencies have a hierarchical organizational structure. Good

communication and interaction between the various levels of an

organization are very important for an effective maintenance program.

The Forest Service, for example, has zones, forests, and regional

offices. The regional office has the responsibility for developing

maintenance programs, establishing priority criteria and allocating

funds.

The forest supervisors office determines maintenance priorities for

the forest and allocates funds. These maintenance priorities are

established based on the regional priority criteria and are determined

by the information provided through pavement evaluation.

The zone offices perform the actual maintenance activities, making

necessary corrections to procedures that require on-site decisions. The

zone also provides the forest office with feedback information that may

alter future policies and priorities.
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2.4.2 Maintenance Policies

Three factors that usually govern maintenance policies are;

available funds, historical precedent, and organizational considerations

(6). Any one, or all, of these factors may influence maintenance

policies.

Most road agencies have limited financial resources for maintenance

activities. When operating within tight budgetary constraints,

maintenance activities that improve safety are of primary importance.

The remaining maintenance funds may be insufficient to provide for

routine maintenance, so a rapid deterioration of the pavement structure

may occur.

Policies that are set by historical precedent are quite common in

many agencies. These policies are often formed because some practice

has been found to work for a given circumstance. However, it may be

employed as a standard policy in areas where it may not be warranted.

The organizational structure and resulting constraints are

important. For example, the design and maintenance activities may not

be easily coordinated. This can occur because design activities for a

given road relate to the present, while maintenance activities are in

the future. Other problems can arise due to the physical separation of

the design and maintenance subsystems. For example, if all the design

work for the forest were done in the central offices and the actual

maintenance done at the zone level, then difficulties, such as

differences in interpretation could arise. In an effective pavement
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maintenance programming process good communication and interaction

between all levels of an organization is essential.

2.4.3 Economic Consequences of Maintenance Strategies

Economic considerations form the foundation for pavement management

decisions. A major objective of a pavement management system is to

minimize costs, while still providing the necessary level of pavement

serviceability. For the pavement system to be effective, all relevant

costs must be taken into account: first costs, routine maintenance

costs, major maintenance costs, and user costs. User costs are direct

costs and indirect costs which users incur due to the condition of the

pavement or the inability to use it because of maintenance operations or

for similar reasons. With complete cost information, the selection of

the "best" solution is possible.

Coordination between routine maintenance and major maintenance is

necessary to provide not only an economical maintenance program, but

also economical pavement strategies. For example, to do extensive

patching one year and then in the following year overlay the entire

pavement is impractical, and should be avoided. If major maintenance

activities are planned in advance and coordinated with routine

maintenance activities, unnecessary spending can be avoided. For

example, a program that would incur excessively high cost routine

maintenance when major maintenance is required would be eliminated. It

may be less expensive in the long run to do major maintenance, such as
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an overlay, to avoid doing a large amount of routine maintenance, which

is temporary.

2.4.4 Maintenance Decision Criteria

Pavement maintenance decisions should be based on the information

collected in the pavement evaluation process and the priorities and

procedures established by the organization. Pavement evaluation

information on performance and distress are often used. For example,

the level of pavement serviceability may determine when maintenance is

required. A generalized relationship between serviceability and

pavement age is shown in Figure 2.8. As the pavement is subjected to

traffic, the serviceability decreases until it reaches the minimum

acceptable level at a time yl, when major maintenance is applied. The

minimum acceptable level of serviceability can vary for roadways,

depending on factors, such as, the type of service the facility is to

provide and budgetary constraints. The rate of decrease in

serviceability for a pavement is affected by the amount of routine

maintenance that it receives. This cyclic pattern continues for the

life of the pavement.

Changes in distress manifestations can also be used as decision

criteria for maintenance activities. For example, if the extent of

cracking or other distress has greatly increased over a short period of

time, this is an indication that maintenance is required. Similarly for

structural capacity information, if deflections of the pavement are
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significantly greater than a previous survey, then maintenance might be

needed.

When the pavement is not behaving as expected, there are at least

three alternatives. First, the "do nothing" alternative where the

pavement maintenance is applied as dictated by the initial design.

Second, do a more complete analysis of the pavement and determine the

course of action that should be taken. Last, correct the pavement

deficiency using the proper maintenance procedure.
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CHAPTER 3

WILLAMETTE NATIONAL FOREST STUDY

3.1 FIELD STUDY DESCRIPTION

This chapter describes an earlier study performed on the Willamette

National Forest which serves as a foundation for the pavement

performance and distress procedures developed in this paper. The

Willamette National Forest (see Figure 3.1) is located in the Cascade

Mountain Range in the center of Oregon. It is bounded on the south by

the Umpqua National Forest, on the north by the Mt. Hood National

Forest, on the east by the Deschutes National Forest, and on the west by

the Willamette Valley. The Willamette National Forest is divided into

three zones, namely the South, the Cougar, and the Santiam. Each of

these zones has its own work centers, and is responsible for the road

management activities in its zone. Planning and coordination for the
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FIGURE 3.1 Location of the Willamette National Forest (21)
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entire forest are done in the Forest's offices in Eugene. The regional

office, located in Portland, is responsible for coordinating activities

among forests.

During the period of July 1978 to September 1978, an inventory of

all paved roads in the Willamette National Forest was conducted (22).

The purpose of this project was threefold:

1. To develop a pavement inventory form for paved roads in the

Forest,

2. To evaluate the riding quality and pavement condition of all

paved roads in the Forest,

3. To develop a priority rating procedure for programming
maintenance of paved roads.

3.2 DATA COLLECTION DISCUSSION

The Willamette National Forest contains approximately 330 miles of

paved roadway. Table 3.1 shows the mileage for the three zones of the

forest. In this study, riding quality and pavement condition were

selected as the criteria to determine priorities for future pavement

improvements. The basic framework of the simple rating system developed

in this study is shown in Figure 3.2. The importance of riding quality

and pavement condition is discussed in the following chapter.

The Mays ride meter is one of many various devices available for

measuring pavement roughness. This device was used in the project for

the determination of riding quality. It measures the vertical

excursions of the rear axle relative to the vehicle body. From these
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TABLE 3.1 Paved Road Mileage Rated in the Willamette Forest

ZONE ONE LANE TWO LANE

South 74 89

Cougar 24 35

Santiam 78 33

TOTAL 176 157
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measurements the amount of vertical movement divided by the length of

the section evaluated is an indication of the pavement roughness, the

larger this value is the rougher the road.

The condition survey used to determine the present condition of the

paved roads is a modified version of the procedure developed by Ontario

(13). In this procedure a pavement condition evaluation form is used to

record various types of pavement distress. A manual was developed to

aid in the determination of the type of distress, its severity and its

extent.

For this condition survey the following equipment was used:

1. Rut depth gage,

2. Crack measurement ruler,

3. 50-100 foot cloth tape,

4. Camera and film.

Each of these items and their application is discussed in greater detail

in the following paragraphs.

