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Introduction:

The Alaska Department of Transportation and Public Facilities
(DOTPF) initiated use of newly developed pavement rating procedures during
its 1978 highway inventory. The purpose of this study is to describe the
pavement rating method in detail and evaluate the individual measurements
which comprise it. The Alaskan rating attempts to quantify surface crack-
ing, patching and wheelpath rutting as an aid to design, construction and
maintenance planning. This report examines the significant amount of error
associated with measurements of pavement of distress, and suggests improve-
ments which can be incorporated into future inventory work.

Principal topics addressed are:

- pavement ratings in the context of a pavement management system
- the development of Alaska's rating method for flexible pave-
ments
- accuracy and reproducibility of field measurements for pave-
ment ratings conducted by a two-man crew
~ ways of improving observation and sampl ing methods

The research data base utilized in this study consisted of data and
experience accumulated from two complete inventories of the Alaskan paved
highway system conducted over the past three years. The study also
examines results of repetitive sampling conducted specifically for this
project on five typical pavement sections located near Fairbanks, Alaska.

The conclusions reached in this report will provide guidelines which
can be incorporated into the State's future inventory work.




SUMMARY & CONCLUSIONS

This report describes the development and evaluation of Alaska's
inventory rating procedure for flexible pavements.

Development of the system was based on the generally accepted
principals of pavement rating practice as outlined in recent literature.
The Alaskan rating method attempts to measure basic elements of road
quality from two important viewpoints:

1) the highway user ---
* ride roughness
2) the highway engineer ---
* fatigue (alligator) cracking
* major (full lane width) patching
* wheelpath rutting

These rating features are reported on a mile-by-mile summary both
individually and in terms of a composite servicability score. As the
rating method was being developed, a concerted effort was made to keep all
distress measurements as simple as possible while providing adequate
information for pavement management needs.

The rating method was evaluated through a special field study and
experience accumulated during the three years since its implementation.
Findings indicate a large variation in the abilities of different rating
crews to characterize the extent and severity of patching and cracking.
The range of variation in crack and patch measurements obtained by 15
crews on 5 selected pavement sections was found to be as much as twice the
mean measured value. These differences are apparently associated with the
level of task-interest expressed by each crew and weather factors control-
ling visibility of pavement surface features. Examination of previous
inventory ratings confirmed the data scatter indicated by the experimental
pavement sections.

The variation in rut depth measurements was large enough to require
very high sampling frequencies. A mechanized form of rut measuring device
Is suggested which is capable of more than 100 measurements per section in
both inner and outer wheelpaths. Marked differences between average depths
of inner and outer wheelpaths require data from both locations in order to
define the worst-case condition.
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Conclusions:

* The assumption that Alaska's pavement rating methods are simple
enough to insure a high degree of reproducibility is not demon-
strated with available data.

* A great deal of variation is apparent in the field measurement of
cracking, patching and rutting. This is indicated through examina-
tion of experimental data as well as data collected from previous
i nventory work.

* The use of machine measurements is suggested wherever possible in
all phases of the rating process.
* It is evident that pavement rating by "eyeball® methods is a

difficult process requiring careful and rigorously standardized tech-
nique. Pavement rating instructions must be formalized to include
guidelines for training rating crews and insuring acceptable perform-
ance. Specifications are necessary for standardization of viewing
height , acceptable lighting conditions and vehicle speed.




RECOMMENDATIONS

The ability to successfully quantify pavement performance is a
requirement of almost any approach to pavement management. It is therefore
necessary to view Alaska's pavement rating method as a tool to be improved
rather than discarded.

Recommendations for improvement include:

1) Phase out human "eyeball" measurements of pavement distress as
reliable machines methods become available.

2) Except for wvery rough classification purposes, rut measurements
should be discontinued until sampling rates of more than 100 per
mile can be achieved.

3) Continue existing approach but with greatly increased/improved crew
training and a strict standardization of observation technique.

An ideal form of instruction would include the use of "standard"
road sections. On these sections, the crew would attempt to match the
ratings performed by experienced personnel. The author suggests a five-day
"tuning" period for rew rating crews. Ratings performed during this first
week would not be included in the inventory summary before being verified
by a repeated observation.

Observation conditions for the inventory measurement of cracking and
patching should be standardized:

1) vehicle speed at 6 mph or less
2) rating only completely dry road surfaces
3) utilization of optimal sun incidence whenever possible
best illumination -- (See figure 10)
* horizontal sun angle of +-70 degrees from head-on
* vertical sun angle of more than 10 and less than 60
degrees from the horizontal




4)
5)

This point should be emphasized even if it requires that the
direction of travel, i.e., direction of the rater's view, be
changed.

standardized viewing height at 5 1/2 feet * 1/2 foot
use of utility van-type vehicle with nearly vertical windshield




SECTION 1

DESCRIPTION OF THE

ALASKA DOTPF PAVEMENT

RATING PROCEDURE



DEVELOPING AN ALASKAN
PAVEMENT RATING PHILOSOPHY

Background and Literature:

During the winter of 1977-78 the Planning Division of Alaska's DOTPF
decided to revise its existing highway inventory procedure. The impetus
behind this move was an increasing awareness of the need for accurate,
quantitative data for programming highway maintenance and construction
funds. The Department's Research Section was commissioned to produce a
practical inventory system, one which would stand the scrutiny of statis-
tical evaluation.

Before attempting to assemble an Alaskan highway inventory pro-
cedure, the literature was researched to see how other American states and
foreign government transportation agencies had negotiated the same ground.

A method for rating pavements was first developed for use in the
AASHO road test of the late 50's to early 60's era (1). The original idea
behind the rating was to numerically classify pavements based on the
subjective observations of engineering specialists and normal highway
users. A rating scale was arbitrarily set between O and 5 where 0 is
extremely poor and 5 is perfect. The key distress manifestations selected
were; surface deterioration, ride roughness, rutting, cracking and main-
tenance patching. This rating technique produced a number termed "Present
Serviceability Rating” (PSR) intended for classifying a given section of
road. Figure 1 indicates the number of individual raters necessary,
statistically, to estimate the "true" value of PSR using the completely
subjective AASHO method. This figure indicates that for 1 or 2 raters the
error associated with estimation of PSR is greater than 1. Since the error
can range either t or - from the true value, the full range of possible
estimation is therefore 2 which represents 1/3 of the total 0-5 scale.

The AASHO researchers then took the next logical step of converting
the rating from a subjective to an objective method by deriving a
regression equation closely matching PSR panel scores. Regression equation
independent variables consisted of standardized measurements of fatigue
cracking area, maintenance patch area, wheelpath rut depth and longitu-
dinal surface variation (roughness). The road surface condition values
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calculated by the regression equation are termed "Present Serviceability
Index" (PSI).

- AASHO Equation -
PSI = 5.03-1.91 Tlog (1+SV)-1.38RD2-0.01 (C+P)
Where :

SV = mean slope variance in the two wheelpaths as measured absolute-

6)

ly by a longitudinal profilometer (inches per mile x 10

RD = mean rut depth (inches)
C+P = cracking t patching (square feet/1,000 square feet total sur-
face)

Most pavement rating methods developed subsequent to the AASHO
study, including Alaska's, are related in some degree to the original
AASHO form and were intended to provide key performance feedback to the
overall pavement management process. Generation of Alaska's rating scheme
was expedited by a then recently complied summary and critique of highway
agency pavement management practices. A federally sponsored workshop was
held in Tumwater, Washington, in November of 1977 which examined the
existing state-of-the-art in the field of Pavement Management Systems
(PMS). U.S. and Canadian representatives were selectively invited provid-
ing they were actively implementing, and therefore experienced in a PMS
program. At the time the ADOTPF was attempting to devise a rating method
for asphalt concrete pavements, the Tumwater conference report was by far
the most comprehensive source of information concerning rating schemes
available. Although the Tumwater meeting addressed the general field of
pavement management, a major topic of discussion concerned selection of
methods for examining and rating pavements (3). The Tumwater report not
only discussed various field methods but critically compared them. Rating
system elements were suggested which provided the best input to the
overall PMS.




