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EXECUTIVE SUMMARY 

F l e xible pavement structures are generally designed to provide 
s atisfactory service for a certain number of years. Initially , the pavement 
will have a high serviceability and then, as traffic usage increases on the 
p avement , the serviceability will decrease. For design purposes , it is 
assumed that decrease in pavement serviceability is proportional to increase 
in number of repetitions of equivalent axleloads, When a pavement is designed 
t o  reach a designated level of serviceability by the end of a number of years 
o f  service, the designer determines pavement layer thicknesses that will 
a ccommodate the number of repetitions of equivalent axleloads expected to be 
a pplied to that pavement during its service life . This study addressed the 
i ssue of methods to accurately estimate equivalent axleloads. 

The 1 8 , 000-pound single axle is used as a reference axle . Other 
magnitudes of axleloads are related to the 1 8 , 000-pound axle by equivalency 
factor s .  Accurate estimations of future traffic volumes and their axleloads 
a re necessary ingredients in the design process in order that the pavement , as 
d esigne d ,  will provide service at the designated level for the desired time . 

The primary objective of this research study was to develop a procedure 
for estimating equivalent axleloads for purposes of fle xible-pavement design. 
Maximum use was made of historical data and well-accepted procedures were used 
in developing the prediction model, A series of computer programs was 
deve loped to summarize truck-weight and classification data such that traffic 
char acteristics could be estimated from a matrix of data classified by 
geographic ar e a ,  Federal highway system, volume , and extent of coal haulage. 
An equ ation was developed with the following seven parameters as independent 
v ariables; 1 )  annual average daily traffic volume, 2) average fraction of 
t rucks in the traffic stream, 3) average fraction of coal trucks in the total 
t ruck population, 4 )  average number of axles per coal truck , 5) average number 
o f  axles per non-coal truck, 6 )  average number of equivalent axleloads per 
c oal-truck axl e ,  and 7 )  average number of equiv alent axleloads per non-coal
t ruck axle . The equivalent axleload estimate was calculated from estimates of 
the seven traffic parameters. 

The procedure for estimating equivalent axleloads was found to be a 
simpl e  one that yields reproducible results while al lowing great fle xibility 
in merging site-specific data with statewide averages for roads of similar 
type, Location-to-location variability was recognized and a recommendation 
was made to incorporate site-specific data into the design estimate whenever 
possible . 
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I NTRODUCTION 

Pr ior to 1 94 8 ,  flexible pavement thicknesses in Kentucky were based on 
d esign curves developed by the California Department of Hi ghways in 1 942.  The 
first set of thickness design curves developed specifically for Kentucky 
conditions was issued in 1 94 8  ( 1 ) .  Equivalent wheel loads ( EWL' s )  were used 
in this procedure to represent the destructive effects of traffi c .  By 1 95 7 ,  a 
n eed to update the 1 94 8  curves and extend them to accommodate larger traffic 
loadings and volumes became apparent . Another series of field tests and 
analyses resulted in the 1 959 Kentucky design curves which were used 
continuously until 1 98 3  ( 2 ) .  

During that period , the design curves served reasonably we l l .  However , 
instances of premature failure of newly constructed pavements were not 
uncommon . Speculation regarding probable cause invariably included the 
possibility that traffic levels had been underestimate d :  accuracy of the 
traffic estimation procedures was therefore in questio n .  A 1 968 study 
confirmed inadequacies of the 1 959 traffic-estimation procedures and the 
resultant report included a recommendation for an alternate procedure designed 
in part to enable a more accurate reflection of the effects of local 
conditions on the accumulation of EWL's ( 3 ) .  However , as demonstrated in 
Appendix A ,  determination of the adequacy of EWL design estimates on a 
systemwide basi s  is a di fficult task and convincing assessments have yet to be 
mad e ,  I n  any event , use of the 1 959 traffic-estimation procedure continued 
until 1 9 8 3 ,  when a new flexible pavement design method was adopted which 
required modification of the traffic-estimation component ( 4 ,  5 ) .  

I n  the 1 9 83 procedure , traffic is represented by the equivalent number of 
1 8 , 000-pound single ax les ( E AL ' s )  expected to accumulate in the critical lane 
during the design period . This parameter is signi ficantly di fferent from the 
formerly used EWL measure in three important respects : 

1 )  dist inction among the types of truck axles is necessary , 

2 )  a di fferent set of damage factors i s  required , and ,  

3 )  allocation of a portion of the bidirectional accumulations to 
the critical lane is necessary. 