The rut depth gage developed for this project is a device used for

the measurement of rut depth, see Figure 3.3. It consists of two

primary parts; the horizontal reference base and a graduated measurement

rod. The reference base is from four to five feet long and serves as a

horizontal plane from which to measure vertical deviations. The length

of the base used in this project is five feet long and the graduated rod

measured up to four inches in 1/8 inch increments. The rod is located

in the center of the reference base and is removeable to accommodate

rods of different measurement units, i.e., English or Metric.
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The crack measurement ruler is a simple device developed to

identify various crack widths easily. Figure 3.4 illustrates how the

ruler is used to determine crack widths.

A cloth tape is used to determine pavement widths, shoulder widths,

and the extent of various pavement distresses, such as longitudinal

crack length.

Two cameras were used to record the various types of pavement

distress encountered in the forest. Color slide film was used in one

camera, while the other contained black and white print film. Some of

the black and white pictures were used in the development of the

pavement distress manual. Color slides appear to give better

representation of the various distresses. A suggested means of

recording the location of the photographs is shown in Figure 3.5.

The procedure used in the evaluation of the paved roads is as

follows. First, the ride quality is determined by the Mays ride meter.

Starting at the beginning of a paved road, each lane is evaluated.

Two-lane roads are evaluated in both directions at a speed of

approximately 30 mph, if possible. Single lane roads generally are done

at 25 mph, unless geometrics require a slower speed. These speeds were

chosen because they could generally be maintained safely throughout the

length of the roadway. There was insufficient time to determine the

effect of variations in the speed on the ride meter response. Further

consideration of speed variations for determining the ride meter

repeatability is suggested. Secondly, the roads are rated using the

flexible pavement evaluation form and procedures discussed in the
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FIGURE 3.3 Rut Depth Gage

FIGURE 3.4 Example of a Crack Width Measurement



SLIDE NUMBER DATE ROAD NUMBER MILE POST DESCRIPTION

1 6/1/78 2102 1.52 1/2" Slippage Crack

2 6/1/78 2102 2.35 1/2" Rut with V Alligator Cracking

3 6/1/78 2102 5.75 Severe Shoving

4 6/1/78 2102 6.25 1/2" Longitudinal Crack

. . . .

. . . . .

. . . .

FIGURE 3.5 Example of a Means of Recording Slides
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companion distress manual. The Appendix is a revised version of this

manual.

The roughness indication from the Mays ride meter is summarized for

0.5 mile increments for each roadway. Table 3.2 shows a portion of one

of these summaries. These roughness values are determined by taking the

length in inches of paper feed for a 0.5 mile increment and dividing by

the distance traveled, 0.5 mile. Then, a ride rating, GR, is assigned

to each increment, determined according to:

Roughness Rating Description

0 10 5 Excellent
10 - 20 4 Good
20 - 30 3 Fair
30 - 40 2 Poor

40 1 Very Poor

The average of these ride ratings for each road is used to

establish a rating to compare with other roads. The average ride rating

for each road is then ranked in increasing order from poor to good. The

ranking for roads in which the average ride is approximately, the same is

based on the information collected in the condition surveys. Roads

showing a larger amount of distress are listed first.

For convienence the roughness values were not converted to the true

roughness in inches of vertical displacement per mile of roadway

traveled. The true roughness can be obtained by multiplying these

roughness values by the Mays ride meter constant of 5.4. The value of

6.4 is obtained from knowing that 0.1 inch of vertical movement cause

1/54 of an inch of paper feed. That is, 0.1 inch divided by 1/64 inch

is the Mays ride meter constant of 6.4.
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TABLE 3.2 Example of a Summary Sheet for the Mays Ride Meter

ROAD
NUMBER COMMENT

START
M.P.

SEGMENT
CHART

LENGTH (in.)
ROUGH-
NESS

RATING
G
R

2102
JCT 21

One Lane
0.00 1 12.1 24.2 3

0.50 2 8.0 16.0 4

1.00 3 10.8 21.6 3

1.50 4 10.6 21.2 3

2.00 5 9.1 18.2 4

2.50 6 8.9 17.8 4

3.00 7 8.3 16.6 4

3.50 8 12.1 24.2 3

4.00 9 8.2 16.4 4

4.50 10 7.3 14.6 4

5.00 11 7.1 14.2

5.50 12 7.0 14.0 4

6.00 13 7.6 15.2 4

6.50 14 4.1 8.2 5

7.00 15 6.4 12.8 4

7.50 16 5.6 11.2 4

8.00 17 5.3 10.6 4

8.50 18 6.0 12.0 4

9.00 19 5.9 11.8 4

9.50

END @
JCT 5850

9.60
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3.3 FIELD STUDY RESULTS

The final summaries for the South, Cougar, and Santiam zones are

shown in Tables 3.3, 3.4, and 3.5, respectively. Although this

procedure is quite simple, the results obtained are very helpful to the

forest to determine which roads required maintenance.

However, this study neglected the evaluation of structural capacity

and safety. For a given roadway, its structural capacity or safety

requirements may necessitate correction of a deficiency, whereas,

pavement performance and pavement distress information may not indicate

the deficiency.

The procedure discussed in the following chapter utilizes

structural capacity and safety information. Also, traffic factors and

road use categories are discussed.
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TABLE 3.3 Summary of the South Zone Paved Roads

RANK ROAD NUMBER MILEAGE LANES AVERAGE RIDE VISUAL INSPECTION
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TABLE 3.4 Summary of the Cougar Zone Paved Roads

RANK ROAD NUMBER MILEAGE LANES AVERAGE RIDE VISUAL INSPECTION

I

2

3

4

5

6

7

8

--------------
9

2690

1993

1506

2643

2654

1993

15

19

2600770

3.99

15.05

1.93

7.75

1.04

2.71

3.88

21.69

1.11

2

I

1

1

2

2

2

2

2

2.7S/2.9N

3.6

4.0

4.4

4.5N/4.5S

4.6W/4.6E

4.6S/4.7N

4.7514.9N

4.0S/5.0N

Poor Condition
Rough Surface

Near 2638, Fair Condition
Some Distress

Good Condition
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n n

--,

n if

Near 19, Good Condition
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Isolated Distress (if any)

Good Condition
isolated Distress (if any)

Good Condition
Isolated Distress (if any)
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TABLE 3.5 Summary of the Santiam Zone Paved Roads

RANK ROAD NUMBER MILEAGE LANES AVERAGE RIDE VISUAL INSPECTION
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1
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CHAPTER 4

MAINTENANCE RANKING PROCEDURE

4.1 DESCRIPTION

48

In Chapter Three, pavement performance and distress information are

used in the development of a simple rating procedure. In this chapter,

a more complete system is discussed. The basic framework for this

system is shown in Figure 4.1. The basic steps in the ranking procedure

are as follows. First, pavement evaluation ratings are determined for

pavement performance, distress, structural capacity, and safety. Next,

these individual ratings are combined by relative importance for three

road use categories, namely timber haul, recreation and mixed traffic.