The following discussion will indicate how pavement ratings fit into
an overall PMS. 1t will also review some principal conclusions reached at
Tumwater which were used in the development of Alaska's rating methods.
Figure 2 is an idealized representation of the "systems" approach to
pavement management (10). Pavement ratings within this scheme provide
vital data to both project (pl1) and network (n1) levels. Alaska presently
uses its pavement ratings mostly at the network level for allocation of
funding through the Division of Planning and Programming. There has been
some use of inventory data, however, as a road classification tool in
research projects. Also, at the regional level, maintenance analysts are
beginning to look at road inventory data as an aid to manpower and
equipment allocation. The idealized "Data File" shown at the center of
Figure 2 does not exist in a comprehensive form within the ADOTPF at the
present time. In Alaska, data concerning the highway inventory, main-
tenance expenditure, highway design, highway economics, etc. are stored on
separate files in various computer systems. Additionally, little is com-
patible between different data files to allow their utilization as com-
binable PMS input.

Assuming that a PMS would be the ultimately intended use of pavement
inventory data, the following consensus emerged from the Tumwater confer-

ence:

1. Ride roughness should be objectively rated,

2. Structural capacity should be rated but it was not clearly decided
whether to rate structural capacity on the basis of deflection tests
or surface distress measurements.

3. Pavement distress should be rated. This includes measurement of rut
depth, cracking and patching.

4. Rut Depth measurements were considered along with skid testing to

provide an indication of road safety. Rut measurements should there-
fore be included in any highway rating scheme.

_10-
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5. The use of a single classification number such as Present Servicea-
bility Index (PSI) was said to provide a valid measure of pavement
condition.

6. There is very little standardization of terminology and measurement
technique among the available systems of pavement rating when these
systems are examined in detail.

Each of the above points was seriously considered prior to develop-
ment of the Alaskan rating system. Table 1, taken from the Tumwater
conference report, indicates the salient features of the road rating
methods of U.S. States and Canadian provinces in attendance.

In reviewing more recent literature (4,5) it appears that the rating
procedures outlined in Table 1 have been basically continued. It is
therefore concluded that Alaskan rating methods developed with the aid of
pre-1978 literature sources still reflect contemporary thinking.

The objectives and basic rating elements listed below were chosen by
the ADOTPF from background research and a definition of Departmental
needs. They guided the development of Alaska's inventory rating by provid-
ing utilization "targets." Only the most recognized pavement condition
indicators were selected for consideration as elements in Alaska's rating
procedure.

Objectives:
Pavement condition (rating) data must__

1. Provide information for planning/prioritizing rehabilitative design
and mai ntenance of existing pavements.

2. Provide information on the relative condition of total highway
mileage within various jurisdictions for budgetary apportionment
purposes.

3. Provide design feedback information.

- 12 -
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Pavement Distress Indicators:

1. Structural condition
a. surface distress
*cracking*

- fatigue (traffic load related "alligator™ cracks)
- thermal (major transverse and "map" cracks)
- longitudinal

*deformation*

- shoving (slippage of asphalt concrete layer on the base
course)

- wheelpath rutting

*surface deterioration*
- plucking (loss of coarse aggregate)
- ravelling (loss of fine aggregate)

- bleeding
- potholes
b. pavement layer strength, usually interpreted from deflection
test data
2. Functional condition
a. ride roughness - produced hy combined effects of surface

distress and embankment/foundation movements
- cracking and rutting (surface distress features)
- frost heave (embankment)

- differential thaw settlement (foundation)

b. pavement surface frictional coefficient

- 14 -



Any of the pavement damage terms which may be unfamiliar to the
reader are explained with photographic examples in Ontario, Canada's
excellent pavement rating manual (6). The Ontario manual (available as of
this writing on request from the provincial government) is suggested as a
standardizing source for detailed pavement distress terminology. Figure 3
illustrates distress types most commonly seen on Alaska's paved roadway

system.
Alaska's Rating Method - The Development Process:

Literature review plus common sense pointed to the need for a rating
method which would adequately characterize the road condition while allow-
ing a high degree of reproducibility. The data must provide true reproduc-
able characterization of pavement condition changing from year to year in
a rational manner, e.g., pavements should not anomalously appear to heal
with time unless maintenance has actually been done. The rating technique
therefore had to be as simple as possible, and include the largest
practical sampling of each road section.

The following were chosen as rating parameters by Alaskan re-

searchers:

1) fatigue cracking (alligatoring)

2) major patching (at least full lane width)

3) wheelpath rut depth

4) ride roughness as measured by the Mays Ridemeter

Fatigue cracking was selected as a rating parameter because it
serves as an excellent indicator of structural condition and load-life
potential. The pavements design-life vehicle load capacity is said to be
reached when significant alligatoring becomes apparent. Fatigue cracking
Is also often associated with unacceptable rutting, vehicle ride roughness
and pavement surface disintegration.

Major patching, necessitated to repair a host of problems including
fatigue cracking, embankment settlement, rutting, etc., gives a general
picture of the maintenance effort required on a given road section. Itis

_15_
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also a principal source of surface roughness and usually becomes cracked
and potholed with time.

Wheelpath rutting is important in terms of driver safety and travel
costs. A consensus of available literature indicates that rutting deeper
than approximately 1/2 inch is a safety hazard which can cause hydroplan-
ing at high vehicle speeds. Rutting also has an effect on vehicle steering
and reduces the mechanical |ife of chassis components. Deep rutting
usually accompanies advanced alligator cracking and signifies that pave-
ment structural soil layers (base and/or subbase) have been loaded beyond
capacity. This condition is aggravated through use of materials subject to
extensive moisture related softening (thaw weakening) .

Ride roughness is measured because it is that characteristic of the
pavement which is of primary concern to the driving public. The combina-
tion of differential settlement and leveling patches are common to all
parts of Alaska and together are the major cause of roughness felt by the
driving public. Ride roughness is easily measured on a continuous basis.

Some recognized surface distress features were disregarded in order
to simplify the rating process for the following reasons

Difficult to Identify --
plucking (popping) of coarse aggregate
ravelling

Difficult to Quantify --
plucking
ravelling
longitudinal cracks (all types)
thermal cracking (map type cracking)
shoving
bleeding

Rare Occurrence in Alaska --

(or considered of relatively minor importance)
shoving
bleeding
plucking

_17_



Justification for Not Including Other Distress
Indicators --
pothole patches/pot holes
Easily recognized and quantified by individual count but
a very time consuming measurement for routine inventory
work

thermal cracking (major transverse type)
Easily counted but their number is apparently more con-
trolled by climate-area than by materials type and pave-
ment condition (7). An inventory is not made of these
features because they are not meaningful indicators of
design-dependent pavement performance

pavement frictional coefficient
Recent measurements (Statewide in 1975) have indicated
that the materials used in Alaskan roadbuilding provided
consistently high skid numbers. Reasons for this include
a high degree of aggregate hardness and limited poten-
tial for asphalt bleeding because of Alaska's relatively
cool air temperatures.

def lection testing

These data provide valuable basic information concerning
the mechanical nature of the pavement structure. It has
been proposed that deflection testing ultimately become
part of the normal inventory process. According to pre-
sent planning, a deflection inventory process will begin
in 1982 and will require approximately 5 years per
statewide cycle. The falling weight deflectometer will
be used to collect inventory data.

