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The design of pavements is, in reality, two problems: one pertains to
the capabilities of the pavement structure to withstand a certain amount of
traffic, apnd the other pertains to forecasting traffic. Although a2 structural
design may be adequate for a stated summation of traffic, if the traffic fore-
cast is in error, "design life” snd "actual 1life" of pavements will differ.

If "traffic age" exceeds the "chremological age", traffic is accumulating at

a higher rate than was predicted. TFoxr instance, if a pavement designed for a
20~year forecast of traffic actually accumulates that much in 10 vears, the
forecast was obviously in error. If, in the same instance, the pavement devel-
oped concomitant distress, its structural desipgn would not be suspect.

A method of estimating or predicting EWL's for the design of bitumi-
nous pavements was recommended to the Department in 1249, It was revised in
1954. A 1958 statistical evaluation of predicted versus actual accumulations
of traffic, on approximately 37 projects designed and constructed between
1948 and 1957, indicated that 68 percent of those roads did or would accumulate
their 10-year gquota of traffic between 6.8 and 16.8 ysars.

The prediction of equivalent wheel lsads {or equivalent axleloads)
is much more complicated than predicting gross traffic volume -~ although, any
error in predicting gross twvaffic compounds the error in equivalent loadings.
For instance, the composition of traffic aund the spectral distribution of truck
types and axle weights are extremely elusive and variable factors - even in
retrospection. Presumably, this inability to predict with accuracy exists be-
cause we do not have sufficient historical knowledge of the past -~ that is to
say: traffic counts and classification data have net provided true and complete
representation of trends in traffic, on either a constitutive or time basis.

The study report transmitted herewith presents an inquiring analysis
of available traffic data. From the standpoint of resolving a predictive
criterion, subjective parameters were introduced and tested for statistical
significance. Even so, residual or unaccountable variances persist. In still
anocther sense, the inherent or natural variability remains high and so does
the error of estimate. This does not mean that all predictions will be hope-
lessly in error: it does mean that in some instances the actual accumulation
may be somewhere between half and twice the predicted walue but in the majority
of cases will conform much closer,
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The method or criterion we are proposing for adeption (Appendix F
of the report) is quite different from the one now in use. The new method
provides factors which offer the best estimate of Kentucky EWL's and(or)
AASHO, 18-kip, eguivalent axleloads per 1000 vehicles; these may be projected
over the design period. Inasmuch as the AASHO basic axle is gaining preminence
throughout the country and inasmuch as certain planning statistics are already
required by the Bureau of Public Roads to be reported in terms of 18-kip,
equivalent loadings, we believe that our pavement design criterfon should be
converted eventually to that basis. In the meantime both Kentucky EWL's and
AASHO axles should be entered on design records. We sugpest that each axle
of a tandem pair continue to be considered as an individual axle.

This study was a long time "maturing'. Much of the effort was con-
sumed in compiling and verifiving the data. The data systems are now amenable
to updating again on future occcasions.

The study has not been extended to include urban situations as was
originally planned - and is concluded with this submission.
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Director of Research

JHH:em
cc's: Research Committee
R. 0. Beauchamp, Assistant State Highway Engineer

B. Drake, Assistant State Highway Engineer
T. Anderscn, Projects Management Engineer
B. Johns, Operations Management Engineer
R. Harbison, Program Management Enpineer
G. Cock, Dirvector, Division of Bridees
¥. Remper, Director, Division of Construction
Brandon, Divector, Division of Data Processing
B. Gaither, Director, Division of Design
J. Hopgeod, Director, Division of Maintenance
G. Mays, Director, Division of Materials
M. Carigan, Director, Divisivn of Pheotogrammetry
Fehr, Director, Division of Planuning
Bradley, Director, Division of Right of Way
Arnold, Director, Division of Roadside Development
Nancy Phares, Director, Division of Service and Supply
W. G. Galloway, Direcitor, Division of Traffic
District Engineers

J. 0. Gray, # 1, Paducah

A. W. Clements, # 2, Madisonville

H. J. Padgett, # 3, Bowling Green

. R. Ditte, # 4, Glizabethtown

R. C. Aldrich, # 5, Louisville

Howard Hale, # 6, Govington

R. A. Johnson, # 7, Lexington

o=

W
Ll

s & & e

'Y

»
=
N

SR BT S e B v - B 5 Wi S
s

=z
(]



Ca¥

A. 0. Neiser August 29, 1968

J. P. Hoonan, # &, Somerset
S. B, Riddle, # ¢, Flemingsburg
B. A. Knight, # 10, Jackson
G. W. Asbury, # 11, Manchester
W. Bayes, # 12, Pikeville
R. E. Johnson, Division Emngineer, Bureau of Public Roads
D. K. Blythe, Chairman, Department of Civil Engineering, Associlate
Dean, Collepe of Engineering, U. of Ey.

Attachments



Research Report

DETERMINATION OF TRAFFIC PARAMETERS FOR THE PREDICTION,
PROJECTION, AND COMPUTATION OF EWL'S

FINAL REPORT
KYHPR-64-21: HPR-1(4)

by

J. A. Deacon
Formerly Research Engineer
and
R. L. Lynch
Research Engineer

Division of Research
DEPARTMENT OF HIGHWAYS
Commonwealth of Kentucky

in cooperation with the
U.S. Department of Transportation
Federal Highway Administration
Bureau of Public Roads

The opinions, findings, and conclusions
in this report are not necessarily those of
the Department of Highways or the Dureau of

Public Roads.

August 1968






TABLE O CONTENTS

LIST OF TABLES o o & « ¢ ¢ & 4 4 o s o
LIST OF FIGURES o ¢« & & 4 o« s & « o s o
INTRODUCTION o o o o 4 o a4 0 ¢ 4 o & 2 s

PROCEDURES FOR PREDICTING EWL'S . . . .

COMPARISON OF KENTUCKY AND AASHO METHODS

CURRENT KENTUCKY PROCEDURE
CALIFORNIA PROCEDURE .

RECENT INVESTIGATIONS IN TEXAS
FURDUE UNIVERSITY

CONCLUDING REMARKS

PROPOSED METHODOLOGY « o s ¢ = « o o s o

LOCAL CONDITIONS . o 4 o & & 2 & o o '« o

DATA ACQUISITION AND ASSIMILATION . . .

APPLICABLE SURVEYS

DATA SOURCES

DATA FORMAT

EXTENT OF AVAILABLE DATA

SUMMARY OF AVAILABLE DATA .+ + « « & « o

SUMMARY OF PARAMETERS USED IN PRESENT METHOD
SUMHMARY OF PARAMETERS USED IN PROPOSED METHOD

EFFECTS OF LOCAL {ONDITIONS

PREDICTICN OF TRAFFIC PARAMETERS . .

METHODS

PREDICTING VEHICLE-TYPE PERCENTAGES

PREDICTING UNIT EWL'S
EXTENSIONS OF METHODOLOGY
SUMMARY

.

*

Page

vi

15
18

23

34

39



ACCURACY VERIFICATION v v 4w v o o o o o 2 s o s s 4 o » o » 58

SIMMARY & & & ¢ b s v v e h s s e e s s s a s e s s w e e 65
RECOMMENDATIONS & v & 4 o o 4 v v 6 4 v 4« & 5 o s 2 & =« 66
REFERENCES & & ¢ & v o 4 & 4 o 4 « o 2 = ¢ « o » « & s+ a s a 68
APPENDIX A -~ HISTORICAL SUMMARY - AVERAGE PERCENT
TRUCKS AND AVERAGE NUMBER OF AXLES PER TRUCK . . . . . 71
APPENDIX B - HISTORICAL SUMMARY ~ AVERAGE AXLELOAD
DESTRIBUTION . & & & & = 4 v « o s o = & o s s « o s 75
APPENDIX C - HISTORICAL SUMMARY ~ AVERAGE EWL'S
‘ FOR 1,000 VEHICLES AWND FOR 1,000 TRUCKS . . . . . . . 8l
APPENDIX D - AVERAGE VEHICLE-TYPE PERCENTAGES AS
A FUNCTION OF LOCAL CONDITIONS . . v v ¢ ¢« v o « « & & 87
APPENDIX E - AVERAGE UNIT EWL'S AS A FUNCTION OF
- LOCAL CONDITIONS P T T 20
APPENDIX F ~ WORK SHEETS FOR PREDICTING DESIGN EWL'S . . . . 97

APPENDIX G -~ EXAMPLE PROBLEM . . & & &+ & & & s « 2 & s o o & 106

iv



Tabla

10

11

12

13

14

15

16

17

18

LIST OF TABLES

CRIGINAL LOAD EQUIVALENCY FACTORS . . . . .
CURRENT LOAD EQUIVALENCY FACTORS . . . .

KENTUCKY GROWTH ADJUSTMENT FACTORS FOR EWL
ESTIMATES v & « o o o s o o o s o & « »

KENTUCKY DESIGN TRAFFIC CATEGORIES . . .

CALIFORNIA EWL CONSTANTS FOR DUAL-~TIRED
COMMERICAL VEHICLES . . . « & « & & « « &

LQUIVALENCY COEFFICTENTS BY ROUTE CLASS .
CODIFICATION OF LOCAL CONDITIONS ., . . . .

CODIFICATION OF VARIABLES OTHER THAN LOCAL
COND ITEONS L] - L] L) L] . L] - * L] - Ll Ll L] L]

WEIGHT-CATEGORY CODES .

EFFECT OF WEIGHTING OR MEAN KENTUCKY

UNIT BWL'S « v v o v o v v o n e e e aw
WEIGIITING BY GROUPS L] + L] . L] L] L) + * L] L) L]
JLLUSTRATION OF DUMMY VARIABLES . . . . . .

ILLUSTRATION OF VALUES OF DUMMY VARIABLES .

»

METEODS FOR CORRELATION OF TRAFFIC PARAMETERS

LOCAL COWDITIONS . . . o « « - &

.

ACCURACY OF VEHICLE~TYPE PERCENTAGE ESTIMATES

UNIT EWL'S OF BUSES . &+ + « ¢« + & & o » &

ACCURACY OF UNIT EWL ESTIMATES - . . . . . .

ACCURACY OF ESTIMATES OF EWL'S PER 1,000 VEHICLES

FOR 225 INDIVIDUAL COUNTS . . . . .

.

Page

10

12
14

19

27

29

36
36
42

42

44
49
53

54

58



Figure

1

w

10

11

13

14

15

16

17

i3

LIST OF PIGURES

Form for Estimating 20-Year EWL's,
2000-2995 vpd .+ . 4 4 e e e e e e e e

Tour Geographical Areas . . . . . . « .+ .+ .
Example of Station-Location Descriptions .
Example of Index by Route . . . + . « . . .
Example of Index by County . . . . . . . .
Txample of Basic Classification Data . . .
Example of Modified Classgification Data ., .
Example of Basic Weight Data . . . . . . .
Example of Modified Weight Data . . . . . .

Influence of Year on Additive Correction
FACtors v v v v v v 4 4 e e e s e e s s e

Relationship RBetween Additive Correction
Factor and Year (Unit EWL Estimates for
C—-4A Trucks)., = v & v 4 v v v v v e e e

Relationship Petween Additive Correction
Factor and Maximum Allowable Gross Welght
(Unit EWL Estimates for C-4A Trucks). . .

Example Effect of Maximum Allowahle Gross
Weight on AASHO EAL's per 1,000 Vehicles

Comparison of Actual and Predicted EKentucky
EWL's per Day for 225 Iandividual Counts .

Percent Error in Keafucky Cumulative Daily
EWL's as a Function of Time . . . . . .

Actual Versus Predicted 20-Year Design EWL's
for A1l Stations . . & « + ¢ 4 4 6 s .

Flexible Pavement Thickness Based on Actual
and Predicted 20-Year EWL Accumulations .

vi

-

‘Variability in Kentucky Daily EWL's at Statioun 8

25

26

26

30

31

32

33

47

51

51

56

29

60

62

63

64



INTRODUCTION

One of the first published methods for the structural design of highway
pavements was called the Massachusetts Rule and waes presented in the elghth
annual report of the Massachusetts Highway Commission in 1901 (1). The
assence of this procedure was a rather intuitive assumption concerning the
distribution of vertical pressures beneath a loaded avea. Tor deslgn purposes,
this required the selection of a deeign load which, since fallure was assumed
to be catastrophic and not cumulative, could be taken as the lavgest load that
could reascnably be anticipated during the design I1ife of the pavewent. The
prediction of such a design load was in ftself a rather formidable task.

However, as early as the late 1930's, pavement designers began to
appreciate that pavements could become distressed not only catastrophically as
a result of the single application of a wery large load but also cumulatively
as a result of the repetitive application of loads of lesser magnitudes. In
1938, Bradbury (2) hypothesized that portland cement concrate pavements could
fall as a result of the conventional mechanisms of fatigue. The primary type
of failure in flexible pavements was identified by Porter in 1942 (3) as
raesulting from progressive plastic deformatlon of the foundation as large
repetitions of load were accumulated. Soon thereafter, Hveem and Carmany (4)
postulated that repetitive load applications on flewible pavements could
cause fatigue-assoclated distress in the asphalt-bound layers in addition to
distress associated with the accumulation of irrecoverable plastic deforma-
tions. To apply this knowledge in any gainful way required that the cumulative
destructive effects of the diverse spectrum of traffic loads be evaluated and,
for design purposes, predicted. This greatly mageifled the problems assoclated
with traffic predictions, which heretofore had concentrated on the design-load
concept.

A first dmdication as to how the destructive effects of wvarious repet-
itive traffic loads might be reduced to a single measure was that made by
Bradbury (2). He introduced the problem of flexural-fatigue fallure in
portland cement concrete pavementse and propoged a design procedure based on
the linear sumation of cycle ratios concept™(5) wheveby estimates could be
made of the age of a pavement at which fatigue craching would be initiated.
Furthermore, he illustrated the pracfical application of this technique by
means of an example problem based on necessary assumptions concerning the
distribution of traffic loads, the geometry of the pavement slab, and
characterizations of material behavior.

One of the first investigators to be significantly influenced by
Bradbury's work was Grumm (7), who, in the early 1940's, sought a means where-
by the destructive influence of the magnitude and pumber of applications of
any particular wheel load might be expressed in terms of an eguivalent number
of applications of a standard or base wheel load. A standard wheel load of
5,000 pounds was selected since it was felt that high-type pavements could

tors of the fatigue of metals have commonly termed this
4 hypothesis’ (6) .

Investiga
concept "Miner's



withatand an almest unlimited number of applications of wheel loads of smaller
magnitudes without exhibiting distress. Grumm introduced the concept of
equivalent wheel load (EWL) or load equivalency factors, the number of appli-
cations of the standard 5,000-pound wheel load which is equivalent in destructive
effect teo one application of a wheel load of different magnitude, These factors,
which were derived from an analysis of Bradbury's illustrative example and
subsequently modified on the basis of observed flexible pavement performance
inservice, are shown in Table 1. MNote particularly that these factors represent a
simple geometric progression for the stipulated wheel loads.

Grumm further suggested that, by using these equivalency factors and
traffic estimates that yielded the total number of applicatlons of each wheel
load anticipated during a given design period, one could estimate, by summation
the total equivalent number of applications of the standard 5,000-pound wheel
load -- that is, the total number of FWL's - that would be anticipated during
the design period. Thus, 1f two different traffic estimates vielded identical
egtimates of total EWL's, the composite destructive effects of the traffic in
che two clreumstances were assumed to be the same.

The Califoruia Investlgators were the flvst to incorporate this meauns
for traffic evaluation into empirical methods for flexible pavement design (7).
Theilr use of the concept, though in a somevwhat different form, has continued to
the present (8). The Kentucky Department of Highways adopted a modification of
the California curves for the structural design of flexible pavements in the
mid-1940"'s (9). 1In 1949 (9), design curves were published which utilized, as
the traffic parameter, the predicted accumulations of EWL's during the design
period. On the basis of these predictions, traffic was placed in one of five
categories which enabled the selection of an approprilate design curve. In 1259
(10), the number of traffic categorles had been increased to 11 and the design
curves were modified on the basis of an extensive pavement performance reevalua-
tion.

TALLE 1

ORIGINAL LOAD EQUIVALENCY FACTGRS (7)

Wheel Load Lquivalency
(1bs) Factor
5,000 1
6,000 2
7,000 4
8,000 8
9,000 16
10,000 32



A nationwide resurgence of interest in the load equivalence concept
followed analyses of the AASHO Road Test results (llmL&) These analyses
focused attention on the validity of expressing the destructive effects of
traffic in terms of equivalent loadings, at least inscfar as empirical design
procedures are concarned. The standard or base load, the method for deriving
the equivalency factors, the factors themselves, and some of the methods of
analysis were changed to reflect the vast amounts of data from the road test
and improved capabilities for analysis. However, the equivalency concept was
verified and retained in the interim design guldes (;i{;é).

During the several years immediately prior to 1963, Kertucky had been
experiencing some difficulties in obtaining reliable estimates of design FWL's.
Average estimates obtained at several locations had been found to agree
remarkably well with the actual average EWL's that had been accumulated.
However, when EWL estimates at specific locations were compared with actual
accumulations, an unacceptably large variation was found. This comparison
illustrated the need for a more proper determination of the effects of local
conditions on significant parameters of the traffic stream. Tn addition, the
Kentucky procedure offered no basis whatsoever for extrapolation of data to
a wide variety of routes -- for example, secondary roads - for which
limited historical data were available.

These obgervations were largely responsible for the initiation of the
current study in September 1963. The major purpose of the study is the
reevaluation of traffic parameters used for predicting EWL's for use in
pavement~thickness design procedurss with the intent of more properly incorpo-~
rating the influence of local conditious. The more gpecific objectives of the
study are as follow:

1. to establish a proper methodology for obtaining estimates of
design EWL's,

2. to identify those characteristlcs of a particular route or locale
which affect the composition and axleload distributions of traffic,

3. to develop a means for relating significant traffic parameters to
local conditions, and :

4. to provide a means whereby estimates of EWL's by both the Kentucky
and AASHO procedures can be compared and the differences evaluated.

Three specific limitations on the scope of thisg study are worthy of
mention. Tirst, the study is basically a traffic study. Ho attempt has been
made fo ascertain whether the equivalency factors are of proper magnitude,
whether 1t is essential to distinguish between single and tandem axles, and
so forth. Second, the traffic characteristics in rural areas have been
found to differ significantly from those in urban areas. It was decided to
restrict the scope of this report to rural areas within which the bulk of
applicable data have been accumulated. Third, it was decided to assume that
accurate estimates of average daily traffic (ADT) would be available to the
degigney. This assumption appears reasonable since:

1. Reasonably accurate predicticns of ADT are currently avallable on
request from the Division of Flanning,




2. An extensive study of ADT-prediction procedures is currently pro-
grammed in Kentucky (15), and

3. 1t appears plausible that separate procedures can and should be
evolved for predicting traffic volumes and the compositlion and welght charac-
teristics of the traffic.



PRCCEDURES FOR PREDICTING EWL'S

An analysis of the available literature reveals that there are apparently
few, if any, procedures for properly relating EWL predictions to local con-
ditions. However, before some of this literature is examined, it is well
to review some of the fundamental differences between the Kentucky and AASHD
methods of computation.

COMPARIBON OF KENTUCKY AND AASHO METHODS (10,13,14)
The major differences in the two methods are described as follow:

1. Base load. ZKentucky has retained the 5,000-pound wheel load as the
base or standard load. Converting to axleload format, the standard axleload
used in Kentucky is the 10,00C~pound single axleload. AASHO uses as a
gstandard the 18,000-pound single axleload which is the maximum legal single
axleload in many states (1l6). Tor empirical correlations, the actual magni-
tude of the base load is of little practical significance since conversions
from one base load to any alternate can readily be made. Of much more signif-
icance are the relative magnitudes of the load equivalency factors.

2. Axle types considered. Kentucky considers all axles as single axles
while AASIHO applies different sets of equivalency factors to single and tandem
axles, It ls well known that the destructive effects of loads acting singly
and in tandem are not identical (16). The matter of ascertaining the impor-
tance of this distinction cannot be properly debated here. It should be
mentioned, however, that Kentucky defines a tandem axle as the composite
of two single axles whose centers lie between 42 and 120 inches (17). At the
game tlme, AASHO spacifies that this measurement should be 40 Inches or less
(13). Whether this distinction is relevant, considering the axle configura-
tions which pass over Kentucky highways and those employved in the AASHD road
test, is unknown. However, if it is, the Kentucky procedure may be more in
order for Kentucky conditions since the axleloads tend Lo act separately as the
distance between them increases.

3. Derivation of load equivalency factors. Kentucky's equivalency
factors are based on the illustrative example of Bradbury and modified as
required for compatibility with experience. The factors suggested by AASHD were
determined from & statistical analysis of the performance of the road test
pavements.

4., Tactors affecting load equivalency factorgs. Kentucky's factors are
a function of the magnitude of the single axleloads and are applicable only
to flexible pavement design. AASHO's factors are a function of: (1) axle-
load magnitude, (2) type of pavement {(flexible or rigid)}, (3) type of axle
(single or tandem), (4} terminal serviceability rating {(an index of the extent
of distress at failure), and (5) the structural number (an index representing
the composite structural capacity cof the pavement). It is reascnable to assume
that each of the determining factors selected by AASHD do theoretically affect
the magnitudes of the load equivalency factors. Tor example, Yoder (16) has




pointed out that the equivalency factors depend upen the type and thickness of
the pavement. However, recent work at Purdue University (18) indicates that
for practical purposes variations in pavement thickness and terminal service-
ability have little effect on equivalency factors and can possibly be neglected
for pavement design purposes.

5. Two—axle, four-tired wvehicles. In the past, only trucks have bgen
considered by Kentucky to contribute to the accumulation of destructive load-
ings. A truck is defined as a motor wvehicle having six or more tires and
designed primarily as a freight carrier. Furthermore, all truck axles weighing
less than 9,000 pounds are assumed to have negligible effect. AASHO considers
all vehicles as contributing to the cumulative destructive effect although the
contribution by passenger cars is extremely small.