This final ranking of roadways is used together with traffic information

and engineering judgment to establish final priorities.
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FIGURE 4.1 Maintenance Ranking Procedure
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The selection of the type of equipment and procedures to use in

such a system varies between agencies and locations. This selection is

based on the required accuracy of the information, the cost of equipment

and operators, and how often information should be collected. Each

agency or organization has to decide which equipment and procedure works

best to meet their goals and objectives.

The equipment and procedures discussed in this chapter are

primarily directed to the needs of the Willamette National Forest.

4.2 PAVEMENT EVALUATION

The four areas involved in pavement evaluation are performance,

distress, structural capacity and safety. A method for quantifying each

of these is presented in the following sections.

4.2.1 Pavement Performance

The Mays ride meter, as used in the previous evaluation procedure

in Chapter Three, seems ideally suited for use on low-volume roads for

several reasons. It has:

1. Relative low cost,

2. Easy installation,

3. High operating speed,

4. Good repeatability,
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5. Chart recorder output that provides a good record of the

roughness of each roadway,

5. Good safety, since it doesn't require a long trailer as the

CHLOE profilometer does, so the vehicle can easily get out of
the way of logging trucks on narrow roadways.

The type of equipment and manpower required for the evaluation of

performance are:

1. Two persons; one driver and one person trained to operate the

Mays ride meter,

2. Vehicle equipped with Mays ride meter,

3. Adequate supply of Mays chart recorder paper,

4. Pens for Mays ride meter and for recording information,

5. Map of the area to be evaluated, with road numbers, etc.,

6. Thermometer.

Starting at the beginning of a paved road to be evaluated, record

the following information on the ride meter paper:

1. Location Forest, zone, road number, etc.,

2. Date and time of evaluation,

3. Direction of travel,

4. Number of lanes,

5. Weather information - temperature, condition, etc.

A proposed format for recording this information is shown in

Figure 4.2.

Next, evaluate the road, using the event marker on the Mays ride

meter to denote intersections or other distinguishing landmarks. If the

road is very smooth, it may be desirable to write down the current
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Location: Forest Zone Road Number

Direction of Travel: North South East West (Circle One)

Number of Lanes Time: Beg. End. Date

End. Odometer End. M.P. Near Intersection

Beg. Odometer Beg. M.P. Near Intersection

Length Length

Weather: Temp. Condition Wind: Speed Dir.

FIGURE 4.2 Information For Mays Ride Meter Evaluation.
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mileage occasionally, since the paper feeds slowly, making it difficult

to distinguish the 0.1 mileage marks on the ride meter record.

Evaluate two lane roads in both directions at a speed of 30 mph.

Single lane roads should be done at the same speed, unless roadway

geometries require a slower speed. A constant speed should be

maintained, without rapid acceleration or deceleration.

The total amount of axle excursions for a particular road or

portion of a road is found by dividing the length of chart produced in

inches by the distance traveled in miles, and then multiplying by the

Mays ride meter constant. A constant of 6.4 is used for the ride meter

discussed in Chapter Three. Since the axle movement generated by the

roadway is dependent upon the vehicle and its condition, a multiplier

must be determined to correlate the pavement roughness obtained with the

Mays ride meter to that obtained at another time or with other devices.

The relationship between pavement roughness (R) and the

Serviceability Index (SI), used in Chapter Two, is given by:

SI = 5.00 - 0.015625 R EQ (4.1)

This equation is based on the author's experience in evaluating riding

quality and his opinion of the relationship between pavement roughness

determined by the Mays ride meter and the Serviceability Index.

However, recently discovered work done by the Texas Transportation

Institute (23) is closely related, as shown in Figure 4.3.

For comparison of different portions of a roadway, the

Serviceability Index (SI) can be summarized into convenient intervals,

such as 0.5-mile increments.
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SI = 5.00 - 0.0156 R (22)

-- SI = 4.85 - 0.015 R (23)4

3-

2

1

IIINIMOMMO

0 50 100 150 200 250

Mays Roughness, R (in/mi)

300 350

FIGURE 4.3 Serviceability and Mays Roughness.
After Chastain (22) and Phillips (23).
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Figure 4.4 shows a sample calculation of the Serviceability Index

for a sample roadway.

4.2.2 Pavement Distress

The procedure discussed in this section determines the relative

ranking of roadways based on pavement distress. The first step in this

procedure is to determine the severity and extent of various forms of

pavement distress. The Appendix is a manual describing how to determine

the severity and the extent of pavement distress for important types of

distress. After the condition survey is completed for a particular

roadway or section, the values of the severity and extent of each

distress are known. For each type of distress, its corresponding class

values for severity and extent are multiplied together. This result is

then multiplied by a relative weighting factor. If any particular

distress is not present in the section under consideration, then a value

of zero is assumed for its severity and extent class values. The sum of

these individual distress ratings is a number representing pavement

adequacy.

The relative weighting or significance factors were determined at a

meeting with engineers from the Willamette National Forest. Future

modification of these factors may be necessary as experience in using

this procedure is gained.
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R = 56.25 in. (6.4) = 80.0 in./mi.
4.5 mi.

SI = 5.00 - 0.0156 (80.0) = 3.75

FIGURE 4.4 Example Calculation for Serviceability Index
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The pavement condition rating (CR) is then determined by equation

4.2. This equation is based on results from the condition survey

discussed in Chapter Two. A value of zero is assumed for the condition

rating (CR) if the pavement adequacy value is greater than 500.

Condition Rating, CR = 5.00 - Pavement Adequacy EQ (4.2)
100

Figure 4.5 shows the determination of the condition rating (CR) for

an example completed distress evaluation form shown in Section 3.5 of

Appendix A.

4.2.3 Structural Capacity

In most situations a nondestructive evaluation procedure to

determine the pavement structural capacity is suggested. These

procedures do not significantly alter the existing pavement structure

and are generally less expensive.

The Asphalt Institute has documented a procedure in MS-17 for the

determination of overlay thickness based on deflections measured with a

Benkelman Beam (24). In this overlay design procedure, the

Representative Rebound Deflection (DR) and the Design Traffic Number

(DTN) are determined. Figure 4.6 is then used to determine the overlay

thickness for a given DR and DTN.

In the following discussion, a proposed procedure for determining a

pavement structural capacity rating is presented. The use of a

Dynaflect device for the determination of dynamic pavement deflections
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CONDITION SURVEY SUMMARY FORM

DISTRESS MANIFESTATION
SEVERITY

CLASS (1-3)

EXTENT
CLASS (1-4)

SIGN.

FACTOR
DISTRESS
RATING

17.1 :il

RAVELLING

-,_ ....:

2 2
4

.