- 18 -



DESCRIPTION OF RATING AND SCORING
PROCEDURES USED SINCE 1978

This chapter outlines pavement rating methods used by Alaska DOTPF
since 1978 and shows how the acquired field data are munipulated for
purposes of scoring and reporting. Figure 4 illustrates the manner in
which raw field data are transformed into a useful pavement inventory

report.
Summary of Field Methods:

The rating process is done as two separate operations, each requir-
ing the use of a two-man crew. A detailed description of the inventory

rating procedure is presented in Appendix A.

Phase 1 Mays Ridemeter Evaluation (mile by mile, continuous measurement)
1. Minimum 2 man crew
2. Mays Ridemeter, Model 890 with rotary transmitter
3. Standardized operation
a. vehicle operating speed
b. standardized vehicle, suspension and tire type
4. Required Calibration
a. periodically
b. with tire, suspension, vehicle changes

Phase 11 Surface Distress Rating
1. Minimum 2 man crew
2. Distress features measured
a. alligator cracking (mile by mile, continuous measurement).
Appearance or absence of cracking is defined by the raters
detection abilities at minimum allowable vehicle speed--no
estimation of severity is necessary except type 1,type II
classification.
1. severity measured subjectively as type B or type II
2. density (extent) measured as total % of section
length exhibiting alligatoring in any or all wheel
paths (see Appendix A).
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3. detection limit is defined by observation speed (7 -
10 mph)
b. full width patching (mile by mile, continuous measurement)
1. defined as having a minimum 1 lane width
2. N0 measurement of severity
3. density (extent) measured as a % of total section
length
4. detection limit is defined by observation speed (7 -
10 mph)
c. rut depth measurement (measured at raters discretion one or
more times per mile)
1. rut depth is derived by averaging all wheelpaths
2. magnitude of rut depth determines total number of
readings required (see Appendix A), with deeper
rutting requiring more measurements

Road Condition Scoring Utilizing Alaska's Pavement Rating:

Alaska utilizes its pavement inventory data to construct a mile by
mile summary report listing individual condition scores (% cracking, rut
depth, % patching and ride roughness) and also a combined Condition Value
(CV) score. The CV is analogous to the AASHO PSI and provides a single
numerical descriptor of a given road section. The purpose behind Alaska's
summarization in terms of both the individual and composite (CV) scoring
is explained:

mile by mile

summary of CV
used mostly by administrative level personnel for general
pavement serviceability classification and funding allocation.

mile by mile

summary of individual distress features
used mostly by those at the technical level for detailed
evaluation of the pavement sections; this method of summar-
ization is necessary, for example, to descriminate between
functional and structural problems in maintenance planning.
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The CV is calculated from the inventory data in the following way:

CV=Mays Ridemeter Score(Ranked)+Surface Condition Index(Ranked)
2

"Ranked" data indicates that the data has been mathematical ly transformed
into a percent-worse-than score before calculation of C.\V. This provides a
normalizing of raw scores on a 0-100 (worst to best) scale.

%-worse-than=[(1/2E+L)/N]X100

where: E=number of statewide sections rated the same
L=number of statewide sections rated worse
N=total number of statewide sections rated

Mays Ridemeter score as shown in the CV equation is derived directly
through the ranking equation from raw Mays Ridemeter data. Surface Condi-
tion Index (SCI) is calculated by means of the following equation and then
transformed to a %-worse-thanranking through the ranking formula.

SCI=1.38R%+0.01 (A+P)

Where: R=average rut depth (inches)
A=% of road section which is alligator cracked
P=% of road section which is covered by full width patching

In addition to reporting a summary of the previously discussed
informati on the pavement inventory report also includes, for multiple mile
sections, the ranked scores describing a volume/capacity ratio and the
section's accident rating value. Finally, the CV plus capacity and acci-
dent scores are combined in a final step to produce a "Composite Value"
calculated as:

Composite Value Score=(C.V. X Capacity(ranked score)X accidents(ranked
score)l/3

This composite score, like the CV is used mostly for generalized
administrative planning and programming purposes. Figure 5 is an example
page from the 1979 inventory summary.
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SECTION 11

EVALUATION OF THE

ALASKA DOTPF PAVEMENT

RATING PROCEDURE
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EVALUATING THE ORIGINAL PLAN

Criteria Used in the Initial Development of the 1978 Pavement Rating
Method :

The reporting of mile by mile data is an expedient settled upon
because larger sections were not sufficiently locative of specific pro-
blems, while smaller sections result in extremely voluminous summary
reports. After deciding on one mile as the basic section length for rating
purposes, it was necessary to settle on a sampling frequency which could
properly characterize each mile.

The Mays Ridemeter can automatically provide a one hundred percent
sampling density at 50 mph so sections of less than a mile in length were
not considered. Studies of the repeatibility of this test have been made
by others and were beyond the scope of this report. Becasue of its
relatively good repeatability the Mays meter is considered the most
reliable part of the present inventory procedure.

Methods for measuring alligator cracking and major patching were
initially evaluated on seven sections of roadway near Fairbanks. Each
section was divided into tenth mile subsections which were independently
rated. Full width patching was characterized on the basis of total length
patched (density), while fatigue cracking was typified by both density and
severity. A type 1 or type 2 classification was adopted for cracking of
lesser or greater severity as described in Appendix A

Alligator Cracking was defined as that visible while slowly driving
(7-10 mph) along each tenth mile interval and measuring the percent of the
total distance in which cracking occurred. Histograms were constructed
(Figure 6) to show the frequency distribution of fatigue cracking for the
subsections within each mile. The distribution of cracking is strongly
poly-modal (showing no single mean value) and bounded at both the 0 and
100 percent occurrence level. Distributions of fatigue cracking are obvi-
ously non-Gaussion in character. In view of these data it was apparent
that a one, two, three or more mile length of paved road could not
accurately be rated for fatigue cracking based on measurements in a random
subsection several hundred feet long. The normal assumption of a 10-20
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percent sampling density is of no value in this case. As a result of this
initial trial, it was apparent that fatigue cracking must be measured by
continuous observation through each mile of roadway.

Full Width Patching was observed to be similar in distribution of
occurrence to fatigue cracking and it was similarly decided that this
feature could be properly characterized only by continuous observation.

