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The attached report, '"Re-Evaluation of the Kentucky Flexible
Pavement Design Criterion,' is the result of a study requested by the
office of the State Highway Engineer. The Research Division made a
comprehensive study in 1947 and 1948, "Investigation of Field and
Laboratory Method for Evaluating Subgrade Support in the Design of
Highway Flexible Pavements.' The 1948 report recommended a method
of flexible pavement design using the laboratory California Bearing
Ratio test and equivalent wheel loads to arrive at a flexible pavement
thickness. Revisions involving refinements in predicting traffic and
additional curves for higher traffic volumes and equivalent wheel loads
have been added since 1948.

Gross load limits were changed from 42,000 pounds to 59, 600
pounds by the 1956 Legislature. The use of 4~axle semi-trailer type
vehicles has increased greatly since the change in the gross load limit.
Traffic designs have been changed from 10 years to 20 years.

The flexible pavement design criteria has been in use since
1948, and a variety of projects involving a range of design variables
were available for performance evaluation. Visual performance data,
rutting measurements, pavement deflections and pavement openings
were used to evaluate the performance of pavements,

Waterbound macadam type base was found to be susceptable to
infiltration of subgrade soil. Clay type soil in granular base results
in a loss of the load supporting or load distribution value and may result
in rutting or failure. A dense-graded aggregate base was opened and no
subgrade infiltration was observed. It is believed that a dense-granular
type base will not be affected by subgrade infiltration.

The design curves in Fig. 20 represent the recommended thick-
ness for subgrade and traffic conditions.
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ABSTRACT

RE-EVALUATION OF THE KENTUCKY FLEXIBLE
PAVEMENT DESIGN CRITERION

Prior to 1948, the criterion in Kentucky for designing the thick-
ness of bituminous pavements was based upon a modified laboratory CBR
and the 1942 curves developed by the California Department of Highways.
In 1948, the Materials Research Laboratory reported: '"An Investigation
of Field and Laboratory Methods for Evaluating Sub-grade Support in the
Design of Highway Flexible Pavement." Included in that report as a re-
commended method of thickness design for use in Kentucky was a set of
curves based upon an empirical relationship between minimum laboratory
CBR and observed pavement performance. These five curves accounted
for traffic groups up to 10,000,000 EWL's. Since that time six additional
curves have been included in the design charts for EWL groups up to
320,000,000. These additional curves were determined by extrapolation
of the results from the 1948 study. Early in 1957, an evaluation of the
design method was undertaken. The basis for this re-evaluation was a
statistical comparison of actual pavement performances with the designed
life as anticipated or predicted by the design curves currently in use. On
this basis, projects were selected, design records assembled, perfor-
mances surveyed, and the data analyzed. Selected pavements which had
been designed by the method developed in the 1948 study were checked
for performance by visual survey, by roughness measurements, by
measurements of rutting, by measurements of loaded-deflection with the
Benkelman Beam, and by opening pavements for observation and sampling.
Flexible base types studied included waterbound macadam, bituminous
concrete, granular dense-graded aggregate and combinations. Labora-
tory evaluation on basis of bearing tests were made.

1. The visual survey established a range of performance.

2. Road roughness measurements were related to CBR
but no attempt was made to draw design curves from.
this data since it could be greatly affected by factors
not related to structural design.

3. Pavements opened for inspection revealed permanent
deformation in the upper layers of the system as well
as intrusions of subgrade in waterbound base courses.

4. An alternate method of design based on limiting deflec-
tion under load was developed from the Benkelman Beam
measurements. Curves drawn from this data indicate
a need for a slightly greater thickness than provided by
the 1948 curves.



INTRODUCTION

Pavement design engineers are charged with the responsibility
of determining the thickness and types of pavement courses necessary
to support millions of vehicle-passes, intense loads, and to withstand
extreme weather conditions. Most soils are inadequate for direct
service of this type; and so pavements of differing thicknesses, de-
pending on the supporting ability of the soil and the amount of anticipated
traffic, are needed to distribute the loads and to confine and protect them.
Pavernent design engineers are, in fact, charged with more far-reaching
responsibilities in the sense that thicknesses must be adequate but not
excessive, It is this rather tedious balance between economy and
pavement-sufficiency that guides the engineers and constitutes the
general basis for any thickness-design criterion. Criteria of design
are semi-empirical and semi-theoretical. In theory they involve
boundary applications of stresses on layered, semi-infinite masses.
Often these stresses are either indeterminate or obscure, and there-
fore theory must be compensated by empiricisms. Basically, of
course, empiricisms are founded on experience and experiment. In
this sense, each road that is designed and built is, in part, an experi-
ment or test of the design system used. Thus, a statistical analysis
of the performance histories of a large number of pavements with
regard to design-parameters, i.e. bearing capacity of the soil, traffic,
and pavement thickness, should provide a reliable derivation of a
design criterion and should likewise reveal any need for modifications

or re-~adjustments in a criterion so derived and used.
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Prior to 1949, the criterion in Kentucky for designing the thick-

nesses of flexible pavements was based upon a modified laboratory

California Bearing Ratio (CBR) and the 1942 curves developed by the

California Department of Highways(1). In 1948, the Materials-Research

Laboratory, in a report on '""An Investigation of Field and Laboratory

Methods for Evaluating Sub-grade Support in the Design of Highway

Flexible Pavements' (2), recommended a similar method of thickness

design for use in Kentucky and included a set of five curves based upon

empirical relationships between EWL's, minimum laboratory CBR,

and the observed performance of Kentucky pavements (Fig. 1).
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These five curves accounted for traffic groups up to 10,000,000
EWL's (Equivalent 5,000-1b. wheel loads, two directions). Since that
time, six additional curves have been included in the design charts and
cover EWL-groups up to 320,000,000. These additional curves were
determined partly by extrapolation of the results from the 1948 study.
This series of eleven curves, with some modification in methods of
evaluating traffic, has been used by the Department to design flexible
pavements during the past ten years. Early in 1957, the Research
Division was requested to evaluate the effectiveness .Of the extrapolated
curves as well as the original five curves and to determine if the curves
should be further revised in any way or if factors heretofore not con-
sidered in the design of pavement thicknesses should now be taken into
account.

Logically, of course, the basis for this re-evaluation would
have to be a statistical study of actual pavement performances, ac-
cumulated EWL's, and subgrade CBR's. On this basis, projects were
selected, design records assembled, performances surveyed, the data
analyzed, and recommendations offered for revising the present design

chart.



PRELIMINARY STUDIES

Selection of Projects for Study

The first criterionforselecting the projects to be studied was
that the pavement must have beeri.designed by the method recommended
in the 1948 study. It was desired that the pavements be of high-type
bituminous construction and have been in service as long as 1 year,
The records were studied and a list of all eligible projects, meeting
these requirements, was obtained. From a list of some 100 sections
of road built since 1948, projects were selected 'so as to be distributed
over the state as well as possible. Most of the major soil and geologic
areas of the state were represented, and projects were selected so that
available traffic groups were represented. An attempt was also made
to select projects so that all of the more common base materials
would come under study. Projects 1 mile or less in length and those
not having sustained sufficient traffic were eliminated. Thus, curve
revisions and bridge approaches were excluded. Projects involving
large areas of salvaged pavement were also excluded. On the basis
of these criteria, 70 projects representing 388.7 miles of Kentucky's
flexible pavements were selected for study (See Fig. 2 and Table 1).
Of these 70 projects, 57 were considered eligible, from the records
available, for statistical analysis.

The Fayette-Madison County project and the Johnson-Lawrence
County project, pavements studied in the 1948 investigation and not
actually designed by the method currently under study, were included

so as to provide extended distributions of projects.
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Fig. 2: Map Showing Locations and Distribution of Projects
Studied.



Design Data

From the Division of Design, the design thickness of each
pavement component for all projects was obtained and recorded.
These values were then compared with the values as recorded on
the plans and adjusted accordingly. When available, the design EWL
and design CBR were also obtained. CBR's for most of the projects
were gathered from soil reports on file in the Design Division and
Materials Division., All relevant design data are given in Table 1

of the Appendix.

Evaluation of Traffic

Traffic data were obtained from the Division of Planning. For

most of the projects , the ADT* for each year, from the time the

* ADT - Average Daily Traffic, two directions

project was completed through 1957, was recorded. Also available
were weight data and vehicle classification counts for each year, from
and including 1951, for the ten permanent loadometer stations loc¢ated
over Kentucky (Tables 8 and 9, Appendix). With this informatiom, it
was possible to calculate the EWL's which had passed over the pave-
ments (Table ég Appendix) and thus to study the traffic history of
each project.

By comparing the actual EWL value with the designed 10-year
EWL's, a "traffic age'" or '"'service age' for the projects could be

determined (Table 2, Appendix). Thus, if the actual EWL's at any



-7 -

age exceeds the anticipated EW L's at that age, this would indicate that
traffic has increased more rapidly than anticipated and that the service-
age of the pavement exceeds its chronological age.

For computations of EWL's in the 1948 study, the only type
of data available for the entire life of all roads studied was average
yearly 24-hour traffic counts. Loadometer data were available from
10 permanent loadometer stations for the period between 1942 and 1947.
During 1947, by the aid of temporary loadometer stations, loadometer
data were obtained for all roads studied. Thus, where applicable,
EWL's were computed from actual loadometer data. However, since
many of the roads were built before 1942, it was necessary to project
the trends in traffic and distribution factors, evident in the 1942-1947
data from each of the 10 permanent stations, to a year somewhat
beyond the earliest construction date of any road studied. On this .
basis, the trends of each of the 10 stations wereprojected backwardsto 1934.
Then, for the year 1947, a ratio of EWL's to total vehicles per year
was calculated for each road and each of the 10 permanent loadometer °
stations. On the basis of these ratios, similarity between a particular
loadometer station and a particular road was established. Thus, the
trends in traffic distribution where lacking on a particular road were
calculated from a typical or similar ioadometer station. These trends
in distribution, when applied to the average yearly 24-hour traffic
counts, provided a cumulative total of EWL's which was considered
to be the total EWL's on each road since its construction or last re-
surfacing. The EWL's calculated in this manner were correlated

empirically with other design parameters (CBR's, pavement thicknesses,
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and pavement conditions); and the best fitting curves, so derived,
were adopted as the criterion for design.

None of these traffic data was tested for statistical reliability;
and since the period involved the war-years, it was suspected that
these data were unsuitable for predicting future traffic trends. Alter-
natively, it was assumed that truck traffic, in percent of existing ADT,

would double in 10 years#., Thus, if it is also assumed that EWL's

*An example of the method of estimating 10-yr. design EWL's for all
roads included in this study is given in the Appendix. In 1954, the
method was revised to a 20-yr. estimated design EWL basis wherein
traffic volume projection factors, vehicle classification factors, and
axle and weight distribution factors are used in the computation.
Examples of this method are also given in the Appendix.

would increase in direct proportion to the volume of truck traffic, the
accumulation of EWL's at any age throughout the 10-year period, ex-
pressed in percent of the 10-year estimate, could be described

theoretically by:

% of 10-yr. estimated EWL = 6. 67x +. 333x°

where x = chronological age in years

The equation above describes the ''theoretical curve', curve
No. 1, shown in Fig., 3. Curve No. 2, a locus of points determined by
the least squares method, represents calculated actual accumulations
of EWL's at all ages for all roads which were designed and built accord-
ing to the 1948 criterion and for which traffic data were sufficiently
complete to be included in this re-evaluation study.