16

= ,4
= FLUSHING 2 1 1 2

RIPPLING 0 0 2 0

z
.--.:

,...4 - SHOVING 0 0 4 0

a.

= ,.:, RUTTING
:1; ..' .

3 1 8 24

=
DISTORTION 3 1

SINGLE
z

3 1 1 3

=
MULTIPLE 0 0 5 0

ALLIGATOR 2 1 20 40

SINGLE
,_.

z
1 1 1 1

-i = MULTIPLE
- >
.,4

0 0 4 0

= ALLIGATOR
c..;

0 0 9

SINGLE
.7:

0 0 1

....

:4

r MULTIPLE
z

1 1 2 2

ALLIGATOR 0 0 5 0

SLIPPAGE 2 1 17 34

DRAINAGE 3 2 15 75-

PAVEMENT ADEOUACY = 200

CONDITION RATING, CR = 5.00 PAVEMENT ADEOUACY _ 3.00
100

FIGURE 4.5 Example Condition Rating Determination
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is assumed. The relationship between the Dynaflect and the equivalent

Benkelman Beam deflection is given by (25):

D
B
= -939.7084 D2 + 25.80064 D + 0.002063 EQ (4.3)

Where: D
B
= Equivalent Benkelman Beam Rebound

Deflection.

D = The Dynaflect's first geophone deflection.

The procedure is as follows:

1. Determine Dynaflect deflections, and convert using equation 4.3
to Benkelman Beam Rebound Deflections,

2. Determine Representative Rebound Deflections according to

MS-17,

3. Determine Design Traffic Number for the design period according
to MS-17, or by equation 4.4 if the number of Equivalent 18-Kip
Single Axle Loads (ESAL) is known.

DTN = ESAL = ESAL
(365) (20) 7300

EQ (4.4)

4. Knowing the Representative Rebound Deflection and Design

Traffic Number, enter Figure 4.7 and determine the Structural
Capacity Rating (SCR). Table 4.1 shows the Structural Capacity
Rating (SCR) and a corresponding description.

Figure 4.7 is developed based on the Asphalt Intitute's

relationship, previously shown in Figure 4.6. That is, the lower line

in Figure 4.7 corresponds to a zero inch overlay thickness in Figure

4.6, similarly the middle and top line correspond to an overlay

thickness of two and four inches, respectively. This criteria was also

established at the meeting with Forest Service engineers.
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TABLE 4.1 Structural Capacity Rating and Description

STRUCTURAL CAPACITY RATING DESCRIPTION

5 No Deficiencies

4 Surface Treatment

3 Thin Overlay < 2"

2 Medium Overlay 2-4"

1 Thick Overlay > 4"

0 Reconstruct
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As an example, consider that from Dynaflect information on a

particular roadway that a Representative Rebound Deflection of 0.070 has

been determined. From traffic information the Design Traffic Number is

found to be 100. From Figure 4.7 the Structural Capacity rating is 2.4.

4.2.4 Safety

This section describes a procedure to quantify several important

safety considerations of pavement condition.

4.2.4.1 Skid Resistance - Skid resistance can be evaluated by the

procedure discussed in ASTM standard test method E274. The resulting

skid number (SN) from this test procedure can be used to categorize

pavements.

A study done in the Netherlands determined the categories of

pavement friction given in Table 4.2 (26). Knowing that the skid number

is about 100 times the coefficient of friction for the pavement and

eliminating the very skid resistant category, a numerical rating can be

assigned to each of the categories, as shown in Table 4.3. Pavement

surfaces that are "very skid resistant" should not be constructed

because they incur excessive operating costs, due to increased tire wear

and rolling resistance. Figure 4.8 shows a proposed relationship

between skid number and a relative numerical rating for safety, R1,

based on Table 4.3.
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TABLE 4.2 Categories of Pavement Friction. After Burgh (26).

Decription
Coefficient
of Friction

Dangerous f < 0.31

Very Slippery 0.31 - 0.35

Slippery 0.35 0.40

Rather Slippery 0.41 - 0.45

Moderately Skid Resistant 0.46 - 0.50

Skid Resistant 0.51 - 0.60

Very Skid Resistant f > 0.61

TABLE 4.3 Categories of Skid Number and Rating

Rating Description Skid Number (SN)

0 Dangerous SN < 31

1 Very Slippery 31 - 35

2 Slippery 36 - 40

3 Rather Slippery 41 - 45

4 Moderately Skid Resistant 46 - 50

5 Skid Resistant SN > 51
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FIGURE 4.8 Skid Number and Rating (R1)
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4.2.4.2 Rutting - Rut depths of 0.5 inches can pose a serious safety

hazard, especially for dynamic hydroplaning, splash, and icing (18).

Figure 4.9 shows a proposed relationship between rut depth and a

relative numerical rating for safety. This figure is based on the

relative potential for hydroplaning due to rutting expressed on an

arbitrary scale from zero to five.

4.2.4.3 Safety Rating - To determine the Safety Rating (SR) for a given

road, or road section, the following steps are taken. First, determine

the skid resistance of the section under consideration and the

corresponding numerical rating, R1, from Figure 4.8. Next, determine the

numerical rating for rutting, R2, from Figure 4.9. Then, using this

information, the Safety Rating (SR) is calculated from following

equation;

Safety Rating, SR = RI + R2 EQ (4.5)

2

As an example, consider that a skid number of 38 is determined by

ASTM test method E274, and a rut depth of 0.25 inches for a given

section. Entering Figure 4.8 with a skid number of 38, a rating of 2.0

for R1 is determined. Next, from Figure 4.9 with a rut depth of 0.25

inches, a rating of 1.9 for R2 is found. Using equation 4.5, a Safety

Rating (SR) of 1.95 is calculated for this section of roadway.
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FIGURE 4.9 Rut Depth and Rating (R2)
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4.3 RANKING OF ROADS

After the ratings for performance, distress, structural capacity,

and safety have been determined, the relative ranking of roadways can be

achieved. The significance of these four ratings relative to the

objectives of the organization must be determined. From a meeting with

Willamette National Forest engineers, three road use categories were

identified. They are recreation, timber haul, and a mixture of both.

The relative importance of performance, distress, structural capacity,

and safety were established for each of the three road use categories.

Table 4.4 summarizes the relative importance of the pavement evaluation

information for each road use category.