Rut Depth measurement frequency was also briefly examined prior to
development of the rating method through multiple readings taken on each
of eight one-mile long pavement sections near Fairbanks. Rut depth averag-
es ranged from 0.185 inch to 0.244 inch. The sample standard deviations
ranged between 16 and 35 percent of the sample means and the plotted
frequency distributions of rut depth measurements appeared reasonably
indicative of normal (Gaussian) behavior. It was assumed from these trials
that rut depth measurement could be evaluated by normal statistical
techniques. Sampling frequency was addressed through the statistical
method used for estimating a true mean value from a small sampling. An

estimation of true population average is given by:

,u«o = Xts TVN

where: 0 = true population average, i.e., true average rut depth
= average rut depth as determined from sample

= standard deviation of sample

number of measurements constituting the sample

~ = u»n >
"

= "students t" value for a given confidence level and N

This formula is an expression of the Central Limit Theorem which
describes the distribution of sample means about a true mean. In modified

form, the equation can be expressed as follows:

(,U,o—i)/s = T/‘/-ﬁ_
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The error in estimating true rut depth average, i.e., £4=X is
small in relation to the sample standard deviation (at a given level of
confidence) when the term A4/ is minimized. Figure 7 is a plot of N
versus ~4## used to select sampling frequency for the initial inventory
runs in 1978. Flattening of the curve beginning between N=4 and N=7
suggested that a sampling of at least 4 locations would be necessary to
insure that the error in estimating true mean rut depth would be less than
2 standard deviations of the sample. Figure 7 indicates that the error of
estimating true mean rut depth is about 1.6 X S for N=4. Since S of the
trial road sections averaged approximately 0.05 inches, it was expected
that the errors in estimating rut depth during inventory work would be no
larger than + or - 1.6 X 0.05, i.e., 0.08 inches. This accuracy was con-
sidered good enough for beginning the pavement inventory process. As
indicated in the description of rating methods (Appendix A), less than 4
readings per mile were required in the 1978 rating method if rutting was
generally observed to be less than 0.25 inch.

Summary of the Original Plan:

It was decided on the basis of very limited field trials previously
described that pavement distress, except for rut depth measurement, should
be characterized by continuous observation of the entire road. Three field
seasons of field data collection have absolutely reinforced the idea of
utilizing a 100%sampling.

The frequency of measurements necessary to adequately determine
average rut depth was calculated from a preliminary statistical assess-
ment, Measurement of ruts was known to be a disproportionately time
consuming job when compared to other distress observations. It was hoped
that accumulating experience would show that no more than 4 sets of
readings would be required per mile of road.
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A REVIEW OF ALASKA'S PAVEMENT
RATING METHODS BASED ON RECENT FIELD STUDIES

Introduction:

The Alaskan pavement rating method had been in use for 2 years when
it was decided that a more detailed evaluation of its constituent measure-
ments was needed. A field study was begun in 1980 to investigate the
repeatability of cracking and patching measurements made by different
rating crews. Frequency of measurements necessary to estimate rut depth
was also reviewed.

Method of Study and Data Acquisition:

Five roadway sections were selected near Fairbanks, to reflect the
average range of road surface conditions commonly encountered. Each of the
sections were rated, using the standard Alaskan procedure, by 15 different
2-member crews. Members were drawn mostly from the middle level pro-
fessional and technical ranks of road design, maintenance, right-of-way
and materials sections, but only four had prior pavement rating expe-
rience. Raters with previous experience were drawn from the Department's
Research and Development section.

Each crew of raters was given the same introduction to pavement
rating and directed from one pavement section to another by the instruc-
tor. Ratings by each crew required a full day and the sequence of pavement
sections remained constant throughout the duration of the study. It was
considered important that the sequence of sections not change because this
assured that the sun angle relative to the viewer remained consistant for
each crew, for each section. Sun illumination was known through accumu-
lated field experience to greatly affect pavement crack visibility. In
order to maximize the observational abilities of each rating crew, all
ratings were performed from a vehicle of light truck "van" configuration.
A nearly vertical windshield combined with a relatively high seating
position allowed the most advantageous pavement surface view of any
standard vehicle type. Each section was inspected at under 10 mph in order

- 30 -




to identify and measure cracking. Rut depths were measured in each of the
four wheelpaths every two-tenths mile. Distances were measured with an
electronic odometer capable of one (1) foot resolution.

The Field Data:

Appendix B is a section by section summary of the pavement distress
measurements made by each crew. An indication of measurement variabilities
between crews is given through the Coefficient of Variation (Cv) associ-
ated with each distress type.

Cv=(std.deviation/mean value)X100

In general, a small Cv of around 5-10% indicates that a good
estimate of a true mean value is possible from relatively few individual
measurements. Cv values associated with measurement of all pavement dis-
tress indicators were considered very high. This tends to contradict the
initial hypothesis that, because of the rating method's simplicity, repro-
ducibility of ratings between crews could be taken for granted. The
following estimates of Cv were calculated from project data:

Type 1 Alligatoring cv average = 43%
Rut Depth (calculated average) cv average = 25%
Rut Depth (Calculated std. deviation) cv average = 40%

The significance of the above listing shou d not be understated as
the uniformity of Cv from section to section indicates (See Appendix B).

Type II (severe) alligatoring and full width patching are not listed
because their infrequent occurrence within the test sections did not
provide an adequate sampling to allow a good evaluation of differences
between rating crews. Based on these limited observations it is fairly
apparent, however, that the variability in measuring patching length is
somewhat lower than for alligatoring with a Cv of perhaps 10-20%. A clear
distinction between type | and type II alligatoring was not easily made by
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the rating crews. A tendency, except in the most obviously severe cases,
was to place all cracking into the type | category. Most crews apparently
selected a lower severity classification whenever the question of degree
of damage arose. This problem can probably be remedied to some extent
during the instruction process by specifically advising that pavements be
critically rated.

The large amount of variability observed in the collected data is
shown in table 2. Considering the similarity in training and background
between these "experimental® raters and previous inventory crews, these
variabilities could be expected on pavement sections throughout the State.

The last two columns of Table 2 indicate different perspectives from
which measurement variations can be viewed.

Interpretation No. 1: - variation in measurements expressed as a
percent of the total road section length - Referring to the next-to-
last column of Table 2, the variation between crews in measuring
alligator cracking was as high as 13% of the total section length
(where length of sec. 2 = 2 miles). It is also as low as 2% as
indicated for sections 1 and 4. On sections where patching was
present, the range of its measurement varied from 0.4 to almost 6%
of the total section lengths. Set in a context of percent total
length of section, these measurement variabilities would probably
not be termed excessive.

Interpretation No. 2: - variation in measurements expressed as a
percent of the mean measurement value - This approach evaluates
variation within the measurement itself rather than considering it a
percent of some arbitrary variable such as length of road section.
Examples of this calculation are shown below where the extreme
difference in measurements is divided by the average value:

Examples: (max.-min. )/average
Type | alligatoring
Section 1 100 x (187-29)/ 40 = 110%
Section 2 100 x (1,434-35 /820 = 170%
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Type 1

Alligator Crzcking

Type 11

Alligator Cracking

Full Width Patciing

Rut Depth Average
Inner Wheelpath

Section #

Table 2
Observed Variation in Pavement Distress Measurements

Low-High

TP WN = OB WM NP W

VDW=

29-187 ft
35-1,434
69-700
54-218
190-505

none detected
4-19 ft

0-13

nonp detected
nonp detected

350-382 ft
439-1,042
91-197

none detected
none detected

.016-_059 inch
.110-,393
.114- 289
.100-,257
.134- 271

Range as %

Range as %

Range Average of Section Length of Mean Value
158' 140" 2.0% 113%
1,399 820' 13,0 171
631" 300" 6.0 210
164 120' 2.0 137
315! 340" 6.0 93
0' 0 0% 0%
15! 12! 0.1 123
13! 0' 0.1 --
0! 0' 0 0
0' 0' 0 0
32" 360" 0.4% 9%
603" 820" 5.7 74
106' 100" 1.0 106
0! 0' 0 0
o' 0! 0 0
.043" 040" --% 108%
.283" 210" -- 135
175" 180" -- 97
157" 170" -- 92
.137" 210" -- 65
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Type 11