6. Design EWL's. A minor distinction in terminology is necessary since
Kentucky expresses traffic in terms of equivalent wheel loads, and AASHO in
terms of equivalent axleloads (EAL's). This presents no difficulty since
Rentucky's results can be interpreted in terms of a base single axleload of
10,000 pounds, and AASHD's results in terms of a base wheel load of 9,000
pounds, Both recommend use of a traffic evaluation perlod of 20 years. A
major difference with regard to design procedures is that Kentucky uses total
EWL's in all lanes and in both directions. AASHO identifles a single design
lane for heavy-duty, multilane facilities and computes EAL's only for that
lane. The results are equivalent only when the average annual directional
split is 50-~50 and when, on multilane facilities, all contributing, one-
directional traffic utilizes the same lane. The AASHO approach i1s perhaps
nore reasonable, especially due to the rapidly increasing mileage of multilane
facilities. For this reason, the approach taken herein is to provide the
capabllity for considering directional splits of other than 50-50 and lane
distributions of other than 100 percent of the significant traffic in the
design lane.

Table 2 ia presented to compare the equivalency factors currently used
by Kentucky and AASHO. In studying thils table, one should keep clearly in
mind the aforementioned distinctions between the two methods.

CURRENT KENTUCKY PROCEDURE

The Four parameters of the traffic stream that enter the IWL computations
are (1) ADT, (2) average percent trucks, (3} average number of axles per
truck, and (4) the average load distribution of truck axles {(axleload distri-
bution). Tor purposes of estimating IWL's, these four parameters must be
representative of the average conditions during the design 1life. Estimates
must be made on the basis of data gleaned from traffic volume counts, vehicle
classification counts, and weight studies at loadometer stations. Special
surveys may be tsken if necessary for a particular design project but most
often data are obtained from the routinely conducted surveys or from special,
statewide surveys.

Estimates of ADT are thought to pose no significant problems. An
extensive network of automatic traffic recording (ATR) stations is located
within the Commonwealth, and information obtained from these is annually
supplemented by numerous counts made for more speclfic purposes,

6




TABLE 2

CURRENT LOAD EQULVALENCY FACTORSl
Single Axles Tandern Axles

Load Kentucky  AASHOZ Load (entucky3 AASHO?
(kips) (kips)

1-3 0 0.0002 2-6

3-5 0 0.002 6-10

5-7 0 0.0L 10-14 0.01

7-9 0 0.03 14-18 0.05

911 1 0.09 18-22 0.12
1113 2 0.19 2226 0.26
13-15 & 0.36 2630 0.50
15~17 3 0.62 30~34 0.86
17-19 16 1.00 3438 1.38
19-21 32 1.51 3842 2.08
2123 64 2.18 4246 3.90
23-25 128 3.03 £46--50 4.17
25~27 256 4,09 5034 5.63
27-29 512 5.39 54--58 7.21
29-31 1024 6.97 5862 9.59

IThe factors used by AASEO relate to truck axles. In addition,
two—axle, four-tired vehicles are assumed to contribute 00,0002 EAL's
per vehicle.

2Thegse factors relate to flexible pavenents having a terminal
serviceability index of 2.5 and a structural number of 5.

3Kentucky does not identify tandem axles separately for purposes of
computation.

Accurate estimates of percent trucks are slightly more difficult to
obtain, As will be shown later, the percentage of trucks is very much
affected by season; the lowest value for rural stations is normally recordad
during the summer months when the volume of passenger cars is large. It is
essential, therefore, to obtain an annual weighted average of percent trucks.
Furthermore, it must be recognized that estimates of percent trucks are
made solely on the basis of vehiele classificatlion counts. There apparently
has been some tendency in the past to select as a basis for estimation only
those counts taken at the loadometer statfons. This practice dgnores a wealth
of data availlable from other vehicle classification counts and limits consider-
ation to those traffic patterns representative of primary highways on which
the bulk of loadometer stations have been operated.



Estimates of the average number of axles per truck likewise should be
made on the basis of vehicle classification counts. Accordingly, the above
remarks apropos to restricting the basis of estimates to loadometer-station
data are equally relevant here. A further consideratiocn is also important.
One must not restrict determinations of the average number of axles per
truck to those trucks that are actually weighed at a particular loadometer
station. The rationale here is obvious since the average number of axles
per truck is sensitive only to the relative percentages of the varicus vehicle
types in the fraffic stream: the vehicle sampling for weighing purposes is
not necessarily in the true proportion.

Estimates of the load distribution of truck axles must be made on the
basis of data obtained from loadometer stations. However, caution must be
exercised to asgure that both vehicle classification and weight data enter
the computations unless the weight sampling by vehicle type is in the same
proportion as the vehicle types exist in the trafflc stream.

As summarized above, estimates of average percent trucks, average
number of axles per truck, and axleload distribution have generally besen
based on vehicle classification and weight data obtained from loadometer
stations. To account for the effects of local conditions, the analyst
generally exercises his discretion in the selection of a relevant basis for
evaluation., Normally considerations would include (1) the nearest loadometer
station, (2) the loadometer station with the most similar traffic character-
istics, and (3) statewide averages for all loadometer stations falling within
a designated volume group. Under many circumstances, the effect of local
conditions could be much better assegsed if the analyst would extend his
range of comsideration to include any relevant vehicle classification counts
from which estimates of average percent trucks and average number of axles
per truck might be made.

With this basic information in mind, Kentucky's current procedure for
estimating design EWL's is summarized by the following step-by-step procedure:

1. Estimate the initial ADT (total, two directional).

2, Estimate the average percent trucks. It is assumed that this
percentage will not change significantly during the design life. The
validity of this assumption is borne out by an analysis of the data assembled
herein., While random varilations in percent trucks are evldenced from year
to year, no overall trend can be noted,

3. ‘Find the initial average daily number of trucks by taking the
product of initial ADT and average percent trucks.

4, TFind the average daily number of trucks over the 20-year design
period, Tt is assumed in most cases that the annual increase in the number
of trucks is constant over the period and equals 4.65 parcant of the initial
number. The average number then equals the initial number Increased by
46.5 percent. In special cases, other percentages may be chosen at the
discretion of the analyst. TFor low volume groups the average increase is
taken to be 20 percent. Table 3 summarizes these adjustments.



TABLE 3

EENTUCKY GROWIH ADJUSTMENT FACTORS FOR EWL ESTIMATES

Volume Group

0~399 400-999 1000-1999 2000-2999 3000+

(vpd)  (vpd) (vpd) (vpd) (vpd)
Multiplicative factors to 1.200 1.200 1.465 1.465 1.465
adjust initial daily truck
traffic to average over
design period
Additive factors to adjust - .04 0.08 0.14 0.1%

initial average number of
axles per truck to average
over design period

Additive factors to adjust
initial axleload distribution
to average over design period
for following axle load
categories (kips)

9-11 - 0.01 0.04 0.08 0.09
11-13 -~ 0.01 0.04 0.11 0.13
13--15 - 0.04 0.11 0.23 0.27
15-17 - - 0.04 0.12 0.15
17-19 -~ 0.01 0.04 0.09 0.11
19-21 - - 6.01 0.04 0.05-
21-23 - - - - -
23-25 - - - - -

5. GEstimate the initial average number of axles per truck.

6. Adjust the initial average number of axles per truck to an
average over the design period. This is accomplished through the use of
additive adjustment factors shown in Table 3. These adjustments are based
on an analysis of trend data and reflect increasing utilization of truck types
having larger numbers of axles.

7. LEstimate the total number of truck axles anticipated during the
20~year design period. This is obtained by taking the products of the
adjusted average dally truck traffic (step 4), the adjusted average number
of axles per truck (step 6), 365, and 20,



8. Estimate the initial axleload distribution for truck axles. This
is the percentages of truck axles which fall within designated axleload
intervals. Axles weighing less than 9,000 pounds may be neglected.

9. Estimate the average axleload distribution during the design period
by applying the additive corrections shown in Table 3, These corrections are
based on an analysis of trend data which indicate that average weights of
truck axles have generally increased with time.

10. ¥ind the total number of truck axles expected within each axleload
category during the design life. These are obtained by multiplying the total
number of truck axles (step 7) by the adjusted percentages within the various
load categories (step 9).

11. Compute the EWL's within each axleload category by multiplying the
total axles in that category (step 10) by the appropriate equivalency factor
(Table 2),

12, Sum the EWL's of step 1l to obtain the final estimate of the total,
two-directional EWL's anticipated during the design period.

13. Determine the appropriate traffic category using Table 4.

Figure 1 illustrates one of the forms used to facilitate the computational
process embodied in the above procedures.

TABLE 4

KENTUCKY DESIGN TRAFFIC CATEGORIES

Category Two-Directional
' EWL's
{(millions)
IA Less than 0.5
I 0.5-1
IT 1-2
11T 2-3
v 3-6
v 6-10
Vi - 10-20
VLI 20-40
VIII . 40-80
IX 80-160

X o 160-320
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TRAFFIC YOLUME GROUF 2000-2999

COUNTY ROAD NAME ROUTE NO.
PROJECT LIMITS PROJECT NO,

LOADOMETER STATION REFERENCE

(1) Percent Trucks uuuuueuaiiarcs taiossoarosasnassstvines
{2) Avg, Axleaper TrucCk ... .ivrranririicennnraansranaans
(3) Avg. 24=Hr. Traffic ........c.0iiiiiriaranarararrarenrs
(4} Avg. 24-Hr. Truck Traffic = {1) = {3} ........ ... coout
(5) Awg. 24-Hr. Truck Traffic for 20-Yr, Period = 1,465 x {4).
{6) Avg. Axles per Truck for 20-¥Yr. Period = (2) + 0,14 .,.,. i

{7) Total Axles in 20 Yra, ={5) x{6) 365 x20 ..........000.

[A) {B) 1T} (D} TE) 3] i)
Axle Total| % Total % Corrected| Total Axles EWL's
Lioad Axles | Axles, From| Correct-| Total Axles |by Wi Class | EWL | 2 Direct,
(tons) {7} | Load, Sta, ion IC} + (D) {B} = {E) Factor| {¥}x{G)
4.5-5.5 0.08 1
5.5-6.5 0.11 H
6.5-7.5 0.23 4
7.5-8.5 0.1z ) 8
8,5-9.5 0.09 16
'9.5-10.5 0.04 32
10.5-11,5 o 64
11.5-12.5 -0 128

TOTAL EWL's for 20-¥r. Period {Two Directiona)

Figure 1. TForm for Estimating 20-Year EWL's,
2000-2999 wvpd.

CALIFORNIA PROCEDURE

A review of the California procedure for evaluating EWL's (8,19)
provides the opportunity for introducing the concept of unit EWL's which are
defined as the average EWL's per vehicle and which are a function of wvehicle
type. For pavement design purposes, California predicts the accumulated
equivalent number of 5,000-pound wheel loads on the design lane during a
10-year period. Thils design EWL is converted to a Traffic Index for entry
into the pavement design charts.

First it is necessary to predict the present and future, two-directional,
average daily volumes of the various types of dual-tired commercial vehicles.
These types are classified according to number of axles per vehicle, and
buses are treated as commercial wvehicles. These average daily numbers of
vehicles are multiplied by EWL-conversion factors for each vehicle type,
and the results are summed over all vehicle types to obtain the average annual
design EWL in one direction. These conversion.factors are shown in the
second column of Table 5. These factors automatically convert from two-direc~
tional to one-directional velumes and from dally to annual accumulations. For
speclal conditlons of traffiec, adjustments in the EWl-conversion factors

11




TABLE 5

CALIFORNIA EWL CONSTANTS FOR
DUAL~TIRED COMMERCIAL VEHICLES

Type of Vehicle Annual Degign EWL ' Unit
per Vehicle per Day : EWL

2-axle truck 250 1.37

J-axle truck 815 4, 47

h-axle truck 965 5.28

S5-axle truck 2385 13.08

p-axle truck 1475 3.09

may be warranted. Corresponding average unlt EWL's for the wvariocus vehicle
types are shown in the third column of Table 5. After the average annual
one-directional design EWL has been obtained, it is multiplied by the number of
years in the design period and adjusted, 1f necessary, for lane distribution on
multilane facilities.

The important fact to emphasize here is that California largely
separates the problem of estimating the composition of the traffic stream
(by vehicle type) from the problem of estimating the axle~weight distributions.
of the various vehicle types. It is apparently assumed, furthermore, that
there is some consistency in the average unit EWL's among the various types of
highways even though provision is made to adjust these if necessary.

RECENT INVESTIGATIONS IN TEXAS

Two rather recent investigations comducted in Texas shed additional
light on both methodology and the effects of local conditions. The first
of these (20) was concerned primarily with methodology. The proposed
nethodology does not seem to differ greatly from that used in Kentucky and
is outlined briefly in the following manner:

1. Predictions are made of the average daily traffic (ADT) anticlpated
throughout the design period.

2. The percentage of trucks can then be estimated using a curve derived
from an analysis of past data which relates percent tyucks with ADT. Percent
trucks are not used directly in the analysis but are computed primarily for
use in geometric design and as input to steps 3 and 4. '

3. The numbers of both single and tandem axles per 100 vehlcles are
obtained from a tabulation based on volume group, percent trucks, and highway

classification. Multiplication of these numbers by the ADT expressad in
hundreds yields the total numbers of single and tandem axles anticipated.

12



4. Axleload distributions for both single and tandem axles are related
to percent trucks. Given these distributions and the aumbers of axles obtained
in step 3, the numbers of each type of axle in each weight category can be
determined. Dquivalency factors are then applied and the results summed to
obtain the design EAL's.

The second investigation (21) employed a slightly different methodology
but focused attention primarily on how to relate axleload distributlons at
one location to those at other locations. This represented an attempt to
ascertain and describe the effect of local conditions on axleload distributieons.
Data obtained from loadometer stations operated from 1960 through 1963 were
grouped by each of the following three classification sets: (1) percent trucks,
(2) highway system classification (a composite indication of geometric design
standards and percentage of through trucks), and (3} statewide averages.

It was concluded that axleload distributions for design purposes should
be obtained from measurements at a nearby loadometer station if such measure-
ments are available and if design and traffic conditions are nearly identical.
If not, the statewide average axleload distributions should be used except
for highways approaching interstate design standards. Tor these facilities,
average axleload distributions for stations of this high-type design should
e used. :

PURDUE UNIVERSITY

Recently, Ulbricht (18) has devised an approximate method for estimating
EAL's based on a knowledge of ADT and an equivalency coefficient. The equiv-
alency coefficient is the average FAL per vehicle and comsiders the proportions
and weights of all vehicle types in the traffic stream. Using multiple
regression techniques, an equivalency coeffieient of this type was related to
various parameters in the traffic stream including percent trucks and percent
multiple-unit trucks. Data from 22 loadometer stations accumulated over a
three-year period were utilized and the resulting correlations were found to
be most acceptable.

It was suggested, however, that, since the percentages of trucks on
highways of the same class are approximately constant, the equivalency coeffi-
cient could be related to a classification of highway type by truck usage.

The three classes of truck routes are:

1. Class I truck routes - all interstate routes and US-numbered routes
connecting major population centers, '

2. Class II truck routes - all other primary highways, and
3. Class IIT truck routes -~ all secondary state highways.

The equivalency coefficients, based on AASHO's computational procedures, are
shown in Table 6.
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TABLE 6

EQUIVALENCY COEFFICIENTS BY ROUTE CLASS

Class of Truck Equivalency Coefficilents
Route (EAL's per vehicle)
Rigdd Flexible and
Overlay
I 0.22 0.16
11 : 0.10 0.07
II1I 0.03 0.01

To estimate EAL's, it is recommended that vehicle weight and classifi-
cation data be used directly. However if such data are unavailable, a reason-
bly accurate estimate may be made by obtaining the product of the average
ADT, the equivalency coefficient, the number of years, and 365. The signifi-
cance of this work is embodied in use of the equivalency coefficient and the
ability to congider local conditions only in terms of the highway class.

CONCLUDING REMARKS

Qther organizations (22-24) have also sought appropriate means for
estimating EWL's for pavement-design purposes. In addition, still others
(25,25) have been concerned with related aspects of the problem--including
sampling procedures, methods for obtaining measurements, and so forth.
Apparently, however, there has been very little in-depth study of the various
effects of local conditions on the pertinent traffiec parameters. TFor example,
the effects of time and such a crucial variable as the maximum allowable gross
weight have generally remained unknown. It is primarily to this problem that
the current study is directed.
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PROPOSED METHODOLOGY

During the search for a responsive procedure for predicting EWL's for
pavement-design purposes, it was necessary to investigate whether the methed-
ology currently used in Kentucky is sufficlently responsive to both present and
future requirements of the design problem. The following criterla were
established to enable a proper assessment of both current and possible alternate
methodologles:

1. The method must be simple to apply to design situations. It was felt
that any refinements requiring laborious and time-consuming computations would
be unacceptable to the designer unless significant improvements in accuracy
could be realized. '

2. If a new methodology is proposed, it must be reasonably simple and
straightforward in its development.

3. Tull use must be made of all available, relevant data.

4. The methodology should be rational, or at least intuitilvely
appealing, and should lend insight as to the basic relationships entering the
design computations.

5. The methodology should yileld sufficiently accurate estimates of
design EWL's. '

6. The methodology should maximize the amount of valid data useful for
other than pavement-design purposes. '

7. The methodology should be adaptable to possible future considerations
of lane and directional distridbutions.

8. The methodology should be sufficiently general so as to permit use
of any chosen set of equivalency factors and to permit separate identification
of single and tandem axles.

9, The methodology must be structured so that the effects of local
conditions may be properly evaluated.

A review of Kentucky's current method led te the conclusion that it
generally satisfied most of the above criteria or, with some modifications,
could satisfy most of them. However, certain deficienciles were noted which
made attractive the consideration of possible alternatives. In the first
place, Kentucky's procedure uses the load distribution of truck axles which,
as has been mentioned previously, is dependent on both vehicle classification
and weight data. This means that weight data is meaningless in itself without
corresponding classification counts. At first glance, this poses no signifi-
cant problems since the procedures could be modified to use the axleload
distributions of the various vehicle types. However, the axleload distributions
are difficult to manipulate statistically and a much simpler method would be
to collapse the relevant information into a single measure such as unit EWL's.
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The average number of axles per truck is a variable related only to the
percentages of the various vehicle types in the traffic stream. This manner
of viewing these percentages seems to cloud the basic relationships which are
contributing te the changing traffic stream. & somewhat arbitrary, additive
correction factor (Table 3), applied to adjust for changing basic conditions
with time, is not intultively appealing and lends little insight into the
mechanisms at work within the changing system.

Furthermore, the wvariable, percent trucks, has been examined in some
detail and has been found to be relatively insenslitive to local conditions and,
therefore, rather difficult to predict. For example, percent trucks, though
extremely variable from year to year, dces not ssem to demonstrate signifi-
cant trends with time. However, the percent of individual truck types are
greatly dependent upon yvear. Lt was felt, therefore, that benefits would be
realized by predicting the percentage of each vehicle type. This would
provide a bullt-in checking procedure™ as well as additional information to
those concerned with the composition of the traffic stream on a designated
route,

Finally, Kentucky considers only truck traffic inm its analysia. At the
same time, weight data obtained from loadometer stations Indicate that some
two-axle, four—tired, freight vehicles have axles weighing in excess of 9,000
pounds and, therefore, contribute to the accumulation of EWL's. TFurthermore,
some buses also have a destructive effect on pavement performance. 1f non-zero
equivalency factors for single axle loads under 9,000 pounds are used, the
effects of these omissions are somewhat magnified.

A semi-theoretical approach of the type alluded to by Larson (23) was
first suggested as an alternate to the Kentucky procedure. 3Such an approach
would be based on postulations of intercity interactions (gZ) extended to
encompass the necessary range of vehicle types. While such an approach is
intuitively appealing, development of the procedures and characterization of
the system seemed to be rather monumental tasks. This is further complicated
by the fact that a significant portion of the traffic in Kentucky is generated
from terminals alien to Kentucky. The necessary resources for such an effort
were not available and significant advantages over less tedious procedures
were not assured.

It was decided, therefore, to adopt an empirical approach which relied on
the correlation of sigaificant parameters of the traffic stream with those
local conditions of potential importance which could be identified and evaluated
rather easily. Gross measures, such as the equivalency coefficient of
Ulbricht, were rejected primarily on the basis that much significant data would
be lost, the basic relationships entering the design computations would be
obscured, and it would be difficult to account at some future time for lane and
directional distributions. Significant parameters of the traffic stream chosen
to be evaluated were the percentages of the various vehicle types and thelr
average unit EWL's. After these characteristics were predicted for a design
situation, the design EWL's were computed as follows:

Design EWL's = II 365(ADT4)(Py) (D4) (Ly) (VEWL;) (1)
i

Irhe gum of the percentages would have to equal 100 percent.
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where j = the jth year,

i = the ith vehicle type,

ADTj = the average daily traffic in the jth year,

Py = the predicted percentage of the total traffic stream which is
of wvehicle type i,

Dy = the annual average percentage of type i vehicles which travel
in the c¢ritical direction,

Ly = the annual average percentage of type i vehicles traveling in
the critical direction in the design lane, and

UEWL; = the predicted average unit EWL's for vehicle type 1.

The design EWL's predicted from Lquation 1 represent the predicted
accumulations of EWL's in the design lane. This equation can be simplified
somewhat when it is possible to predict an average or effectlve ADT during the
design period and when the basis for design is the total accumulation of EWL's
in both directioms and all lanes. [Iquation 1 then reduces to

Design EWL's = 365 (N)(ADTeff) % (Pi)(UEWLi) ()

where N the design period in years and

1

ADTagf the average or effective ADT during the design period.
Equation 2 provides valid estimates for use with Kentucky's current flexible
pavement-design procedure,

The proposed methodology, which is embodied in Equations 1 and 2, is
found to reasonably satisfy the previously enumerated criteria. It is simple
both in development and application. Tull use can be made of all relevant
data since unit EWL's need only be derived from weight data and the percentages
of the vehicle types from classification data. While maximum use is made of
classification information, some information is lost when unit EWL's are
substituted for axleload distributions. This problem is partially alleviated
herein by the subsequent presentation of unit EWL's computed by Kentucky's
procedure, by AASHO's procedure, and by a modified AASHO procedure which is
explained subsequently. Local conditions enter the analysis in the determina-
tion of the traffic parameters of interest—-namely, the vehlcle percentages
and the unit EWL's.
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LOCAL COWDITIONS

Having thus established the proposed methodology and identified the
traffic parameters of interest, it was then necessary to Identify theose local
conditions thought to be significantly related to the compesition of the traffic
stream and to the weights of the vehicles dncluded therein., The process used in
this identification was largely intuitive since at this stage the available data
were not in proper format for analysis.