Equation 4.6 is then used to determine the combined Road Rating

(RR) for the appropriate road use category;

Road Rating, RR = (SI)(RIF1)+(CR)(RIF2)+(SCR)(RIF3)+(SR)(RIF4)

EQ (4.6)

Where: SI = Serviceability Index
CR = Condition Rating
SCR = Structural Capacity Rating
SR = Safety Rating
RIF = Relative Importance Factors

The ranking of roads is then accomplished by arranging the roads in

increasing Road Rating (RR) value for each road use category. Traffic

information and engineering judgment are then applied to establish the

final road rankings. Tables 4.5 and 4.6 illustrates these final steps

of this ranking procedure.
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TABLE 4.4 Relative Importance of Pavement Evaluation Information
For Road Use Categories

ROAD USE CATEGORY

RECREATION TIMBER HAUL MIXED

ITEM RIF ITEM RIF ITEM RIF

1. Performance 0.40 1. Performance 0.10 1. Performance 0.25

2. Distress 0.15 2. Distress 0.30 2. Distress 0.25

3. Struc. Cap. 0.15 3. Struc Cap 0.50 3. Struc. Cap. 0.30

4. Safety 0.30 4. Safety 0.10 4. Safety 0.20
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TABLE 4.5 Initial Ranking

TIMBER HAUL

ROAD NO. SI RIF1 CR RIF2 SCR RIF3 SR RIF4 RR
INT.

RANK

2118 3.54 0.1 2.72 0.3 3.3 0.5 2.15 0.1 3.04 5

2154 4.27 0.1 4.90 0.3 3.5 0.5 2.65 0.1 3.91 8

5897 1.08 0.1 1.10 0.3 2.3 0.5 1.56 0.1 1.74 1

2102 2.15 0.1 2.42 0.3 1.3 0.5 3.25 0.1 1.92 2

1082 3.34 0.1 3.96 0.3 2.9 0.5 4.50 0.1 3.42 7

2417 2.29 0.1 2.70 0.3 2.1 0.5 3.75 0.1 2.46 3

2117 1.61 0.1 2.90 0.3 3.5 0.5 2.15 0.1 3.00 4

2308 3.39 0.1 3.08 0.3 3.2 0.5 3.23 0.1 3.19 6

.

. . .

.

.

.

.

.

.

. . .

.

TABLE 4.6 Final Ranking

TIMBER HAUL

INITIAL
RANK

ROAD NO. RR TRAFFIC*
FINAL
RANK

1 5897 1.74 5 2

2 2102 1.92 25 1

3 2417 2.46 15 3

4 2117 3.00 5 5

5 2118 3.04 16 4

6 2308 3.19 10 6

7 1082 3.42 14 7

8 2154 3.91 10 8

. .

* Million Board Feet of Timber Haul
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4.4 MAINTENANCE STRATEGIES

After the final ranking of roads is completed, repair strategies

for correcting various pavement deficiencies are determined. Many

references are available describing a variety of repair procedures

(27,28,29,30).



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

71

The ranking procedure discussed in Chapter Four is an attempt to

quantify several of the important variables used in making maintenance

decisions. The procedure provides a systematic process to replace the

current judgemental approach and is an application of current pavement

management theory. Although this paper is limited in scope, the

procedures developed herein are directly applicable to the current needs

of the Forest Service and could be adapted for use by other road

agencies. Further refinement and development of these and other

procedures will ultimately lead to a useful pavement management system.
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5.1.1 Limitations

The procedures developed in this report are for use on low-volume

roads in National Forests. Application of these procedures and criteria

to higher standard roads is inadvisable. However, portions of this work

may be beneficial in the development of similar procedures for higher

standard roads.

These procedures are intended for use with flexible pavements and

not for rigid portland cement concrete pavements or unsurfaced roads.

Regional variations in materials, climate and use may also require

modification

process.

of the procedures or criteria used in the evaluation

5.1.2 Implementation

In the implementation of the ranking procedure discussed in Chapter

Four the "ideal" condition is to have the pavement evaluation

information collected for the entire road system annually. The more

information that is known about the road system the easier maintenance

decisions would be.

However, the availability of equipment and manpower, or economics

may limit the extent of the pavement evaluation that is possible. In

this case a representative portion of the roads are evaluated. Sound

statistical sampling techniques are employed to determine the number of

samples required and the locations to be evaluated. The selection of
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roads to be evaluated is also influenced by traffic volumes and the

intended objectives of the roads. For example, roads of greater

importance to the transportation system or roads which have heavy use or

expected heavy use should be evaluated before roads of lesser importance

or lower traffic volumes.

5.2 RECOMMENDATIONS

This section discusses several of the future system improvements

that will enhance the overall effectiveness of a pavement management

system.

5.2.1 Data Handling

A large amount of information is required for a pavement management

system to be effective. A data base management system should be

established early in the development of the management process to

prevent accidental loss or misplacement of information. The data base

should "ideally" serve all of the various users of the pavement

management system including the areas of planning, design, construction,

maintenance, and evaluation. In developing this data base the various

needs of each of these users must be considered. The data base

management system must also provide easy updating and retrieval of

information.
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5.2.2 Further Research

Further research towards the development of equipment and

procedures improving various aspects of a pavement management system is

suggested. This would include studies, such as, the effects of vehicle

speed on the Mays ride meter response.

5.2.3 Development of Other Subsystems

In this paper only portions of a pavement management system are

discussed. A complete pavement management system will require the

development of the other subsystems of the management system, namely,

pavement design, planning, and construction.

5.2.4 Prediction Models

For a pavement management system to be effective the ability to

predict future performance, distress and other characteristics of the

pavement is essential. With the ability to predict pavement evaluation

information it will be possible to determine the effect of any given

future situation on the road system.

A performance prediction model can estimate the expected

serviceability based on the pavement age or number of load repetitions.

Various performance predictions models are documented in the current



75

literature, such as, the AASHO Interim Guide method (31) or Ontario's

method (32). Another method utilizes interviews with knowledgeable

individuals in the area of interest, from their experiences prediction

models are developed using statistical regression techniques or

stochastic models are developed using Bayesian analysis.

For example, for a given future timber haul, knowing the traffic

volume and distribution it would be possible to estimate the future

level of the Present Serviceability Index and consequently the expected

maintenance requirements.
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CHAPTER 1

INTRODUCTION

The purpose of this manual is to aid U.S. Forest Service personnel

in the identification of various forms of pavement distess. Pavement

condition ratings are used in one form or another by many highway

agencies as a measure of the ability of the pavement to continue to
provide required service to the public. Their uses include determining
deficiencies, inadequacies, remedial measures, fiscal needs, and in

maintenance programming.

Distress manifestations are categorized and illustrations of each

category are provided to lend uniformity to reporting and

interpretation. In addition, descriptions of the density of occurrence

and the severity of the particular distress manifestations are made to
conform with standard words which express the relative density on a

scale which may be quantified from 1 to 3 and severity on a scale from I
to 4. Examples of the use of these descriptions of distress

manifestations are given, such as "slight multiple longitudinal cracks
occurring at frequent intervals over the section." In this example, the
words "slight" and "frequent" are the standard words which correspond to
numbers 1 and 3 on the severity and density scales. Guidelines and

photographs are provided to control usage of the standard words.