Rut Depth Std. Deviation
Inner Wheelpath

Rut Depth Average
Outer Wheelpath

Rut Depth Std. Deviation
Outer Wheelpath

Table 2 (Contirwed)

Obsprved Variation in Pavement Distress Mpasyrements

Sectiin #

Low-High

TR wnh = Gl WMN -

Gl P W

.005-,055 inch

.051-.601
.040-,198
.023-.263
.060-.241

.050- 167
"116-.410
"089- 248
"062- 272
"172- 445

_022-,105
"069-.596
"040-.322
"032-.184
"098-.257

inch

inch

Range as %

Range as %

Range Average of Section Length of Mean Value
.050" .0z20" -- 250%
.550" .160" - 344
.158" .080" - 198
.240" .080" -- 300
.181" J110" - 165
Jd17 .090" -- 130%
.294" .240" -- 123
.159" _150" - 106
.210" .180" -- 117
273" .270" -- 101
.083" .055" -- 151%
527" .240" -- 220
.282" .090" -- 313
.152" .080" -- 190
.159" .160" -- 99




Section 3 100 x (700-69)/300 = 210%
Full width Patching

Section 1 100 x (382-350)/360 = 10%

Section 2 100 x (1,042-439)/820 = 70%

Section 3 100 x (197-91)/100 = 110%

Most of the above examples show measurement differences which are
actually larger than the average value itself.

Considering interpretation No. 2 and the high coefficient of vari-
ation (Cv) values previously noted, it would appear that very serious
rating errors could occur on sections of pavement where alligatoring (or
patching) would cover a large percent of the total section length. In
other words, as the actual total length of alligatoring (or patching)
increases within a particular road section, the importance of an accurate,
reproducible measurement becomes very important.

Because it is a more statistically correct assessment of measurement
variability, the author favors interpretation No. 2 and notes with concern
the apparent inability of rating crews to match each others measurements.
These results are particularly surprising since alligatoring is classified
and measured in what is thought to be the simplest possible manner.

The overall effect of crew measurement variations on rut depth
determinations is magnified by the fact that the DOTPF usually reports
"maximum” rut depth in terms of average plus 2 standard deviations.

Examples: the mean, mean t 1 standard deviation and mean t 2
standard deviations are given for the following sections:

*Section 1 mean = 0.090" mean t S = 0.145" mean t 25 = 0.200"
Section 2 0.240" 0.480" 0.720"
Section 3 0.150" 0.240" 0.330"
Section 4 0.180" 0.260" 0.340"

*Note--Using Table 2, outer wheel path data.

The above examples demonstrate a wide range of uncertainty as to the
measured depth of rutting even though calculated mean values are quite low.
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Discussion of Alligator Cracking Measurements:

In several of the following figures the variations in measurements
have been "normalized." This normalization step is used so that various
road sections can be directly compared even though each has a different
mean rut depth or length of alligatoring. Normalization of scoring, e.g.,
% alligatoring, average rut depth, etc'. is accomplished as in the fol-
lowing example:

Normalized % alligatoring = (A-B)/C

where: A = % alligatoring as measured by an individual
crew on a specific road section.
B = average % alligatoring calculated from the
measurements of all crews on the above section.
C = standard deviation value calculated from the

measurements of all crews on the above section.

Figure 8 shows how normalized scores of individiual crews rank in
relation to calculated average values on all 5 pavement sections. This
plot indicates the ability of certain crews, e.g., 7 and 8 to see more
damage than others. Conversely, crew number 14 saw much less cracking in
all 5 pavement sections than the calculated average. Figure 8 includes the
instructor's subjective assessment of each crew in terms of: communication
between crew members [rated: low (L), moderate (M) and high (H)], and
initial impression of rating ability (rated: fair, good, expert). It
should be noted that crews 2 and 10, rated "expert" by the instructor, had
at least a full season's rating experience and were included for purposes
of comparison with the other crews. Although figure 8 indicates that some
crews could apparently see more pavement damage than others, this dif-
ference was not particularly accounted for in obvious attitudes or abili-
ties. It is interesting to note, however, that crew 8, which saw much more
pavement damage than crew 14, also rated higher in the instructor's opin-
ion. It is suggested that best results are obtained when active conver-
sation concerning the rating process is encouraged between crew members,
especially during the first few days of inventory.
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Table 3 attempts to delineate reasons for differences between crew
ratings. The samples have been broken down into a stratified format and
cross indexed in terms of crew communication and weather/pavement surface
condition at the time of rating. The numbers shown in table 3 as X
(characteristic sample average) and S (characteristic sample standard
deviation) have been "normalized" as previously described, thus allowing
all 5 pavement sections to be considered in the same analysis. The
combination of a S (slightly wet) pavement surface and a highly communica-
tive crew resulted in more visible cracking with a characteristic average
of +0.8 std. deviations above the overall sample average. Also, in
examining the weighted (for sample number) averages of both rows and
columns, good crew communication and a slightly wet road surface are
individually associated with increased damage observation.

Surface Wetness: The effect of a slightly wet surface in optimizing
the visibility of alligator cracking is fairly obvious to even the casual
observer and can often cause the most hairline alligatoring to stand out
in vivid detail. On the other hand, a very wet road surface such as ob-
tained during or shortly after a rainstorm camouflages all but severe

cracking. It is strongly suggested that observations of cracking be
discontinued during rainstorms or other periods when the pavement surface
is covered by "free" water. Table 3 generally associates the least
observed cracking with a very wet (VW) surface condition. The ideal
slightly wet surface condition is created when the road surface is dry
except in and around individual cracks. In this case, water stored in the
cracks during a rain will keep the adjacent pavement wet longer than in
areas of no cracking.

From the previous discussion, it would appear that pavement ratings
could best be done shortly after a rainstorm. Although a slightly wet
surface allows highest crack visibilaty, a dry road condition represents
the more normally encountered situation. Because of the need for a
standard rating procedure the author strongly suggests that crack measure-

ments be made only on dry pavement.
Sun Angle: Illumination effects due to variations in vertical and

horizontal sun angle are known to strongly affect crack visibility. The
author's experience indicates that optimal lighting conditions are pro-
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vided by a more or less head-on sun incidence as indicated in figure 9.
Frontal light tends to shade and therefore darken the visible side of
crack segments which are perpendicular to the observer and most easily
viewed. This has the net effect of maximizing apparent tone and texture
differences between cracked and uncracked pavement. The travel direction
chosen for the experimental ratings produced "over-the-shoulder" lighting
on 4 of the 5 pavement sections which is usually considered a worst-case
viewing condition. However, each test section was examined at approxi-
mately the same time of day by each crew to assure a consistent sun angle.

Discussion of Full Width Patching Measurements:

The occurrence of full width patching within the test sections was
somewhat limited. Data from section 3 indicate that patching measurement
differences between crews may be about half those expected from observa-
tions of cracking. The distribution of normalized scores indicated in
figure 10 represent only the 3 test sections which actually contained
patching. The variation between crews is markedly less pronounced than for
alligator cracking. An exception to this observation is crew number 2, one
of the "expert" crews which included the author. No explanation is
apparent for this anomaly except that the "experts"” were obviously not
attuned to patching at the time.

It is concluded that patching is more easily measured than alligator
cracking even though both are evaluated in a similar way. In most cases,
patching, at least new patching, is actually quite easily seen. Observa-
tion conditions which provide the best view of alligator cracking also
tend to make patched areas stand out. Again, very wet surfaced roads
resulted in the most variable measurements between crews.