These differences were sufficiently great to mandate change in the traffic 
e stimation procedur e ,  thereby providing an opportunity for re-examination of 
the accuracy issue and for developing a procedure that better expresses the 
e ffects of site-speci f i c ,  local conditions on traffic composition and weight. 

The purpose of this report is to document efforts to develop an improved 
procedure for the estimation of equivalent axleloads for use in the design of 
flexible pavements in Kentucky. 

CONCEPTS OF MODEL DEVELOPMENT 

Available resources prohibited the development and evaluation of a number 
o f  alternate methods for estimating future EAL accumulation s .  Accordingly , it 
was necessary to initially identify criteria that could be used in structuring 
a suitable model .  Criteria that had been identified in 1 9 68 provided a 
constructive be ginning (3 ) :  

l 



1 )  

2 )  

the pred ictive model should consi der as many of the 
l ocal conditions that determine the compos ition and 
o f  the traffic stream as possible, 

the predictive model should make full use of all 
v ehicle classification and weight data , and 

relevant 
weights 

available 

3 )  the predictive model should possess the qualities of 
s implicity , reasonableness , predictabi lity , and accuracy , 

To thi s  set , the following four criteria were added : 

1 )  changes 
minimal 
would be 

from the current traffic-estimation procedure 
so that those responsible for making traffic 
immed iately comfortable with the new procedur e ,  

should be 
estimations 

2 )  provi s ion must 
parameters as 
a va i lable , 

be incorporated for the annual updating of model 
new vehicle classification and weight data become 

3 )  the 
EAL 

methodology should 
accumulations as 

a ccumulation s ,  and 

provide 
well 

for the 
as the 

estimation 
estimation 

of 
of 

former 
future 

4 )  the predictive 
a llowing the 
d iverse source s .  

model should be as flexible 
incorporation of estimates from 

as possible , 
multiple and 

In genera l ,  models of any type are described in terms of their dependent 
variable ( s ) , the set of independent variables ,  and the relationships that 
e xist between the dependent and independent variables . In developing the EAL 
model ,  attention was first directed to the selection of appropriate dependent 
variable s .  Whi l e  da ily or annual EAL ' s  could have been modeled directly, one 
major advantage could be realized by modeling a set of more fundamental 
traffic parameters from which EAL ' s  could then be der ived , namely , that of 
obtaining maximum use of available data . 

For example , con s ider the following five traffic parameters : 

1 )  AADT ,  the annual average daily traffic volume, 

2 )  FT, the fraction of trucks , 

3 )  FNT , the fraction of other vehicles ( n on-trucks ) ,  

4 )  EAL/T, the number of equivalent axleloads per truck , and 

5 )  EAL/NT, the number of equivalent axleloads per non-truck. 

The average da i ly EAL ' s  can be simply determined from these parameters as 
follows: 

EAL = AADT [FT ( EAL/T) + FNT( EAL/NT) ] [ 1 ] 
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Now, i f  a model were to be developed for the direct estimation of EAL' s ,  only 
d ata taken at the truck weigh stations could be used for its calibration--it 
i s  only at these locations that all the necessary information for calculating 
EAL's is avai lable . Useless to the model calibration effort would be the very 
e xtensive collection of volume and classification data obtained at other 
location s .  However , if models were independently developed for the five 
parameters of Equation 1 ,  all available volume data ( for modeling AADT ) ,  all 
avai lable clas s i ficat ion data ( for modeling FT and FNT ) , and all weight data 
( for modeling EAL/T and EAL/NT) could be used . 

The deci s ion was quite clea r :  models would be developed for fundamental 
t raffic parameters , and the EAL estimate would be obtained by calculation . 
One crit ical decis ion was that extensive effort would not be made to model or 
forecast traffic volumes (AADT ' s ) .  This decision, endorsed by the study 
Advisory Committe e ,  seemed reasonable in view of both the limited project 
resources and of the extensive prior efforts in Kentucky to model volumes , 
i ncluding development of the Kentucky statewide traffic mode l ,  Volume was 
thus treated no di fferently from other traffic parameters considered in the 
determination of EAL ' s ,  and volume data recorded at other than 
c lassifi cation-station locations were not entered into the database for model 
c al ibration . 