Probable causes of each distress manifestation are presented, together

with comments on other behavior which might affect remedial treatment.
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CHAPTER 2

DISTRESS MANIFESTATIONS

A distress in a pavement caused by vehicle loads or by material

forces generated by changes in moisture, temperature, sunlight, and
other environmental consequences, visibly manifests itself as a surface

defect, as a distortion or pavement deformation, or as a crack.

Potential drainage related problems, such as lack of a ditch, slides and
culvert condition, are also identified.

Each type of distress manifestation named in this text is listed

under one of four subgroups:

A. Surface Defects
B. Distortion or Permanent Deformation
C. Cracking
D. Drainage

Each defect is described and illustrated by one or more photographs.

Possible causes of the defect are listed, and an example of the use of
the uniform word description is presented.

To prepare a pavement condition report, the rater must first

determine the extremities of each subsection within the project to be

reported on, and within each subsection identify the types of distress

manifestations present, and then evaluate the extent and severity of
their occurrence. To aid the rater in this task, the Evaluation Form in

Figure 21 and 22 is first consulted, then the following sets of

photographs (Figures 1 through 20) of distress manifestations are used

to identify the types of distress present. Tables 1 through 11 give the
uniform word descriptions for density and severity of occurrence of the

different types of distress which must be used if analysis is to be
successful.
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2.1 SURFACE DEFECTS

2.1.1 Ravelling

Description: Progressive loss of pavement material from surface

downward or edge inward. (see Figure 1).

Possible Causes: (1) Clay coated aggregate particles.
(2) Insufficient asphalt content.
(3) Poor adhesion of asphalt binder to aggregate

particles due to wet aggregate.
(4) Poor compaction especially cold weather paving

permits infiltration of water and salts which promote
stripping of asphalt.
(5) Asphalt hardening due to aging.

Severity:

Density:

Example:

See Table 1.

See Table 2.

Slight ravelling at intermittent intervals in inner

wheel track.

Figure 1, Moderate Ravelling
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Table 1, Guide For Describing Severity Of
Pavement Surface Distress - Ravelling

Class
Uniform
Description

Guidelines
(Based on observation
of appearance)

1

l

Slight Noticeable

2 Moderate Open Texture

3 Severe Disintegration with potholes

Table 2, Guide For Describing Density Of Pavement
Surface Distress

Class
Uniform
Description

Guidelines
(Based on percent of surface
area in the pavement section
being affected by defect)

1 Few <10%

2 Intermittent 10-20%

3 Frequent 20-50%

4 Extensive >50%



2.1.2 Flushing

Description:

84

The presence of free asphalt binder on the surface

resulting from upward migration of the binder. Most

likely to occur in the wheel tracks during hot weather
(see Figures 2 and 3).

Possible Causes: (1) Too high asphalt content relative to void content

in mineral aggregate. On hot days, asphalt binder
expands into air voids: if air voids are too low,

continued expansion results in lower stability of the

mix with the consequence that traffic will force out

excess asphalt binder to the surface.
(2) Paving over flushed surfaces. The excess asphalt

on the old surface may be pumped up through the new
paving over a period of time.
(3) Paving over excessively primed surfaces.

Severity:

Density:

Example:

See Table 3.

See Table 2.

Moderate flushing intermittent along wheel tracks.

Figure 2, Moderate Flushing
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Figure 3, Severe Flushing In Wheel Paths

Table 3, Guide For Severity Of Pavement
Surface Distress - Flushing

Class
Uniform
Description

Guidelines
(Based on observation
of appearance)

1 Slight Faint Coloring (veining)

2 Moderate Distinctive appearance (with
excessive asphaltic materials
already free)

3 Severe Free asphaltic materials
giving the affected pavement
surface area a wet look.



2.2 DISTORTION OR PERMANENT DEFORMATION

2.2.1 Rippling

Description:
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Regular transverse undulations in the surface of the

pavement consisting of closely spaced alternate

valleys and crests. Considered to be due to faulty

paver behavior with some mixes. Generally results in

a rough ride and becomes worse with time (see Figure

4).

Possible Causes: (1) Faulty paver with some mixes.
(2) Heavy traffic on steep downgrade or upgrade, or

pavement with too thick tack coat or too thick soft
waterproofing membranes on bridge decks.
(3) Low stability in asphalt mix.
(4) Stopping at intersections.

Severity:

Density:

Example:

See Table 4.

See Table 5.

Slight rippling occurring at a few locations.

Figure 4, Slight Rippling
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Table 4, Guide For Describing Severity Of Pavement
Distresses - Rippling Or Shoving

Class
Uniform
Description

Guidelines
(Based on observation of its
appearance and its effect on
rideability)

1 Slight Noticeable

2 Moderate Rough Ride

3 Severe Very Rough Ride

Table 5, Guide For Describing Density Of Pavement
Distresses - Rippling Or Shoving

Class
Uniform
Description

Guidelines
(Based on percent of surface
area in the pavement section
being affected by defect)

1 Few <10%

2 Intermittent 10-20%

3 Frequent 20-50%

/4 Extensive >50%



2.2.2 Shoving

Description:
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The asphalt surfacing is very uneven as a result of

traffic moving it away from the wheel tracks, or

forward or backwards in the wheel track (see Figure 5

and 6).

Possible Causes: (l) Low stability mix.
(2) Lack of bond between asphalt surface and

underlying layer may be caused by excess tack coat
acting as a lubricant.
(3) Unstable granular base reflecting through the

surface.
(4) Stop and start of vehicles at intersections.

Severity: See Table 4.

Density: See Table 5.

Example: Severe shoving occurring intermittently across the

surface.

Figure 5, Severe Shoving Figure 5, Close-up Of Crack



2.2.3 Rutting

Description:
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Longitudinal depressions left in the wheel tracks

after repeated load repetitions. It results from

compaction under the load combined with a shoving

sideways of pavement material (see Figure 7).

Possible Causes: (I) Poorly compacted structural layers.
(2) Unstable granular bases or subbases created by

positive pore water pressures under loads at times of

near saturation.
(3) Unstable asphalt mixes, due to high temperature or
low viscosity of binder.

(4) Unstable shoulder material; does not provide

adequate lateral support.
(5) Overstressed subgrade deforms permanently.

Severity:

Density:

Example:

See Table 6.

See Table 7.

Severe rutting occurring extensively in this section.

Figure 7, Severe Rutting



90

Table 6, Guide For Describing Severity Of Pavement
Distresses Rutting

Class
Uniform
Description

Guidelines
(Based on appearance and rut-
depth measured with a gage.)