Discussion of Rut Depth Measurement:
The approach initially taken to determine a sample number (as indi-
cated in figure 7) was a rough attempt to limit the possibility of gross

errors. Sufficient field data has since been collected to allow a much
more valid estimation of rut depth.
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As stated previously, the problem of rut depth measurement can be
addressed by normal statistical methods. The principal questions asked are:

1. How frequently must rut depth measurements be taken?
2. Must rut depth measurements be taken in both inner and ou er
wheel paths?

Sampling Frequency: Without becoming involved in a detailed exp a-
nation of statistical sampling methods and hypothesis testing, it can be
stated that the sampling frequency must be high enough to insure (to some
specified confidence level) that a calculated mean rut depth is reasonably
close to the actual mean rut depth. Actual or "population" average in this
case, is that value which would be measured from an infinitely large
sampling. Sampling tables which are available in references such as the
CRC statistical handbook (8) indicate minimum sample numbers necessary to
attain specific levels of confidence against either a type 1 or type 2
error being committed. Figure 7 only addressed the possibility of type 1
error. A type 1 error occurs if statistical calculations indicate that the
sample mean is not representative of the population mean, when in fact it
is. Conversely, a type 2 error occurs when statistics indicate that the
sample mean is representative of the population mean when it is not.

Figure 11 was derived from tabulated values and used to determine
minimal rut depth sampling locations per section. It was assumed that for
predicting the actual rut depth average from sample data, an error of no
more than 20.05 inch would be allowable. In order to use figure 11, a
sample standard deviation is first assumed or calculated from trial
measurements. A solution line is then selected based on the desired confi-
dence level against type 1 and 2 errors. A horizontal line is drawn from
the estimated standard deviation to the selected line and minimum sample
size is read directly below the point of intersection.

Example

assumed standard deviation = 0.05 inches
selected confidence against
type 1 error = 95%
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selected confidence against
type 2 error = 95%

obtained by graphical solution:
minimum sample number = 17 measurements per section

In most sampling situations, little concern is expressed over type 2
errors. This philosophy leads to the use of solution lines having only a
50% level of type 2 error control, i.e., no control and a significantly
reduced sample size.

Since determination of sample size is dependent upon expected stan-
dard deviation, it is important to consider the magnitude of values which
might commonly be encountered. Rut measurements made on the 5 Fairbanks
test sections indicated standard deviations ranging from about 0.02 to
more than 0.35 inches associated with average rut depths between 0.02 and
0.40 inches. Indications of rut measurement variability derived from the
Fairbanks test section data suggest that minimum sampling be based on a
standard deviation perhaps as high as 0.30-0.35. This magnitude of devia-
tion plus 90-95% confidence level against error results in a minimum
sample size much larger than can be shown in figure 11. Extrapolation

suggests a minimum sample size exceeding one hundred. The job of rut depth
measurement therefore begins to appear impossible except through an auto-
matic rut measuring device capable of high density sampling.

Further evidence for requiring a large number of rut measurements

per section was obtained by examining data from 120 statewide pavement
sections which were part of a previous DOTPF research study (7). The
cumulative plot shown as figure 12 indicates standard deviations calcu-
lated from both inner and outer wheelpath measurements were generally less
than 0.3 inches. Plots 13A and B were constructed to show how standard
deviations in the inner and outer wheelpaths respectively, tend to in-
crease with average rut depth. The standard deviation value of 0.3 inch is
reached on the upper confidence levels (a std. error of estimate) of both
figures at an average rut depth of approximately 0.32-0.34 inches. In
other words, fairly 1large standard deviation values are associated even
with moderate rut depths, a factor which would again strongly suggest a

high sample frequency.
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Wheelpath Location: Figure 14 answers the question of whether both
inner and outer wheelpath locations must be measured individually. Data
scatter about the line of best fit is large, with only a 0.72 regression
coefficient. The usually practiced assumption that rutting is deeper in
the outer wheelpath proves to be a shaky proposition. A very significant
number (28%) of the field sections examined were found to exhibit deepest
rutting in the inner wheelpath areas. The primary conclusion from this
analysis that the "worst case" rutting condition can be determined only

after looking at both wheelpaths.
Alternatives: Several sources of rut measurement data were used to

construct functional relationships between average rut depth, calculated
standard deviation and required number of sampling points. This report
substantiates previous contentions (9) that true mean rut depth can be
accurately characterized only through a very large sampling. Problem rut
depths on the order of 0.4-0.5 inch would require an assumed standard
deviation value, wusing figures 12 and 13, of at least 0.3 inch and with
reasonable error confidence levels, figure 11 would indicate a sampling
obviously greater than 100 per section. Furthermore, the inability to
predict whether inner or outer wheelpath represents the worst case condi-
tion would require doubling of the sampling effort. In dealing with this
question, the choices are:

1. assume rutting to not be a problem and cease measurement,

2. perform a few random measurements per mile at locations which
appear from general observation to represent worst case condi-
tions,

3. purchase or build an automatic rut measuring device as described
in reference 9.

Since deeply rutted sections are usually associated with severe
alligatoring on most Alaskan road sections, it would seem reasonable to
suggest that the measurement of both is not necessary. Itis further known
that rutting within the state is rarely as deep as the 3 inch + figure
termed critical in most literature sources. The author would favor the
first of the above alternatives. Alternative 2 provides "numbers" and

the "numbers" can, of course, be included in subsequent discussions of
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pavement condition. However, the numbers generated from alternative 2 have
no basic statistical validity and might be thought of as inventory

garbage. Alternative 3 is preferred if departmental policy requires a rut
depth determination. A 1981 cost estimate for purchase of an automatic rut

measuring device was $30,000-$50,000.
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A COMPARATIVE LOOK AT
PREVIOUS INVENTORY DATA

This report section looks at actual pavement inventory data in view
of the preceeding findings of this report. Mindful of the rather gross
variability evident in the experimental measurement of cracking and patch-
ing, a direct mile by mile comparison between two previous inventories is
made.

Figure 15 shows the apparent variation in pavement distress between
1978 and 1980/81. As shown, these data have been normalized to provide a
total scoring range of 0-100 (worst-best). The reader should note that
data at coordinates (0%, 0%) and (100%, 100%) are often repeated in figure
15 accounting for the appearance of fewer than expected individual points
on plots of cracking and patching.

A line of x =y has been included in each plot and differentiates
pavement sections which apparently or actually improved with time (points
above the line) from those which became worse (points below the line).
Examination of plotted data indicates:

1) a very high degree of overall scatter

2) an unusually large number of data points lie above the line of x =
y, i.e., performance improvement with time.

Taken together, these findings demonstrate a marked degree of random-
ness inherent to the rating process. The implication of point number two
is especially significant in view of the common sense assumption that
pavement condition deteriorates with time. This assumed generality could,
of course, be altered by reconstruction, overlay or careful patching, and
no attempt was made to remove specific points representing reconditioned
pavement sections from the plots. This should, however, account for only a
minor percentage of total rated mileage. A significant degree of random-
ness is suggested because even sections scoring better than average in
1978 show a very high rate of apparent improvement with time. The
likelihood of initially good pavements (scoring 50-100) being substantial-
ly improved within a period of three years through maintenance, etc., is

slight.
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Appendix A

Description of the State of
Alaska's Field
Rating Precedure for Bituminous
Pavements
(Method Used 1978-81)
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Phase | Mays Ridemeter

Mays Ridemeter data is collected at 50 mph as a continous summation
of actual vehicle rear axle vertical movements on each mile-long section
of highway. Measurement of ride roughness throughout the state produced
the following values:

statewide minimum ride -- 11 inches/mile
statewide average ride -- 78 inches/mile
statewide maximum ride -- 500 inches/mile

Minimum roughness was measured on a very newly paved surface. Roads in
condition at or near the maximum roughness value of 500 inches/mile cannot
be safely driven at 50 mph. (With proper driving technique, the variations
associated with this measurement are outside the subjective influence of
the equipment operator. A complete analysis of road roughness measurements
is therefore outside the scope of this report.