Several rather general guldelines were avallable to aid in this selection,
Ay apparently relevant lecal condition would have Lo be amenable to analysis -
that is, it would be necessary to be abla to classify each condition both to
enable the analysis of past data and to enable subsaquent predictiocns. TFurther-
more, some rationale would have to be formulated to tentatively substantiats
the relationships between the traffic parameters and the local condition. It
was soon recognized that many of the relevant conditicns could not be treated
as conbtinuous variables but would have to be treated as clasaification sets to
which an Integer number would be asscciated For data-processing purposes.
TFinally, it would be desirable to exclude from the set of local conditions any
predictive characteristics of the traffic stream ltself except ADRT.

The set of local conditions chogen for analysis is shown in Table 7, which
alge gives informetion relative fo the coding schewme. The data bank code is
the code found on the basic data records. The szcond code 1s a transformed code
used to facilitate the analyases reported herein. TFor ceonvenience, all local con-
ditions have been treated as classification sets and none as continuous vari-
ables.

1. Road type. The road-type caibegory was originally intended to provide
an indication of the percentags of through vehicles -~ most notably, through
trucks - in the traffic stream. As such it was felt to be indicative of the
local~- or through-service nature of the route. It was felt that the vehicle
weight and composition characteristics would greatly depend on such a classifi-
cation. However, difficultiss were soon apparent in attempting to devise a
coding scheme which could, within a reasonsble time frame, be applied for all
data cbtained within the study period (1950-1966}. Accordingly, a compromlse
scheme was adopted which classified the route by the manuner in which it was
numbered.

2. Dirsection. Kentucky is geographically situatved so that the bulk of
interstate truck traffic travels on primarily north-south routes. It was felt,
therefore, that the principal direction of a high-type facllity might be a
significant factor in determining the type of traffic traveling thereon.
Accordingly, each route was classified as to its predomimant direction. As an
aid in making this assessment, terminal or quasi~terminzl points were salected
and a decislon made as to whether north-south or east-west traffic would make
major use of the route. Distances separating the quasi-termlnal peints were
extended as the adijuged importance of the route increased. The potential
gignificance of route direction was felt to greatly diminish as the local-
service nature of the route increased.
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TABLE 7

CODIFICATION OF LOCAL CONDITLIONS

Data Code for
Local Bank Subsequently Description
Condition Code Reported
Analyses
1 1 Interstate-numbered rural
2 2 US-numbered rural
Road 3 3 K¥-numbered rural
Type b Hone Toll rural
5 4 : Other rural
6 None Urban
Direction 1 1 " North-South
2 2 East-West
Alternate 1 1 : Alternate route is inferdior
Route 2 2 No alternate or alternate of
seme quality
3 3 Alternate route is superior
1 1 Primarily provides service to
major recreatlonal activities
2 2 Provides significant service to
major recreational activities
3 3 Provides some service to
recreational activities
Service 4 4 Ordinary
Provided 5 5 Provides some service to mining
activities
) ] Provides silgnificant service to
major mining activities
7 7 Primarily providesz service to
major mining activitiles
8 8 Provides more than ordimary
service teo industrial activities
9 9 Primarily provides service to
major concentrations of industrial
activities
None 1 0-499
Hone 2 500999
Hone 3 10001999
None 4 2000-2999
Volume Hone 5 3000-3999
(ADT) None 6 4000-5999
None 7 60007999
Hone 8 80009969
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TABLE 7 (Cont'd.)

Data Code for
Local Bank  Sebsequently Description
Condition Code Reportead
Analyses
Volume None 9 10,000-13,999
{Cont'd.) None 10 14,000 or more
Maximum None 1 30,000 1bs
Allowable None 2 42,000 1bs
Gross None 3 59,640 1be
Weight Hone 4 73,280 1bg
1 1 Western Kentucky (Highway
. Districts 1 and 2)
Geographical 2 2 South Central Kentucky (Highway
Aresa Districts 3, 4, and 8)
3 3 North Central Kentucky (Highway
Districts 5, 6, and 7)
4 4 Fastern Kentucky (Highway
) Districts 9, 10, 11, and 12)
None 1 1950-1851
None 2 1552-1953
Hone 3 19541955
None 4 19561857
Year Hone 5 1958-1559
Hone 6 1960--1961
None 7 196219613
None 3 1964-1965
Hone 9 1966
1 1 Winter {(Jan ~ Har)
2 2 Spring (4pr - June)
Season 3 3 Summer (July -~ Sept)
4 4 Tall (Oct -~ Dac)
5 Hone Annual average for all secasons

3. Alternate route. The significance of alternate routes became
apparent when traffie parameters on certain routes were studied during a time
period in which alternate routes having superior geometric design standards
were opened to traffic. It was apparent that, if an alternate route is avail-
able, through truck traffic tends to become channelized on that route offering
the superior service. As an ald toward the classification of particular
locations in this regard, the quasi-terminal-point approach was found to be
particularly useful. As the importance of the route increased, it was neces=-
sary to extend the parallel band within which possible alternate routes were
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considered, While three different codes were chosen to represent this local
condition, it was felt that codes 1 and 2 would yield similar results and that
only code 3 would be significantly different.

4., Service provided. A large number of routes in Kentucky provide service
to areas in which rather unusual activities take place in terms of the types of
traffic generated. . Most notable among these are those mining areas of the
Commonwealth in which the bulk of coal is carried over some segment of the high-
way system. In fact, inability of current EWL-prediction procedures to ade-
quately treat this important factor was responsible in part for initiation of
the current study. It was decided, therefore, to classify each route according
to the major activities which it serviced. These activities were classified
as recreational, ordinary, mining, and industrial. Mining activities include
not only coal mining but also aggregate production and processing. A distine-
tion had to be made between the western and eastern coal-producing reglons since
much of the coal produced in the western region is transported directly from the
mines by rail. As an aid to the classification of routes according to service
provided, locations of coal mines, aggregate quarries, and recreational areas
were carefully pinpointed.

5. Volume. Traffic volume has long been associated with other signifi-
cant parameters of the traffic stream. While the expressed intent of this study
was to exclude from the set of local conditions any predictive characteristics of
traffic, volume was thought to be of such dmportance that it had to be included.
An appropriate measure of volume is the ADT., . This seemed not only a logical
but also an expedient choice since ADT must be independently projected as a part
of the proposed methodology.

6. Maximum allowable gross weight. Kentucky has had four different
maximum allowable gross welghts during the study period. BEven now, different
highways are assigned different maximum allowable gross weights to reflect
their varying structural capabilities. Composition of the traffic stream is
greatly affected by maximum allowable gross welght. As this allowable weight
increases, percentages of the larger combinations tend to increase while
percentages of the smaller combinations tend to decrease. It was felt that
much of the variability which has been attributed to a time factor is in reality
a reflection of the changing maximum allowable gross weights. Maps classifying
the highway system into trucking categories were extremely useful in codifying
historical data in this regard,

7. Geographical area. It was assumed, somewhat arbitrarily, that
different geographical areas of the Commonwealth might exhibit somewhat different
traffic patterns. This could not be considered as a very basic determinant of
traffic characteristics but must be considered as one which, 1f omitted, could
possibly lead to distortions of the predictions. Accordingly, four
geographical areas were delineated based on intuitive considerations of the
nature of the areas. The delineations were made to coincide with the boundaries
of current administrative highway districts in order to facilitate their use
in the predictive process. TFigure 2 depicts the boundaries of these four
areas.

8. Year. Past procedures have considered year as a major independent
variable in the analysis and have relied on the application of annual correction
factors to the various traffic parameters. It was felt that the apparent effects
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of year might be greatly diminished if proper consideration could be afforded to
other conditions such as maximum allowable gross welght. However, year was
still retained as a possibly significant variable affecting pertinent traffic
parameters. Year was progressively coded so that the beginning of the study
period was given a code of 1 and the end a code of 9. DSubsequent investigation
has suggested the possibility that the effects of time might better have been
expressed as that interval following a change in maximum allowable gross weight.

9. Season. Season is known to have a significant effect on the composi-
tion of the traffic stream. TFor example, on rural routes serving normal
traffic, percent trucks is lowest during the summer and largest during the
winter. Since annual averages are required for predictive purposes, it might
be reasoned that season should not be included as a part of the predictive
procedure. However, since the correlations of traffic parameters with local
conditions must be based on historical data and since such data are not neces-
sarily representative of the annual average conditions, season must be consider-
ed as a separate part of the analysis.

The above nine ltems represent that set of local conditions which was
chosen for correlation with the significant traffic parameters, unit EWL's and
percentages of the various vehicle types. While other local conditions may be
equally as significant, they simply have not been identified in this study as
being of importance im Kentucky. Data which indicate the actual relative '
significance of these conditions are presented in the following sections. The
relative importance of each local condition vavies according to the parameter
which is being evaluated. '

Legend
Geographical Highway
Area District

TENNESSFRE

Figure 2. Four Geographical Areas.
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DATA ACQUISITION AND ASSIMILATION

The proposed methodology not only enabled but also required separate
evaluations of vehicle classification and weight data. This requirement greatly
expanded the extent of available data on which the analysis was based. It also
required an extensive and prolonged search through existing data files. While
much assistance in this endeavor was rendered by personnel of the Division of
Planning, significant efforts were directed to the identification of data
sources and the transformation of available data into formats amenable to
analysis by computer.

APPLICABLE SURVEYS

Loadometer Surveys

The Division of Plamning has operated loadometer stations throughout the
Commonwealth since 1942 (gﬁ). Locations of these stations were revised in
1950, at which time ten permansnt stations were established. Since 1250,
station locations have been changed periodically to reflect changing needs and
travel patterns; none of the original stations is currently in operation. In
1966, ten loadometer stations were operated on rutral primary highways and two
on urban facilities (29). The permanent loadometer stations have always been
located on the higher wolume and more important routes,

Both vehicle classification and weight data are available from the load-
meter stations. In general, four 24-hour classification counts are taken
annually at each station, one during each season. Weight data are generally
taken only once a year during the summer months. The scales are usually oper-
ated at each station for 156 hours. During this period, they are alternated
between the two directilons every two hours yilelding a total of eight hours of
operation in each direction. All freight vehicles including two-axle, four-
tired vehicles are sampied for weighing in approximately the same proportions
as they exist in the total traffic stream.

Special Weight Surveys

During the spring and summer months of 1957 and 1964, special vehicle
weighing operations were conducted at many locatioms throughout the Commonwealth.
These locations were chosen primarily to extend coverage to low-volume, secon-
dary routes for which virtually no weight data had been otherwise obtained.

Vehicle classification counts were conducted in conjunction with the weighing
operations. These special weight surveys provide the bulk of weight data availlable
for low-volume facilitiles.

Toll Roads
Extensive records are kept concerning the types and numbers of vehicles

using the toll facilites in Kentucky. Of use to a study such as this would be
information concerning the percentages of the various vehicle types using the
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facilities, Unfortunately, vehicle types are identified solely with respect
to the number of axles per vehicle. It is thus impossible to distinguish,

for example, between single-unit and combination three-axle trucks. Since
this method was not directly compatible with the vehicle-classification scheme
adopted for this study, no toll records have been analyzed.

Other Classification Studies

Additional vehicle classification data are availlable from the ATR
stations, from special classification surveys, and from origin-and-destination
(0&D) studies. Data prior to 1950 were not suitable for evaluatlon, however,
since trucks were classified only in three categories light, medium, or heavy
(28). All available classification data obtained since 1950 have been Included
in the basic data bank.

DATA SOURCES

While suitable data were availlable from these various studies, they had
not generally been summarized in a form amenable to analysis. The vehicle
welight and classificatlon data obtained from the permanent loadometer stations
had generally been published in report or tabular form (29). However, the
weight data had not been reported by individual station and, therefore, weve
useless for a detailed study of the effects of local conditions. Other

published data (g,égﬂgﬁ) were likewise deficient.

Fortunately, all weight data obtalned from the permanent loadometer
stations after 1949 had been placed on punched cards. Each card contained
information concerning the axle welghts of one vehlcle. These original cards
became the primary source of available weight data.

Vehicie classification data in sumnarilzed form were virtuzlly non-existent
except for those data taken at the permanent loadometer stations and reported
in the W~tables of the vehicle-weight-and-classification-study reports. The
bulk of classification data were obtained through a manual search of available
files of the Divisicn of Planning.

The study period was chosen to include the years of 1950 through 1966,
It is recalled that, for prior years, the welght data were not available on
punched cards and that the classification data were not in proper form.

DATA FORMAT

With the exzception of toll-road data, all available vehicle classification
and weight data obtained from all sources during the study period have been
assembled as a part of this study. The resulting data set includes both

rural and urban data even through the urban data has yet to be analyzed.

Station Locations

Each location at which data were obtained was assigned a specific station
number. Rather extensive efforts were made to assure that each locatlon was
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assigned only one number even though surveys may have been taken at that
location for different purposes and at different times, To assure consilstency
in the numbering scheme, all past numbers which had been assigned to specific
locations were discarded. The stations were then assigned word descriptions

as illustrated by Figure 3. Reasonable efforts were made to assure consistency
in the descriptions among the many station locations.

Indexes

Two indexes have been provided to assist in the identificatlon and loca-
tion of relevant vehicle classification data. The first of these is an index
by route which lists the station numbers located on a specific route, Tigure
4 illustrates this type of index. The second type of index, which is 1llus-

_trated by Figure 5, enables the identification of those particular locations
within each county at which classification data have been obtained and summa-
rized.

NEW aLp

5TA 5Ta DESCRIPTIONS OF STATIOM LOCATIONS

NUH NUA

L L 4 US2T A¢ >CIENCE HILL IN PULASKL CO

2 L 0 Y560 JUST E OF MOREHEAD AND W OF K¥32 IN ROWAN.CO
3 L 27 USB0 JUST W OF JCT DLD US4L IN HENDERSON CO
& L 31 US4L 2.0 MI' S OF HOPKINS D LENE EW EHRISTIAN CO

5 L 40 U560 JUST E OF JCT KUBJS AF PEVTHNA AN SHELBY4CO

& L 4l US31W APPROX 5.0 MY,S oF FRANKLIN IN SEMPSG co

7 L 42 US25 AT LILY IN h%UREL co*

8 L 43 U525 APPROX 0. 75 AL N OF GEBRGETOHN CL IN SCOTT

9 L 4%  US27 APPROX 350 ML S DF ALEAANDRIA IN CAMPBELL ¢

10 L 45 US42 JUST W OF WARSAW IN. GALLATIN CO

ti L 46 USS51 2.4 MI ﬁmﬂk‘#ULTﬂN CL AND 0.5 ML S OF JCT KY94 IN FULTON CO

12 L 4T US4l AT NCL OF° ﬁUPK!NSVlLLE IN CHRISTIAN CO

13 L 48 US31w 3,0 MI § OF ELIZABETHTOWN AND APPROX 1.0 Mi 5 DF JLT K¥Y6l IN
HARDLIN L0

i H
CARROLL CO

15 L 50 US27- 1.1 MI S OF JCT KY22 AND APPROX 1.1 MI 5 OF FALMOUTH IN
. PENDIETON GO

L 51 USHD. ta0 ME E UE _JCT KY32 AND APPROX 2.5 MI E OF MOREHEAD CL IN
ROWAN CO

17 L 52 US25 2.0 MI N EBF LONDGN CL QN SPUR 0OLO US25 1.0 MI N OF J4CT KY80
IN LAGRE]L €O

14 L 53 U527 4.9 Mf N OF WHITLEY CITY GL AND 1.0 MI 5 OF KYLO45 IN
MCCREARY CO

19 L 54 165 BTWN INTERCHANGES AT KY222 AND KYb1 APPRUX 2.0 MI S DF
ELIZABETHTOWN IN HARDIN CO

) ERGHANGES AT KY53 AND KY395 APPROX 4.0 M aF
SHELBYVILLE IN SHELBY CO

21 L 56 I75 1.2 MI N OF DELAPLAIN INTERCHANGE AND S OF JCT KY&620 AND 6.2
MI N ODF GEDRGETOWN, IM SCOTT CD

Figure 3. Example of Staticn-Location Descriptions.
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RALTE COUNTY STATION NUMREES WITHIN COUNTY
I o4
Rnvn ta%
1 hax PR5_2PT M2 _ —— -
FavETTE 37T
£0ARKL TN 443 443 _ [
SHFLRY an Th gon
I 68 ,,
HAPDIY T
L 7%
GUANT 77
KENTITY R3P K13 I o — o .
SEOTT 21
P 2ha
JEFFE 351y wak
- uo - -
. YD 198 189 B
P a7 421 432 &34
CRErN tea AP 2 arg GR snL snT gan A 5172 511 514
ArHN gy B2h £75 .
LAuD LN a6 FS6 RST
LiTepes HR Ak R
BTYF AT k4 Ten  qa@
i ke I ) -
WifagE T 1T e )
FAYITIE the_ And Aem 3TN FL w73 373 1Fa JIR 38T %A 387
reyeTik 193 L) nn 4 4n2 L2l 404, 4nT 410 a1 a1 A1
. FAYTTES 414 nlSs  Ave 817  afR al9
AT T1 4Pl 48h  4K§ 40T swn gec
hPE__EPT mpu RAR B3] :
7 17 tan #hA T K4S T has AT AR
T W T oL T L
TOCREARTLI FATT R T AR Ay
. S6ATT v Bih  ges  RYI_ ata
W TLRY 194
Figure 4. Fxample of Index by Route.
COUNTY STALION MUMBERS WITHIN COUNEY
ADATR
100 101 142 k03 104 105 106 107 108 a59
ALLEN
1Ng 1i0 1Ll 112 113 . LG 115 114 111 118
ANDERSON
119 124 121 i22 123 443
BALLARD
124 125 126 127 129
BARREN Ta
29 115 134 137 LAB. 139 149 14l 142 d43 LT 145 13b 1at
148 149 150 15 152 153 154 155 382
BATH 3
. 154 157 158 159 la0 ial
AELY
8BS 162 ie3 Lb4 165 a6 167
BOONE .
168 le9 170 171 172 417 629
BOUREON -
47 4o 173 L74 175 176 k77 178 173 180 ial 182 143 134
ESQ
Figure 5, Example of Index by County.




Codes

Numerous codes are used to identify and describe the assimilated data.
Table 7, which has been presented previously, describes the codes used to
classify local conditions of each station at which classification or welght
data had been obtained. In addition, use was made of codes to describe other
relevant information and variables. These codes are summarized in Tables 8
and 9.

TABLE 8

CODITICATION OF VARIABLES
OTHER THAN LOCAL CONDITIONS

Data Code for
Variable Bank Subsequently Description
Code Reported
Analyses
1 None Permanent loadometer atation
2 None 0 & D survey
Source 3 Hone Special welght survey
& None Toll records
5 None ATR clasaification surveys
6 None Special clasgification surveys
Classification 1 None Corresponding classification
Data - data are available
Availability 2 None Corresponding classification
data are not available
Loadometer 1 None Correaponding weight data are
Data available
Availability 2 None Corraesponding weight data are
not available
1 None Unclagsified vehicles
2 None Passeanger cavs (in-state)
3 None Passenger carsg (out-of-state)
4 1 All passenger cars
5 Hone Buses (school)
6 None Puses (other)
Vehlcle 7 2 All Buses
Types 10 one SU-2A~4T (less than 1 1/2 ton)
11 None SU-2A-4T (greater than 1 1/2
ton)
12 3 All SU-2A-4T
13 4 SU-2A~GT
14 5 SU-3A
15 Hone S5U-44 (or more)
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TABLE 8 {(Cont'd.)

Data Code for
Variable Bank Subsequently . Description
Code Reported
' Analyses
20 6 C-3A
21 None C=4A (2A Trac., 2A Tlr.)
Vehicle 22 None C~4A {3A Trac., 1A Tlr.)
Types 23 7 All C-4A
(Cont'd.) 24 Hone C-54 (3A Trac., 2A Tlr.)
25 None C-5A (2A Trac., 3A Tlr.)
26 g All C-3A
27 9 C~6A (or more)
1 None Single empty
2 None Single loaded
3 NHone All singles
4 Hone Bi~tandem empty
3 Hone Bi-tandem loaded
Axle 6 None All bi-tandems
Type 7 None Tri~tandem empty
8 None Tri~tandem loaded
9 None All tri-tandems
10 Hone All axles (empty)
11 None All axles (loaded)
12 None All axles {total)
Data 1 HNone Partial count
Limitation 2 Hone Partial count, location
uncertain
3 None Location uncertain

The source code provided a means for identifying the type of survey used
to obtain the data. The classification-data~-availability and loadometer-data-
availability codes were used to correlate the two types of data. The vehicle-
type codes were established so that codes from 1 to 9 represent passenger
vehicles, 10 to 19 represent single-unit trucks, and 20 to 29 represent truck-
semitrailer combinations. These codes were selected in order to provide
maximum flexibility for possible future use. Experience accumulated during the
study, however, dictated a reduction in the number of significant wvehicle types
to eight for purposes of analysis.

The axle~type code distinguished the type of axle and the condition of
the vehicle, that is, empty or loaded. The "all axles" categories treat all
axles as if they are single axles. The data-limitation code was used to
identify those data obtained from other than 24-hour surveys and/or stations
whose locations are uncertain. TFinally, it was desirable to codify certain
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TABLTE 32

WEIGHT-CATEGORY CODES

Axleload Interval (kips)

Code Single Axles Bi-Tandem Axles Tri-Tandem Axles
1. 07 0-14 _ 0-21
2 7-9 14-138 21-27
3 9-11 18~22 27-33
4 11-13 22-26 _ 33-39
5 13-15 26-30 39-45
6 15-17 3034 ‘ _ 45-51
7 17-19 o 34-38 51--57
8. 19-21 - 38-42 : 57-63
9 21-23 4246 63-69

10 23~25 46--50 69-73
1l : 25-27 50-54 7581
12 27-29 ' 54-58 81-87

13 29-100 © 58-100 87100

standard axleload intervals. The codes chosen to accomplish this are shown
in Table 9. ) :

Classification Data

The classification data were placed on punched cards with one card summa-
rizing the results of each count. Tigure 6 illustrates the format of the basic
data cards. Note that for urban stations (road type €) most of the local con-
ditions have not been codified. Note also that for partial couants two additional
numbers are given. The first represents the length of the count, in hours, and
the second represents the hour the count was begun. The daily traffic is the
total number of vahicles that were counted.