1 Slight <3/3"

2 Moderate 3/8 3/4" (may include
longitudinal cracks)

3 Severe >3/4" (may include alligator
cracks.)

Table 7, Guide For Describing Density Of Pavement
Distresses - Rutting And Distortion

Class
Uniform
Description

Guidelines
(Based on percent of total
length in the pavement
section affected by defect)

1 Few <10%

2 Intermittent 10-20%

3 Frequent 20-50%

4 Extensive >50%



2.2.4 Distortion

Description:
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Any deviation of the pavement surface from its

original shape other than described for rippling,

shoving, and rutting. Generally, distortions result

from settlement, slope failure, volume changes due to
moisture changes and to frost heaving, and from

residual effects of frost heaving accumulating after
each season.

Distortion may take the form of dishing, bumps,

dips, tenting or stepping at cracks, all of which give
rise to pitch and roll in a moving vehicle (see Figure
8 and 9).

Possible causes: (1) Differential frost heave in poorly drained cuts

and transitions.
(2) Differential frost heave at pavement edges or road
center.
(3) Reverse differential frost heave at culverts.

(4) Differential settlement of subgrade or base

materials.
(5) Lack of subgrade support.
(6) Embankment slope failure.

Severity: See Table 8. Severity of distortion is assessed by

raters in a subjective manner based on the relative
motion of a moving vehicle over the paved surface.

Distortion causes the vehicle to pitch and roll, and

the rater must evaluate the severity on the basis of

his past experience. The guidelines in the table are
intended to .assist in developing uniformity in

assessment of the defect.

Density: See Table 7.

Example: Severe distortion occurs extensively in the section.
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FIGURE 8, Slight Distortion

FIGURE 9, Severe Distortion
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Table 3, Guide For Describing Severity Of Pavement
Distortion

Class Description

Guidelines
(Based on personal experience
of the interaction between
vehicle and pavement surface
distortion)

1 Slight Good control of car still
present for driver of
vehicle.

2

,

Moderate Fair control of car when
driving over pavement.

3

.

Severe Poor car control when driving
over pavement with driver
always having to anticipate
distortion ahead.



2.3 Cracking

2.3.1 Longitudinal Cracking

Description:
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Cracks which follow a course approximately parallel to
the center line of the pavement (see Figures 10, 11,

12 and 13).

Possible Causes: (1) In the wheel tracks the crack may be due to

overloaded vehicles operating during the period of

weakest pavement strength, in the early spring.

Fatigue failure of thin asphalt surfaces are

initiatated in this manner.
(2) Mid-lane cracks may appear due to faulty

construction equipment resulting in a weak plane which
then fails due to thermal shrinkage.
(3) Center line cracks may be caused by: poor

longitudinal joint contruction; frost action

variable granular depths due to constructing lanes

separately; differential frost heave along center line
due to insulating value of snow along pavement edges
or moisture changes (swelling/shrinkage).

Severity: See Table 9.

Density: See Table 10.

Example: Slight Longitudinal cracking occurs intermittently

over the section.
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Figure 10, Moderate Longitudinal Single Crack



96

Figures 11 and 12, Slight and Moderate Longitudinal Alligator Cracking

Figure 13, Severe Longitudinal Alligator Cracking
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Table 9, Guide For Describing Severity Of Pavement
Cracking

Class

_._

Uniform
Description

Guidelines
(Based on crack width
and its condition)

1 Slight <1/4"

2 Moderate 1/4"-1/2"

3 Severe >1/2"

Table 10, Guide For Determining Density Of Pavement
Cracking

Class
Uniform
Description

Guidelines
(Based on percent of total
length in the pavement
section affected by defect)

1 Few <10%

2 Intermittent 10-20%

3 Frequent 20 -50%

44 Extensive >50%



2.3.2 Pavement Edge Crack

Description:

98

Crack(s) which is parallel to and within 12 inches of

the pavement edge and is either a fairly continuous
"straight" crack as in Figure 14, or consists of

crescent-shaped cracks in a wave formation. On some

thin asphalt surfaces pavement edge cracking

progressively encroaches into the outer wheel tracks,
through the middle of the lane, and may even progress

right across to the center line.

Possible Causes: (1) Frost Action
(2) Insufficient bearing support and/or excessive

traffic loading at the pavement edge.
(3) Poor drainage at pavement edge and shoulder.
(4) Inadequate pavement width forces traffic too close
to pavement edge.

Severity:

Density:

Example:

See Table 9.

See Table 10.

Severe edge cracking occurs extensively in the

section.

Figure 14, Severe Pavement Edge Crack



2.3.3 Transverse Crack

Description:
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Crack which follows a course approximately at right

angles to the pavement center line (see Figure 15).

Full transverse cracks tend to be spaced regularly

along the length of the road, while half transverse

and part transverse occur at shorter intermediate

distances.

Possible Causes: (1) Natural shrinkage caused by low temperatures.
(2) High temperature susceptability of asphalt cement

binder in asphalt mixes.
(3) Frost action.
(4) Reflection cracks.

Severity: See Table 9.

Density: See Table 10.

Example: Slight transverse cracks at a few locations in the

section.

Figure 15, Severe Transverse Crack



2.3.4 Slippage Crack

Description:
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Crack which outlines the edge of a fill settlement.

Generally takes the form of a large crescent (see
Figures 16 and 17). The enclosed side of the crescent
is depressed, or may have been filled in with

surfacing material.

Possible Causes: (1) Embankment slope slip failure.

Severity: See Table 9.

Density: See Table 10.

Example: Severe settlement crack in a few locations in the

section.

Figures 16 and 17, Severe Slippage Cracking



2.4 Drainage

Description:

Possible Causes:
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Drainage problems may indirectly be responsible for

various forms of pavement distress, such as,

distortion or rutting (see Figures 18 and 19).

(1) No ditch when constructed or inadequate drainage.
(2) Failure to remove slide debris.
(3) Blocked or improperly located culvert entrances.

Severity: See Table 11.

Density; See Table 7.

Example: Moderate drainage problem due to a slide in the

section.

Figure 18, Severe Drainage Problem, No Ditch Is Present
Which May Have Caused The Rutting

And Alligator Cracking.
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Figure 19, Severe Drainage Problem Due To Slide

Table 11, Guide For Describing Severity Of
Drainage Problems

Class
Uniform
Description

Guidelines
(Based on the following
description)

1 Slight Subsurface water possible

2 Moderate Ponding of water

3 Severe Potential for water
to cross road.



2.5 Maintenance Patching

Example:
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When pavement distress leads to a rough surface

condition or to a locally dangerous bump or hole,

maintenance patching is undertaken to either:

(0 seal the surface to prevent water from
getting down into the susceptible layers;
(ii) smoothen the roughened surface; or
(iii) cure the cause of the bump or hole.

Figure 20 illustrates skin patching.

Patching will cover and hide pavement distress.

However, condition reports on the extent and type of
patching, when reviewed over a period, will tend to

indicate whether the pavement deficiency is structural
inadequacy, or is due to faulty materials, or

otherwise.

In reporting on the presence of patches, the

density of occurrence should be estimated in the terms
given in Table 2.

Extensive full width hot-mix patching in the section.