The 1959 traffic-estimation procedure had used 1 1  traffic parameters; 
volume (AADT ) , percentage of trucks , average number of axles per truck, and 
the fraction of truck axles in each of eight axleload categories (Appendix B ) . 
While this set of variables provided a reasonable point of beginn i n g ,  two 
changes were desirable . The most important was the need to explici tly 
r ecognize the influence of coal trucks on pavement deterioration . Th i s  could 
e a s i ly be accompli shed because coal trucks have been weighed since the very 
b eginning of the truck weigh program and have been identified in the 
c lassification counts since 1 98 0 .  

T h e  other change involved the distr ibution o f  axleloads . Since the new 
procedure required di fferent damage factors to be used with d i fferent axle 
type s ,  it was impractical to continue to make direct use of axleload 
d i s tributions--the analysis would become overly complex if four or five 
d i fferent axleload distributions were required . Without loss of precis ion , 
a ll information contained in the axleload distributions can be expressed in a 
s ingle quan t i ty ,  the number of equivalent axleloads per truck or per truck 
axle--a quantity much easier to use and to understand than the axle load 
d istribution s .  

The above considerations led to the selection o f  the following seven 
t raffic parameters as the dependent variables of the modeling effor t :  

1 )  AADT , the annual average daily traffic volum e ,  

2) FT, the average fraction of trucks in the traffic stream , 

3 )  FCT , the average fraction of coal trucks in the total truck 
popu l ation , 

4) A/ CT , the average number of axles per coal truck , 

5 )  A/NCT , the average number of axles per non-coal truck, 
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6 )  EAL/CA , the average number of equivalent axleloads per coal
t ruck axle , and 

7 )  EAL/NCA, the average number of equivalent axleloads per non
c oal-truck axle . 

The average daily EAL ' s  can be determined from these parameters as follows : 

EAL = AADT [ ( 1 -FT) ( 0 ,005) + ( FT) ( 1 -FCT) (A/NCT) ( EAL/NCA) + 
( FT) ( FCT) (A/CT) (EAL/CA) ] [ 2 ]  

T r affic volume,  composit ion , and weight--and ,  hence , the parameters used 
for computing equivalent axleload s--vary over an extremely wide range from one 
location to another . Such variations are con sidered in the modeling process 
b y  selecting a set of independent variables , herein termed local conditions , 
that are most highly correlated with the dependent var i ables of interest and 
that can reasonably be evaluated both for model-development and for 
forecasting purposes . 

Table 1 identifies the set of variables used in the 1 968 study ( 3 ) :  this 
set was considered inappropriate for direct use herein because of the 
complexity added by such a large number of variables and the associated 
d ifficulty of con s idering interaction effects and because two of the 
v ariables , "Alternate Route" and "Service Provided , "  required manual analysis 
and processing . Variables of primary candidacy for inclusion in the current 
s tudy were those coded in the historical classification data file (Table 2) . 
After examining the consistency with which these variables had been coded 
during prior year s ,  the following were selected as primary independent 
v ariables reflecting the effects of site-specific , local conditions: 
geographic are a ,  Federal highway system, and volume . 

O n e  critical condi tion , not identified by the above three variable s ,  is 
the degree to which any specific roadway is used for coal haulage . Because 
coal-haul roads typically accumulate EAL ' s  much more rapidly than other road s ,  
i t  was considered necessary to add a variable that represented such effects . 
The variable ultimately selected was the percentage of coal trucks within the 
total truck popu l ation . Table 3 identifies the complete set of local 
conditions used herein and defines the various levels or categories of each. 

Conceptually, the only aspect of model development remaining unspecified 
was the form of the relationships between the dependent and independent 
v ariable s .  There i s ,  of cour s e ,  no theoretical bas i s  for developing such 
r elationships : furthermore , the literature review failed to identify any 
empirical relationship that seemed worthy of testing . As a result , the 
d ecision was made to limit the analysis to cross-tabulation model s--no 
specific mathematical relationships were needed and full interaction effects 
among the independent variables could be treated . Actually, the prior 
decision to treat the independent variables as categorical in nature and to 
l imit the number of categories for each was made in part with thi s type of 
modeling in mind . The independent variables were ultimately used to define 4 6  
types of highways , six for coal-haul roads and 4 0  for non-coal-haul roads ( on 
which coal trucks compr ised less than one percent of the total truck volume) . 
The six coal-haul categories represent the possible comb inations of two volume 
l evels and three levels of coal-truck concentration . The 4 0  non-coal-haul 
c ategories represent all possible combinations of two volume level s ,  four 
geographic are as , and five highway system s .  