While the format illustrated by Figure 6 is useful for storing all of the
relevant dataz, it was rather inconvenient for data processing purposes. There-
fore the data set was purged of unwanted data and reproduced on punched cards
as shown in Figure 7. The local-condition codes shown in Tigure 7 are those
used for purposes of analysis.

Wedlght Data

The summarized weight data were placed on magnetic tape for convenient
storage and processing. Data for each weighing operation were stored on 96
sequential records. One record was required for each combinatlon of eight
vehicle types which were weighed, and the 12 axle types. TFigure 8 1llustrates
the 96 records for one particular operation. The percentages shown represent
integer tenths of a percent. Thus the number 1000 represents 100 percent. The
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STAT ¥R § § €t HRD S A _MAX N _NO, NO, NO NO NO NO NO NO NG MO SGH COM DAILY D MR B
NO EOD~- 1 D1 ELALLOY O ] OF OF OF GOF OF OF OF OFf A A
: AUDD 6 RRTGROSS. ._LOCAL PQR— SIN NG STNG STNG COMB COMA COMA BUS RUS TR PR
SRAA HTEV HT. O EIGN UNIT UNIT UNIT UNIT TRU- TRU- TRU- TRU- AE T
DETT WYC R F__CARS, TRU~ TBU= TRU= TRU= =CK§ =GKS ~CKS ~[KS RI__D
NEAR APTPON -CKS ~CKS —CKS —CKS L D A
YETLRU L CARS LESS TWO TWO TRI- TRI~ FOUR FIVE S{= 1.9 ¥
A A GEGER A THAN AXLE AXLE AXLE AXLE AXLE AXLE AXLE ] A
Y ¥ D NYE N 3/2_ SIMG_DUAL
A A1 I E TONS TIRE TIRE H
11__s D s R
LL T E
274 49 3 2 1 2 3.2 7 &2 42000 2. 2400 4A6 332 0 363 11 114 3 2 D13 &2  3THA
275 49 4 2 1 2 32 1 & 2 42000 2 A&7 18 217 o 137 31l a 0 0.6 3 _1405
827 49 2 2 1 2 3 & 10928, 4597 1095 0832 g 509 g ) 0 0 713 17874
628 49 2 2 12 37 | 4 2 42000 24934 2034 1) 0701 0 424 0 o 0 0250 B9es 1 16 14
529 49 2 2 t 2 3 & 6970 2774 876 3755 8 &17 14 v} 0 3 314 12134 1 16 &
125501 2 1 2 1.2 2 41 42000 .« 330 179 103 0 &8 - 3 19 6 o 2 6 7161 8 8

8724 t 8 A

=]
=2 -
=]
a13

lae 50 & 2 1 2 1 21 & 2 42000 2 '_'202 404 1] 4] 97 4 37 ]

127 50 £ 21 2 1.3 2 &3 42000 2 45 14 25 0 19 -0 1 1 0 0 2 o 10671 & &
164 50 2 212 44 758 198 164  © 1«B 0 1 0 0 0 5 &6 13720 1 16 &
275 50 2 6 1 2 103 2 42 30000 2 243 1% 118 0 &0 i 2.0 o 0 7 o 4451 8 8
‘313 50 2 2 1 2 23 31 22300002 7T 19 66 © P8 0 3 9 8 o 0 o 273
314 50 2 2 12 2311 2300002 57 1t 38 q' 16 0 10 6 0 0o 0 123
460 50 4 61 7 3 6 4643 TRT 543 "0 480 24 F91 15 0 8 14 65 $792
461 50 4612 36 6466 P55 795 O 6KT 26 328 20 0 0 30 99 9376
452 50 4 6 1 2 3 & 2339 194 3}5 0 243 3 70 7D a 23 33 3227
476 50 6 2 1 2 3 2132 420002 976 545 48 @ 303 25 163 6 0 0 20 30 2250
598 50 4612 156 2678 2R2 ATO 0 196 9 113 & 0 8 0 24 3578 1 8 &
599 50 4 6 1 7 15 2468 270 484 0 212 9 117 6 0 0 0 32 3598 1 8 &
600 50 & 6.1 2 1 & 1392 55 271 0 115 0 9 10 0 0 &7 19101 8 &
601 50 4 671 2 1 & 1584 B4 273 0 108 0 11 10 0 0 73 21061 8 &
602 50 &4 6 t 2 16 2232 409 1% 0 295 9 120 3 6 O 1 35 37231 A 6
603 50 & 6 1 2 1 2.1 4 2 42000 2 2273  41& 645 0 281 9 120 3 o o 1 3% 37311 § &
604 50 4 6 1L 2 168 527 26 125 0 96 0o 8 0 O o 3 4 1181 8 &
Figure 6. Example of Basic Classification Data.
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R D, S M s RERCENTAGES
TI1IRPGG E DALLY
R L A CARS BUSES bU-zA~ bU—24~ &U-3A (=34 L=4A C-S5A C=6A TRAFFIC
22155 2 2 67.37C 1.819 16.2;3 12.2;3 0.237 1.529 0.264 0.026 0.0 3794
Z 21656 2 3 T1.956 1. 789 12.749 10.548 0.482 2,178 0.275 0.023 0.0 4361
221552 ) 62.066 2.685 15,961 164487 0.175 2.422 0.204 0.0 0.0 3427
27215 4 2 1 64.195 3.331 14,973 13,459 0.437 2.894 0,767 0.0 0.0 2972
ZzZ155 2 p 56.892 3354 16.400 G.662 0.031 3.538 0.092 0.031 0.0 3250
221562 3 74.510 1.785 13,166 10,191 0.843 2.108 0,397 0.0 0.0 4033
221505 2 4 73.567 2.559 13,204 1.421 0.358 2.226 0.537 0.128 0.0 3908
721655 2 1 59,571 3.391 18.290 15.188 0.174 2.754 0.232 0.0 0.0 3450
22155 2 2 6T.323 24431 17.784 9.468 0,128 2.252 0.46L 0.154 0.0 3908
221562 3 73.092 1,651 12.757 9.970 0.472 1.522 0.536 0.0 0.0 4664
75T 55 2 % 59,770 2269 12:520 11.555 0.522 2.63% 0.678 0<052 00 3834
Z 21562 1 70.667 22108 12.244 11,109 D.122 3.000 0.7l10 0,041 0,0 4933
ZZ156 2 3 67.566 1.821 164,315 10,294 0,437 2.573 0.947 0.049 0.0 4119
77216562 3 78.727 1-14% 10.827 6.424 0,705 L.716 0,400 0.057 0.0 5745
2216562 % 67.156 1.910 14.328 11,854 1.151 2.512 0,931 0,098 0.0 %083
2216542 1 $5.271 2.661 14.815 11.255 04791 3.8l2 0,396 0,0 0.0 2781
T Z155 2 ) %9.560 T.218 15.104 $.896 U.207 2.919 0.88L 0155 0.0 3860
22156 2 3 76,2086 0.387 12:249 T-178 .44l 2.401 0.955 0.122 0.0 4082
221462 3 73.214 0,460 11.450 0,862 0,334 4.325 0De.272 0,084 0,0 4786
Z 21462 % 72.661 Ua613  9.219 12.443 0,396 3.976 0.633 0,059 0.0 5055
Z214¢2 1 75.627 1.164 9.078 9,157 0.257 %.l44 0.355 0.217 0.0 5067
221462 2 T7.227 0.569 B.B91 B.801 0.368 3.717 0.251 0.084 0.0 5972
2214772 3 83.221 D0.B580 5.719 6.786 0.324 3,062 0.270 0.040 0.0 T4l4
221462 4 75.643 0.740 B.388 10,708 0.303 3.799 0Q.420 0,0 7.0 5949
221462 1 T4.533 1.0256 10,097 9.055 0.205 4.357 0.359 0.068 0.0 5853
22146 2 2 T4.775 0.8084 B.911 L0-661 0477 4.208 0.442 0.14L 0.0 5656
221 &7 2 5T 78,001 O.412 T+745 9,218 0.269 3.627 0.538 0,190 0.0 %314
2214712 g 78,278 0.871 B8.033 8.934 0.222 3.219 0.354 0.089 0.0 6772
22146 2 I T6.3557 1.188 B.277 B.BB0 0621 &.111 0.548 0,018 0.0 5473
221472 F 75.911 L1.229 9.099 EB.140 0.480 4.617 0.495 0.030 0.0 6671
Zz14712 3 80,138 0.859 8.513 7.008 0,277 2,701 O0.443 0.0 0.0 7220
Figure 7. Example of llodified Classification Data,
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"number of axles' represents the number of axles actually weighed.

The basic information summarized in Figure & is the axleload distribu-
tions by vehicle and axle types. Subsequent to the decision to treat the weight
data in terms of unit EWL's, the baslc data were transformed as illustrated in
Figure 9. Tigure 9 shows the data format as used herein for purposes of
analysis. '

EXTENT OF AVAILABLE DATA

It should be emphasized that, with one exception, all vehicle classifica-
tion and weight data known to be available for the 17-year study period have been
incorporated into the data bank. The one exception is the vehicle~classification
data obtainable from toll-road reécords.

Classification data were avallable from approximately 730 different rural
locations. A total of 1871 counts were taken at these locations and approxi-
mately 6,100,000 vehicles were counted. The number of different rural leca~
tions at which vehicles were weighed is 51, The total number of wvehicles
weighed at these locations was approximately 69,000.

UNIT EMLS

RDASVYMHYS VEH KENTUCKY AASHOD, ' MOBIFIED NUMBER
T IRPGGORE TYPE EWE/VEH EWL/VEH AASHO OF

R L A EWL/YEH AXLES
213434393 1 1.9920 _0.20R0 0.2220 24
213434393 8 2+3400 0.1703 0.2459 15
21 3434393 2 0.0 0.0 0.0 0
2215644973 3 0.0 0,0040 0.0040 54
2.2 1 56 4 4 93 4 2.0020 0.1586 0.1584 158
2215644893 5 5.6610 0.3470 0,5079 27
2 2156464 4.9 3 b 225600 024601 02401 LTA
22156 449373 7 923360 0.6435 C.7517 136
2215644893 8 9.3850 0.5452 0.8048 320
221564493 9 0.0 0.0 0.0 Q0
21 2 394 493 3 0.0 0.0056 0. ONBA 34
2123944893 4 5.2340 0.2723 0.2723 292
21239 4493 5 24,5720 D.6710 0.9992 63
212394493 6 8.7750 0.6668 0.6668 Te
2.1.2 394493 7 23.9600 J20649 - 1.3372 345
21239442983 8 32,0150 1.1882 1.9208 630
212394493 9 Dal 0.0 0.0 0
212344293 3 0.0 0.0040 0.0040 60
21 2344293 4 224500 0.1623 0.1623 LT
212344293 5 B9.2439 0.5923 1.7203 9
2.b 23 4 4 2 93 [+] 68820 0.5272 N.5272 27
2123442293 ) 19,7600 0.8838 1.199% 104
2.1 234 4 2 93 8 47,7550 126340 2:5468" 330
2123442973 9 0.0 0.0 0.0 0
1 1247 4297 3 0.0 0.0040 0.0040 A4
1124674293 4 1.8380 0,1467 0.1467 1846
L 12474293 5 2:6160 0.1792 00,2358 24
112474297 6 T-7940 0.58186 0.5816 204
L1 2467442973 1 103320 0.6727 0.7803 800
112474293 8 13.1700 0.7154% 1.0674 2245

Tigure 9. Example of Modified Weight Data.
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SUMMARY OF AVAILABLE DATA

The extensive data compilations of this study presented the unique opport-
unity for obtaining swmary statistics of traffic parameters used in estimating
EWL's, Such statistics are presented herein for both those parameters currently
used In Kentucky and those proposed for future use.

SUMMARY OF PARAMETERS USED IN PRESENT METHOD

Tha current EWlL-prediction procedure requires evaluation of the following
traffic parameters: (1) ADT, (2) the average percent trucks, (3) the average
number of axles per truck, and (4) the average axleload distribution. One of
the difficulties that has been encountered in making EWL estimates in the past
has been the lack of a detailed summary of these parameters over a sufficiently
long span of time. With the exception of ADT, the data assembled as a part of
this study made possible the compilation of such a summary.

The parameters which are summarized include: (1) the average percent
trucks, (2) the average number of axles per truck, (3) the average axleload
distribution, (4) the average EWL's per 1,000 vehicles, and (5) the average
EWL's per 1,000 trucks. Weighted averages of these parameters were computed
as a function of year, traffic volume, and geographical area. These three
variables were chosen as a basis for the grouping since (1) they have historical
significance (10}, (2) they are known to Influence the magnitudes of the
parameters,~ and (3) they are easily evaluated. The averages were weighted
according to the number of vehicles counted at each location. Thus 1f 12 percent
trucks was observed at a location where the 24-hour count was 2,000 vehicles and
18 percent trucks where the corresponding count was 6,000 vehicles, the weighted
average would be 16 percent trucks.

Appendix A shows the average percent trucks and the average number of
axles per truck as a function of year, traffic volume, and geographical area.
Also shown are the statewlde averages of these parameters. The avarage rural
traffic in the Commonwealth over the 1l7-yzar perilod cousisted of 18.26 percent
trucks and the average number of axles per truck was 2.911. A truck was defined
in the conventional way as being any freight vehicle having six or more tires.
Thus pickup trucks are excluded from these and subsequent tabulatlons. The
tabulations are based on all vehicle classification data including, in part,
those obtained at the loadometer stations. Average values of both parameters
are highly influenced by traffic volume and somewhat less by geographilcal area.
The influence of year on percent trucks is sporadic and inconsequential -~ it 1is
of extreme importance, however, for average number of axles per truck. The
statewide average annual change in the number of axles per truck was 0.034
for the lowest volume group and 0,085 for the highest (compare with Table 3).

Iin early attempt to estimate EWL's that had been accumulated on
Kentucky highways was based on the use of these three varlables. The results
proved to be highly successful and useful.
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Average axleload distributions for truck axles are shown in Appendix
B. These distributions were computed on the basig of those statlons for which
both classification and weight data were available. Thus a large number of
entries are zero, especially for the lower volume groups. The total number of
axles which were counted are shown In the last columns of the tabulatiloms.
Appendix B shows that the percentage of heavier axles generally increased as the
traffic volume increased and as the year became more recent. BSlight differences
in the axleload distributions can be observed among the four geographical area.

Two parameters which incorporate the combined effects of vehicle composi-~
tion and weight characteristics are the average EWL's contributed by 1,000
vehicles and by 1,000 trucks. These parameters are summarized in Appendix C.
The basis for computation was again data obtained from the permanent and special
loadometer surveys. As such the statistics are representatlive only of summer
and late spring conditions. EWL's were computed by three different methods:
the Kentucky method, the AASHC method, and a modified AASHO method. The
modified AASHO method used the AASHO equivalency factors for single axles and
treated each tandem axle as two single axles. Tor any given traffic cenditlon,
the modified AASHO EAL's are equal to or slightly greater than the corresponding
AASHO EAL's. When computing the Kentucky EWL's, contributieons by all four-tired
vehicles were assumed to be negligible. These parameters were significantly
influenced by year, wvolume, and geographical area.

SUMMARY OF PABRAMETERS USLED IN PROPOSED METHOD

The parameters proposed for future use include the percentages of the
various vehicle types and their unit EWL's. Weighted means and weighted gtandard
deviations of these parameters were computed as a function of each of the local
conditions identified in Table 7. Appendices D and E show the resulting
tabulations for the vehicle~type percentages and the unit EWL's, respectively.

Since means and standard deviations were computed, some techaique for
welghting the raw data had to be selected. Three possible techniques included:
(1) weighting by the exact number of vehicles counted or weighed, (2) weighting
by a group number based on the number of vehlcles counted or weighed, and (3)
giving equal weight to each counting or weighing operation. Table 10 shows the
effect on mean Kentucky unit EWL's of the three weighting schemes. The weights
assigned to the groups in the second method are given on Table 11.

Distinct differences in the mean unit EWL's computed by these three
schemes may be noted from Table 10. The third or unweighted method was
immediately rejected since it was felt that more importance should be attached
to data obtained from a large number of vehicles than to that obtained from a
smaller number.. The second method of weighting by groups was ultimately
selected for the following reasons: (1) it gave more weight to dats obtained
from larger numbers of vehicles, (2) it could be applied in the multiple
regresslon analysis that was to follow, and (3) it did not give excessive weight
to the exiremely high-volume stations., Table 11 pives the weights which were
agsgigned and which were used 1n preparation of Appendices D and E. These welghts
were used in all subsequent data analyses.

One cobservation immediately apparent from the tabulatlons of Appendices
D and E is that the data are extremely variazble., Coefficients of variation in
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TABLE 10

EFFECT OF WEIGHTING ON MEAN KENTUCKY UNWIT EWL'S

Mean Unit EWL's Weighted by

Vehicle Exact Number of Groups by Number Unweighted
Type Vehicles Welghed  of Vehicles Weighed

SU-2A-4T 2.02 0.04 _ 0.09

SUHZA;6T 3.31 3.19 3.09
SU-3A 12.55 10.04 8.24
c-34 9.80 | 8.89 8.76
C-4A - 15.77 15.25 13.40
C-54 18.92 18.33 15.24

TABLE 11

WEIGHTING BY GROUPS

Vehicle-Type Percentages Unit EWL's
Traffic Volume Weight Mumber of Weight
(ADT) Vehicles Weighed
0-499 1 0-15 1
500~-999 2 16~30 2
1000-1999 3 31-60 3
2000-2929 4 61-120 4
3000-3999 5 121240 5
4000-5999 & 241 or more 6
6000-7299 7
8000-9599 8
10,000-13,999 9
14,000 or more 10
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excess of 100 percent are not uncommon.

ETFFECTS OF LGCAL CONDITIONS

A first indication of the relative effects of the various local cenditions
on the traffic parameters can be obtained from Appendices D and L. One nust
be cautious, however, in interpreting average resules such as these because of
the non-random nature of the sampling and because of the interactions which
exist among many of the local conditioms.

The effect of road type on the various traffic parameters is quite pro-
nounced. The road-type classification delineated in this report is not only a
functional classification system but also is indicative of the quality of
service provided. This results in a larger percentage of the larger types of
vehicles using the higher quality highways and a larger percentage of cars on
the lower type facilities. Because different highways in Kentucky are classi-
fied at different legal gross weights, the larger trucks can be operated
efficiently only on the higher quality roads which have the larger weight limits,
Interestingly, the average unit IWL's are generally larger for the lower classes
of highways. This reflects, in part, a more efficient utilization of vahicle
capacities on these roads.

The percentage of passenger cars using north-south routes is not signifi-
cantly different from that using east-west routes. Howaver, slightly more of
the larger trucks use the north-south routes and their unit EWL's are signifi-
cantly greater. This difference in unit EWL's may be due to the degree to
which these vehicles are loaded, the demsity of the cargo, and significant
differences in the average local conditions such as road type and maximum
allowable gross weight.

The data support the conclusionms that larger vehicles tend to use the
superior of two alternate routes and that these vehicles are also more heavily
loaded on the superior routes. The vehicle-type percentages and the unit EWL's
are not significantly different for routes in which there is no alternate,
there 1s an alternate of equal quality, or there is an alternate of inferior
quality.

Service provided also yielded some significant indications as to traffic
characteristics. Recreational roads carried much larger percentages of passen-
ger cars and mining roads carried larger percentages of SU-2A-6T and SU~3A
trucks, which are the vehicle configurations most often used for hauling coal
and aggregates. Furthermore, the SU-2A~6T and SU-34 trucks were loaded much
more heavily on the mining roads. Beyond this, the effects of service pro-
vidad are unknown due to the limited data available for many of the codes and
the difficulties associated with evaluating this local coudition.

The percentage of passenger cars generally increases as the traffic
volume increases. The percentages of the larger vehicle types seem to peak
in the range of 4,000 to 6,000 vehicles per day. The weights of the vehicles,
as indicated by their average unit EWL's, seem to reach a minimum in this same
range.

Maximum allowable gross weight is a significant determinant of the

37



percentages of the various vehicles types. The maximum percentages of C-34,
C-4A, and C-~3A wvehicles occurred at maximum allowable gross weights of 73,280
pounds, 59,640 pounds, and 42,000 pounds, respectively. These represent legally
allowable weights at which the respective vehicle capabllities can be most
effectively utilized. The effects of maximum allowable gross weight on average
unit EWL's is significant but not readily explainable. A part of the difficulrty
stems from the relative scarclty of data. Independent data analyses have shown,
however, that the mean unit EWL's for the four largest wehicles are essentially
constant when the ratio of the vehicle welght capacity to the maximum allowable
gross weight i1s less than one. When the ratio exceeds one, the mean unit EWL's
are significantly reduced.

The effects of year are significant on both the vehicle~type percentages
and the upit EWL's., However, it is felt that much of the vearly Influence i1s
due to changing maximum allowable gross weights, a condition which makes evalua-
tion of these average statistics particularly difficult.

Finally, detection of possible seasonal differences in unit EWL's is
impossible since loadometer surveys have been taken only during the suwmmer and
later spring months in Xentucky. Significant differences were detacted, however,
in the vehicle~type percentages with the maximum percentage of cars occurring
during the summer months for these rural highways.

38




PREDICTION OF TRAFFIC PARAMETIRS

The propesed methodology requires evaluation of the percentages of the
various vehicle types and their unit EWL's. TFor the sake of simplicity and to
assure compatibility between the available classificatlon and weight data, the
number of vehicle types was limited to eight. These include (1) cars, (2) buses,
(3) single-unit, two-axle, four-tired (SU-2A-4T) trucks, (4) single-unit,
two-axle, six-tired (SU~2A-5T7) trucks, (5) single-unit, three-axle (SU-3A)
trucks, (6) combination, three-axle (C-3A) trucks, (7) combination, four-axle
(C-4A) trucks, and (8) combination, five-axle (C-3A) trucks. Unit EWL's were
evaluated by each of three methods including the Kentucky method, the AASHO
method, and the modified AASHO method. The modified AASHO method uses the
AASHO equivalency factors but makes no special recogniticn of tandem axles.

The approach for relating the traffic parameters with the local conditions
wag empirical in nature. Each parameter was separately treated as the dependent
variable and the local conditions ag the independent varilables. Each parameter
was quantified as a continuous variable while each local condition was codified
on the basis of classification sets. The various methods which were considered
for correlating the traffic parameters with local conditions are detailed in the
following section. TLach method was judged with regard to its accuracy, its
simplicity, its reasonableness, and its predictability.