While there is wide variance among the data (standard devia-

tion = i 67.64%); the average or trend shows close agreement with the
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theoretical curve. To this extent, i{t may be said that actual accumu-~
lations of EWL's have closely paralleled the predicted accumulations
and that, on the average, '"traffic age'' or ''service-age' has closely
paralleled chronological age. On the other hand, extreme variations
in the percentage of accumulated EWL's at a particular chronological
age, expressed as the 99.9% confidence limit, would be equivalent to
+ 3 standard deviations or approximately ¥ 200%. Expressed ona 75%
confidence limit basis, the extreme deviations,of course,would not
exceed  1,15x67.64%. It may be similarly stated, therefore, that
15.9% of the roads accumulated traffic at a rate 1.68 times greater
than the predicted rate. Likewise, 15,.9% of the roads would reach 100%
of their designed traffic age within 68% or less of their designed life-

expectancy. ¥

“ To be precise, statistically speaking; we could have used the mean
square error rather than the variance since the ratio estimates used
involve a slight bias. However, the bias would be negligible in com-
parison with the variance and can safely be ignored.

Traffic vs. Pavement=Life

Since the only pé.rameters considered in the present design
criterion are CBR's, pavement-thicknesses, and EWL's predicted for
a chosen number of years in the future, it is implied thereby that a
pavement would have a designed life-expectancy comparable to the
number of years for which the EWL's were predicted. Hence, the
variations evident in actual accumulations of EWL's should have an
analogous effect on actual pavement-life statistics. While terminal-

life statistics are not available for this study, it may be surmised
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from variations in traffic alone that the service-life of 68% of the
roads in this series may vary between 68% and 168% of their so-called
designed life-expectancy or between 6.8 and 16.8 years.

Actual average life and survivor statistics (3)(4) should provide
helpful insight into this aspect of the problem and should also provide
a test of the validity of the design system. For instance, if the EWL's
were accurately predicted for a 10-year period and the average life
of the pavements proved to be 18 years, it would have to be concluded
that the thicknesses were excessive and that the design curves were
unrealistic. The design system would seem equally unrealistic, of
course, if the EWL's were accurately predicted for 18 or 20 years
and the average life from survivor statistics proved to be only 9 or 10
years. Likewise, it can be seen from the present design curves (Fig. 1)
that the difference in thickness between a 10-year design and a 20-year
design, assuming that the 20-year estimate of EWL's exceeds the 10-

year estimate by a factor of 2, would be about 1-1/2 inches,



PERFORMANCE SURVEY

Visual Inspection

Visual inspections of the various projects were made in the
summer of 1957. To aid in evaluating pavement condition, each pro-
ject was inspected throughout its entire length, and all evidences of
distress were noted as to type, extent, and location. Conditions
recorded included cracking of all kinds -~ logitudinal, alligator,
hairline -- and skin and structural patching. Wavy sections, any
signs of slides, fill settlement, as well as any adverse or unusual
drainage conditions were noted. Numerous measurements of rutting
were taken on each project in order to obtain an indication of the extent
of permanent deformation in the wheel tracks. In order to reduce the
notes taken during the visual inspection to a numerical value, the lengths
of wheel track showing longitudinal cracking, alligator cracking, skin
patching, and structural patching were summed for each project and
tabulated as a percent of the total length of wheel track in the project
(Table 3).

Unfortunately the only traffic groups represented by enough
samples to permit a cursory correlation of pavement condition with CBR
and thickness were Groups IV and VI. For projects in traffic Group IV,
a plot of thickness vs CBR, with the percent of pavement failed noted by
each point, is shown in Fig. 4. Here again, there was not a sufficient
number of failed pavements to clearly define a relationship, and the
straight line represents an approximation of the required thickness
assuming that the excessively failed pavement (13 percent) and the two
adequate pavements falling on this line are near or below the critical
thickne ss.

- 12 -
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Data for projects in Traffic Group VI plotted in the same
manner are shown in Fig. 5. Here better control for the curve was
provided by nearly equal numbers of failed and unfailed:pavements in
this group. The two excessively failed pavements, shown befo‘w the
curve at CBR values of approximately l6and 17, were on the same
route (different projects); and performance may have been affected
by other factors. Placing these points above the curve would require
flattening the curve more sharply at CBR 10.

In Fig. 6, the curves in Figs. 4 and 5 are shown superimposed
upon the original design curves and may indicate a need for slight

revision of the design chart.

MIMIMUM LABORATORY GBR VALUE

2 3 a9 5 6 7 8910 20 30 40 50 60 T0O 805000
e
] \ —
T 4 T
.6 ST =
= P Curve Limiting EWL
El 8 ml/ 1"{3 _,.-@'“’""'M tmimony . |_|
E 1 ] -/::" | =] 1A Less thon 1/2
% 0 / [II!,/’Q1 ] K e | Less than |
oo T " |=-2 —
DA N e | 2
2 e = v 3-6
2 12 s i v 6-10 -
J,@J" A/gg" o e vi 10 -20
Wole P );, ) et . Vi 20-40 —
L iy = vill 40-60
@ W A0 Lt - T3 60-160
1§ v = =TT —— i 160 ~320
& / "/ | 1 -
& 18 ol L L BV 4 Ed
Vi 4
% // @ e J»“’
© oy P4 P
T ~ | Q R
[ ra |~ /
g 22 T8
g a7
m 24 <
= ~
8 e

Kentucky Department of Highways Moteriols Research Labaratory

FLEXIBLE PAVEMENT DESIGN GURVES

Fig. 6: Present Kentucky Design Chart Showing Trend Lines
From Figs. 4 and 5 Superimposed.



- 15 =

Rutting

Rutting measurements were made by laying a straight-edge
transversely across a traffic lane and measuring the maximum devi-
ation {See Fig. 7). This measurement is not entirely rutting in the
strict sense because a portion of the deformation may be the result of
upheaval between the wheel tracks as illustrated in Fig. 8. However,
throughout this report the term '"rutting' implies the total deviation
from a straight edge. Measurements were made at more or less
random intervals. From these measurements, a simple arithmetic
mean of all values was computed for each project. These average
values are summarized in Table 3 of the Appendix.

At first it was thought that rutting was the result of consolida-
tion either in the pavement courses or in the subgrade. Any extreme
rutting would then be considered an advanced stage of failure extending
into the subgrade. However, from information obtained by opening
selected pavements showing medium to extreme rutting, it was noted
that, on the average, only 4% of the rutting occurred within the
bituminous layers while 72% occurred within the granular base courses.
These percentages are based upon comparisons of the thicknesses of
the layers within and outside the wheel tracks. This indicated that the
original thoughts concerning rutting were in error and that water-
bound macadam is more highly susceptible to consolidation or move-
ment under traffic than previously suspected. The densities of the
WBM obtained while opening the pavements do not indicate any great
degree of consolidation in most cases; thus, the deformations must
result primarily from particle rearrangement and movement and

must be the combined result of upheaval and subsidence.,



Fig. 7: Photograph Illustrating Rutting of Pavement Within Wheel
Tracks as Deviation from a Straight-edge.

Fig. 8: Photograph [llustrating Extreme Rutting and Upheaval.
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From what has been said, it might be expected that rutting
would increase with total pavement thickness and with traffic. These
general trends are also indicated by Fig. 9. However, the implied
increases in rutting with increased pavement thicknesses are considered
to be in the nature of a paradox and should be more properly interpreted
as indicating that the conditions causing rutting are more critical in the

thicknesses designed for high intensities of traffic.
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Road Roughness

With information from the field condition survey available, the
traffic lane which exhibited the most distress was selected for an
evaluation of roughness by the triaxial acceleration method reported
in 1955 (5). The only deviation from the reported procedures was in
evaluating the roughness records. The following method was used in
determining the roughness of a road in terms of changé in accelera-
tion, sometimes referred to as '"jerk''. To obtain average accelera-
tion, a compensating polar planimeter was used to measure the area
under the vertical acceleration curve representing the length of pave-
ment under consideration. Since the recorder chart was driven at a
pre-set speed of 1/4 in. /sec.; each inch of chart length representing
an elapsed time of 4 seconds, and the galvanorneter sensitivity pre-set

to 2 inches per g, it was possible to resolve the total area beneath the

curve into g sec. (1l sq. in. = 2 g sec.}; and:
Area (in sq. in.) x 2g sec. = Total g sec.
Total g sec. _ Avg. g
Total Time

(Total time = 4 x length of chart considered,in inches)

By careful measurement of mnany charts, the average frequency of the
acceleration wave was found to be 5 cycles/in. or 5/4 cps., giving a
period of 0.8 sec. /cycle. Since "jerk'" is described as da/dt; average
"jerk" would be:

Average a _ A

Average T T.6L

t = average period per acceleration cycle,
0.8 sec. /cycle,
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The vertical acceleration wave was analyzed by dividing the
curve into short lengths of particular interest and determining the
average .'jerk" for that length using the above equation. To obtain
an average '"jerk" value for the entire project a weighted average was
calculated. The average values are recorded in Table 3 of the Appendix.

In reviewing the roughness values it was noted that there is a
general tendency for roughness to increase with increased rutting. How-
ever, in certain instances, it was noted that rutting could be rather uniform
throughout a project and still result in good riding qualities provided that \
the vehicle remained in the wheel tracks. The curve in Fig. 10 indicates

that roughness decreases as the bearing capacity of the subgrade increases.

AVERAGE ROUGHNESS
vs
MEDIAN GBR

o7 ]

AVERAGE VERTICAL ROUGHNESS (G'S/SEC)

3 5 4 9 | i3
MEDIAN SUBGRADE GBR

Fig. 10: Generalized Apparent Relationship Between Average
Roughness Values and Median CBR of the Subgrades.



- 20 -

Pavement Deflections

In the late summer and early fall of 1957, Benkelman beam mea-
surements were made at 50 locations on 20 projects. Deflections were
measured in both the outside and inside wheel tracks under an 18, 000-1b.
axle load on dual tires. In order to evaluate the seasonal effect, deflec=-
tion measurements were made again under the same conditions of loading
in the spring of 1958 at the same locations previously visited as well as
an additional 18 locations representing 11 other projects.

To obtain deflection readings, the probe beam was placed between
the dual tires of the test vehicle so that the foot of the beam rested on
the pavement 5 ft. ahead of the axle (See Fig. 11). The reference beam
then rested on the pavement well back of the influence of the loaded wheels.
As the test vehicle meved forward at creep speed, the probe foot deflected
with the pavement, and the amount of deflection was read from an Ames
dial. At each location, measurements were made until two consecutive
readings were in agreement.