Phase 11 Surface Distress Ratina

A two-man crew is recommended for both safety and efficiency of
operation. All measurements of cracking, patching and rut depth are made
in one pass through the section. The average time required to rate a
particular mile of roadway is completely dependent upon factors of:

light condition

variabi 1ity of surface quality
severity and density of cracking
safety considerations

A W N -

Optimum lighting conditions consist of low angle, head-on sun posi-
tion. This tends to shadow the far (facing) edge of crack segments running
more or less perpendicular to the line of sight and results in maximum
visibility. It is sometimes advisable to choose the direction of travel on
the basis of light conditions alone, especially if cracking is sporadic
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and/or of low severity. An observation speed of 7 - 10 mph should be used
to insure that all detectable distress is seen. This, of course, does not
preclude occasional stops which are used to make comment notes and to keep
the "feel” of the road as conditions change.

Alligator Cracking

A brief description of alligator cracking is presented to aid the
differentiation of this from the multitude of other common crack types.

Description - after: Manual for Condition Rating of Flexible Pave-
ment, Ontario, Canada (1975).

Alligator Cracks
Cracks which form a network of multisided (polygonal) blocks resem-
bling the skin of an alligator. The block size can range from a few
inches to about two feet (block size may be somewhat indicative of
the depth of which failure is taking place with larger blocks
corresponding to problems deeper in the structure).

A field survey summary sheet (see Figure 1) is used to record all
aspects of the surface distress. Alligator cracking is divided, for the
purpose of our evaluation scheme, into type | and II classifications which
are subjectively based on severity. An attempt has been made to estimate
severity level because the rate of further deterioration is assumed to be
accellerated with increasing crack width and spall.

type | alligator cracking
first formed alligator pattern
definite polygon blocks with slightly spalled edges

type II alligator cracking
definite polygon blocks with slightly spalled edges
non-interlocking, spalled blocks: incipient pavement disintigra-

tion
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Figure 1 also exemplifies a completed rating form covering (5)
1-mile sections. The location of the 1-mile section is noted in the first
column, e.g., mile 218-9, etc. Columns 2-4 are used to measure total crack
length and to classify as to type | or 11. In the example of Figure 1, no
type II gatoring is indicated. A continuous length of gatoring is entered
by listing begin and end points in the appropriate columns. The numbers as
shown on the example sheet (columns 2 and 3) are route miles (Alaska C.D.
S. system) read directly to the 1/1000 mile from an electronic odometer.

It is important to realize that a segment of road is considered
continuously cracked if alligatoring remains visible within any portion of
the traveled way, i.e., the idea of a "continuously"” cracked segment does
not imply anything about the width or x- sectional distribution of the
crack networks. When fillng out the field rating sheets, it is necessary
to leave a space after each completed mile's data entry. This will allow
sufficient room for the initial data conversions and averaging. All
individual length increments within a given mile are eventually summed and
converted to total % per mile, e.g., 4% alligatoring is indicated for mile
219-20 of Figure 1.

Patching

Patching, for the purpose of this survey, is defined as that which
is at least full lane width. The usual generic implication of the "major"
patch is of pavement structure failure or settlement problems and a
definite high level of maintenance requirement. Columns 6 and 7 of the
field survey sheet (see Figure 1) are used to record the beginning and end
of patches (to 1/1000 mile). The survey of patching and alligatoring is a
simultaneous operation where the maximum driving speed is usually deter-
mined by the more difficult crack observations. Where patching and alli-
gatoring occur together, e.g., cracked patches or a single patched lane
with the opposite lane cracked, both are indicated.

Since the basic rating interval is by the mile, no continuous
occurrence of resurfacing material which is greater than 1 mile in length
Is termed '"patch." Individual patch increments within a given mile are
summed and converted to total % per mile, e.g., 12% patching is indicated
for mile 218-19 of Figure V.

- A-5 -




Rut Depth Measurement

Rut depth is standardized in this rating method by measurement from
a 5 1/2 ft. reference straight edge. All wheelpaths are utilized for
determining rut depth instead of the wusual practice of using only the
outside tracks. This decision was based on the observed variability of
Alaskan roads, where the more severe rutting is often found on the inside
wheel path.

Rut measurements are taken as a series of "sets" per mile, where a
set is defined as a series of readings from all wheelpaths at a given
location. It is assumed that a maximum of 4 sets of rut depth readings
will characterize even the more variable or deeply rutted surface types.
The following is a suggested frequency of measurement based on very

limited experience.

1. new pavement w/ 0.150" rut depth; 1 set/mile
2. pavements w/ 0.250" rut depth; 2 sets/mile
3. pavements w/ 0.250" rut depth; 4 sets/mile

All pavement types should be measured at 4 sets/mile if rutting
appears to average more than 0.250" in depth. Rut depth information is
entered in columns 8-12 of the rating sheet (Fig. 1) as shown in the
example. All rut measurements are given to 0.001 inch and the appropriate
location of the data set is recorded in column 12. The depth measurement
entered in columns 8-11 should correspond to the actual wheelpaths (as
viewed in the chosen direction of travel). The time required to perform
the entire distress rating is generally determined by the number of rut
measurements required; this is by far the slowest single operation.
Estimated average time requirements for crack, patch and rut measurements
will generally allow an advance rate ranging from less than 4 mph to 10+

mph.




-Other Distress Features-
M scel laneous Subjective Observations

A column is provided on the field rating sheet for special remarks
or amplifying comments. Unusual defects should be noted if they appear to
be a major component of overall surface quality. Longitudinal , trans-
verse/thermal and meandering cracks are commonly described, and addition-
ally, such features as ravelling and bleeding (if severe and persistent).
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Appendix B

Section by Section Summary of
Experimental Ratings
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Total/Ft. |Total/Ft,)] Rut depth in Rut depth in
Rating of of Full [ _Raters Lgnew(in)ﬂJppqugg Lane (ig)
Crew Cracking Width | Xx/09 [S8Sx/03 | X x/0° | §x/0°
# Type I]Type II|Patching [IWP [OWP [TWP [OWP [IWP JOWP [TWP [OWP
1 145 | 0 | 369 [ 571 88| 55567 39 (160 |49 | 86
2 109 | 0 : 350 | 30 il24 | 19 {105 16 | 74 5 145
— I |
3 142 l 0 I 380 38 (118 19| 61| 45| 89 |23 |53
4 171 [ 0 ‘ 379 26 {1562 | 131 98| 37|67 |17 |22
5 167 | | 379 | 43 1110 121} 78 23|70 12 | 41
6 158 0 375 241103 23 80| 21 | 50|26 | 43
7 174 0 370 371 55| 14| 28| 19| 50|11 | 29
8 187 0 370 321132} 17| 41| 26| 82 19 | 61
9 183 0 ‘ 370 : 40 (167 | 27| 65} 32| 54| 37 | 38
T 1}
10 91 0 382 48 11031 261 791 361 691 271 25
11 138 0 371 591 92| 29| 51 571 70| 26| 29
12 8 0 367 A4 {147 14| 65| 42| 79| 27| 33
13 84 0 366 45|141| 33| 85| 17| 74| 19 56
14 29 0 380 251126 12} 62| 44| 50| 30 39
15 100 0 375 361561 35| 48( 40| 86} 38| 44
X of ~
Measure- 126 0 372 39 (121 23| 67| 33] 75| 24| 43
menis
S of
Measure- 55 0 8 11 30| 12| 21y 12y 27} 11| 16
ments
co-
efficient
of 44 0 2 28| 25| 52| 31} 36| 36| 46| 37
Variation
(cv)