METHODS

Combinatorial Analysis

It was recognized at the onset that strong interactions might exist among
many of the local conditions. TFor example, route directionm was thought to be
significant only for the higher type facilities. Such interactions can be
properly treated, when the independent variables are characterized by classi-
fication sets, by grouping the available data into categories representative
of each possible combination of the independent variables. The average values
of the dependent variables within each combination would then serve as the best
estimates of future traffic if the future state of each of the relevant local
conditions could be established,

Such a scheme proved to be extremely wvaluable in some preliminary
investigations in which the number of local conditions was limited to three:
namely, year, geographical area, and traffic volume. The purpose of these
investigations was to derive a simple means for estimating past accumulations
of FWL's on selected rural highways in Kentucky. The number of possible com-
binations of the local conditions in this analysis was 340. Unfortunately
when the number of local conditions increases, the number of possible combina-
tions of these conditions increases rapidly. In fact the number of possible
combinations for all of the local conditions enumerated herein, excluding vear
and season, exceeds 40,000. Since the available data could not support such a
detailed categorization, the combinatorial analysis could not be a feasible
approach for this problem.
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Means and Correction Factors

Perhaps the easiest way to predict the traffic parameters is toe compute
their mean values from the available data and to use these values for predic-
tions. This 1s basically the approach chosen by California in thelr unit EWL
tabulations (Table 5). One way to consider the effects of local conditions is
simply to modify the gross means based on intuition and judgement. Since this
procedure was judged to be unsatisfactory, the gross-means approach was not
pursued further.

If it can be assumed that interactions among the local conditions are
inconsequential, then the effects of local conditions can be evaluated by
applying a series of correction or adjustment factors to the gross means.
There is one correction factor for each local condition and its value is
determined by the local-condition code. To apply this procedure, the gross
means are first computed. Then average residuals between the actual parameter
values and the gross means are computed for each value of one selected local
condition. The process is repeated for the second and subsequent local con-
ditions by computing average residuals between actual values and those predicted
from the gross means and the correctlon ‘factors from previously analyzed local
conditions. The entire process is iterated to reduce the effect of the chosen
sequence of local conditions.

Computer programg for derivation of correction factors verified the
‘feasibility of this approach. It wag found that the correction factors con-
verged after a maximum of about five iterations. Furthermore it was shown
that the order in which the local conditions were evaluated had no effect on
the walues of the correction factors.

A very relevant question is whether the correction factors should be
additive or multiplicative. It is apparent that the final choice should be
based largely on the accuracy attained.  However a special problem arose
through the use of additive factors --— due to the prediction of several negative
percentages and negative unit EWL's. While adjustment procedures can be
derived which assure no negative predictions, such procedures are rather
arbitrary and are unnecessary if multiplicative factors are used.

The correction~factor approach may be somewhat deficient because con51dm
eration of interactions among the local conditidns is precluded. This defi-
ciency can be partially alleviated if it is possible to identify two or three
local conditions having strong interactions. Average values of the traffic
parameters are then computed for all possible combinations of this restricted
set of local conditions. The effects of the remaining local conditioms are
treated independently as correction factors applied to the average basic
percentages in much the same manner as outlined above. The primary difference
ig that in the former case the correction factors are applied to the gross
means while in the latter case they are applied to classified means computed
for various combinations of the interacting local conditions.

The two immediately preceding methods are based on iterative procedures

designed to eliminate the effects of the order in which the correction factors
are applied. Accuracy can possibly be improved not only by maintaining a
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sequence of local conditions. :

Computer programs for derivation of correction factors verified the
feasibility of this approach. It was found that the correction factors con-
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A very relevant question is whether the correction factors should be
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based largely on the accuracy attained. However a special problem arose
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percentages and negative unit EWL's. While adjustment procedures can be
derived which assure no negative predictions, such procedures are rather
arbitrary and are unnecessary if multiplicative factors are used.
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eration of interactions among the local conditions i1s precluded. This defi-
ciency can be partially alleviated if it is possible to identify two or three
local conditions having strong interactions. Average values of the traffic
parameters are then computed for all possible combinations of this restricted
set of local conditions. The effects of the remaining local cenditions are
treated independently as correction factors applied to the average basic
percentages in much the same manner as outlined above. The primary difference
is that in the former case the correction facters are applied to the gross
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for variocus combinatlions of the interacting local conditions.

The two immediately preceding methods are based on iterative procedures
deslgned to eliminate the effects of the order in which the correction factors
are applied. Accuracy can possibly be improved nct only by mailntaining a
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specified sequence of correction-factor application but also by selecting values
of the correction factors based on both the coded values of the local conditions
and on the prior predictilons. This approach was also successfully programmed.
The prior prediction of percent trucks was used as a determinant of the value

of the corrective factor,

Multiple Regression

Detailed study of the data in Appendices D and E led to the identification
of another possible method of analysis. Average values of the parameters could
be taken from these tables for each of the local conditions. These averages
could in turn be averaged over all the local conditions to obtain the desired
estimates. This procedure would give equal weight to the importance of
each of the local conditioms. Since the validity of such a weighting scheme
was highly suspect, methods were sought in which a different weight, which wounld
be indicative of the relative importance of the locel condition, could be as~-
signed to the averages for each local conditionm,

Conventional multiple regression techniques were found to provide a
suitable answer to the problem. Use was made of a standard, stepwise, multiple
regression program in the University of Kentucky statistical library of computer
programs (30). This program, called MULIR, satisfactorily established the
weights to be applied to the average estimates for each local condition. The
weights were found to depend on the particular traffic parameter being evalu-
ated.

One final method was evaluated for correlating the traffic parameters
with local conditions. This is a multiple regression technique using dummy
variables which is useful 1n those situations in which the independent variables
are treated as classification sets (31). TFor this problem, the jth local con-
dition, represented by n. codes, is replaced by (n.-1l) dummy variables. TFor
example, i1f there are oniy two local conditions, r%ad type and traffic volume,
the dummy variables, which are independent variables, would be as shown on
Table 12. No dummy variable is assigned to one category for each local con-
dition in order to make estimates of the constant term and all the ccefficients
in the regression equation mathematically determinant. The dummy variable is
assigned a value of either one, if the local condition is characterized by the
corresponding code, or zero if it is not. Table 13 illustrates this procedure
for the two local conditions of Table 12, Thus for road-type 2 and traffic-
volume 8, dummy varlables X, and X;; would assume values of one and the
remaining dummy variables, zero. For road-type 4 and traffic-volume 10, all
dummy wvariables would assume values of zero.

If the effects of the various local conditions are additive, the corr-
esponding regression equation is

Y = a,+ agXy +axky + ...+ aypXy, (3

where Y = the traffic parameter of interest,

1

'ao regression constant,

a. regression coefficients, and

J
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TABLE 12

TLLUSTRATION OF DUMMY VARTABLES

Local Code Dummy
Condition Variable

1
Road 2 Xz
Type 3
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Kj = dummy variable.

it may be seen, therefore, that a, becomes the best estimate of the traffic
parameter in the above example for road-type 4 and traffic-volume 10. 1If the
effects of the various local conditions are multiplicative, the relation
between the traffic parameter and the local condition is shown as follows:

- A 25|
Y = bbb, "2y, 2, (4)

The corresponding regression equation becomes

Z = CO -+ Clxl + CZXZ 4+ ses + Cllez (5)
where Z = 1n Y and .
ci = ln by.

The above procedures and equations can be generalized to include the
nine local conditions of Table 7, in which case there are 40 dummy variables.
It may further be generalized to include interactions among two or more of the
local conditions by redefining the dummy variables so that each dummy variable
corresponds to one combination of the interacting local conditions. This
greatly increases the number of dummy variables and was not attempted due to
program limitations which restrict the number of dummy variables to 50.

Summarz

Several possible methods for correlating the relevant traffic parameters
with local conditions have been outlined above. The feasibility of each of
these has been established as a part of this study. The selection of a
particular method must be based, however, on the aforementioned criteria of
accuracy, simplicity, reasonableness, and predictability. Following sections
of this report present a discussion relative to the selection of appropriate
methods. Table 14 summarizes the candidate methods which have been discussed
herein. Also presented in Table 14 are abbreviated names of the various
methods designed to facilitate future reference. It should be emphasized that
most of these methods are readily adaptable to either multiplicative or
additive adjustments.

It should also be emphasized that the multiple regression technique
using dummy variables is quite similar to the iterative correction factor
technique. Differences relate only to the manner in which the various factors
and coefficients are established. The multiple regression technique is
supported by sound mathematlcal and statistical theory while the correction
factor technique is based more on intuition and judgement.
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PREDICTING VEHICLE~TYPE PERCENTAGES

Selection of Predictive Methodology

With the exception of combinatcrial means, each of the pessible methods
of Table 14 for correlating the vehicle type percentages with the local con~
ditions was investigated. The gross means approach was fmmediately rejected
since all other methods were found to yield superior accuracies. The remaining
methods were compared on the basis of the four criteria of relative simplicity,
reasonableness, accuracy, and predictability and a recommended method was
developed.

Of interest first was whether there were significant differences in
accuracy betwsen the correction factor technigques and the multiple regression
techniques. The other criteria for comparison were assumed to be identical
for both of the techniques. Using additive factors (similar to Equation 3)
for predicting the percentage of C-4A trucks, correlation coefficients of
0.78, 0.78, and 0.79 were obtalned by FACT1l, MULTRA, and MULTRD, respectively.
The C-4A truck was chosen for this analysis since it has been the largest
single contributor to EWL accumulations on rural highways in Rentucky. All
available vehicle classification data were used in this and subsequent analyses.
Similar estimates of the percentage of cars using FACTL and MULTRD yielded
correlation coefficients of 0.62 and 0.6C, respectively. It was, therefore,
concluded that there were no significant differences between the correction

44



factor and multiple regression techniques and that an intelligent selection

of the best of these techniques would have to be based on other considerations.
Similarly no significant difference was observed between the dummy wvariable
(MULTRD) and the averages (MULTRA) multiple regression techniques.

One factor which would dictate a choice of the correction factor techniques
would be to verify the necessity for including interaction effects among two or
more of the local conditions. Thus estimates weve made of the percentages of
cars and C-4A trucks using FACT1 and FACT2. In both cases, all nlne local con-
ditions were considered and additive factors were used. TACT2 uaed road type,
direction, and alternate route as the three interacting local conditions.
Istimates of the percentage of cars yielded correlation coefficients of 0.62
and 0.63 for FACT1 and FACT2, respectively. Similar estimates of the percentage
of C~4A trucks yielded correlation coefficients of 0.78 and 0.80 for FACT1 and
FACT2, respectively. Since the three interacting local conditlens of FTACT2
had not been shown to be optimal and since slightly larger accuracles ware
achieved with MCT2, it was concluded that interaction might well be signifi-
cant. This led to the immediate rejection of the multiple regression techniques
since sufficient program capability was not available for handling even a
limited number of interactions. Subsequent analyses showed that the three
interacting local couditions used by FACT2 were not optimal and that larger
correlation coefficients would have been achieved with FACTIZ 1f other inter-
acting local conditions had been speclfied.

liaving decided that interactions among at least three of the lecal con-
ditions were significant, it was then necessary to ascertain whether the
remaining local conditions should be represented by correction factors (1)
which were order independent and derived using iterative procedures or (2) which
were order dependent and responsive not only to the local conditions but also
to the prior predictions. The variable representing prior predictlons was per-
cent trucks; three conditions were chosen depending on whether the prior pre-
dictions of percent trucks were less than 15 percent, between 15 and 19 percent,
or greater than 19 percent. Additive factors were used and the three inter-
active local conditions were, as before, road type, direction, and alternate
route. Predictions of the percentage of cars yielded correlation coefficients
of 0.63 and 0.66 for FACT2 and FACT3, respectively. Predictions of the per-
centage of C~4A trucks yielded correlation coefficients of 0.80 and 0.82 for
FACT2 and FACT3, respectively. These results Indicated the slight superiority
in accuracy for predictions based on a speclfied sequence of correction-factor
application and prior estimates. At the same time, use of the procedures
required by FACT3 were considerably more complicated and susceptible to
increased human error. Therefore, FACT2 was chosen for use In predicting the
vehicle type percentages.

Remaining to be declded was whether the correction factors should be
additive or multiplicative., The criterion of reasonableness weighed heavily
in favor of the specification of multiplicative factore since thelr use
negates the possibility of negative predictions. Data were alyeady at hand
from previous results of MULTRD with whilch to ascertain the superior of the
two techniques with regard to accuracy. OCorrelation coefficients of 0.79 and
0.86 for cars and 0.60 and 0.57 for C-4A trucks had been obtained for additive
and multiplicative factors, respectively. Since these accuracy determinations
were inclusive and since multiplicative factors were superior on the basis of
reasonableness, multiplicative factors were selected.
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Final Predictive Technique

The method that had been chosen to relate the wehilcle type percentages
to the local conditions was the correction-~factor technicue considering inter-
actions among some of the local conditions and applying independent multiplica-
tive correction factors to account for the remainder. However, several remain-
ing items had to be considered in order to establish the viabllity of the
technique as a predictive tool.

Not minor among these was the mamnner in which the time variable, year,
was to be considered in the predictive process. Prior work as summarized in
Figure 10 showed how various additive correction factors had been affected by
year during the 17~-year study period. Certainly data such as these furnished
no reasonable basis from which to predict the possible effacts of future years.
The most promising solution was to exclude year from the analysis and to
ascertain how the accursecy was thereby affected. Data were available from prior
use of MULTRD and FACT3 which showed that exclusion of year causad a reduction
in the correlation coefficients for predictions of the percentages of cars and
C-4A trucks of less than 5 percent. It was obvious that this slight decrease
in accuracy had to be tolerated and year was subsequently excluded from the
analysis.

Remaining to be determined was which of the eight local conditions should
be established as those among which interactions are of most significance.
Based on the number of possible combinations of the local conditions and the
number of avallable data sets, it was considered feasible to include a maximum
of three interacting local conditions. Tor reasons discussed later, season
was excluded as a possible candidate for evaluaticon., ¥From the remaining seven
local conditions, eight of the most promising combinaticns of three conditions
were selected intuitively and analyzed jointly on the basis of relative
accuracy and predictability. As a result of this analysis, road type, maximum
allowable gross weight, and traffic volume were adjudged to exhibit the most
significant interactions among those lunvestigated.

A set of basic percentages weve derived for all possibkle combinations of
these three local conditions. Alseo derived were a set of multiplicative
correction factors for each of the remaining five local conditions to be
applied independently to the basic percentages. Sheets 3 and 4 of Appendix
F show the final set of basic percentages gnd multiplicative correction factors
recommended for use in predicting vehicle type percentages.

It may be noted from Sheet 4 of this appendix that correction factors are
given for the various seasons. These factors have been retained primarily to
enable comparisons of vehicle type percentages estimated by the proposed
methodology with those observed from specific surveys. To be useful for
predicting the annual averages that are desired, however, the seasonal factor
must be eliminated. To do this, all 1967 traffic volume data obtained from 42
ATR stations in Kentucky were summed by season. An annual average of the
seasonal correction factors weilghted by the seasonal traffic volumes was com~
puted. These weighted averages, which are shown in the computational porticns
of Sheet 4, are recommended for use in the predictive process. The fact that
these averages approach unity suggests that classification counts have been
taken in approximately the same proportions as actual traffic volumes by
season.
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Finally, the criterion of reasonableness dictates that the sum of the
predicted percentages must equal 100 percent. BSince the percentage of each
vehicle type is predicted independently of the remaining vehicle types, the
total percentages will rarely equal 100 percent., For this reason, the initial
predictions must often be apprepriately modified. Beveral methods for accom-
plishing this were suggested. However since all preliminary estimates were
close to 100 percent, an elaborate adjustment precedure was felt to be un-
warranted. It is recommended, therefore, that the adjustments to 100 percent
be made by multiplying each initial prediction by 100 divided by the sum of the
initial predictions. This procedure 1s summarized on Sheet & of Appendix F.

Accuracz

The procedures described above, together with the basic percentages pre-
sented on Sheet 3 of Appendix T and the multiplicative correctlon factors pre-
sented on Sheet 4, were used to estimate vehicle-type percentages for comparison
with the actual percentages cbtained from past vehicle classification countsg,
The results of this accuracy comparison are summarized in Table 15,

The accuracy of the proposed predictive technique, as indicated by the
correlation ceoefficients, is not good. Some slight decrease in accuracy '
resulted from the exclusion of year from the set of local counditions. However,
this was necessary in order to establish the technique as a valid, predictive
tool. Despite the relative inaccuracy of the technigque, it was found superior
to others of those investigated on the basis of the four criteria of accuracy,
simplicity, reasonableness, and predictability. Table 15 also shows that slight
increases in accuracy for most vehicle types were achileved by corracting the
initial estimates to a total of 100 percent.

PREDICTING UNIT EWL'S

Selection of Predictive Methodology

In comparison with the vehicle classification data, the availlable welght
data were much less extensive. HMost of the weight data had been obtained from
rural, primary routes having relatively high-volume, ecrdinary tvpes of traffic.
All had been obtained during the late spring or summer months. DBecause of this
rather limited data, consideration of interactions among even a limited number
of local conditions was felt tc be unwarranted. TIn spite of this, however,
analyses of Appendix E and other data indicated that an appreach such as gross
means would be inappropriate since the local conditions did measurably affect
the average unit EWL's. Considevation was limited to multiple regression
techniques since possible interactions were not to be inwvestigated and since
the correction-factor techniques offered no known advantages over the multiple
regression techniques.

Only a cursory analysis was made to ascertain the superior of the MULTRA
and MULTRD techniques. Kentucky unit EWL estimates using MULTRA were made for
the SU-3A trucks which yielded a correlation coefficient of 0.44, Similar
estimates were also made using MULTRD, additive techniques and which eliminated
year and service provided as independent wvariables. These yislded a correlation
coefficient of 0.539. It was therefore decided that MULTRD was superior to
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TABLE 15

ACCURACY OF VERICLE-TYPE PERCENTAGHE ESTIMATES

Vehicle Mean Standard Standard Ervor Correlation Coefficient Number of
Type Percent Deviation Vehicles
Uncorrected  Correctedl Uncorrected Correctedt Counted
Cars 71.6718  7.1262 5.7059 5.6479 0.5984 0.6098 4,159,168
Buses 0.8592 0,6164 0.4842 0.,4843 0.6187 0.6136 46,953
SU-2A-4T  9.0922 3,8732 2.6203 2,5744 0.7364 0.7471 474,626
SU-2A-6T  8.5095 3.89%0 3.2277 3.2297 © 0.5610 0.5602 456,745
SU-3A 1.0016 2,.3819% 2.1307 2.1244 0.4470 0.4522 52,264
C-3A 3.9378 4.1526 2,6852 2,6831 0.7628 0.7632 239,123
C-4A 4.1038 4,3735 2.6848 2,6772 0.7894 0.7907 263,847
C~5A 0.8230 2.1582 1.5584 1.5448 0.6918 0.6983 56,805

lEstimates of vehicle~type percentages were corrected to a total of 100 percent.



MULTBA for the unit EWL predictions. MULTRA did allow a determination of the
order of 1mportance of the local conditions with regard to the unit EWL para-
meter for SU-3A trucks. It rated service provided as the wmost influencial con-
dition followed in decreasing order of importance by maximum allowable gross
weight, volume, road type, direction, geographical area, year, and alternate
route.

The next item to be comsidered was whether the factors should be additive
(Equation 3) or multiplicative (Equation 4). Estimates were made of Kentucky
unit EWL's for C-4A trucks using MULTRD with both additive and multiplicative
factors. The C-4A truck was chosen for this analysis since it has been the
single most important contributor to EWL accumulations on rural highways in
Kentucky., The additive factors ylelded a correlation coefficlent of 0.76 and
the multiplicative, 0.72. Additive factors were chosen, therefore, not only
on the basis of theilr superior accuracy (which was verified for other of the
vehicle types as well) but also because they are slightly easier to derive and
use. Some reasonableness was sacrificed because of the possibllity for pre-
dicting negative unit EWL's but this is overshadowed in part by the slight
increases in overall accuracy resulting when negative estimates are set equal
to zero.

The method which was finally selected for relating unit EWL's with local
conditions was, therefore, additive factors derived using multiple regression
with dummy variables. The next problem was to assess its reliability as a predic-
tive tool. The most important local condition with regard to future predictions
is year. Estimates of unit BEWL's for C-4A trucks were made both including and
excluding year as an independent varjiable, These yielded correlation coeffi-
cients of 0.76 and 0.72, respectively.  Thus the inclusion of year was found
to slightly increase the accuracy with which past unit EWL's for this vehicle
type could be estimated. But could year serve as a basis for future predictions?
Figure 11 was constructed to ascertain an answer, If attempts were made to
extrapolate the data of this figure to future years, the additive correction factor
would have to be taken as approximately zero. Thus it would be impossible to dis-
criminate among the effects of future years. Furthermcre, because of the inter-
relationship between year and maximum allowable gross weight, the correction
factors for maximum allowable gross weight appear incongruous when year is included
as an independent variable. This is apparent from Figure 12, Year was, therefore,
excluded as an independent variable for predictive purposes.

Bach of the remaining seven local conditions contributed to the analysis,
and all were amenable tc future predictions with the exception of service
provided. Data were available to establish valid correctlon factors only for
service-provided codes of 3, 4, and 51, Thercfore due to lack of data, service
provided was also eliminated as an independent variable -- causing a further
reduction in the cortelation coefficlent from 0.72 to 0.62. This represents a
gignificant reduction in accuracy and suggests that more accurate future esti-
mates may be partially dependent on the welghing of vehicles on road represent-
ing each of the service-provided categories.

lsee Appendix E.
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Sheet 5 of Appendix I' shows the final additive correction factors for all
vehicle types and all types of unit EWL's. The factors for road-type 4 were
assumed the same as those for road-type 3 since no weight data had been obtained
for the "other rural roads" category. Furthermore, it was necessary to obtain
the factors for volume-group 10 by extrapolation since no data were available
for this volume group. The base conditions for the predictions are road-type 2,
direction 2, alternate-route 3, volume 5 (except for C-5A where it is 7),
maximum-allowable-gross-weight 4, and geographical area 4. Thus the constant
term Iin each case represents the unit EWL predictions for this set of local
conditions.