Also, in 1958, deflection measurements were made under a tandem
axle loading of 32,000 1bs, at 8 locations on 5 projects. Two of these
locations were also loaded with a 36,000-1b. tandem axle load and deflec-
tion measurements recorded.

Since the length of the probe beam on the Benkelman beam was
designed for obtaining deflection measurements under single axles, modifi-
cations in the method of measuring were necessary. The probe beam was
placed between the dual tires so that the foot rested on the pavement be-
neath the front axle (See Fig. 12). As the test vehicle moved ahead, the
partial rebound between axles was noted, then the deflection was read as
the rear axle passed the probe foot, and finally the complete rebound was
read as the loaded vehicle moved well away from the setup, See Tables

4 and 5 (Appendix) for a listing of deflection measurements.



Fig. 11: Photograph Showing Benkelman Beam In-Place for
Measuring Pavemsant Deflection Under 18, 000-Lb.
Single Axle.

Fig. 12: Benkelman Beam In-Place for Measuring
Pavement Deflection Under 32,000~ or
36,000-Lb. Loads on Tandem Axles.
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the inner wheeltracks during the spring measurements. This was pro-
bably due to greater susceptibility of the outer portion of the subgrade to
climatic changes.

Four of the locations measured under 32,000-1b. tandem axle
loadings were over waterbound bases, one was over combined waterbound
and bituminous base, and three were over full depth bituminous bases.

At creep speed over waterbound base, the tandem wheels acted independently.
Rebound between the wheels was about one-half the maximum deflection
and maximum deflection was 15. 8 percent less than for the 18,000-1b,
single axle. For the combined waterbound and bituminous bases; re-
bound was less than one-half the maximum deflection and maximum de-
flection was 15.3 percent less than for the 18,000-1b. single axle. For
full depth bituminous bases, the tandem axles acted as a unit with no
appreciable rebound between wheels. Maximum deflections for the
36,000-1b. tandem and 18,000-1b. single axle were equal. The lack of
rebound between tandem wheels demonstrates the slab or beam action of
bituminous concrete under the test conditions.

Deflections under a 36,000-1k, tandem axle loading were measured
at two locations over a combined waterbound and dense-graded aggregate
base. Rebound between the wheels was more than half the maximum
deflection, and the maximum deflection was approximately equal to the
maximum deflection under an 18,000-1b. single axle.

A plot of deflections according to traffic groups, with all points
marked to distinguish between satisfactory or unsatisfactory pavements,
is shown in Fig. 13. Pavements marked unsatisfactory were showing

patching or cracking at or near the point measured. The curve best
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separating satisfactory and unsatisfactory pavements implies a maxi-
mum deflection that can be tolerated by pavements in each traffic
group. Deflection values were subsequently interpolated from this
curve and plotted semi-logarithmically against the mid-points of the
corresponding EWL group. Thus, Fig. 14 relates permissable deflec-
tions with EWL's. Independently of this apparent relationship, deflec-
tions taken in the spring of 1958 were plotted against the corresponding
thicknesses of pavements that were adjudged satisfactory (Fig. 15).
Spring measurements were used here in order to eliminate seasonal
influences, and only satisfactory pavements were used in order to
eliminate exaggerated deflections due to failed or weakened pavements,
Here, also, a best-fitting curve was drawn;and a relationship between
deflections and thicknesses appears to exist. Assuming these two re-
lationships to be valid, to the extentthat whatever hidden variables may
be involved are either of minor influence or else vary only slightly,
thicknesses and EWL's corresponding to the same 1limiting deflections
were interpolated from Figs. 14 and 15 and were plotted as shown in
Fig. 16.

According to Fig. 16, pavement thicknesses should be increased
in proportion to the logarithm of the EWL's. This relationship appears
to have been derived more-~or-less independently of any parameter
describing subgrade support., However, it is rather evident, since
each pavement involved in the derivation was originally designed on the
basis of a subgrade support parameter, that Fig. 15 must reflect a
modal or prevailing subgrade CBR. Otherwise, the curve could not
have been drawn. Therefore, while the relationship between thickness

and log EWL may be of a general nature, the plot itself would be



PAVEMENT OEFLECTION (INCHES)

120~ PAVEMENT DEFLECTION

Ve
N TOTAL PAVEMENT THICKNESS
100
N .
O\R
080 ~,
® \‘ o |
oseof \
® [}

,Dﬂ

3
4

7

020

..gq

DOOO 2 49 6 8 10 12 14

TOTAL PAVEMENT THIGKNESS EXCLUDING TBM (INCHES)

16

Fig. 15: Pavement Deflections Representing oniy Satisfactory
Pavements Plotted According to Corresponding Pave-

ment Thicknesses. 7The curve, as drawn, implies

that deflections of equal or lesser magnitude would

be within safe limits.

28
7 |
w — .
g T

L

Z 24 - V/
% T
© v |

20} i 4 !
L) |-
2 11
g | 4 |
2D 4
)
S 16 Ll |
X
2 e T M
W L
5 (14 » ~ NEEN
(&
I ol - i
= 1l
= ] L.ll
s A |
g, pd

[~

. A
g [ZL L mEgall
4

0

0.1 L 10 100 1000

EWL's {MILLIONS)

Fig. 16: Plot of Thicknesses and EWL's Interpolated from

Figs. 14 and 15 for Corresponding Deflections,



- 27 =

significant only with respect to a particular CBR value which, in this
case, should be very close to the average or median value of the grou;:
of roads involved or of the entire series.

To test the logic employed here, a cursory analysis of the
frequency and distribution of project median CBR*s was made; and itwas
found that 90% of the CBR values from all data available fell within the
range of 3 to 11. Within this range, the arithmetic mean was 7.1, and
the average deviation was only 1.7. Thus, the assumption of a strong
central tendency in CBR's seemed proper.

Taking 7.1 as the value most likely associated with Fig. 16,
thicknesses for each of the EWL groups were interpolated from Fig. 16
and repiotted at CBR 7.1 on the original design chart as shown in Fig. 17.
Here the points tend to favor somewhat greater thicknesses than were
required by the original curves. However, considering the fact that these
points were derived on the basis of satisfactory pavements only (Fig. g,
the points would naturally reflect safe design thicknesses but not neces-
sarily the minimum design thicknesses. In any case, the derivation of
these points provides a rather unique independent check upon the original

curves as well as the revisions previously indicated in Fig, 6.
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Pavement Openings

In order to investigate the extent to which rutting, evident at
the surface, penetrated the different layers of the pavement, eight
locations on seven projects were opened to expose a cross-section
to full view. An eighth pavement not originally scheduled for study
was opened (in Bullitt County) in order to examine the performance of
a different type of granular base material with regard to subgrade
infiltration. The Bullitt County base was dense-graded aggregate (DGA).

To open the pavements;a pavement saw with an 18--in. diamond
blade was used. An opening approximately 30 in. wide was made
across the full width of a traffic lane. The saw was used to cut through
the top layers of the pavement while the granular base materials were
carefully removed by hand so that the layers could be separated and
studied. Samples were obtained from the bituminous layers and re-
turned to the laboratory for density determinations (by weighing in air
and in water). These samples were taken from the wheel tracks as well
as from between the wheel tracks. In-place density tests were made on
the different layers of granular base by the calibrated sand method.
Subgrade densities were obtained by both the rubber balloon method and
the sand method (See Table 6, Appendix). Sufficient measurements were
made so that the extent of rutting in most of the pavement components
could be noted (See section on Rutting).

Disturbed samples from the layers of granular base and from
the subgrade were returned to the laboratory for other testing, the
results of which are presented in Table 7 of the Appendix. It may be
noted that no significant difference in density occurred between samples

taken from the wheel tracks and those taken between the wheel tracks.
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This was particularly true of the surface and binder courses but less
so of the lower portions of the pavement,

It was observed that much subgrade material had penetrated
the WBM base courses as much as 10 inches in some places (See
Figs. 18 and 19.) This indicates that the insulation or subbase courses
normally used in waterbound base construction in Kentucky has not per-
formed properly and is not fulfilling its intended function, which is to
protect the WBM courses from infiltration of soil and subgrade material.
Observations made in this investigation indicate that soil in the WBM
courses is a result of improper rolling during construction or as a
result of traffic action. In those instances where the penetration of soil
was rather uniform across the section, infiltration appears to have been
caused by construction rolling while the subgrade was wet. In other
instances, greater penetration within the wheel tracks indicates that
the clay or soil was forced up by traffic., Naturally, some loss of
strength of the affected WBM courses would be expected; however, the
degree of this loss and its equivalent in terms of reduced pavement

thickness could not be determined.



Fig. 18: Photograph Showing Exposed Cross Section of a
Rutted Pavement.

Fig. 19: Photograph Showing Exposed Cross Section of a
Rutted Pavement. Markers indicate the thickness
of pavement layers. Demarcation line shows the
height to which subgrade soil had intruded into the
WBM base.



SUMMARY

This re-evaluation of the Kentucky flexible pavement design
criterion has emphasized some recognized shortcomivgs of pave-
ment design systems in general and has further clarified some
opinions concerning needed revisions in the present flexible pave-
ment design.

Traffic evaluation based upon summations of equivalent-wheel
loads does take into account both volumes and weights of traffic. The
projected service-life of a flexiblie pavement designed by this nrethod
is dependent upon the accuracy of the traffic projections. The origi-
nal 10-yr. basis of predicting traffic has been revised to a 20-yr.
basis, and the report indicates that the 20-yr, traffic projections may
be reasonably valid. The average value for each volume system
analyzed is close to the projected traffic value.

The need for an adequate method of rating pavement performance
is recognized. The four methods used here are advocated only as being
a combination that can be used. The visual rating while probably the
oldest and soundest method is usually open to more criticism than some
of the others. Visual ratings were the basis for selection of locations
for load deflection measurements and pavement openings. Design
curves for two traffic volume groups were prepared from the visual
performance ratings.

The roughness measurements taken by the triaxial accelera-
tion method, though difficult to analyze on a project basis, undoubtedly
have basic significance with regard to over-all pavement adequacy.

The data appear to correlate with the visual performance rating.

- 32~
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Load-deflection measurements were used in the analysis of
adequate pavement thickness for average subgrade support on various
traffic volume groups. Those points indicated a need for revision of
thickness.

Pavement openings were used to examine the layered system
of selected rutted pavements. The openings permitted the determina-
tion of the extent of rutting in each layer of the pavement. The
ma jority of the pavements studied were constructed using water-bound
macadam base and 7 of the 9 locations opened were constructed with
layers of WBM base. Of the pavements opened;it was noted that 72
percent of rutting was confined to the layers of WBM base while 4 per-
cent was localized in the bituminous courses. Only 24 percent of the
rutting penetrated the pavement structure to the subgrade. It appears
that one of the greatest shoricomirigs of WBM type base is its sus-
ceptibility to subgrade infiltration. Clay subgrades tend to fill the voids
in the base and to lubricate the stone and cause rutting.