Figure 20, Skin Patching
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CHAPTER 3

A GUIDE FOR COMPLETING THE

FLEXIBLE PAVEMENT EVALUATION FORM
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3.1 Pavement Identification

Pavement sections under evaluation must be identified by completing
the following: (refer also to Figure 21)

1. U.S.F.S. road number - The seven digit road number for the

road to be surveyed.

2. Date of survey - Current date of the pavement evaluation.

3. Time of survey - The time at which the survey is started.

4. Location - The zone in which the road is located and if two

portions of a road exist with the same road number which

portion it is.

5. Weather - The current weather (sunny, cloudy, etc.) condition.

6. Wind The approximate wind speed and direction or type (calm,

slight, gusty, etc.).

7. Temperature The approximate temperature at the time of the

survey.

8. Number of evaluation sections.

9. Evaluation section's number.

10. Evaluation section's length in miles.

11. Offset mileage of section - The beginning and ending mile post

mileage of this section, relative to the origin of the road.

12. Pavement surface type - Hot-mix, cold-mix, etc.

13. Number of lanes

14. Pavement width; from edge to edge in feet.

15. Shoulder surface type; specified as grass, gravel, paved, etc.

16. Shoulder width; from pavement edge to rounding in feet.
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3.2 Pavement Surface Distress Manifestations

Pavement surface distress manifestations are evaluated by the rater
either by walking and/or driving very slowly over the evaluation section
and recording all the pavement distress manifestations in their

appropriate location on the form. (See Figure 21 and 22)

The pavement distress are listed under four subgroups:

(1) Surface distress - Ravelling-
- Flushing-'

(2) Surface distortion or deformation Rippling
- Shoving
- Rutting-
- Distortion

(3) Cracking Longitudinal,
- Pavement Edge
Transverse
Slippage

(4) Drainage - No ditch
Land Slides

- Culverts

3.3 Maintenance Patching

Maintenance patching should be reported by its type, the density of
occurrence, and location within the section (see Figure 21 and 22).
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FLEXIELE PAVEMENT CONDITION EVALUATION FORM

U.S.F.S. Road Number Oate of Survey Time of Survey

Location Weather Wind

Temperature No of EYCluction Sections Evaluation Section No

Length of Evaluation Section !miles) Offset Mileage of Section
( begins) (ends)

Lanes
Pavement: Surface Type Shoulder: Surface 7yos 'Width. ,(ft)

Width ($t)

RiCtri4G COMFORT ;Ar:NG
3ctocl ;air POW' Very Poor

oay.F.mENT
is"'RES3

MAIN IFES7arION

Severity at
istrsss

tensity Of Pave Tent Distress :rifirCCtSrlatiCa of

(Extent at Coourencs) Pavement .listressas

a
I

a

3 a

a

4.1

Alligator :,:oexinq

<10 !.o-ao 2o-to; >to

O
:73

O 72
3

% I !nen

;availing

'!u Sling

Shoving

Polting

Oistornon

Single

multiple

liiigatcr

Single

Pavement Mut tio4a

aliigator

Single

7-rorta-
4erse

alligator

Slicoage

Oroinage

motntenanca

PatanIng

Soray

Skin

-tot Mix

Aoclitionot Pemarss

FIGURE 21 Flexible Pavement Condition Evaluation Form (Front Side)
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Surface Defects Surface Deformation Cracking Crack Type

Ravelling RA Rippling RP Longitudinal L Single /S
Flushing FL Shoving SH Pavement E Multiple /M

Rutting RT Transverse T Alligator /A
Distortion DI Slippage S

O

0

Drainage DR Patching P
No Ditch /ND Spray /SP
Slides IS Skin /SK
Culvert /C Hot Mix /HM

O

O

NorthSouthEast West

O

O
NorthSouthEastWest

0.1 mile

0

O

O

0

FIGURE 22 Flexible Pavement Condition Rating Form (Back Side)
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3.4 Location Of Pavement Distresses

The location of the various forms of pavement distress should be

identified on the location side of the evaluation form (see Figure 22).

The steps involved in completing this side of the form are as follows:

1. Determine the relative direction; (e.g. East to West, see

Figure 24) by circling the corresponding direction on the top
and bottom of the form.

2. Number the circles at the top and bottom of the form to avoid

confusion in the interpretation of which direction was

traveled.

3. Show the mile post numbers in 1/2 mile increments to aid in the

location of distresses.

4. Identify the type of distress, location, and severity for each

distress situation encountered. Severity is indicated by the

corresponding class number from the severity table for the

nature of the distress in question:

1 - Slight
2 - Moderate
3 - Severe

3.5 Example Of Completed Evaluation Form

Figures 23 and 24 show a hypothetical example of a completed

evaluation form.
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FLEXIBLE PAVEMENT CONDITION EVALUATION FORM

2101000 8/23/78 1:30 pmU.S.F.S. Road Number Date of Survey Time of Survey

South Zone. WNFLocation Weather Sunny Wind Calm

Temperature 73 F No. of Evaluation Sections. 3 Evaluation Section No. 2

Length of Evaluation Section 4.0 (miles) Offset Mileage of Section 4.00 8.00

1 gravel 1-3
( begins) (ends)

Pavement: Surface Type Hot Mix Lanes
Shoulder; Surface Type Width (ft)

Width 13

RIDING COMFORT RATING
Excellent Good Fair Poor Very Poor

PAVEMENT
DISTRESS

MANIFESTATION

Severity of
Pavement Distress

Density of Pavement Distress
(Extent of Occurence)

Characteristics of
Pavement Distresses

a
0:1

9
ti

<10 10-20f
Ravelling

Flushing

Rippling

Shoving

Rutting

Distortion

VI

=

0

9

LU

Alligator Cracking

Z
0 t=

4-)
.c ..,.

= g
<

'8.

.4, 'i g

1 = .;10 7:(
020-50

%
>50

Inch Inch

Longi
tudinal

Single

Multiple

Alligator

VI

Single

Pavement Multiple
Edge

Alligator

Single

Trans Multipleverse VI

Alligator

Slippage if

Drainage V 1/ V

Maintenance
Patching

Spray

Skin

Hot Mix

Additional Remarks
* Plugged Culvert on right at M.P. 6.85.

FIGURE 23 Example of Completed Evaluation Form
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Surface Defects

Ravelling RA
Flushing FL

5 5

Surface Deformation Cracking Crack Type

Rippling RP Longitudinal L Single /S
Shoving SH Pavement E Multiple /M
Rutting RT Transverse T Alligator /A
Distortion DI Slippage S
Drainage DR Patching P

No Ditch /NO Spray /SP
Slides IS Skin /SK
Culvert /C Hot Mix /HM

North South East

2FL1

6.

Sr

NorthSouth

0.1 mile

8.o

7.5

West

rol4

W5

FIGURE 24 Example of Completed Evaluation Form