Cars and Buses

To enable valid predictions of EWL accumulations, the predictive method-
olegy must recognize all EWL contributions repardless of thelr source. This
reasoning prompted, for example, the separate consideration of SU-2A-4T vehicles
since weight data indicated that these wvehicles did make slight contributions
to the LWL accumulations. The remaining vehicle types which have not yet been
considered herein because no weight data were available for analysis are cars
and buses. Each must be investigated with regard to its possible effect on
EWL accumulations.

Since the gross weights of typical passenger cars are so small, it must be
agsumed that cars have zerc unit EWL's when evaluated by Kentucky's procedure.
This is necegsitated by the fact that Kentucky equivalency factors for axleloads
less than 9,000 pounds are zero. For such small axleloads, however, the
AASBO equivalency factors are not zerc. In lieu of valid weight data for car
axles, the unit EAL's for cars by AASHO and modifled AASHO procedures are
assumed to be 0.0002 EAL's per car. This follows from the recommendations of
the AASHO Committee on Design (13). This unit AL is assumed to be constant
for all possible sets of local conditions.

Buses, and in particular commercial, intercity buses, pose more signifi-
cant problems in that their unit EWL's may be rather large. Fortunately with
regard to EWL predictions, the numbers of commercial buses on rural highways
are yather small so that errors in unit EWL predictions are relatively insigni-
ficant in terms of the total EWL accumulations. However, a large percentage of
school buses are found on some vural, low-class roads (as much as 6 percent).
Assuming the unit EWL contribution of gchool buses is equal to that of commer-
ical buses, this means that as high as 50 percent of the total EWL's on some
rural roads result from school buses.

Information supplied by Southern Greyhound Lines relative to the axle
weights of its commercial buses operated in Kentucky enabled the preparation of
Table 16. ©Since none of these buses has, at present, a tandem axle, the esti-
mates for AASHO and modified AASHO unit BAL's ave identical. Unfortunately the
data of Table 16 fail to represent the entire problem since school buses and
buses operated by other agencies and for other purposes are mot included.
Furthermore, no information is readily available concerning the average loading
of these buses and the percentages of the various bus types. Also shown in
Table 16 are arbitrary estimates of unit EWL's which have been chosen to repre-
sent the average conditions in Kentucky for all types of buses. These estimates
are recommended for use in the predictive equaticns until sueh time as more
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valid data become available. Like the unit EWL estimates for cars, these
estimates are not responsive to variations in local conditions.

Accuracy

The procedures described above, together with the additive factors presented
on Sheet 5 of Appendix ¥, were used to estimate unit EWL's for comparison with
actual unit EWL's obtained from past weight data., The results of this accuracy
comparison are summarized in Table 17.

A brief glance at the tabulated correlation coefficlents is sufficient to
reveal that the accuracy of the estimates leaves much to be desired. However,
no other technique investigated herein yielded superior accuracy as long as it
was stipulated that the technique had to represent a valid, predictive procedure.
Turthermore, it is appareat from Table 17 that this method of accounting for
the effects of local conditions ig superior to the gross means approach.

Three other points relative to this accuracy comparison are important:

1. The best accuracy was generally achieved for those vehicle types
which contribute most significantly to the EWL accumulations.

2. Generally, estimates of Kentucky unit EWL's are more accurate than
either AASHO or modified AASHO unit EAL's.

3. The procedure for correcting negative unit IZWL's to zero only slightly
improved the accuracy of the estimates. he magnitude of the improvement was
greatest where the mean unit EWL was lowest, that is, for the SU~2A-4T vehicle.
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TABLE 17

ACCURACY OF UNIT EWL ESTIMATESl
Vehicle EWL Mean Standard . tandard Error Correlation Coefficient  Number of
Type Type Unit Deviation 9 Vehicles
WL Uncorrected Corrected? TUncorrected Corrected Wedghed
Y 0.0415 0.644 0,632 0.630 0.192 0.212
SU-2A~4T  AASHO 0.0061 0.030 2.030 0.030 G.190 0.198 12,349
MAASHO? 0,0061 0,030 3.030 0.030 0.190 0.198
KY 3.1945 £.12% 3.758 3.752 0,411 0.414
SU-ZA-0T  AASHO 0.1787 3.038 g.021 a.0n8 0.377 0,377 23,3389
MAASHO 3.17387 0.088 0.081 0.081 0.377 0.377
wn
= KY 10.0445 ig.lz¢ 12.973 12.867 0.594 G.603
SU-3A AABHO 0.2391 0.232 0.235 0.234 G.578 0.583 2,180
HMAASHO 0.5299 0.440 0,353 2.352 0.56% 0.5€8
KY 8.8944 6,560 £.109 G.106 0.364 G.346
C-34 AASHO 0.6071 0.278 G.253 0.253 0.351 0.351 12,143
HAASH 0.6071 3.272 G.253 3.253 0.351 0.351
Ky 15.2519 5.848 7.765 7.759 0.615 0.615
C~4A AASHO $.8075 £5.32 G.227 0.226 0.723 0.723 14,321
MAASHOD 0.9872 0,435 3.302 G.301 3.721 0.721
Ky 158.3338 15.225 11.478 ir.471 5.658 0.658
C-34 AASHD $,7865 G.452 0,347 3.3247 0.635 0.632 4,302
MAABHC 1.20838 0,705 2.530 g.530 G.5659 0.659
] hl

Ho welght data were available for cars or buses,

zmegative astimates were transformed to zers.

NModified AASHO procedures were used.



EXTENSIONS OF METHODOLOGY

The legal maximum allowable gross welght on Kentucky highways increased
three times during the 17-year study period. Each increase has greatly affected
the EWL accumulations on those particular highways to which the increase appli-
ed. Such effects are due to (1) a redistribution of the relative vehicle-type
percentages, (2) an increase in the loading of vehlcles having weight capacities
near to or greater than the prior maximum allowable gross welght, (3) the uti-
lization of heavier vehicles which, prior to the change, were either prohibited
or yere uneconomical to operate at reduced payloads, and (4) a reduction in the
ADT*, The underlying rationale is that the choice of vehicle type by a carrier
is dependent both on the characteristics of the shipment and on the efficlency
with which various vehicle types may be operated within the legal constraints
of maximum allowable gross weights and permissive vehicle types.

Inability of past procedures to consider the effects of maximum allowable

gross weight has doubtlessly led to underestimates of design EWL's. This
current reevaluation endeavor offers a means for rectifying this situation in
the future. Two distinet problems immediately emerge.

The first relates to how and when the maximum allowable gross weight may
be expected to change. Since these are legislative and administrative matters,
they are largely beyond the purview of the engineer. At the same time, it is
the engineer's responsibility to predict design EWL's based upon all the infor-
mation that is available to him. While the matter is not dealt with in depth
herein, it is recommended that estimates of design TWL's for high-type, multi-
lane facilities be based on a maximum allowable gross weight of 89,000 pounds.
This is approximately equal to the allowable gross weight of a C-GA truck. As
an alternate suggestion, the current maximum allowable gross weight might be
considered to govern the first 10 years of the design life and an increased
allowable weight, the second.

The second problem, which is within the scope of this study, is how to
modify the proposed methodology to incerporate a maximum allowable gross weight
which lies outside the range of historical experlence. Preliminary attempts
to establish relationships between the maximum allowable gross weight and the
traffic parameters of interest, namely, the vehicle-type percentages and the
unit EWL's, were unsuccessful. Two pertinent variables that were identified,
however, included the ratic of vehicle gross weight to the highway maximum
allowable gross weight and the payload capacitles of all competing vehicle
types. Complicating the analysis were time lags occurring after a change in
maximum allowable gross weight. These were thought to be caused by (1) a
delay in the introduction of new equipment and (2) a delay in adminlstering
the change for specific routes. It was felt that the entire study period was
represented by unstabilized traffic redistributions.

lihese changes may be toe small to be actually detected. To illustrate
the point, however, fewer C~5A trucks would be required for a given shipment
than C-4A trucks due to their increased payload capacity.
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A gimplified procedure can be used, howsver, te obtaln estimates of the
EWL's per 1,000 vehicles for different maximum allowable gross welghts. The
EWL's for 1,000 vehicles would De predicted for each of the four maximum allow-
able gross weights and the results plotted as illustrated by Figure 13. The
curve would be extrapolated to the future maximum allowable gross weight and the
result multiplied by the total aumber of vehicles expressed in thousands to
obtain the final estimate. Tigure 13 is based on predictions of AASHO EAL's for
the following situation: road-type 2, directlon 2, alternate-route 2, service-
provided 4, volume 4, and geographical-area 4. The above procedure is recom-
mended for use in the absence of a more refined method,

OB ]

SUMMARY

Several empirical methods have been investigated for predicting the perti-
nent traffic parameters on the basis of anticipated local conditions. These
methods were compared wilth respect to the ecriteria of accuracy, simplicity,
reasonableness, and predictability. The chosen method for predicting vehicle
type percentages counsiders three interacting local conditlons which establish
the base percentages and multiplicative correction factors for independent
analysis of the remaining conditions. Year was excluded as an independant
variable for predictive purposes. The chosen method for predicting unit EWL's
considers additive factors for the independent analysis of each of six local
conditions. TYear, season, and service provided were excluded as independent
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Figure 13, TExample Effect of Maximum Allowable Gross
Weight on AASHO EAL's per 1,000 Vehicles.
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variables for predictive purposes.

Work sheets for predicting design EWL's are included as Appendixz F. As
such, Appendix T summarizes the recommended procedures and presents the neces-
sary data for computational purposes. These data represent averages over the
17-year study period weighted by the factors of Table 11, An example problem
is presented in Appendix G to demonstrate implementatlon of the recommended
procedures.

Appendix T should be used to estimate EWL's for purposes of pavement de-
sign except where appropriate data are available for the specific route in ques-
tion. A method has been given for predicting design FWL's when the anticipated
maximum allowable gross weight is in excess of that stipulated in the past. The
data of Appendix F may be extended by extrapolation or interpolation as neces-
sary in order to obtain valid estimates. TFor example, missing entries may have
to be obtained by extrapclation or interpolation. Judgment may have to be exer-
cised in other instances, such as for a location at or near the boundary of two
geographical areas.

Accuracy of the individual estimates of the traffic parameters, as indicated
by Tables 15 and 17, was somewhat discouraging. Nevertheless, the recommended
technique represents the best available among those investigated and satisfies
the basic requirement for a wvalid prediction procedure which accounts for the
effects of local conditions. A portion of the observed errors is doubtlessly
due to inappropriateness of the model, At the same time, other errors remain
which could not be diminished by any model. These include (1) errors in
obtaining and recording data in the field, (2) errors in coding data and local
conditions in the office, (3) errors due to large inherent variabilities in the
traffic stream, and (4) errors due to mon-random nature of the basic data, In
addition, the data are representative only of average weekday conditions and
the weight data have been obtained only during the spring and summer months.

The true validity of the proposed model can not be assessed solely on the
basis of estimates of the individual traffic parameters. Of considerably more
significance is the accuracy of estimates of design EWL's or of estimates of
pavement thickness resulting therefrom. These matters are considered in the
following section.
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ACCURACY VERIFICATION

EWL's were estimated using the proposed method and then compared to
actual EWL's for all stations at which both vehicle classification and weight
data had been obtained during the study peried. There were 51 such stations
representing a total of 225 counts for an average of approximately four annual
counts per station. Of these, nine were stations for which 1l or more years of
data were available and 18 for which seven or more years were available. Thirty-
one of the stations were represented by only one or two years of data.

The first comparisons were made on the basis of EWL's per 1,000 vehicles
for the 225 individual counts. Table 18 summarizes the results of these
accuracy comparisons. The correlation coefficients are relatively small, which
indicates that a large portion of the variability in EWL's per 1,000 vehicles
for individual counts remains unexplained.

The actual and predicted total'daily IWL's were then.computed and compared.
Figure 14 shows the results of this comparison for Kentucky EWL's. This figure
depicts visually the accuracy of estimates of daily EWL s for individual counts.

Table 18 and Figure 14 1ndicate that the proposed method for predicting
EWL's, while superior to all methods 1nvestiga+ed herein, does not enable high
accuracy in predicting EWL's for individual counts. This is due-in large part
to the extreme variability in the actual EWL's that are accumulated at individual
stations from year to year. ~Such’ variablllty is depicted on 'Figure 13a for

‘Correlation ©

Standard ' Corr S
Coefficient = -

Error. =
e
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Station 8, for which 14 years of data are available. Certainly no predictive
procedure can be conceived that would be able to duplicate the actual year-to-
year variations that are obvious from this figure. TFigure l3a suggests, however,
that, if the daily EWL's were accumulated over a period of years, the actual and
predicted accumulations might tend to converge. This led to the construction of
Figure 15b which shows, for the same station, the percent error in cummulative
daily EWL's as a function of year. The percent error was computed by dividing
the difference between the actual and predicted values by the actual value.
Following a six-year pericd of initial instability, the percent errors tend to be
reduced as the number of years increased. By extrapolation, the percent error at
the end of a 20-year design period would be about 6 percent, which certainly
represents a tolerable error. '

Figure 15b lends support to the hypothesis that the proposed predictive
methodoleogy becomes more accurate as the predictive period increases. This is
of extreme significance since most flexible pavement designs in Kentucky are
based on a 20-year period. Curves similar to that of Figure 15b are shown in
Figure 16 for six of the nine stations for which 11 or more years of data have
been accumulated. This figure also shows that the percent errors tend to
become stablized and reduced as the time Increases.

As a further means for walidating the proposed methodology, the Influence
of the accuracy of the EWL estimates on the accuracy of the design pavement
thicknesses was also investigated. First the actual and the estimated EWL's
for each of the 51 locations were extrapolated to 20-year accumulations. These
are shown in Figure 17. Then the combined flexible pavement thicknesses includ-
ing base and pavement were determined (10). These determinations, which are
summarized in Figure 18, were based on an arbitrarily-selected design CBR of 5.
Differences in the thicknesses based on estimated actual and predicted EWL's
seem rather large at first glance. However, it should be recalled that actual
data were available for pericds of only one or two years for 31 of the 51 sta-
tions. This would, of course, decrease the reliability of the estimates of
20~year accumulations of EWL's. Figure 18b suggests that the percent error for
stations with data for a 20-year pericd would be about 2 percent.

In summary, it is concluded that the proposed method for predicting
design EWL's is sufficiently accurate for use in designing flexible pavements,
It satisfies the remaining criteria of simplicity, reasonableness, and predict-
ability and provides a suitable means for ascertaining the influence of local
conditions.
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SUMMARY

Difficulties in obtaining reliable estimates of EWL accumulations for
flexible pavement design purposes led to the Initiation of this study in 1963.
When EWL estimates at specifilc locations were compared with actual IWL accumul-
ations, major discrepancies were often noted. These discrepancies were believed
to be associated with the inability of the predictive procedure to differentiate
among many of the routes in other than a qualitative manner.

The prerequisites which were established as a basis for comparing alter—
nate predictive procedures included the following:

i. The predictive model should consider as many of the relevant
local conditions which determine the composition and weights of the traffic
stream as possible,

2. The predictive model should make full use of all available vehicle
clagsification and weight data, and

3. The predictive model should possess the qualities of simplicity,
reasonableness, predictibility, and accuracy.

Evaluation of the methodology currently used in Kentucky led to the search
for a more regponsive empirical method of prediction. It was assumed that suffi-
cently accurate estimates of ADT would be availlable and, therefore, could be
excluded from consideration. Furthermore, the analyses was restricted to rural
areas for which the bulk of data was available. The significant traffic para-
meters were ldentified as the percentages of the various wehicle types and thelr
unit EWL's. The local conditions which were found to significantly affect the
traffic parameters included road type, directlon, altermate route, sarvice
provided, traffic voelume, maximum allewable gross welght, geographical area,
year, and season. Analyses were then made to find a suitable empirical method
for predicting the traffic parameters on the basis of an analysis of the perti-
nent local conditions,

The chesen method for predicting vehicle-type percentages cenaists of a
set of basic percentages determined jointly by road type, volume, and maximum
allowable gross welght and a serles of multiplicative correction factors deter-
mined independently by direction, season, alternate route, service provided,
and geocgraphical area. Independent predictions are made of the percentage of
each vehicle type and the results adjusted so that the sum equals 100 percent.
The chosen method for predicting unit EWL's is based on a multiple regression
model that considers all of the ahove local conditions, except year, season,
and service provided, in an additive fashion. Adjustments are made so that no
estimate ylelds a negative wvalue. Procedures are provided for estimating
Kentucky, AASHO, or modified AASHO unit EWL's.

The recommended methodeology, which is presented in Appendix F, was found
to provide a suitable means for predicting EWL accumulations. In no case,
however, should the recommended methodology be used 4f wvalld traffic data are
available for the specific route in question.
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RECOMMENDATIONS

The following recommendations for implementing and extending the efforts of
this study are presented for conslderation.

1. The proposed methodology for predicting EWL's for rural highways in
Kentucky should be adopted for purposes of flexible pavement design. This
method has been shown to be a valid predictive tool which can account for the
effects of local conditions. '

2. Twenty-year predictions of design FWL's should incorporate the effects
of probable changes in maximum allowable gross weight on high~type, multilane
highways. Maximum allowable gross welght hae heen found to significantly affect
EWL accumulations. Four different maximum allowable gross weights have been in
effect on Kentucky highways during the 17-vear study period and future changes
are likely to occur,

3. Analogous methodclogies should be developed to enable valid predictions
of EWL's and associated traffic parameters in urban areas. WNo method currently
exists for accurate predictions of design EWL's in these areas.

4, The data banks developed as a part of this study should be continually
and routinely updated and maintained. This is essential not only to facilitate
future reevaluations of EWL predictions but also to provide the capability for
immediate and accurate recall of traffic data for a multitude of engineering
purposes. '

5. Responsibility for the maintenance of up-to-date data banks should be
assumed by the Division of Plamning which now has overall responsibility for
data collection systems.

6. TFormats of the data banks should be thoroughly reviewed and revised
to be compatible not only with past data but also with possible future innova-
tions and changes and to provide a rapid means for future updating. The formats
now used were selected primarily to facilitate the objectives of the current
study. Certainly the capability for handling new vehicle types such as double
bottom trucks and new axle types such as tri-tandem axles must be provided.

This might also require certain changes in the current data collection systems.

7. A comprehensive review of current methods for acquiring vehicle classi-
fication and weight data appears desirable. The analysis reported hereln was
hampered by the non-randomness of data caused, in part, by the emphasis which
has been placed on the permanent loadometer stations. A minimal number of
permanent, fixed stations used to ascertain long~term trends supplemented by
additional randomly selected stations used to provide maximum coverage appears
advantageous.

8., Investigations should be conducted to ascertain the seasonal varia-
tions, if any, of average vehicle weights and unit EWL's.
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9. An independent means should be sought for predicting changes in
vehicle type percentages and unit EWL's anticipated as a result of future
increases in the legal maximum allowable gross weight. MNot only would this
increase the credibility of future predictions but it would alse promote im-
proved understanding of the evolving structure of the traffic stream.

10. The current EWL-calculation procedure whiclh neglects the possible
effects of differential lane and directional distributions should be subjected
to close scrutiny. Neglect of lane distribution can possibly lead to over-
design on multilane facilities while neglect of directional distribution can
possibly lead to both overdesign and underdesign depending on the direction of
flow. Both the Asphalt Institute (24) and the Portland Cement Assoclation
(23) provide a means of correcting for the effects of lane distributlon in
thelr design methods.

11. It is imperative that the contribution te EWL accumulstions by buses
be studied in some detail. Despite the fact that fully loaded, commerical
buses contribute significantly to EWL accumulations, no detalled data on
average bus weightes are available,

i

12. Tuture reevaluations of flexible pavement design procedures must pro
vide a sound basis for justifying or altering the procedure for neglecting to
distinguish between single and tandem axles. Both theory (1l&) and the results
of road tests (11) have shown that the destructive effects of single and tandem
axles are not identical.