Clay subgrade can be forced into the base during construction
by extensive rolling over a wet subgrade. Water bonding itself can
provide the moisture for the subgrade softening. Where the infiltra-
tion of subgrade does not vary through the cross section and is at the
same elevation in the wheel tracks as elsewhere, it appears that the
infiltration occurred at the time of construction.

Traffic can pump subgrade soil into the voids of WBM. If
traffic is the motivating force, the height of infiltration would normally
be greater in the wheel tracks. In the majority of the locations opened
the infiltration was to a uniform elevation, and it is deduced that the

subgrade soil was rolled into the base by construction equipment.
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Dense-graded aggregate base is less susceptibile to damage
from subgrade infiltration and lubrication. Present Kentucky speci-
fications require the moisture to be added to the stone in a plant-
mix operation, thereby eliminating the possibility of over-wetting
the subgrade at that time. Dense-graded aggregate type base having
considerably less voids than the average waterbound macadam is a
much better insulation against subgrade infiltration.

The flexible pavement design curves shown in Fig. 20 re-
present the combination of the data from the 1948 study, revisions
to 1957, and the results of the various approaches presented in the
present investigation. These curves require a somewhat greater
total thickness of pavement in the lower CBR range. The curves
have been extended to a CBR value of 2, primarily to emphasize the
need for subgrade improvement or stabilization of soils with CBR
values of less than 3. It is still recommended that soils with CBR of
less than 3 not be used for subgrade. The curves have been extended
to CBR 100 to permit the use of the curves for subbase or local
granular materials. The thicknesses have been reduced for CBR
values of over 20,

Present Departmental policies regarding the types of base ma-
terials and relative course thicknesses for the various Highway

systems appear to be sound.
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TABLE 2. SUMMARY OF ACTUAL TRAFFIC AS DETERMINED BY TRAFFiC COUNTS
AVIRAGE DAILY FRAFPIC (VEHICLIS FER DAY) TOTAL ACTUAL ZRAFPIC
IWL'S THROUGE | CHEONOIOGICAL ASE I
OOURTY PROJECT 1948 1949 1950 1951 19% 1953 1954 1955 1956 1957 DESIGn IWL 1957 AGE I YRARS TEARS RROEES J
Anderson F 208(4) 1800 1900 2000 2050 21200 6,000,000 2,935,819 5 4,9
Ballard- A9 63(8) 650 665 670 675 -— 171,357 I —
McCracken
Barren-Eart ? 2&(3(;) 1000 1100 1150 1250 1275 1200 1300 1400 - 2,277,801 8 -
r (s
Bell F 151(7) 2500 2500 23,400,000 2,162,165 2 1.0
¥ 21(5)
Bell U 322(7) 4000 —_ -— 8
Bayd ?‘(:;) 2300 2500 2650 3000 3750 4500 3200 3900 - 3,087,991 8
r1
Boya 71 8(6) 2050 2091 2700 3200 3100 3 (e.ooo.ooo)l' 1,909,637 6 2.4
Boyle F 2h4{L) 3750 3900 3950 koo 3800 3600 (6,000,000) 7,523,949 6 12.5
Breckinridge- 7 523(3) 1500 1550 1600 1675 1750 (4,000,000) 2,230,655 5 5.6
Meade
Carter T 4(4) 1670 2200 2750 3300 3450 3600 15,000,000) 2,083,640 6 2.4
Carter FI 4(6) 1785 2293 2800 2950 3100 15,000,000, 1,669,657 5 1.1
Carter PI13(5) 1662 1780 2115 2450 2575 2700 (3,000.000} 1,593,981 6 0.5
Olay 8P 72(k) 695 700 705 7o (1,000,000) 743,629 4 7.
Clinton 5 10(5) 550 625 700 775 850 (1,000,000) 205,654 5 2.3
Comberland ¥ 116(10) 1000 1050 (12,000,000) a7b.:£z 2 6.7
Davieen T 125518; 1650 1500 2600 2850 3000 3050 2800 3900 4500 —_ 10,407, 9 —_
Daviess-Obio P 12519 1500 1700 1850 1915 1970 2000 2050 2100 —_ 4,579,400 8 —_
Elljott-Eawen s 288(5) 620 710 800 1, 000,000 138,004 3 1.3
Fayette U1 538(5) 3200 4005 Lk68 5500 (40,000,000) 9,513,732 I 2.4 10412 to 56400
5000 6076 7878 11749 (40,000,000) 23,375,090 4 5.8 Remainder of project
Fayette RS 34-304-10 - 4 —
Fayette- ? 5zu$u) 3000 3200 3800 4300 4500 5000 6000 6500 7000 (15,000,000) 12,881,449 9 8.6 Jescamine County
Jensanine ¥ 521(5) 3000 3200 3800 4300 4500 5000 6000 6500 7000 (35,000,000) 12,881,449, 9 — Bemainder of project
‘*-302.0952' _‘)2' 2.92- | Jesseamine County
4,302,095 ®- - Remninder of project
Fayette-~ FI 124(4) 2600 3245 3678 ks 3943 4020 5200 5650 5500 5400 - 30,065,608 12 —
Madison ne —_ Madison County only
Franklin- F 326(22) 2200 3200 3350° 3450 3550 k150 k235 (20,000,000) 20,984,190 7 10.5 Woodford County
Yoodford 2200 3200 3350 3450 3550 k1so 4235 (15,000,000) 20,984,150, 7, 140 Franklin County
13,118, 5285° 5% 6.72- | ¥oodford County
13,416, 5282" 32 8.9%" | Frasklin County
Garrard 5 366(2) 3000 3100 3200 400 3600 (20,000,000} 5.283.036 5 2.6
Garrard F 525(k) 2100 2300 2000 3000 3500 3650 3800 3900 3956 — 8,214,869, 9, -
5,009,095 7 -
Gerrard T 525(5) 3200 3300 3400 13,000,000 3,503,837 3 2.7
Garrerd 7 525(3) 500 2900 3000 3100 3000 3200 3350 3500 3650 3800 —_ 8, ‘""5222 13 —
5:597,578%° ' -—
Graves 7 146(19) 4300 4350 35,500,000 5,916,077 2 1.7
Grayson s L62(k4) 300 310 320 360 koo (500,000) 138,911 5 2.8
Earrison F 189(5) 1800 4000 4100 150 1000 4100 4200 (15,000,000) 4,214,916, 7. 2.8,
3,070,21K &5 2.0°° | 411 but porth 2.2 wlles
Harrison F 185(6} 2225 2290 2320 1550 2600 2800 (5,000,000) 2.338.3622 6, b7
1,256,67C°* #2. 2.57° | 511 but sonth 1.0 mile
Hart I 169(12) 5800 5850 5100 5250 5kao (35,000.000) 17,388,184 5 5.0
Hendereon T 526(9) 700 1100 2300 3500 3750 toco 4750 5100 (30,000,000) 15,438,726 8 -~
Eenderfon- ¥ 526(12) 2950 3300 3650 4300 4650 (30,000,000) 11,955,706 5 -
VYebster
Benry 8 552(1) 1225 1250 2,500,000 1,055,558 2 0.4
56 552(2)
Eenry ? 536(3) 1200 1225 1250 2,500,000 1,258,611 3 5.0
Hopkins ® 526(6) 350 75 453 775 2776 3000 3350 3850 4050 14200 (18,000,000) 14,741,364 10 —
Hopkins T 526(7) 677 1750 3400 3700 4000 4250 k750 5300 (35,000,000) 16,839,804 8 -
Jefferson T 528(2) 16250 (20,000,000) - 8 -
Jefferson T 528(20) 9820 (30,000,000) - 5 -
Jefferson U 528(12) 18363 (80,000,000) — 2 -
Jefferson T 528(14) 2] 30029 (80,000,000) 23,479,023 2 2.
Jefferson U 528(16) 23076 (80,000,000) - 2 —

1. Valuee in parenthesis eetimated from pavement thicimess and design OBE.
2, Up to time of resurfacing.




TABLE 2.

{Continued)

AVERMGE DAILY TRAFFIC (VEEICLES PER DAY) TOTAL ACTUSL TEAITTC
EWL'S TEROUGE | CHRONOIOGICAL AGE 1N
CouNrTY PROJECT 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 DESIGE EWL 1957 AGE 1§ TReES YEERS REABES
Johnson 77 a(23) 1500 1500 1600 1750 2230 2100 2125 -— - — -
Enox s 72(3) 475 500 510 550 600 750 800 - 1,107,629 ? --
Laurel 5 150(4) 4oo 700 990 1100 1200 {1,000,000 1,112,567 5 11.1
Laurel F1 29(9) 3900 5200 6200 7000 7500 7600 7700 E;s,ooo.'ooo 24,600,076 ? 7.0
Laurel F1 517(6) 2500 3050 3500 4700 5200 5500 5700 30,000,000 16,605,879 ? 5.5
Lavrence ¥ 78(6) 1500 1500 1600 1750 2230 2100 2125 - — -~
Livingstome= ¥ 530(6) 1750 2150 2450 3600 - 6,028,322 5 —
Lyon
Kadison FI 299(6) 410 3300 3350 4500 5100 5300 skso (40,000,000) 16,851,911 ? 4.2
Mershall F 163(9) 1600 1800 1830 1850 1880 1900 1925 (10,000,000 3,086,579 7 3.1
Marshall- F 530(8) 3000 -— -_ 2 —_
MeCrscken
Mercer P 294(2) 2800 2900 3000 3094 (8,000,000) 3,603,824 L k.5
Muhlenburg F Lo(6) 3000 3100 3250 3400 3500 . 5,828,966 5 —
Nelson ? 222(L) 1900 1950 2000 2100 2150 2000 — 3,5@.253 6 —
¥icholas F 234(9) 800 1000 1275 1425 1600 2300 2500 1,192,060 3,068,187 ? - 346400 to 396400
800 1000 1275 1425 1600 2300 2500 2,781, 650 3,068,187 7 11.0 Remainder of project
gggg‘ﬁ_ 5 3.2 | 366400 to 396400
ohdo = 92-224 75 590 625 650 _ 6135:572 E et Bemainder of vnroject
Ohis s k73(2) k0o 600 760 780 800 (4,000,000) 883, 898 s 2.2
Palaski SP 100~235(6) 2k00 2700 2800 2300 3000 3100 3200 (10,000,000} 6,505,380 ? 6.5
Pulaski P 502(4) 18,800,000 - 2 -
Pulaski T 110(4) 2300 (18,800,000) - 7 -
Rockcastle FI 70(6) 5100 5250 5325 5375 (80,000,000) 12,173,323 3 1.5
Rockcastle ¥1 88(6) 3800 4000 4200 4300 4900 k00 5500 5550 (40,000,000) 20,h43,023 8 5.1
Bockcastle FI 517(7) 2600 2700 3480 1500 5200 5225 5250 (30,000,000) 15,697, 543 ? 5.2
Bowan FI 3(8) 1500 1600 1575 1400 2000 2200 2325 2460 (25,000,000) 1,780,638 8 -—
VYarren 1 llé%s) 9000 9100 9200 (50,000,000) 18,862,057 3 3.8
FI 1
Webster T 526(10) 350 2287 2600 3100 3600 3800 3900 (18,000,000} 12, 534,236 ? -
Webster F 526(13) 2700 3125 3650 3825 4go0 (18,000,000) 11,153,720 5 &.2
Whitley FI 23(16) 3100 2800 3100 3400 2900 3000 3800 4500 ugs0 4750 - 19,215,579 20 —
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TABLE 3. ({(Continued)