SUMMARY OF PAVEMENT RATING
DATA FOR SECTION NUMBER 1
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. Total/Ft. |[Total/Ft|. Rut depth in Rut de
Rating of of Full Rater; | e Opposi
Crew Cracking Width ® > _ X
# Type I [Type IT[Patching] MF| owp| 1W | oWI| IWF| OWF

[

1 680 16 1042 | 156| 215 9¢|17C| 254| 245|179 25C
2 912 19 697 | 295 331|19¢|28C| 149|231|123]| 14¢
3 819 13 799 | 209| 28424 | 224|179/ 208|129 19¢
4 1032 14 727 | 166| 145 8¢| 89|124|116| 80| 6¢
5 1202 13 889 |270[287|20;|290|190|315/143| 301
6 1085 11 785 | 231/ 177|27¢|197|135/192|100]| 144
7 1434 12 1023 | 274|266|14i|226/208|349]|156]| 352
8 1097 10 834 |279|264|26%|221|161|306]119] 279
9 1040 12 821 |299|184|271|147|146|211| 88| 245
10 747 11 935 |248[231]|25¢|212(182|236]|112| 202
11 593 12 828 |199|228|116(225|138(271| 51| 263
12 35 9 870 |260(338(167(348|156(302| 85| 351
13 814 10 622 |393[151|601(227|122|307] 62 | 310
14 316 8 810 [287|410(269 (596 (260 (371158 | 340
15 609 4 439 [267(119(339| 81110 (341] 85| 419
X of
Measure- 828 12 808 |256(242 |236 236|167 |267
ments
Sof
Measure- 355 3 151 59 81 (125 (122 | 45| 69
ments
co-
efficient
‘ 43 25 19 23| 33| 53| 52|27 |26 33 37
Variation

SUMMARY OF PAVEMENT RATING

DATA FOR SECTION NUMBER 2
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. Total/Ft. | Total/Ft Rut depth in Rut depth in
Rating o f of Full Raters La e Opposing Lane
Crew Cracking Width X X S
# Type I[Type II| Patching|[IWPJOWP|IWP|oWP| IWPIOWPIIWPI OWI
] T 0 100 226|178 99| 511114]155] 76| 93
2 361 0 93 116411231131| 77|237(133] 81| 65
3 237 o | 105  |125|105| 51| 43|190|142| 48| 83
4 255 0 101 119 89| 66| 40|211|143| 40| 78
5 396 0 105 150| 152|104| 89|233|166| 80|104
6 190 0 91 121 94| 79| 80|219|177| 65|154
7 700 0 112 130|248| 44|149|289/155| 76| 83
8 470 | o | 100 118411431124| &5|223|201]140](233
9 128 0 102 128|170| 97|104|280(175|114(127

1

10 338 10 94 230(192| 86|135/192|175{198| 97
11 296 13 08 1421 149] 78| 74]2121145] 791144
12 169 0 99 196|183|128]121|268(219(130(282
13 459 4 197 125 183| 79]158|263]185| 67|233
14 69 0 98 164| 231| 88{139|249|224| 70|322
15 404 10 103 115/ 114} 92| 671188)117| 84| 91

L 10 1
X of ' i
Meas'ure - 315 2 107 155| 157 90| 93}225|167| 90|146
ments
S of
Measure- 160 5 26 38| 47| 26| 39( 44| 31( 40| 82
ments
COo-
efficient
o f 51 250 24 25| 30| 29| 41| 10| 19| 44| 56
Variation
(cv)

SUMMARY OF PAVEMENT RATING
DATA FOR SECTION NUMBER 3
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~Total/Ft. | Total/Ft

Ratting of of Full Ra

Crew Cracking Width X 1

# Type I|Type II] Patchingl IWP| GWP{ F#P-|OWP WP OWP IWP OWF
1 170 0 0 156,160 93| 89(199 (232 | 58| 90
2 207 0 0 192]245| 99| 71(231(190[121 |184
3 125 0 0 100|212| 23| 51|153| 62| 41| 40
4 5 4 1 0 0 169(237| 90|:13({169 {111 | 78| 93
5 132 0 0 206258 105].29 1167|140 | 86| 79
6 58 0 0 152|208 | 66| 82 (142|119 | 74! 38
7 130 0 0 2051233 [106| 831120 159 | 71 | 81
8 1741217 | 83| 621127 1123 | 42 | 55
9 116 0 0 201|235| 90 |.15|140 {141 | 77 | 32
| 10 201 170|158 144 | 63 | 85
11 192 771139 115 |77 | 79
]12 130 0 0 221 83 150 152 | 84 | 81
|13 82 0 0 257 110|185 {147 ko4 103
14 64 0 0 196 |272 | 56 |114 |162 1158 | 78 | 81
15 60 0 0 129 11171 80| 98)111 |81 |60 | 53
X of N

Measure- 125 0 0 183|220 | 95| 96157 |138 |81 | 78
ments | '

S of

Measure- 56 0 0 38139 |55| 30| 31|41 |39]36
ments

Co- I

fficient

§ff‘c en 15 0 0 21| 18| 58| 31| 20 |30 {48 | 46
Variation

(cv)

SUMMARY OF PAVEMENT RATING
DATA FOR SECTION NUMBER 4
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Total/Ft. | Total/Ft Rut depth in Rut depth in
Rating o f of Full Raters Lane Opposing Lane
Crew Cracking Width X S X S
# Type I|Type 11| Patching|[TWPJOWP [TWPOWP|TWP[OWP |IWP|OWP
1
2
3 357 0 0 17311721207|102134{334| 63| 213
4 461 0 0 105 | 18611431101 |213{294 (241187
5 244 0 0 2711233 110711521210(331 (153|153
6 353 0 0 1801260 | 84| 98|222|445| 76216
7 505 0 0 2471233 1111112512521294 (186190
8 501 0 0 185/2101136|133|175|314| 73|171
9 338 0 0 2601202 (165 (1871199|386 (103|257
10 311 0 0 1861427 1101116 {204|2251173[119
11 381 0 0 9161257 1137 1137 [203(338 [188 {201
12 190 0 0 2601235132143 204|383 | 89151
13 372 0 0 236 | 236 108 |149 2042371188200
14 249 | 0 0 230|215 |111 |156 |175|3%7 | 33110
15 207 0 0 191]178 117 |182 |136|233 | B |187
X of
Measure- 344 0 0 21B {234 {128 |137 |195{323 (117|181
ments
S of
Measure- 104 0 0 34| 64| 32| 29| 33| 57| 55} 40
ments
Co-
efficient
of 30 0 0 16| 27| 25| 21| 17| 18] 47| 22
Variation
(cv)

SUMMARY OF PAVEMENT RATING
DATA FOR SECTION NUMBER 5

- B-6 -
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