13. Periodic maps of annual EWL accumulations on Kentucky highways would
be useful for providing an up-to-date source of information for analysis and
design purposes., While the preparation of such a map would currently require
excessive expenditures, such an effort would be a small task for a computerized
system. It is, therefore, recommended that increasing use be made of high
speed data processing systems for the storage and analysis of twaffic data.
Such a system would provide immediate and accurate information concerning a
variety of traffic parameters.
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APPENDIX D

AVERAGE VEHICLE-TYPE PERCENTAGES AS A .
TUNCTION OF LOCAL CONDITIONS




HEANS OF VEHICLE TYPE PERCENTAGES
RURAL KENTUCKY HIGHHAYS

T950-1966
T LOCAT CODE CARS BUSES SU-2A-47 SU=ZA=8T SU-3A CT-3A T4 C-54 “TOTAL VER
CONDITION
ROAD 1 700993 0.311 44838 5,387 0.700 2,363 11,092 44316 341175
TYPE F) 71,523 0.920 80542 8,450 T.053 " 4.508  4e265  0s740 Big6622
3 72692 0.649 13,848  9.98L 0,864  0.942 0830 0,190 5368587
% 74,897 T.085 L&, 707 T.76% 0.329 1,037 0,216 0.005 14874
T DIREC- T Tl 648 0.884  B.6l4 8,302 0,885 %255 4uG7Z 0,930 3535241
TIGN. 2 71,697 0.8l6 9,902  8.861 1,498 3.399 3,478 0641 2157617
ALT 1 71,502 0,933 9370 w673 04837 44297 34624 0,759 1264033
RUUTE 7 71,346 0.855  BeB72 8,459 ~ L0727 G.120 %360 0508 4340900
3 740825  0.717 10,293  8.538  0.796 lo4a1 3,079 0.250 486325

SERVICE 13,6586 0.365 11,118 5,097 0,312 2,363 0. 741
PRGVIDED Tés 003 Q0. 325 11,766 Ta911 20293

7la 501 42858
134096 T8 - . (Y I ; I o I A P N

88




STANDARD DEVIATIONS OF YEMICLE TVPFE PERCENTAGES
RURAL -KENTUCKY HIGHWAYS

1250-1956
LOCAL ~COOE™ CARS BUSES SU=2A-4T SU-ZA~&T SU=3A C-34 C-4A C-5A TQTAL VEH
CONDL TLON

ROAD %2 1068 0 159 1303 1.314 0,353 1,095 4o TT1 42390 341175
TYPE 6,908 00009 3.189 3,419 2aké0 40326 4a 155 1a 982 5196622
Be 934 Go 634 40 230 6,043 da96 l.28% 1.545 da848 538587
Todld 0,939 P3N ] 4o 665 0 TT97 7 1698 0,576 0,022 14874
T DIREC- Te 279 0611 3513 3.901 “1a98T %312 LT 2:394 3934241
T1ON 62924 0a623 4 299 3. 871 24949 3. 808 3,984 1a670 215017
ALT 5. 619 0. 650 e 069 3. 86565 1.077 Lo 276 3.802 l1.818 1264033
T ROUTE” TTTUTLEGLTT 0,808 T 3,107 3,876 2,132 0 4,235 77 §i563 2,347 4340900
7 s T-817 0,574 4ab4Th 4,600 1,096 E.4Bl  3.938 0,510 4B6325
SERVICE ‘9,810 0358 5,447 3,518 0o 346 Ca652 12717

PROVIDED 7,048 0,333 L.472 T.64% 6T0L1L
6a 14l 06557 C 3.867 ., 1e 883617
64500 j 1 e 3 ’ _ 3343836
< i o 66 2’ 13701281
14628
251972
84605,

135446







VERICLE TYPE S5U-ZA-4T

URIT TWL'S

LOCAL CODE KENTUCKY AASID HODIFIED AASHO TOTAL
CONDITICN MEAN 5TD. DEV MRAR STD DEV MEAY STD DEY VOLUME
RCAD 1 0.0 C.C 0.0040 C.0 0.0040 0.0 157
TYPE 3 0.040€ G.1016& G.0063 G.0331 0.0063 C.C331 10465
3 C.0532 0.2558 0. 0054 0.0061 0.0054 0.0061 1727
4 G.0 0.0 .0 0.0 0.0 0.0 1
DIRECT- 1 0.0475 0.8253 0.0065 0.03849 G.0065 0.0389 6575
10N 2 0.0329% G.1679 0.0055 ¢.0055 0.0055 0.0055 57174
ALT 1 0.0945 1.0063 0.0084 0.0471 0.0064 0.0471 5628
ROUTE Z 0.0052 0.0279 U.0045 G.0022 0.0045 f.0022 6630
3 Gl C 0.0 0.0C42 c.0007 0.0042 0.0007 91
SERVICE 1 0.0 0.0 0.0 0.0 0.0 0.0 o
PRCVIDED 2 4.,000C £.9282 0.162% 0.3265 0.1625 G.3265 61
3 0. 095 0.0378 0.0049 0.0031 0.0049 ¢.0031 2047
A 0.0104 0.058% 0.0045 0. 0040 0.0049 0.0040 5530
5 Q0.0039 0.0128 0.G044 g.0011 0.0C44 ¢.0011 4234
6 0.0 4.6 0.00640 G.0 0.0040 G.C 1237
7 0.4062 0.5828 0.0145 0.0133 0.0145 CaC133 354
8 0.0 0.0 C.0 G.0 0.0 0.0 ¢
9 0.0 0.0 0.0 0.0 0.0 C.0 Q
VOLUME 1 0.0 0.0 0.0C4l C¢.CO0C4 0.0041 £.0004 522
2 ¢.00358 0,0113 C.0045 [P 0. 0045 0.00L4 874
3 0.1051 0.3329% 0.0072 0,0085 0.0072 0.C085 1112
4 G.162% 1.5534 0.0121 G.0732 0.0171 0-0732 2059
5 0.0035 0-0104 0.0044 0.0010 0. 0044 C.0010 z829
[ 7.0083 0.043% C-CGaT G.0034% 00047 0.C034 3599
1 0.0272 0.1C079 0.G06G 0.0068 0.0060 0.0068 939
[ G.0 0.0 C.0040 G0 0.0040 0.0 367
g Ga0 0.0 C.0046 0.0008 0. 0046 0.0008 48
10 [ 0.0 0.0 0.0 0.0 0.0 0
W E TG W T T.0 0.0 0-CCal T.out3 0.0041 0. 0003 1346
2 G.0159 0.0663 0.0042 0.0046 0.0052 0.0046 5256
3 G.075¢8 0.1656 0.0050 0.0043 . 0080 C.0043 4579
4 0.2042 1.7772 0.0139 0.0837 C.0139 C.0837 ires
AREA 1 0.1220 1.3475 0.0100 0.0635 0.0100 0.0635 2835
2 T.0055 0.0340 U-C0%5 U.C0Z6 [{PEY 7.0026 7316
3 0.0118 0.062% 0.0050C 0.0041 0.0058Q 0.0041 3105
E3 0.0368 0.1949 420053 G.0048 0. 0053 0.0048 4093
YEAR 1 G.0143 0.c388 §.otse2 0.0G3C 0.0052 G.0030 1716
2 0.0033 0.0110 0.0043 0.0010 0.0043 0.0010 1898
3 C. 0425 T.127%2 TL.CCT2 T. 0082 00072 [N 1ids
4 0.0065 Q.0023 0.0041 0.0003 0,0041 1.0003 3744
5 0.C151 G.0515 0.C054 0.004C 0.8054 T.0040 egl
[ €.0 0.0 00042 0.0003 0.0042 G.0003 as57
T 0.0 0.0 0.CC41 G.0006 0.00%1 0.0005 T 448
8 C.2745% 1.814Q £.0157 0.0849 0.0157 0.CB4S 1354
3 U.0078 T.02C2 T. 0051 U.00Z3 VL0051 . 0023 255
AVERAGES G.0415 0.6443 C.C061 G.030672 0.0061 ¢.C302 12349
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UNIT EUL'S

YEIICLE TVPE SU-2A--6T

LOCAL GoDl KEMIGCIY AASHO MODITIED AASLOD TOTAL
COMBITION HMEAN ST DLW HEAM STD DLV MEAT STD DRV VOLINIE
RUAD 1 2.2685 0.54512 C.1587 0.0281 0.1587 C.0281 1534
TYPE F: 3.1048 3.359% C.1807 0.0858 0.1807 0.0858 20412
3 4,511% R,4677 G.1751 0.1189 0.1751% £.118% 1443
[ 5.0 G.0 0.0 (Y] 7.0 .0 5]
BivECT— 1 3,07€5 3.17C1L C.18C7 ¢.cese 0.18C7 C.0fda 13408
10N 2 3.3920 5.2869 0.1756 0.085% 0.1756 G.G855 5981
ALT 1 3.3950 8.4725 C.1759 00894 0.1139 C.0894 G159
ROUTE 2 3.0805 ENEYE 0.1796 0.0860 0.1796 G.0860 i3868
3 23,1264 1.8013 £.1595 0.0966 0.1995 0.0966 182
SERVICE 1 C.C [ G.G 0.0 0.0 C.0 0
PROVIDED 2 1.9257 C.co81 0.1262 G.0293 0.1292 0.40293 125
3 23,8928 4.9832 C.1977 g.l188 0.1977 C.1188 4601
4 2.6L19 1.5532¢ 0.1689 0.0664 G. 1688 O.0664 11919
5 2.6471 1.4473 €.1701 0.0841 C.1701 G.0641 6469
& 4.438C 0.0 C.2422 0.0 0.2422 T-0 %
1 29.9040 15,CC386 C.44%57 0.18&15 C.4497 0.1615 216G
3 t.0 0.E G.0 0.0 0.0 0.0 C
5 G.0 g.c G.0 0.0 C.0 C.0 0
VCLUME 1 1.9008 1.7673 C.1271 G.0908 0.1271 €.09G8 330
2 3.2372 Z.2850 G.1858 0.09%3 C.1858 C.0963 813
3 %.8136 10.07321 C.2202 0.1576 g.2202 G.157& rieg
& 7.5431 [.6875 G.1563 4.0753 0,1563 t.a153 3130
5 2.8495 3.7822 G.1714 0.0897 0.1714 G.CRY7 5011
[] 28852 L5332 C.17E3 0.0580 0.1783 C.0a580 6574
T 2.9628 1.2014 1871 0.0456 0.1871 G.0454 3842
8 q,38%1 75034 0.2159 J.1100 J. 2159 G.11C0 22198
9 3.7450 1.4850C G.2202 0.0521 0,2202 0.0521 281
iC Ga0 Q.0 C.0 0.0 d.0 0.0 ]
V&G W 1 Z2.8900 2a.0E8d Ca. 1641 T.104% 0. 1841 0.1049 1022
2 2.1692 1.1340 C.l489 0.0632 0.1489 0.0632 9155
3 T_G511 56487 VI K U094 0.1983 C.0946 8941
4 3,5293 4.0008 Gs1973 0.0871L 0.,1973 C.G871 G271
AREA 1 2.541% 1.1985 0.1673 0.0615 0.1673 £.C615 4635
2 2.8446 Z«2G91l5 G179 0. 103F Q. 1729 J.1038 4005
3 2.8522 1.3028 c.1758 0.C651 0.1758 C.0651 Bal4
4 4.9630 T.7775 C.1592 0.1144 0. 1992 0.1148 6135
YEAR 1 1.83175 1.231¢€ 1277 0.0743 0.1277 C.0742 3187
F 2.2072 G.7577 0.1569 0.0458 041569 G.0458 2911
3 7. 3002 T.1291 T.T601 0.061T 0. 1601 G.0611 7546
4 2.T588 lL.6759 Cal?l4 Q.0713 0.1714 $.0713 47498
5 3.8248 .5G26 C.2304 0.1132 0.2304 C.1132 2068
[ 3.4185 21879 C.1863 0.066C 0.E863 C.086Q 2047
7 4.4785 5.6524 C.2007 0,1049 0.2007 C.1G45 1791
8 4. 7680 1.6833 C.2025 0.106% 0.2G25 0.1099 3131
g Z.603C =717 T-I775 T.05TT [ W (PRI N 91C
AV ERAGTES 3.1945 A.12CT C.1787 §.C876 0.1787 ¢.G876 T 73389
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TALT BL'S

VFHICLL TYPE 8U-3A

93

LOCAL CODE TENTUCEY AASHD TDITIRD AASHAN TOTAL
CONDITION MEAK STD IRV LA STD DNV EAY 3TR DUV VOLUME
RCAD 1 £,1250 5.5267 C.2681 ¢.1553 0,4151 C.2688 140
TYPE z 5.108C 12.9214 0.37260 0.2416 0.5118 0.3824 1890
3 23.1424 35,4535 g.5358 C.5667 0.8017 €.8447 150
4 C.0 [ G.0C T.C 0.0 0.0 3}
DIRECT- 1 G.4560 14.4254 ¢.3276 0.2560 C.5169 1269
{CN 2 1C.956¢€ 18.5041 C.3572  0.3334  0.5486  C.5C24. _Bal’
ALT i 16,6581 16,5923 C.3481 0.347C C.5304 C.515%% 831
RCUTE Z G.7835 1473797 C.3367 0.2501 0.531L9 C.390C 131¢C
2 e.5808 4.2205 0,2450 G,L177 0,4059 Ga1714 3y
SERVICE 1 C.C 0.C 6.0 Gu 0.0 C.0 ~ ¢
PROVIDED 2 FNCTEE C.4336 G.2649 d.014l 0.3755 c.0103 47
2 14.37C3 22,6647 €.2578 0.3261 0.5663 C.5063 399
4 T.6126 E.2€35 T.32071 T.2091 T.5064 0.3202 i13z
5 5.6740 5.5134 G.2671 0.2039 0.4113 €.3198 472
6 4.952C G.¢ 0.3640 4.0 0. 45494 a.0 - 4
7 50,8783 37,4635 1.1404 0.52G8 1.6980  0.7850 126
] 0.0 0.C .0 0.C .0 0.8 B [
< C.0 0.0 C.0 0.0 0.0 C.0 Q
VOLUME ] 1.3986 127418 C.C830 0.096% 0.1355 C.1615 o T
2 7.6633 h.GETT §.15831 0.2268 00,2837 C.3745 42
3 i5.25C2 36.2281 0.5247 0.5813 0.8314 C.8531 148
) #,3661 15747635 T.0843 CEVRRTT TTTTTEVEATE T T T 0.5C16 2386
8 1.0448 7.315% C.2930 0.2356 Calib46 0.3566 43¢
[ T.2825 3.9445 T. 3271 g.1519 0.5152 C.2367 534
7 9.3329 T.0444 0.3650 0.2036 0.5749 0.3332 414
g ZC.11172 77.108B6 C-4686 G.3734 0.6967 {4581 TTEE0 T
S 19.5%960 6.6125 Ca6245 0.0658 0.9402 0.C834 az
10 C.0 -0 .0 0.0 0.0 c.o T o7
R G W T 70431 7.2627 - 1766 11446 T-1880 T.1941 Z3
2 5.6330 4.3851 G.2550 0.1746 0.4105 0.2758 780
N 3 14.C2E5 Z21.5711 C.4228 . 35072 G.E516 G.5204 o 942
4 16,6706 14.3586 0.3453 0,2518 0.5392 C.4249 435
AREA 1 7.6802 £.5326 G.3311 0.2309 Co5062 G.357C 437
i T 4554 T4. 1593 U 7429 0.2599 0.4021 T.437C 266
1 7.5774 5.6356 C.3226 0.1918 0.5135 C.3014 526
] 18.5590C 28,1782 C.4510 4.4288 (.8782 g.6337 §51
YEAR i 4.4404 %4.T505 G 1967 0. 2655 0.3242 =3 11 S = -2
2 55,6077 4.3604 G.2538 0.1710 0.4121 C.2751 249
E] 6225957 PRI T 2857 T. 1161 U. 4620 . 1937 754
4 5.957% 6.1718 G.2543 0.1856 0.3936 0.2931 4580
5 10.Z70C 8. 4496 C.4069 0.2595% C.6461 T.3971 168
6 12.3121 16.G816 C.4554 0.3120 0.6B66 C.6653 232
7 17.6219 23,2043 C.4525 0.3081 G.6684 C.4E15 185
8 1£.0872 26,1364 0.4312 0.4453 Q. 6464 0.6632 339
g 15.4722 L ERE] U= 3591 0.2158 C. 6707 S TEL 171
AEVERRAGETS T 1C. 0445 16,1265 ¢.3351 VAL 0.52%0 0.4399 2180



UHIT EWL'S

VEHICLE TYPE C-3a

LOCAL CODE KENTUCKY AASHO MODIFIED AASHO TOTAL
CONDITION MEAN §TD DRV MEAT 87D DEV MEAN STD DEV VOLUME
ROAD 1 £.7608 2.2514 C.5C77 0.1167 0.5077 0.1167 165
TYPE 2 9.0137 5.8794 0.6159 0.2394 0.6159 0.2394 11376
3 10.4281 17.8593 0.5984 0.7486 0.5984 G.7486 62
4 0.0 0.0 T.0 [ ] C-0 0.0 [#]
DIRECT- 1 $.3428 T.6131 C.6G2B0 0.29173 T U.6280 0.2613 7105
1ON 2 B.1347 3.9101 g.5718 0.2256 0.5718 0.2258& 5038
ALT t Ba4253 6.3817 0.5821 0.2917 0.5821 0.2517 4929
RGUTE 2 §.2079 6.6523 0.8¢51 02545 U.6241 §.2545 7167
3 5.5420 4.7256 04132 0.2985% . 0.4132 0.298% 47
SERVICE 1 0.0 0.0 €. 0 Q.0 0.0 0.0 0
PROVIDED i 5.6940 0.0636 .4366 0.0419 0.4366 G.0419 29
3 99,7485 9,6735 ¢.6483 0.2595 D.4483 0,2595 2187
4 G.2643 6.3190 0.6245 0-3051 U. 6245 [T 6569
5 T.7847 3.5523 0.5547 0.2013 0.5547 0.2013 3319
[} 7.2180 C.C 0.4378 0.0 0.4378 0.0 3
7 7.3890 2.9251 0.5536 0.2384 0.5536 0.2384 23
8 0.0 0.0 C.0 0.0 0.0 C.0 [+
9 0.0 .0 G.0 0.0 Q0.0 0.0 4
VGLUME 1 19.9770 30,3074 C.9099 1.1607 0.9099 1.1807 i7
2 16.2083 28,6535 G.6966& C.7156 0.6966 C.7156 42
3 7.3226 5.0268 0.511C 0.3181 0.5110 0.3181 169
[ 1.943€ 3.5492 C.553% ¢.2332 0.5534 0.2332 1227
5 8.9645 4.,0120 ¢.6320 0.2284% 0.6320 0.2284 1508
[ 8.9114 42455 C-6118 0. 2358 0.611L8 C.2248 4052
1 £.5588 3.071% 0.6002 0.1719 0.6002 0.1719 2384
3 . 13548 Z.15%5 Ca6101 0.1431 G.6101 T.1431 614
9 6.1510 1.855% c.5118 0. 1096 C.5118 0.1096
1C 0.0 0.¢ G.0 G0 G.0 0.0
®AGHW 1 T7-6738 20,5063 €.7000 C-8534 G- 7C00 0.853% %5
2 9.6780 7.7532 0.644% 0.2886 C.6449 0.2886 6571
3 §.5961 "3.4246 G.5947 0.1778 G.8%47 01718 4717
4 7.0790 3.0314 0.5299 0.1814 0.5299 0.1814 1310
AREA 1 6.9609 1.2860 . 0.5066 0.1929 0.5066 0.1929 1840
p 10.0704 T1. 7014 T.6297 0.3517 06292 0.3517 2108
3 9.32117 4.5760 CG.6455 0.2564 0.6455 U.2564 6278
g g.5518 3.59560 0.5582 0.2350 0.5987 0.2350 1911
YEAR i E 0BT 4.5240 0.4413 0.2981 0.4413 G.2681 1586
2 9.8519 3.7674 C.6809 0.2163 0.6809 0.2163 2428
3 11.6798 3.1798 T 7797 T. 1775 0. 7757 617175 2508
4 9.8127 9.6333 C.6215 0.24710 0.671% 0.2470 2569
5 E.7034 21507 0.6090 0.1455 0. 60940 0. 1455 BI1
& T.0257 3.3398 0.5028 0.1429 0.5028 0.1429 1117
7 €.4242 22130 0.4913 G.1428 [T E) 0. 1478 5E8
8 9.5955 16.9791 0.63596 0.4598 0.6356 C.4598 618
g €. T403 J.5615 U-52565 T.2143 0.5265 0.2183 718
AYERAGTES §.8944 65605 C.6071 0.276¢7 0.6071 Q.2767 12143
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UNIT TWL'S

VENICLE TYPE C-44

LOCAL CODE KENTUCKY AASHO HODTFIED AASHO TOTAL
CONDITION MEAH STD DEV MEAN STD DEV MEAN STD DEV VOLUME
READ 1 11.547¢C 3.,31531 C.7181 0.1480 0.841% £.1827 3150
TYPE 2 15,4652 9.3294 0.8218 0.3289 1.0090 0.4381 10545
3 21.5461 22.1748 0.7775 0.5681 0.9627 0,7273 22¢
4 0.0 0.0 C.C 0.0 0.4 0.0 [
GIRECT— 1 16.9244 16.8113 C.8775 C.33al 1.0734 C.4500 KXl
10N 2 11.9912 6.4858 C.56712 0.2619 0.8092 0.3396 4930
ALT 1 13.3289 12,6905 0.6862 0,3333 0.8306 0.4306 3037
ROUTE 2 T€.0684 8.2921 C.8556 G.3108 1.0547 C.415C 10583
3 12.7608 7.7463 0.6295 0.3381 0.7407 0.4039 301
SERVICE 1 C.0 0.0 C.Q 0.0 0.0 0.0 o
PROVIDED 2 5E.6528 24.37L4 1.6165 0.,4945 2.1274 0.6607 62
3 16.4C54 8.0706 0.8791 0.2929 1.0907 0,405% 2847
% 15.1038 G.4917 0.TE8Z C.302% 0.9%966 C.4007 8146
5 12.1598 7.3964 0.7607 ¢.3488 0.9217 0.4434 3243
6 €.0 .0 0.0420 0.0 0.0360 0.0 1
7 16.0787 17,3192 £.7129 0.1243 0.9165 0.2513 22
8 0.0 0.0 G.C C.0 0.0 0.0 0
9 Cal 0.0 G0 0.0 0.0 0.0 Q
VOLUME 1 2.4000 3.322¢ 0.2196 0.2473 C.2476 0.2937 5
2 23.9338 24.4528 G.B8037 0.4604 0.9274 C€.5300 52
3 19. 4607 11.7079 0.8820 0.4056 1.1468 0.5731 238
4 Z1.3722 15.7455 0.9468 0.4386 1.2020 0.5954 1487
5 12.6711 6.2434 C.740¢6 0.30617 0. 8961 C.3R8E 2358
[3 12.9852 €.9260 0.758% 0.3277 0.9114 0.6175 3500
7 15.0196 5.4130 0.8271 0.2134 1.0047 02874 4220
a 14.935% 3.8819 T.B3T1 0.1341 1.0072 €. 1951 2171
9 16.3311 6,8235 0.B478 0.,1941 1.0357 C.2701 279
10 C.0 C-C G.C G.0 0.0 0.0 [
MWAG W T T3.7774 T9. 6630 (PET-EL 0.5245 0.5769 0. 7078 47
2 8.07C3 12.4310 0.4174 0.3652 04864 0.45a8 979
3 16.3872 5.2233 G.9052 .E975 1.1673 C.2i64 B449
4 17.4440 11.6178 C. 8797 0.2540 1.0869 0.5095 4846
AREA 1 19.8425 13.0430 C.9628 0,3858 1.2106 0.5133 287%
Z 15.3652 EPCELY 0. 8197 T-374% 1.0128 C.5095 7954
3 13.1103 5.14%7 C.7402 0.2212 0.8865 0.2784 6278
4 13775891 10.5943 C.T401 0.3117 0.8883 [ TT 2214
YEAR 1 Z-G57C 3.0218 C.1502 0.1530 0. 16247 0.1737 121
2 5.3724 4,7603 C.3600 g.2272 0.4053 0. 2544 280
3 4.8393 2.BEET T.3%20 0. 1147 0. 4874 §.1340 373
4 16.4120 7.2948 0.8705 0.2376 1.0629 E LY 2981
5 16.3278 5.7624 §.6859 0.2045 1.2163 G.2929 27281
6 16,1736 5.5891 £.9015 0.72127 1.1048 C.3104 2529
7 1672238 6.73117 C.8827 0.2431 1.¢707 G.3332 2662
8 19.5410 16,3683 $.8885 0.3677 1.1092 C.4963 2171
] 12,9525 §.3097 T.1586 0-1993 0.9315 U.2894 913
AVERAGES 15.2519 9. B4E3 0.a076 0.327E 0.9872 0.4349 14321
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UNIT EVL'S