VEHELL TRACK DEFOBMATION (1/16")
#,B. OR §,3. LAFE| E.B. OR S.B. LAFZ AVERAGE VALUES EXTENT OF PAVEMENT DISTE®sS (%)
SPEED OF
LANE OF LANE OF BOUGHNESS TOTALS
JUPSIDE | INSIDE | INSIDE | OUFSIDE | ENTIRE POAD 30D AVERSGE EON TONGITUDINAL ALLIGATOR SKIR STBUCTURAL
COUNTY PROJECT TRACE | TBACK TRACE TRACK PROJECT | ROUGENESS | ROUGRNESS JTER (MPE) CRACZING CRACKING PATCHING PATCEING MATOR ¥INOR
Jebnson 77 A(23) 4.00 2,00 2,00 3.00 2.75 3.00 .3, .0718 55
Enox s 72(3) 5.50 2.25 5.50 7.00 5.06 6.25 S.B. 45 0 8.8 0 2.1 10.9 0
Laurel 5 150(4) 5.00 8.25 7.60 10.00 7.71 6.63 W.EB. 1157 55 0 10.2 0.5 8.3 18.5 0.5
Laurel F1 29(9) 7.00 5.80 7.00 5.86 6.42 6.43 S.B. .0802 55 0 0 0 0 0 0
Lairel FI 512(6) 9.17 9.17 4.83 5.83 8.75 9.84 ¥.B. .1006 55 0.2 0.5 0.4 2.4 2.9 0.6
(Truck Lanes) 10.00 11.00 12,00 8.00
Lawrence ¥ 78(6) 2.25 1.50 2.25 1.25 1.81 1.88 ¥.B, 2207 55
Livingstene~ F 530(6) 7* £.00 2.50 6.00 1.50 3.75 3.75 ¥.B, 0641 55 0 0 v 10.3 10.3 0 0.3
Lyon 15" 6.25 5.50 5.75 9.75 6.81 5.88 W.B. 0574 55 0 0 0 3.8 3.8 0 3.8
19 13.00 4,50 12.50 8.50 9.63 8.75 W.B. L0655 55 0 0 0 2h.6 2h.6 0 2.6
Madison FI 299(6) 17" 7.00 9.00 7.29 7.86 7.79 7.58 S.B. 0690 55 0.3 0 0 0.2 0.2 0.3 0.5
1830 6.67 7.67 7.60 11.40 8.34 9.50 S.B. 0758 55 0.1 0 0 1.3 1.3 0.1 1.4
Marsball F 163(9) 122" 4.80 3.80 2.63 5.00 4,06 4.30 ¥.B. 0697 55 0.1 0 1.4 1.4 1.4 1.5 2.9
1eie 3.50 | 1.50 4.67 2.33 3.00 2.50 W.B. 0661 55 0 0 o 0.1 0.1 0 0.1
Marsballe F 530(8) 2.00 1.50 2.50 2.17 2.04 1.75 W.B, 0546 55 0 0 0 o 0 0 0
¥cCracken
Mercer ¥ 294(2} 6.67 6.67 10.40 13.00 9.19 6.67 N.B. .0806 55 o o o o o 0 o
Muhlenbrarg F 40(6) 123" 6.67 6.50 5.50 6.00 6.17 6.59 ¥.3. .0866 55 0 0.5 0 0.5 1.0 0 1.0
1584 4.00 4.25 5.00 7.25 5.13 43 W.B. .0855 55 0 o 0 o 0 0 o
184¢ ?7.50 6.00 6.50 12.00 .00 6.75 V.3, 1048 55 0 0 0 0 0 0 0
Felson ¥ 222(8) 5.25 2.75 475 5.25 4.50 5.00 Z3. 0973 55 6.5 3.1 o 3.4 6.5 6.5 13.0
Nicholas F 234(9) 13" 3.50 4.00 1.00 2.50 2.75 3.75 W.B. .06 55
16" 2.20 4.60 3.75 3.00 3.39 3.40 W.Be -0599 55
Ohio SP 92-224 1.60 1.00 0.60 1.60 1.20 1.10 8.3. .0923 55 0 0 0 1.2 1.2 4] 1.2
Okdo s 473(2) 2.80 0.80 1.80 2.80 2.05 2,30 5.3. 1178 55 0 0 0.2 10.1 10.1 0.2 10.3
Pulaski SP 100-235(6) 5.60 4,60 4.80 4.60 4.90 4.70 E.B. .0862 55 0 0 0 0 0 0 0
Pulaski F 502(4) 5.50 3.75 2.75 6.50 4,63 4,63 S.B. L0740 55 o o o o 0 o o
Pulaski U 110(4) 5.00 4,33 6.00 5.67 5.25 4,67 N.B. .0765 55 0 0 0 1.1 1.1 0 1.1
Bockcaetle ¥I 70(6) 6,00 6.25 2.75 3.50 3,08 4.56 (:N 13685 55 0.2 0 0 0.6 0.6 0.2 0.8
{Truck Lane) 5.00 7.00
Rockcastle FI 88(6) 7.00 3.40 11.60 7.60 10.93 13.80 S.B. .1087 55 2.3 0.4 0 0 0.4 2.3 2.7
(Treck Lape) 16.00 20.00
Rockcastle F1 517(?) 17.40 11.60 S.40 6,40 10.20 14,50 N.B. .0951 55 1.0 15.3 0.6 3.6 18.9 1.6 20.5
Rovan FI 3(8) 12" 4,00 5.00 5.00 3.67 4.2 4,50 W.B. L0869 55 0 0 0 4.6 L6 0 L6
15" 5.00 6.67 4,00 400 4.92 5.84 W.B. .0881 55 0.5 0 0 4.5 4.5 0.5 50
Warren FI 113(5) 0S La. | 5.00 4,50 5.25 7.50 419 6.38 5.3, .0780 55 1.0 o o 0.1 0.1 1.0 1.1
F116(2) IsIa, 2.75 z.25 3.50 2.75
Webster . F 526(10) 7-20 4,40 6.60 9.40 6.90 8.00 S.B. .0870 55 7.1 1.1 0.4 6.1 7.2 7.5 N7
Webster F 526(13) 12 3/4* | 10.00 5.50 9.50 12,00 9.25 10.75 S.B. 0953 55 1.l 3.1 0 2.5 5.6 1.1 6.7
16 3/ur| 8.67 7.67 10,33 8.67 8.84 9.50 S.B. .0872 S5 3.0 0.1 0 1.7 1.8 3.0 4.8
Whitley FI 23(16) 11" 10.00 9.00 6.33 7.67 8.25 7.00 9.3. 0716 55 1.1 1.1 0 0.8 1.9 1.1 3.0
15" 9.00 7.00 4.50 8.50 7.25 6.50 S.B. L0972 55 0.1 0 0 0.1 0.1 0.1 0.2




TABLE 4. SUMMARY OF PAVEMENT DEFLECTIONS UNDER AN 18,000 POUND SINGLE AXLE LOAD
BENKEIMAY BEMW DEFLECTIONS (INCEES)
FALL, 1957 SPRING, 1958
PAVIMENT*
. TEICKNESS INSIDE QUTSIDE INSIDE OUTSIDE
OOUNTY PROJECT (INCHES) TRACK TRACK AVERAGE TRACK TRACK AVERAGE PAVEMERT CONDITION
Anderson F 208({L) 13 3/ .016 .010 .013 .016 .010 .013 Satiefactory
Barren-Hart ¥ 28(5) 131/2 - -— -— .020 .08 .019 Satiefactory
b4 7(5§ 131/2 - - - 015 .016 016 Satisfactory
Average .018 017 017
Boyd F1 8(4) 14 - - -_ .010 .01k .012 Satisfactory
F 1(4)
Boyd FI 8(6) 12 3[4 .007 .009 .008 .008 012 .010 Satisfeotory
12 3% .0 .009 .008 .009 .011 .010 Satisfactory
Averege .00?7 .009 .008 .009 2012 .010
Boyle F 2uL(L) 10 3/4 .012 .010 .011 .007 .007 .007 Setiefactory
10 3/ .012 .016 0Lk .010 .012 .011 Satiefactory
Aversge .012 .013 013 .009 .010 .009
Carter FI 13(5) 15 - -_ -_ .036 .016 .026 Satiefactory
Elliott-Rowan 5 288(5) 51/4 -_ - - .080 A1k .097 Satiefactory
51/ -_— - - .051 .098 .075 Satisfactory
Average 066 .106 .086
Fayette 88 34-304-10 10 3/4 .020 .019 .020 .028 .028 .028 Satiaefactory
.10 3/b 012 .023 .017 .019 .025 .022 Satiefactory
Average .016 .021 .019 .02k .026 .025
Fayette~ FI1 124(k) 1 1/2 .009 .010 .010 .007 .008 ,008 Satiefactory
Madison
Garrard ¥ 525(4) 15 - - — .032 .03k .033 Uneatisfactory
Garrard F 525(5) 13 /4 -— -~ -_ .015 .016 .016 Satiefactory
13 3/k - - - .017 .01k .015 Satisfactory
Average .016 .015 .016
Garrard P 525(3) b1 - - - .021 .028 .025 Satiefactory
Garrard 8 366(2) 13 3[4 - - - .015 .020 .018 Satiefactory
13 3/4 -~ - - 033 .023 .028 Satiefactory
Average 024 .022 .023
Graves F 146(19) 14 3[4 .008 .01k 011 .012 .017 015 Satiefactory
14 3[4 031 .029 030 .035 .037 .036 Satiefactory
Average .020 .021 .021 .02k .027 .026
Grayeon s b62(k) 7 1/2 .038 .032 035 .077 .062 .070 Satlefactory
7 1/2 126 .168 147 .180 .190 .185 Uneatisfactory
Average .082 .100 .091 .129 126 .128
Hart F1 169(12) 13 1/2 .011 014 .013 01k 014 014 Satiefaotory
13 1/2 .015 .026 .021 .016 .022 .019 Satiefactory
Average .013 .020 .017 .015 .018 017
Henry ? 536(3) 1 1/4 .058 .050 .05k .04k .0l5 0hk Uneatisfactory
11 1/4 .0b2 .0ko .ok1 .0k43 .050 .0l7 Satisfactory
11 1/4 .077 .060 069 .061 .056 .059 Uneatiefactory
Average .059 .050 .055 049 .050 .050
Hopkine ¥ 526(7) 12 .0k6 .036 b1 .032 .039 .036 Uneatisfactory
12 .02k .026 .025 051 .049 .050 Satisfactory
Average .035 .031 .033 .0k2 Ol 043
15 .022 .022 .022 .038 048 043 Uneatiafactory
15 .028 .036 .032 .029 031 .030 Satiefactory
Average .025 .029 027 .03k .0k0 .037
Laurel 8 150(4) 6 .060 .0k7 054 072 .072 .072 Satiafactory
6 .061 .050 .056 136 .096 .116 Uneatiefactory
Average .061 .olg .055 .104 .08k 094
Laurel FI 29(9) 13 1/2 .008 011 ,010 .012 .015 .01k Satiefactory
13 1/2 .025 .0b1 .033 .030 034 032 Uneatisfactory
Average 017 .026 .021 .021 .025 .023
Lawrence F 78(6) 8 1/k - - - 107 122 115 Uneatiefactory
8 1/k - - - .059 117 .088 Unsatiefactory
8 1/4 - - - .019 .022 021 Satisfactory
Average .062 .087 .075
Livingetone- T 530(6) 15 - - - .012 .02k .018 Satiafactory
Lyon 15 -— - -— .022 .031 .026 Satisfactery
Average .017 .028 .022
Madison FI 299(6) 15 1/2 .0k .0k1 L0kl .038 .0k2 040 Unsatisfactory
15 1/2 017 023 020 .020 .019 .020 Satisfactory
15 1/2 .020 .023 .022 .021 .026 .02k Uneatiefactory
Average .026 .029 .028 .026 .029 .028
ps .00k .006 .005 .018 .023 .021 Satisfactory

*Exaluding TBM,



TABLE 4.

{Continued)

BE/EYIMAD BIAM DEFLEOTIONS (INORES)
PALL, 1957 SPRIFG, 1958
PAVEMENT
?HICKRESS INBIDE OUTSIDE INBIDE OUZTSIDE
0OUBTY FROJEOT (IN0EES) TRAGK TRACE AVERAGB TRACK TRACK AVIRAGB PAVENEST COEDITION
€arehall T 163(9) 10 030 2040 035 .04z .082 062 Uasatisfactory
10 .018 .02k 021 016 .026 021 Satisfactory
Averaga 02k 032 .028 029 054 J0l2
12 024 .030 .027 041 054 048 Unsatisfaotory
12 023 026 025 .031 .031 ooaz Satisfactery
Avorege .02k .028 026 036 043 B
Hevoer ¥ 294(2) 15 1/b ok1 049 Ob5 Lokl oLk N Tasatisfactory
151/4 016 022 019 020 024 .022 Batisfaotory
Average 029 036 032 031 034 .033
Huhlenbusg ¥ ho(6) 10 3/k ‘°36 ,062 059 062 062 .062 Unsatisfactory
10 3/4 045 032 0’ .057 048 .ogg Satisfactory
Average 051 ol N\ .060 .055 .0
13 3/4 025 .028 .027 063 oLl 054 Satisfactory
16 3/4 030 032 .031 .032 030 031 Satiefactery
¥olesn P 222(k) 13 - - - 034 03k -0k Grsatisfactory
13 - - - .0 056 +050 Uneatisfactory
Average .039 k5 042
¥iabolas P 234(9) 1 067 074 .071 056 +063 +060 Satisfactory
1k .028 .030 .029 .030 .03 035 Uasatiefactory
obie & 922k 712 074 071 073 21 224 119 TUnestisfactory
71/2 082 070 076 .070 k2 106 Satisfactory
Avorags .078 2071 075 .092 2133 #2113
Bsven I 3(8) 12 022 016 019 047 Ok o0l Batisfactery
12 .02 .011 018 .027 016 .022 Satisfactory
Avoregs 02l .01k 019 037 » 025 .033
15 015 013 .01k 026 025 026 Batisfaotory
isley FI 23(16) n 020 026 025 032 029 031 Unsatisfactory
15 028 024 025 027 .030 »02 Satiefactory
15 .021 02k .Ogﬁ 025 023 02 Tusatiofaotory
Average 024 024 0 026 027 027
TASLE 5. SUMMARY OF PAVEMENT DEFLECTIONS UNDER A& 32,000 POUND TANDEM AXLE LOAD

BENTEIMAD BIAK DEFLIOTIONS (INOEZS)
INSIDE VHEXL TWAOR OUTBIDE VHEEL TRACE AVERIOZS
PAVBIRHT®
FHICKNZI8 PRORT BETVERY BETAR FRONT BEPVER BEAR FRONT? BITVIES ELIR
GOTEYY PROTID? (1u0mR9) sz AXLES AXLE AXLE ATLES ATLE ALY AXLES t.x PAVBOE?T 0ONDITION
&s6ez0ca P 208(k) 13 3k 013 +008 .012 009 .006 $009 011 007 011 Batisfactory
b 10 3/4 .008 «007 .008 .008 . 008 .008 .008 .008 ,008 Satiefactory
Berie T 2Ubte) 10 ;;b .010 .010 +010 .011 .011 .01 .011 011 011 Satisfaotory
Aversge o .009 .009 010 .010 .010 .,010 +010 010
Fege 28 J4-304=10 10 /b .026 .010 026 026 012 022 .026 .011 02k Satisfactory
e 3 10 3;10 w01 .007 ‘01b w021 2010 021 017 200 ‘018 Batistactery
Average .020 009 020 02k 011 .022 .022 .010. 021
Payotte®® 28 W~304=10 10 /b 027 011 .027 .026 .011 023 027 011 025 Batisfactory
e -0k 10 g;b 017 .007 .017 026 012 .026 022 .010 022 Batisfactory
Average 022 009 022 026 012 025 02k 011 02l
Fayotte- ¥1 124(4) 11 1/2 » 007 005 .007 007 .005 .007 .007 .005 <007 Satisfactery
Badleen
Beroew P 294(2} 151/4 033 018 033 037 2019 037 035 019 035 Unsatistactory
a 15 14‘4 016 .00k 015 021 008 021 019 .006 .018 Batiefaotory
Average .025 0 .02k 1029 013 2029 027 ,012 027

© Bysludisg THBA,

@ 38,600 poumd temfgm exle load.




TABLE 6. SUMMARY OF FIELD DENSITY

MEASURMENTS

IN PLACE DENSITIES OF PAVEMENT COMPONENTS
(1bs. per cu. ft,)
COUNTY PROJECT SUBGRADE SOIL GRANUIAR BASE BITUMINOUS CONCRETE
(sand method) {we.ter ¢isplacement)
w3 | swed|  awr? METEOD M. cj MATERIAL COURSE v BNT owT T BYT own
(pet
Boyle T 2hA(E) 110 111 ~—— Rainhart LA - ——= - - - 153 151 153
106 109 102 Sand - — —— _— .-
Bullitt = o= —a= Rainhart 23.3 DGA Total 139 130 138 146 1bs 144
101 100 100 Sand _— — 2 - -
Daviess F 125(18) 112 117 211 Rainhert 23.9 VBM To tel 146 128 130 14 s Py
163 116 109 Send - — -— - -—
Fayette UI 538(5) 104 104 108 Rainhart 28.0 WBM Top 138 pLed - 145 149 147
98 104 9 Sand VBN Bottom 137 L] ——
Laurel FI 517(6) - - - Rainhart 9.4 WBM Top 147 148 Tl 147 148 148
98 115 108 Sand WBM Bottonm ~—— —— -
Madison T 299(6) 113 115 113 Rainhart 19.7 WBM Top - 1% 148 148 w9 148
95 108 109 sand WBM Bottom 118 145 -
Mercer F 294(2) 9 116 - Reinhart 16.0 WEM Top 161 112 151 19 149 147
83 99 - Sand WBM Bottom 137 130 -
Rockeestlel - FI 88(6) —— 121 118 Rainhart 18.7 WBM Tep 126 126 98 148 151 149
111 111 113 Sand WBM Botton 122 139 135
Rockeastle?* FI 88(6) — — 117 Ratnhart 28.9 WEM Middle 159 136 138 lig 148 148
—— - 14 Ssnd WBM Bo ttom 123 137 116
1. Truck Lane '
2. Passing Lare
3. I'4T indicates inside eel trac..
BT indlcetes beti-ce:n wheel tracks.
OWT irdicates outstde wzeel truck.
TABLE 7. SUMMARY OF DATA FROM BASE AND SUBGRADE SAMPLES
STD. PROCTOR GRAIN SIZE DISTRIBUTION
MIN.
LIQUID | PLASTICITY MAX, | OPT. | PERCENT | PERCENT | PERCENT | PERCENT SPECIFIC LAB. ERB
COUNTY PROJECT SAMPLE IDENTIFICATION LIMIT INDEX DEM. 1 M.C. SAND SILT CLAY COLLIODS GRAVITY CBR CIASSIFICATION
Boyle 7 284{L) Subgrade - lnside Wheel 31 10 106 18 25 56 19 0 2.71 28 A-4(8)
Track
Daviess F 125(18) Subgrade - Inside ¥heel 30 12 111 17 12 64 24 9 2.76 7 A-6(9)
Track
MBM - Outeide Wheal Track 18 3 95 -3 2 0
Tayette U 538(5) Subgrade - Outeide Wheel 49 23 99 26 26 Ly 30 12 2,79 8 A-7-6(15)
Track
¥BM - Bottom Two Courses - 21 5 92* L L 1
Outeide Wheel Track
Laurel FI 517(6) Subgrade - Outamide Wheel 34 1 110 17 23 37 Lo pLs 2,76 3 A-6(9)
Track
Subgrade - Ineids Wheel 27 9 113 14 39 39 22 6 2.64 [3 A-B(8)
Track
¥BM - Bottom Course ~ 19 5 95° 3 2 0
Between Wheel Tracke
¥BM - Middle Oouree - 16 3P 95* 3 2 1
Between Wheel Tracke
Madison FI 299(6) Subgrade - Ineide Wheel 30 12 113 17 19 g 32 12 2,79 7 A-6(8)
rack
WBM - Bottom Covrse ~ 20 [3 93* 3 4 1
Outside Wheel Track
Mercer F 294(2) Subgrade - Between Wheel 23 11 118 14 25 42 33 15 2.81 3 A-6(8)
Tracks
¥BM - Bottom Course = 14 Towe 96* 2 2 1
Inside Wheel Track
BM - Middle Course - 16 2 93* 3 4 1
Outside Wheel Track
Rockeastls F1 88(6) Subgrade - Outeide Wheel 31 prs 112 16 23 52 25 5 2.70 13 A-6(9)
(Trock Lane) rack
WBM ~ Bottom Couree — 21 7 92* L L 1
Outeide Wheel Track
YBM - Middle Course - 18 5 97 2 1 1
Outside Wheel Track
Bockcaetle F1 88(6) Subgrade - Outside Wheel 3l 14 1) 16 27 b7 26 5 2.70 -— A4-6(10)
(Passing Track
Lana) W¥BM - Bottom Course - 15 NP 98¢ 1 1 0
Outside Wheel Track
Bullitt Subgrade - Between Wheel 35 16 108 19 19 40 41 10 2.75 s A-6(10)
Tracks
DOA - Outside Wheel Track 17 NP 91*® 6 3 1

¥ Porcent larger than silt size,

Hote: The d=te for bape meteriel vas ovtained on that vortloa taecing thr nunber L0 sieve,