YIUICLE TYPE C-JA

96

LOCAL CODE KENTUCKY AASHO MODTFIED AASHD TOTAL
CONDITLION AR STD DEV HEAN STD DRV MEAN STD DEV VOLIME
o RLAD i 14,1246 34435 C.7327 0.148¢C 1.1051 £.2335 2443
TYPE 2 19.6525 17.3%573 0.80%4 0.51659 1.2548 0.8035 1834
3 16.960C 15.7222 0.7266 0.5C43 1.05564 C.7561 25
4 G0 0.0 0.0 0.0 0.0 C.0 0
OIRECT- 1 27.1451 16. €855 C.8960 0.45%4 1.3887 0.721L2 3074
10N Z 11,3953 §.5081 C.5672 0.3605 0.8812 G.5377 1228
ALT 1 13.5862 13.5004 C.6378 0.4959 0.9682 C.75L4% 420
ROUTE 2 7G.22385 195.4663 0.6473 0.4195 1.3078 0.6645 38€5
3 $.2112 5.3769 04344 Q.3231 0.6181 024793 17
SERVICE 1 C.0 0. C 0.0 c.0 0.0 C.C q
PRGVIGED 2 59,1900 G.C 1.9175 0.0 2.9333 .0 18
3 26.6747 14,9258 C.SICC C.4662 1.5137 C.7405 6613
4 16,6631 Té. 1646 0.7361 §.3791 1.1254 0.569% 2831
5 14.5289 12.5€650 C.6784 G.4707 1.0425 g.7208 759
& 0.0 a.¢ G.C 0.0 0.0 0.0 0
7 2.0000 0.0 C.2000C 0.0 0.3100 .0 1
g c.d 0.C 0.0 6.4 0.0 .0 "o
G C.0 0.C C.0 0.0 0.0 .0 ¢
VCLUME 1 .0 0.C C.C 0.0 0.0 0
2 15.6815 18,7011 C. 7495 U.6140 171102 8
2 16.5100 12,1248 £.7503 0.4722 1.1109 21
4 30,7183 23.3538 T.10¢e1 0.5303 '1.7054 ) 467
5 14.0957 14+87C0 0.5638 0.4782 0.81716 283
& 12.3145 10.C277 IR G.417C 1.0157 410
B 7 15,5617 T.667C c.1611 0.3216 1.1761 1518
8 Te.7488 10.12571 ¢.7653 §.3718 1.1738 11¢d
L S 24,3595 6.5884 1.0246 0.1493 1.6212 495
16 C.0 C.C [ 4.4 0.0 o G
&G H i 15,1463 14,4582 T, 8583 0.5144% 1.1531 C.T7380 8
2 3.1143 1B.5255 C.5579 0.6282 0.5543 0.9559 26
- 3 5.6589 11.C5E% ¢.5C%52 .4H55 . 7660 €.7453 its
4 22.4187 146691 0.9208 0.3413 1.4250 C.5408 4063
AREA 1 Z4.46T1C 19.3¢83 0.5349 G.4542 1.4566 C.7138 924
Z 21.5264 T6.6279 0.9135 U.4979 173847 U.T766C 1231
3 17,5631 T.7264 0.633G 0.3491 Q.9617 €.5227 1654
T ) i7.271%9 13.742S C.7322 0.4636 £.1408 0.1466 453
YEAR 1 Z6.CCO0 0.C 0.9820 0.0 1.8140 .0 1
2 16.9571 72.9561 0.3820 G. 7675 0.6030 1.1120 13
E} 17.4667 3.3519 08251 0-1991 1.C941 C.3089 7
4 11.1105 11.3202 0.5671 0.4504 00,8490 0.7072 42
5 11.9062 154840 {.6465 0.66853 G.9249 1.0180C 34
13 5.9B875 &£.5137 Co3421 ¢.3171 0.5229 0.5173 14
7 15.5248 25415 G.710%5 ~ G.2798 11140 0.4360 427
8 24,4935 17.49C4 G.9531 0.3848 1.4735 0.6083 2003
g 70. 3782 Ti.1%717 U EI6Y U.370% 1. 3849 0.5251 IO
AVERAGES TTI8.337E i5.22%3 C.7865 0.&51¢d 1.2¢8%8 TJT051 4307






PREDICTICN OF DESIGN E¥LS SHEFT=- 1 OF 5
(RURAL DONLY]) DATE-
DESCRIPTICN COF PROJECT ANC COMPUTATIONS PREPARATOR-

DFSCRIPTICN CF PROJFCT

ROUTE NAME-

RCUTE NUMBER -

PRCJECT MUMBIR-

COUNT Y-

PROJECT L IMITS~-

LOADCMETER STAYIEN REFERENCE (IF ANY 1=

DESCRIPTICN OF TRAFFIC AND DESIGN PERIOD

DESIGN PERIOD. (ENCLUSIVE DATES)-

DESICN PERIOD (YEARS }-—

DESIGN OR FFFECTIVE ADT (VEHICLES PER DAY)-—

TYPE CF Ewt (CIRCLE)- KY AASHC MOCIFIER AASHND
CCMPUTATICNKS
ADJUSTED UNTT
VEMRICLE FRACTION FWLS
TYPE (FROM SHEFT &) (FROM SHEET 5)
CARS x =
BUSES X =
SU=2A-4T X =
SU-Z2A~61 X -
SU“SA X =
C‘Bﬂ x =
C"th X =
C-5A X -
AVERAGE UNTT FWL = = SUM
CESTCN EWLS = 365 X X X =
DESICN ADT SUM NES TGN EWLS
PERIOGD {VEHICLES
(YEARS) PER DAY)

COMPARISON WITH REFERENCE STATICN

MAY

1968

98



PRELICTION OF DESIGN EWLS SHEET—- 2 OF 5

{RURAL OMLY } DATE~

DETERKINATION LF LLCAL CONDITIONS PREPARATOR-

% FOR EALH LF THE FOALLOWIMG LOCAL CONDITIONS, CIRCLE THE APPROPRIATE CODE %%

LOCAL CODE
CUNDIT 10N

DESCRIPTIUN

INTERSEATE~NUMBERED RURAL ROUTE

ROAD
TYPE

US=-NUMBERED RURAL ROUTE
KY=NUMBERED RURAL ROUTE |

B P

GIHER RURAL ROUTE

DIRECY IGN

N

SERVES PREDOMINANTLY NORTH-SOUTH TRAFEIC
SERVES PRECCMINANTLY EAST-WEST VRAF

ALTERNATE

ALTERNATE ROUTE PROVIDES INFERIOR SERVICE.

HUUTE

W P

NO ALTERNATE ROUTE GR SAME QUALITY O SERVICE

ALTERNATE ROLTE PROYIDES SUPERIOR” SERYICE

PRIMARILY FROVIDES SERVICE TU MAJOR REGREATIONAL ACTIVITIES

PROVIDES SIGNIFICANT SERVICE 70 MAJOR RECREATIONAL ACTIVIT IES

SERVILE
PROVIDED

FRGYIDES SOME SERVICE TU RECREATIONAL ACTIVITIES
CROTNARY _ . p
PROVLIDES SUME SERVICE T0O MINING ACTIVITIES

PROYIDES SIGNIFICANT SERVICE TO -MAJOR MINING‘ACTIVITIES
PRIMARILY PRCVIDES SERVICE TOU MAJGR BINING ACTIVITIES

WO O =) O B L o) -

PRUVIDES MUORE THAN CORDINARY SERVICE TO :INDUSTRIAL ACTIVITIES

PRIMARILY PRUOVIDES SERVICE TO MAJOR INDUSTRIAL ACTIVITIES

{i= 499 VEHICLES PER DAY

50C=999  VERICLES PER DAY . .
166C~1999  VEHMICLES PER DAY -

VCLUME

2000-24999 VERIGLLES PER DAY
3000~-3599 VERICLES PEH DAY

4UCH-59%9 YEAIULES PER DAY
6000-7999 VEHILCLES PER DAY

80Q0C~-59%9 VEHTCLES PER DAY
10000-13996% VEHILCLES PER DAY

OO o = Oy W P L B b

|

14000 CR MGRE VERICLES PER DAY

HAXTHUE i
A LOWABLE 2
3

30, 00U PUUNMS
42,000 FLUNDS

GRUSS
HEIGRT 4

59. €40 PLUNDS
73, 280 PUUNLS

CTHER

POURDS

GEUGRAPHICAL

WESTEHRN THIGHWAY UILSTRILTS 1 AND 23
SCUTH CENTRAL {HIGHWAY LISTRICTS 3, 4¢ AND 8}

AREA

B N e

NORTH CENTRAL (HEGHWAY DISTRICTS 5, 6o AND 7}
EASTERN fHIGHWAY DISTRICTS 9¢ 10s 1l AND 12}

WINFER (JANUARY=MARCH)

SEASCN

SPRING TAPRTL=JUNE]
SUMMER (JULY-SEPTEMBERY

FoREVN N

FaLL {OCTOBER-DBECEMBER)

MAY 1568

99
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PREDICTICN OF DESIGN EWLS SHEFT- I OF 5
(PURAL DONLY) DATE- BB &

DESCRIPTICN OF PROJFCT ANC COMPUTATIONS PREPARATOR- £ yvaics’

DESCRIPTICN CF PROJFCY

ROUTE NAME- ROUTE NUMBRER- £45 7%

PROJECT AUMBER- KYAPKR— 2/ COUNT Y~ e & amap ey

PROJECT LIMITS= 2 7o £ apicams promrd o it sy (7Y

LOADCMETER STATION REFERENCE (1F ANV~ 4, @ morg are  w/pR7r or Hhvraey(Fry

ODESCRIPTION OF TRAFFIC AND DESIGN PERIQD

DESIGN PERIOD (INCLUSIVE DATES)I- /FFo—/FPo

DESIGN PERINC (YEARS)- &7

DESIGN OR EFFFECTIVE ADT (VEHICLES PER DAY) - ZPLO

TYPE DF EWL (CIRCLE)~- (®Y) AASHC  MDLIFIEC AASKO
COMPUTAT ICNS
_ ADJUSTED UNIT
VEHICLE FRACTION FHLS

TYPE {FROM SHEFT 4) {FROM SHEET S)

CARS , P X £ = &

BUSES oYL X I oo o = &, oOFTO
TR SEEF TR 55777 Y- F L T
SU-24-6T e X B, o853 Y-V

SU-34 - X &, 5= = & /I BIS

C-3A o/ BAE X @, 030/ = o, 7

C-4A O bl X g, Bol 2 T L SRRE

L-5A VORGP T X 37, Pt = J,/RRS

AVERAGE UNTT FUL = & F977= SUM

CESIGN EWLS = 365 X RO X RF00O % B2997 - £ 8 750 020

DES ICN ADT SUM NESTGN EWLS
PERIOD {VEHICLES

(YEARS} PER DAY}

COMPARISON WITH REFERFNCE STATION

MAY 1968
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PREDICTICN OF DESIGN EWLS SHEFT- 1 OF 5
{(RURAL ONLY} NATE= /5 &8

DESCRIPTICN OF PROJECT ANC CNMPUTATIONS PREPARATOR=Z YA

DESCRIPTION CF PROJFCY

ROUTE NAME- ROUTE NUMBER~ £4A5 57

PROJECT NUMBER- KYAAAR—7/ COUNT Y= A (e gupra >

PROJECT LIMITS- & 78 o sireefis AenRrd of Wyreeyr £ry

LOADCMETER STATION REFERENCE (1¢ Any)-£ P amess awetry o Hhrre &y Bry

DESCRIPTION OF TRAFFIC AND DESIGN PERIAD

DESTGN PERIOD. (INCLUSIVE DATES)~ /@ P /PP

DESIGN PERTAD (YEARS)- R &

DESIGN OR EFFECTIVE ADT (VEHICLES PER DAY}~ P&

TYPE OF EWL (CIRCLE)~ KY AKSHC)  MOCIFIED AASHN
R ——
COMPUTAT ICNS
ADJUSTED UNIT
VEHICLE FRACTION FWLS
TYPE (FROM SHEFT 4) (FROM SHEFT 5}
CARS . POBE X O, DO T =, Do /4]
BUSES L OO P X &, - SO = 08 TH0
SU-2A-4T (OB P3 X o, /P8 = Lool7er
SU-2A-6T7 Lo 73 X O, B TH = LB Ve
SU-3A eyry- X O RS RE =, OOFOFE
C-34A O /8T X o.5PR/ = ,o/08BRs
C-4A , s P X S 57 = L, OpbL/EF
C-5A ORF7 X S BASD = 03705k
AVERAGE UNTT EWL =, /39.&¢F SUM
CESTGN EWLS = 365 X 2 X P00 /380 - 7 46, oo

DESIGN ADT SUM NESTGN EWLS
PERIOD {VEHICLES

{YEARS) PER DAY

COMPARISON WITH REFERENCE STATION

MAY 1968
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PREDICTICN OF DESIGN EWLS SHEFT- 1 NF &
(RURAL ONLY) DATE- HF—/E5—& &

DESCRIPTICN OF PROJFCT ANC COMPUTATIONS PREPARATOR= L Y/

DESCRIPTION CF PROJFCT

ROUTE NAME= RCUTE NUMBER- ()5 27

PROJECT NUMBER- A 00— ] COUNT Y- Ak Cremgay”

PROJECT LIMITS- & p2 o lre &5 MORTH O Lthr st Cry

LOADCMETER STATION REFFRENCE (1F ANY)~F P spess 7 A ™

DESCRIPTICON OF TRAFFIC AND DESIGN PERICD

DESTGN PERIOD. (INCLUSIVE DATES)= /@70~ /FFPO

DESIGN PERINC (YEARS)- FO

_DESIGN DR EFFECTIVE ADY (VEHWICLES PER DAY) - RPo0

TYPE OF EWL (CIRCLE)~ KY  AASHC m
COMPUTATICAS T
ADJUSTED UNET
VEHICLE FRACTION . FWLS
TYPE (FROM SHEFT &) (FROM SHEFT 51
CARS TO#S" X O, CO0R = ,po0c/4/
BUSES , OOTF X o, Fo6c | = 00 376D
CSU-zA-4T 0893 X 00/ 7TE =, 00/ 760
SUT2A-6T 073 X c/8z76 =L O/ 3376
SU-3a =Y X=) X O, Fz2 6 =, 006776
C-3A Yy Gt X 0.592)7 = L p/0BIS
C-4h oG T F X /, 39/0 = LOBSHO7
C-5A , 0297 X 2,0 o T Lo bLoe36

AVERAGE UNTT Fwl = /8777 = Suv

DESICN EWLS = 365 X 20 X RFP0EL x,jBR7¢/ = 3 B760 o0&

DES IGN ADT SUM NESIGN EWLS
PERI QD {VEKICLES
(YEARS) PER DAY)

COMPARISON WITH REFERENCE STATICN

MAY 1968

10¢



PRECICTION OF DESIGN EHWLS SHEET— 2 OF 5
{RURAL ONLY} DATE= &=/ S — & 5

DETERMINATION OF LLCCAL LCLNDITIONS PREPARATUR™ /v are

% FOR EACH LF THE FCLLOWEN LECAL CONGITIONS, CIRCLE THE APPROPRIATE CODE #%

ifgcal LOUDE DESCRIPTIUN
CUNDITION

INTERSEATE-MUMBERED RURAL ROUTE

LS=NUMBERED RURAL ROUTE
KY=-NUMBERED RURAL ROUTE

ROAD
TYPE

UTHER RURAL ROQUTE

SERVES PREDOWINANTLY NORTH-SOUTH TRAFEIC
SERVES PRECCMINANTLY EAST-WEST TRAFFIC

DIRECT 1ON

ALTERNATE ALTERNATE ROUTE PROVIDES INFERIOR SERVICE.

ROUTE RO ALTERNATE RGUTE GR S58ME QUALETY OFSERVICE

ALTERNATE ROUTE PROYIDES SUPERIOR SERVICE

PRIMARILY FROVIGES SERVIGE TG MAJOR RECREATIONAL ACTIVITIES

PROVIDES SIGNIFICANT SERVICE TO MAJUR RECREATIONAL ACTIVITIES

FROVIDES SOME SERVICE TU RECREATIONAL ACTIVITIES
CROINBRY = .

SERVILE .
PROVLDES SUME SERVICE TO MINING ACTIVITEES:

PROVIDEE

FHOYIDES SIGNIFICANT SERVICE TU HAJOR H{NING‘ACTIVITIES
PRIMARILY PRCVIDES SERVICE TO MAJOR MINING ACTEIVITIES

PROVIDES MURE THAN ORDINARY SERVICE TO INDUSTRIAL ACTIVEITIES

PRIMARILY PROVIDES SERVICE TO HMAJOR INDUSTRIAL ACTIVITIES

0-499 VEHICLES PER DAY

500-999 .  VERICLES PER DAY 5 g -
1C0C-1659 VEHICLES PER DAY -

2000-2999 VERTCLES PER DAY
3000-3%99 VERILLES PER DAY

u(%?»h:p q:m-qc~u\b(3n;w uﬁgr- ‘NQEQ bt»qiw

VCLUME

qUCU~-555%Y VERTICLES PER DAY
6000~-7999 VEHICLES PER DAY |

8000~%999 VEAICLES PER DAY
10000~ 13995 YEHICLES PER DAY

OO o] =~ &Y

=

14000 Ok MCRE YEHICLES PLR DAY

3T, GO0 PUUNUS
42 3000 PCUND3S

T HAXTHUR
ALLCWABLE

59,640 PLUNDS
13, 280 POUNES

GRUSS
HELIGRT

3&:.?\: =

YLURNDS

[y
L

RESTERN THIGHWAY UISTRIUES 1 AND £1%

GEOUGRAPHLCAL SOUTH CENTRAL {nIGHWAY DISTRICTS 3, 4+ AND 8)

NGRTH CENTRAL {THIGHWAY DISTRICTS 55 6, AND 73

AREA
. EASTERN {HIGHBAY DISTRICTS 9. 10s 11, AND 12}

WINTER ( JANUVARY-MARCH}

SPRING TAPRIL-JUNE}
SUMMER {JULY=-SEPTEMBER)

SEASLA

B g &m@n—- g

FALL [GLTUSER-DECEMBER)

MAY 1968
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SHEET- 3 OF 5 [CU_NTINUED’

ROAD  MAX ALLOW VOLUME CARS BUSES SU-28-4T SU-2A-6T SU-34 C-34 L-44 G-54

TYPE GR HEIGHT GROUP

bTs622 0.911 19.112 14,924 0. 078 0237 0, 056 Q2027

3 1 1

3 1 2z TLe24T 0. 5560 16,919 L0.554 0,228 04263 0D.170 Q. Q26
3 1 3 734944 0,351 144 699 94262 0, 865 0,436 04360 02071
E] 1 % 75, 504 0.641 144607 Ta493 0.531 0.408 0. 715 0. 109
3 1 k) 83,605 0.252 1i.461 4. 214 0. 162 0,160 04137 0018
3 1 6 71.009 0.403 11.510 16, 640 0. 181 G.131 0,131 G001
3 1 T

3 1 g

3 1 9

3 1 10

3 7 T 664333 1.336 174311 13,006 0. 067 1,534 0.620 0.001
3 2 2 644883 1170 164148 164708 0. 606 2,037 0,339 Qelill
3 2 El 574313 04 860 13,682 144039 0a509 Z.706 0,771 0.027
3 2 4 764486 0.737 11551 82586 0,480 1.401 0704 0,022
3 2 5 722215 0.634 13,036 fo.328 Z.215 1,169 [NER 0. 008
3 2 6 TiaD60Q Q. 751 13,269 104497 d.248 0.802 0,378 04006
3 2 T

3 z i

3 2 [l

3 2 10

3 3 L 69,088 0.705 15.207 1,812 0,504 1.208 1.208
3 El B 674131 0,935 18,324 1,987 0,783 1.005 0.18B4
3 3 3 694209 0.783 13,691 1.029 1,123 1,911 02230
3 3 % T3.298 0.471 11.800 1.355 Ta Tl 2244 0, 462
3 3 5 78,092 0a 714 11.862 0.276 0,886 0.697 0,016
E) 3 & Tau516 Q576 13.882 0,557 [FFCED 0.898 04154
3 2 7

3 3 B 75,709 T.031 L. 543 0. 508 0.308 G.283 0.095
3 3 9 86.144 0,805 7,992 0,321 0.419 0,378 04042
3 3 10

3 4 1 TEaT22 1.22% 1B. 545 6e994 Q. 517 Q. 001 Q.001 0.001
a 4 2 T2.373 04834 164541 Be&0 De645 Q.208 0. 589 0a10%
3 4 3 T1a 124 0,495 15,111 94623 0,707 0,186 1.597 1a164+
Fl 4 4 70,993 0355 13,922 2.286 0. B73 04447 24363 1.829
3 [ 5

E] 4 © 7. 766 0.216 124934 5,797 04697 0448 1.375 04825
3 [ T

2 & a

3 4 9

3 4 10

& 1 1 2. 020 1.120 17.667 9.029 0.073 0.080 Cs016 0.001
4 1 2 76.173 Gab30 12,379 Te277 1.493 02658 0.30& 0.035
% i 3 82,974 0.214 9,889 3,389 Ga001 24459 1.080 0,003
% 1 & -

& H 8

4 i )

% T ]

@ L 9

4 1 10 m

4 2 1

& 2 2

L] 2 -

& 2 4§

4 2 5 -

4 B 6 T6.911 T.607 EIGAE 70203 0,538 3,845 G.025 NN
[ 2 7 :

4 2 [}

4 2 9

% 2 H3

& 3 T 72918 3,126 124501 11.459 0. 601 0,001 a,00% 0,001
4 E) 2

4 3 3
4% 3 4

3 k) 5

4 3 6 }

[} 3 T

4 3 8

4 3 9

4 ] 10

L 4 b3

4 & 2

& % 3

4 4 4

4 . 5

4 4 6

4 4 T

& 4 []

4 4 S

4 % 10
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