TABLE 8. DISTRIBUTION OF TRUCKS

WITH RESPECT TO ADT BY YEARS

FACTORS FROM IOADOMETER STATION DATA

IOADOMETER 1951 1952 1953 1954 1955 1956 1957 TYPICAL VALUES*®
STATION OR
TRAFFIC AXLES AXLES AXLES AXLES AXLES AYLES AXLES AXLES
YOLUME PERCENT PER PERCENT PER PERCENT PER PERCENT PER PERCENT PER PERCENT PER PERCENT PER PERCENT PER
GROUP TRUCKS TRUCK TRUCKS TRUCK TRUCES THICK TRUCES TRUCK TRUCES TRUCK TRUCKS TRUCE TRUCES TRUCK TRUCKS TRUCE
4 20.6 2.372 18.8 2.bos 20.7 2.486 17.9 2,482 17.4 2.477 19.8 2.581
10 21.k 2.152 16.7 2.176 13.8 2.310 147 2.259 12.9 2,343 15.2 2,358
27 1k,7? 2,337 14,0 2.377 12.9 2.b19 16.2 2.339 14.8 2,411 15.3 2.451
31 28.9 2,438 26,1 2.554 28.9 2,675 23.8 2,695 22.9 2.748 25.3 2,841
Lo 30.6 2.610 26,1 2,650 28.2 2.681 27.3 2.67) 25.4 2.699 25.3 2,827 23.6 2.995
1ot 29.5 2.579 271 2.651 26.2 2,655 25.6 2.746 2k.2 2.816 31.3 2.895
b2 2k 2.522 21,7 2,653 2k,6 2.703 20.8 2,713 20,7 2.763 24,7 2,910
43 2h.6 2,602 25.2 2.619 25.7 2.706 23.1 2.733 22.6 2,728 2k, 2.933 246 3.087
b 13.9 2.188 11.7 2.272 12.0 2.295 11.3 2.368 11.4 2,333 2.3 2,18
5 16.8 2.615 18.0 2,670 17.1 2,728 15.6 2.7k 16.7 2.773 19.5 2,837
46 17.7 3.0 22.3 2.337
47 20.9 2.8k 23.7 2.970
48 21,4 3.0k0 22,1 3.245
49 19.3 2.997 18.5 3.152
50 16.1 2.396 15.4 2.557
51 146 2.k82 15.3 2.646
52 21.5 2.747 22.9 2.889
53 23.5 2,6L45 21.8 2,745
Averages 22.5 2.442 20.5 2.503 21.0 2.565 15.6 2,575 18.9 2,609 20,5 2,736 21.0 2.962
0-399 - - - - - - - - -~ - -- - - - 8.7 2,046
1400-599 - - - -- - - - - - - ~ == -~ - 12.9 2,131
1000-1999 - 2.375° - 2,415 - 2,460° - 2.511* -- 2.570% 23.5 2.64s 21.8 2,7ks kb 2,510
2000-2999 21,0 2.395 18.7 2.475 22.2 2,630 16.8 2.612 17.4 2.477 18.2 2.787 20.2 3.056 k.8 2.864
3000-3999 26.9 2.551 23.0 2.482 19.4 2,492 19.7 2.560 18.4 2.667 20.8 2.640 15.4 2.557 27.5 2,841
4000-4599 30.6 2,610 21.7 2.653 26k 2.692 18.5 2.526 17.3 2.523 20.3 2,736 23.7 2.970 8.8 2.7us
5000-over 1L,7 2.337 20.1 2,51k 12,9 2,419 27.3 2.673 23.1 2.731 22.7 2.871 22.9 3.043 13.4 3.004

*  ZxtraPolated,
*% Typical Values furnlshed by the Division of Plaaniag, Keatucky Department of Highways.




TABLE 9. DISTRIBUTION OF TRUCK AXLES 8Y WEIGHT GROUPS

LOADOMETER PERCEN? OF TOTAL AXLES BY WEIGHT GROUP
STATION OR
RAFFI0 7000 9000 11000 13000 15000 17000 19000 21000 23000 25000
- TOLUME UNDER 0 0 T0 T0 i i) 70 70 0 70
THAR GROUP 7000 9000 11000 13000 15000 17000 19000 21000 23000 25000 27000
1951 n 65.820 10.010 L.059 3.505 6.458 7.749 2,030 0.369 - - -
10 80.309 7.499 2,013 L,362 2.685 2,125 0.336 0.671 -— - —_
27 80.707* | 3.751 4,180 3.859 5.788 1.286 0,322 0.107 - -
) 58.118 10.906 5.092 7.214 7.355 8,062 2,546 0.707 - - -
uo 53.970 12,332 5.596 7.482 7.543 6.995 L, 562 1.277 0.182 0,061 -
L 57.881 164,743 L.309 5.l 50 8.238 6.971 2.155 0.253 - . -
L2 61.720 11.932 L K61 3.112 L.979 5.913 6.120 1.k52 0.311 - -
13 67.278* 3,466 k.995 5.607 8.053 9.072 1.427 0.102 - -
e 75.711 10,816 2,994 3.29k 2,69k 3.593 0.599 0.299 - - -
Is 20.149* | 5.597 8.582 8.023 L4.851 2,052 0.746 - - -
Averages 74.990° [ k134 5.218 S.7uk 6.010 3.076 0.752 0.070 0.006 -
2000-2999 6L, 72614 11.339 3.870 5.325 5470 5.739 2.773 0.703 0,102 - -_
3000-3999 65.751 7.387 L.385 L2681 6.609 6412 4,138 0.853 0.311 -- -
Looo-1999 55.760 10,542 5.596 7.482 7.543 6.995 L, 562 1.277 0.182 0.061 -
5000-0ver 65.938 14,269 3.751 4,180 3.859 5.788 1.286 0.322 0,107 - -
1952 " 73.323 11.151 2.838 3.339 3.172 L7k 1.836 0,167 - -- -
10 8l.525 7.892 1.230 1.947 1.84k 2,152 o.k10 - - - -
27 80.835* 5.6L41 5.178 k.250 2,782 0.850 0.309 0.155 - -
3 59.974 11,254 3.581 5.213 5.243 6.777 L.859 2.685 0,38k -~ -
o sk,763 12.513 L.2ks 4,138 5.750 8.436 9.350 0.645 0.160 - -
L 58.691 1k.9k 5,046 5.870 6.591 5.973 1.853 0.926 — 0.102 -
L2 60,101 11.619 5.730 3.696 9.981 7. 02k 1.k79 0.370 - - —_
L3 65.994* 3.650 L.035 5.764 7.973 12.008 0.k8o 0.096 - —_
uk 72.952 10,22 2,015 3.023 5.290 2,519 3.275 - 0,50k - -
b3 76.961% 5.065 k.,085 5.392 5.392 3,105 — - - —
Averages 76.792* 3.90k k.,o55 5.328 5.320 3.903 0.558 0.130 0.010 -
2000-2999 67.237 11,772 3.375 3.923 L7k L.716 3.269 0.713 0.222 - -
3000-3999 69.531 7.812 3.309 3.951 L.733 5.365 L.757 0.4+69 0.032 0,03 -
Loo0-4999 60.317 11.403 5.730 3.696 9.981 7.02k 1.479 0.370 -_ - -
5000-0ver 60.50L 13.552 L.gks L.658 5.000 5.609 5.100 0.k77 0.158 - -
1953 It 73.983 11.251 2,23k 2.23k L.122 2.991 2.813 0.186 0.186 - -
10 80,723 7.537 2.348 3.949 3.308 1.601 0.k27 0.107 - - -
27 83.071* 5.709 L k29 2.265 2,854 1476 0.098 0.098 - -
1 60,347 11,324 L ok? 5.483 7.311 7.702 3.394 0.392 - - -
Lo 53,329 12.186 L 96 L. 770 5.811 5.:6 11.897 1.k25 0.055 0.055 -—
L 60.22k 15.339 L.180 L.180 8.253 5.895 1.393 0.21k 0.21k 0.108 -
L2 57.185 11.055 L k25 6.096 6.981 9.3k2 L k25 0.295 0,098 0.098 -—
L3 65.192* | 4.259 3. 604 6.224 8.518 10.975 1.228 . - -
I 68.581 9.797 3.153 L.osk L.730 L.279 4.279 1.127 - - -
ks 70.30k* 6.977 ?.335 7.871 4,830 2,504 0.179 - - -
Averages 75.1423% [ 4,183 L.613 5.688 5.399 k.358 0.525 0.065 0.026 -
2000-2999 6l ke s 11,284 L. l1g 5.017 6.431 5.174 2.903 0.252 0.062 -- -
3000-3999 69.086 7.762 3.485 3.947 5.629 L.398 L 269 0.669 0.05k4 0.027 -
L000-4999 56,240 10.634 4,461 5.k33 6.396 ?7.659 8.161 0.860 0.077 0,077 -
5000-0ver 67.869 15.202 5.709 L k29 2.265 2,854 1.476 0.098 0.098 - -
195k I 65.866 10,016 3.82L L k12 6.471 L, 706 3.235 0.882 0.588 - -
10 80,402 7.50 1.849 2.276 2,276 J.blk 2.13k 0.1k2 - - -
27 74.326% 5.816 7.376 5.532 3.262 2,411 1.277 - - -_
k) 53.787 10.093 5,017 9.197 9.030 7.023 1,181 0.836 0.836 - -
Lo 52,919 11.919 L.808 k.921 5.769 8.428 11.143 0.735 0.113 - -
Ly 51.283 13.062 6.257 5.313 7.08k4 9.091 6.257 1.535 0.118 - -
L2 52,104 10.073 6.061 6.061 6.173 11.672 6.958 0.786 0,112 -- -
L3 58.0k9* | 5,587 5.303 7.102 9.75k4 13.258 0.852 0.095 - -~
L 68.Lsk 9.779 5.678 3.k70 5,047 2,52k L,101 0.631 0.316 -_— -
ks 66.667° 6.996 8.025 6.58L 7.613 3.909 0.206 - - -
Averages 67.k23% | 5.187 5.576 6.108 7.561 7.159 0.817 0.218 - -
2000-2999 60.655 10.620 5.410 6.219 6.528 6.160 3.572 0,541 0.294 - -
3000-3999 63.36L 7.119 L.878 5.112 6.108 6.361 5.986 0.799 0.273 - -
B000-4999 57.362 10,845 5.939 6.719 5.853 7.467 L.685 1,032 0.056 -- -
5000-~6ver 52.356 11.727 L. 808 4,921 5.769 8.428 11.143 0.735 0.113 -- -
1955 L 72,907 11.087 2,249 2,778 3.175 3.836 2.778 1.058 =~ 0.132 -
10 81.95k 7.652 1.k22 2.8Ls 2.8ks 1.860 0.985 0.328 - 0.109 -
27 79.208* | s5.831 5.061 ,620 2,970 1.980 0.330 - - -
31 56,711 10.6k2 L 881 5.315 7.480 8.894 L.772 1.193 0.108 _— -
ko 51,304 11.723 L.737 5.315 6.355 6.239 12,652 1.4kL 0.173 - 0.058
(5% 59.185 15.075 4,261 L.348 6.17k4 6.609 3.565 0.696 —_ 0,087 -
L2 57,425 11.101 L.k2 6.238 7.561 6.522 L.820 1.701 0.093 0.095 -
L3 63,74 | 3.870 4.976 6.951 8.531 10.742 1.027 0.159 - -
LL 72, 794 10.399 L. k12 3.361 3.151 2,731 2,101 0.840 0.211 - -
ks 75.138° | 3.683 3.b99 6.630 6.h6 3.867 0,737 - - -
Aversges 72.762% [ k.072 L.607 5.769 5.799 5.861 0.997 0.074 0.042 0.006
2000~2999 71.479 12.515 2,29 2,778 3.175 3.836 2,778 1.058 - 0.132 -
3000-3999 65.049 ?.308 L,212 L.288 6.054 6.651 5.371 0.949 0.120 - _
Looo-4999 68,142 12.883 3.838 L.085 L 546 3.813 2.177 0.lks1 - 0.065 -
5000-0ver 53.740 12,037 k.590 5.777 6.958 6.381 | 8,736 1.573 0.133 0.048 -

* Urder 9000.



TABLE 9. (Continued)

. PERCENT OF TOTAL AXLES BY WBIGHT GROUP

LOADOMETER
STATION OR
TRAFIIO 7000 9000 11000 13000 15000 17000 19000 21000 23000 25000
VOLUME UNDER ™0 ™o ™0 ™ T0 70 10 0 0 )
YEAR GROUP 7000 9000 11000 13000 15000 17000 19000 21000 23000 25000 27000
1956 Lo 49,607 11,565 5.337 5.913 7.902 10,152 8.373 0.942 0.209 - -
43 49,509 9.278 5.263 8.118 10,883 8.296 7.5583 0,981 - 0.089 -
L6 59.381 9.897 5.567 3.711 4,536 8,041 8,041 0.826 -— - -
L7 48,319 9.349 5.777 7.038 9.664 11.450 7.983 0.315 0.105 - -~
48 51,466 13.145 L146 6.876 10,010 8.392 5,763 0.202 - - -
49 47,327 11.881 5.545 10,890 10.297 6.337 7.129 0.594 - - -
50 78,076 ?.159 3.132 2.685 2,908 3.356 2.237 0,447 - ~ -
51 79.321 5,493 2.262 2,100 4,523 3.393 2,262 0.646 - ~— -
52 57.547 9.691 L, 717 5.746 7.118 7.290 6.9%7 0.858 0.086 - -
53 69 .419 7.6L45 3.058 3.670 6.728 4,587 3.670 1.223 - - -
Averages 55.585 10.045 4,753 6.055 8,026 8.050 6.689 0.716 0.050 0.009 —
1000-1999 69.419 7.645 3.058 3.670 6.728 4,587 3.670 1.223 - - -
2000~2999 58.317 8.907 L.528 6.675 8,161 7.059 5.791 0.518 0.035 - -
3000-3999 63,793 8.219 4,198 5.402 6.896 5.826 4,910 0.714 - 0.045 —
L000-4999 48.319 9.349 5.777 7.038 9.66W 11.450 7.983 0.315 0.105 - -
5000-over 52.868 11.466 4,733 6.178 8.342 8.610 7.027 0.607 0.098 - —
1957 Lo 53.785 12.100 5.011 5.064 5.171 6.503 8.635 3.305 0.159 0.267 -
43 55.882 9.349 4,517 5.882 9.349 7.038 7.248 0.630 0.105 - -
46 56.305 14,032 8.881 11.190 6.927 2.131 0.178 - 0.178 - 0.178
L7 51.488 9.407 6,043 5.363 10,383 8.511 8.085 0.426 0.170 0,085 -
48 45,184 11.534 4,518 5.886 9.572 12.188 9.869 1.249 - - -
49 47,619 13.7 L.k50 7.075 11,701 6.803 6.666 1.769 0.136 - —
50 68.612 6.625 5.205 4,732 4,732 4 574 4101 1.261 0,158 - -
51 70.681 8.377 3.403 3.796 5.236 L.450 3.272 0.785 - - -
52 53.182 11.675 5.779 7.064 8.757 6.538 5,196 1.751 0.058 - -
53 58.621 11.576 5.911 5.172 6.0l 6.650 L 680 0.986 - - -
Aversges 56.136 10.846 5.376 6.122 7.823 6.539 5.793 1.216 0.096 0.035 0,018
1000-1999 58.621 11.576 5.911 5.172 6.404 6.650 4.680 0.986 - - -
2000-2999 57.622 11.374 5.323 6.986 8.303 5.106 4,341 0.796 0.105 - 0,045
000-3999 68.612 6.625 5.205 4,732 4,732 4,574 L,101 1,261 0.158 - -
000-4999 51,488 9.447 6.043 5.363 10.383 8.511 8,085 0.426 0.170 0.085 -_
5000-over 50.717 1..770 5.103 6.005 7.833 8.410 7.900 2.102 0.072 0,089 -
0-399 89.274 3.761 2.635 1.692 0.754 0.754 0.943 0.189 - -~ _
- 400~999 84,214 5.692 2,401 2.891 1.958 1.600 0.976 0.089 0.133 0.044 -
o8 400~999 82.216 3.162 2.106 2.503 1.976 1.843 2.106 3.032 0,790 0.132 0.132
E'} Haul Roadse
= 1000-~1999 81.359 4,791 2.983 2,945 2.927 2.200 1.398 1,007 0.280 0.095 -




TABLE 10. ACTUAL TRAFFIC ACGCUMULATION EXPRESSED AS PERGENT OF DESIGN TRAFFIC
DESION ACCUMULATIVE PERCENTAGE OF DESIGN TRAFFIC BY CSRONOLOGICAL AGE
COUNTY PROJECY GO
(MILLIONS) 1 YEAR 2YRARS | 3 YEARS | L YBARS | 5 YEARS | 6 YEARS | 7 vEARS 8 YEARS | 9 YEARS | 10 YEARS
Anderaon F 208(4) 6.0 4.86 10,10 18,1 32.21 48,93
Ballard— A5 63(1)
McCracken’
Barren-Hart ¥ 28(5)
F 7(5)
Bell F 151(p) 23.4 Ly 9.52
N ¥ als
Bell 322 (7)
Boyd: FI B(W)
F 1(4)
Boyd FI 8(6) 8.0 1.37 2.90 6.39 9.80 15.48 23.87
Boyle . F 2W(l) 6.0 22.71 k2.7 70.38 83.62 109,06 125.40
Breckinridge- F 523(3) 4.0 6.07 12,47 19.22 35.93 55.77
Meada
Carter FI W(4) 15.0 0.60 1.L45 2.35 5.23 8.60 13.89
Carter FI 4(6) 15.0 0.70 2,28 3.87 6.75 11.13
Carter FI 13(5) 30.0 0.29 0.64 1.37 2.07 3.33 5.31
Clay 5P 72(4) 1.0 18.40 36.80 55.49 74,36
Clinton S 10(5) 1,0 3.56 7.62 12.11 17.08 22.56
mbaﬂfml F 116(10) 12.0 3.32 ?.28
Daviess: F 125(18)
Daviese-Ohiol ¥ 125(1?)
Elliott-Rowan s 288(5. 1.0 4,03 8.6k 13.80
Fayette- VI 538(5) Lo,0 3.:3 5.42 12,19 23.78
40.0 10. 21,36 33.68 58.44
Fayettel RS 34-304-10
Fayette- P 524(l) 15.0 5.27 10.75 17.45 21.99 28.50 39.25 48.81 6k.57 85.70
Jessaaine F 524(5)
Fayette- FI 124(4)
Madlson
Franklin- F 326(22) 20.0 7.89 19.59 35.20 49.92 67.08 84,05 104,92
Woodford 15.0 10.52 26.12 L6.9k 66.56 89,44 112.07 139.90
Garrard S 365(2) 20.0 3.26 8.26 12.08 18.26 26.42
Garrardl F 525(4)
Garrard r 5258) 13.0 5.89 15.11 26.95
Garraral F 525(3)
Graves F 146(19) 35.5 7235 16.67
Grayson S L62(l) 0.2 1.47 3.00 L.60 6.36 27.78
Harrison P 189(5) 15,0 0.98 b.s8 9.36 13.86 17,0k 20.47 28.10
Harrison F 189(6) 5.0 6.01 14,01 21.44 25.13 31.51 46.77
Hart ¥I 169(12) 35.0 6.61 18.47 25.30 35.1b 49.68
Hendereon! F 526(9)
Henderson- F 526(12)
Webeter:
Henry s 552(1) 2.5 1.93 4,00
s¢ 552(2)
Henry F 536(3) 2.5 8.12 27.66 50,34
Hopklnel F 526(6)
Hopkinal P 526(7)
Jeffersonl U 528(2)
Jeffereon} U 528(10)
Jefferson U 528(12)
Jefferson U 528(14) 80.0 10.84 29.35
Jefferngnl U 528(16)
Johnson: 77 A(22
Knoz s 72(3)
Laurel 5 150(4) 1.0 2.61 7.10 12.91 56.84 111.26
Laurel FI 29(9) 35.0 6.19 10.89 20,51 32.25 43.64 56.69 70.29
Taurel FI 517(6) 30.0 k.63 7.85 14.19 23.38 32.59 43,61 55.35
Lawrencel F 78(6)
Livingston— F 530(6)
Lyon:
Madieon PI 299(6) Lo.o 6.12 8.73 13.18 19.89 26.66 34.62 42,13
Marshall F 163(9) 10.0 2.50 5.36 8.33 11.28 14.56 22.1k 30.87
Marshall— F 530(8)
McCrackenl
Mercer F 294(2) 8.0 10,75 19,46 34,52 45.05
Muhlenbergl F Lo(6)
Neleont F 222(L)
Klcholes! F 23(9)
Nicholas F 234(9) 2.8 1.84 7.2 14.91 2732 92.97 66.90 109.5€
Ohiol SP 92-224
Ohio s ¥73(2) Lo 2.68 6.62 11,67 16.82 22,10
Pulaski 8P 100-235(6) 10,0 7.11 14.56 23.26 32,17 43,87 56.33 65.05
Pulaskil F 502(4)
Pulaskil U 110(4)
Rockcaetle ¥L 70(6) 80.0 3.74 ?7.06 11,06 15.22 -
Rockcnetls FI 88(6) 40.0 5.19 10,74 14,06 19.90 27.99 3b4.26 b2.53 51.11
Rockeaatle FI 517(7) 30.0 L.81 7.68 13.99 21,82 31.03 b s 52.33
Rowan F1 3(8)
Warren F1 113(§) 50.0 8.44 20.38 37.72
FL 16(2
Webstorl F 526(10)
Webater F 526(13) 18.0 7.55 18,44 29.77 45,06 61.97
Whitleyl FI 23(16)

1 Incomplete traffie data,