4 



P REPARATION OF CROSS-TABULATION TABLES 

The two data sources required for developing the cross-tabulation 
matrices included vehicle classi fication counts and truck weight survey s .  The 
c lassification counts serve as the dominant data source , being taken annually 
at several hundred sites located throughout the stat e .  Although originally 
undertaken annually , the truck weight survey is now conducted biennially and 
only about a dozen sites are included. Although these two types of surveys 
have been conducted for decade s ,  the period of this study was limited to 1 969-
1 98 4 ,  years during which the data were readily accessible by computer and in a 
r easonably consistent format . The one major incon s i stency , that of 
i dent i fying and coding the various vehicle types , was resolved by adopting the 
convention used for classi fication counts beginning in 1 984 (Table 4 ) .  

The cross-tabulation matrice s ,  showing the average values o f  the seven 
traffic parameters for each of the 4 6  road typ e s ,  are designed t o  b e  updated 
annually as additional classification data become avai lable . The fol lowi ng 
sequence of five computer programs is used to construct the annual tables:  

1 )  CLASSUM - Estimates annual average daily volumes (or 
fraction s )  of the various vehicle types from the short-term 
c lassification count at each individual classi fication station . 

2) CLASEDIT - Edits tape output from CLASSUM . 

3 )  LOADOMTR - Computes statewide average axleload distributions for the 
v arious vehicle and axle types .  

4 )  EALCAL - Us ing output from the prior three programs , estimates 
the seven traffic parameters at each individual classification 
s tation and develops the cross-tabulation matrices showi ng 
a verage values of the parameters for each of the 46 road types . 

5) SMOOTH - By means of time-series analy s i s ,  smooths data from 
t he cross-tabulation matrices to assure year-to-year 
c on s istency and to increase reliabi lity of the estimat e s .  

Documentation o f  the first four o f  these programs has been previously 
published (6).  Documentation of the fifth is included herein as Appendix c. 
Additional details regarding preparation of the cross-tabulation matrices 
follow. 

Appendi x D summar izes important changes to previously documented programs 
( 6 ) .  Appendix E i s  a brief explanation of application of the five programs 
u sed to produce data for the EAL e stimating procedure . 

C LASS IFICATION DATA 

R e cords documenting each classification count contain information 
n ecessary to determine five of the seven required traffic parameters , namely , 
the annual average daily traffic volume ,  the average fraction of trucks in the 
t raffic stream , the average fraction of trucks that haul coal , the average 
number of axles per non-coal truck, and the average number of axles per coal 
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t ruck. Ad d i t ionally , information is provided with which to determine 
descriptors of local condi tions (Table 3 )  at the site : geographic area is 
d etermined from the county cod e ,  the Federal highway system is coded directly , 
the volume category is selected from the AADT , and the coal-haul category is 
s elected from the average percentage (or fraction) of trucks that haul coa l .  

While the AADT is recorded directly within the "raw" classi fication dat a ,  
the other parameter s ,  representing annual average conditions , must be 
e stimated from a small sample , usually from eight to a maximum of 9 6  hours in 
durat ion , in which hourly volumes are recorded by direction and by vehicle 
t ype.  Because of temporal variations in traffic flow , computation of these 
p arameters without adjustment from the short-term counts may result in poor 
approximations of the annual average s .  The primary purpose of the first 
computer program, CLASSUM , is to make reasonable approximations of annual 
a verage conditions on the bas i s  of short-term counts . Additionally , an error 
f ile is produced which may be edited and used as input to the CLASEDIT program 
t o  correct the CLASSUM tape output. 

As developed and applied herein , two sets of adjustment factors are used 
i n  CLASSUM , one to estimate missing hourly volumes for counts of durations 
less than 2 4  hours and the second to estimate daily volumes for seasons during 
which counts were not taken . It was implicitly assumed that each day in a 
g iven season is similar to all other days in that season and that there are no 
d ay-of-the-week effects .  Po ssible long-term effects are effectively treated 
by developing a completely new set of adjustment factors from each annual 
d atabase . 

The purpose of the hourly adjustment is to expand counts of less than 24-
hours duration to the ful l  24 hour s .  Multiplicative adjustment factors are 
u sed to estimate the uncounted hourly volumes from those counted in the field . 
An independent estimate of each uncounted hourly volume is obtained from each 
o f  the counted hours; results are averaged to obtain the final est imate . The 
d a i ly volume estimates are obtained by appropri ate summation . A separate set 
o f  adjustment factors is used for each combination of 1 4  vehicle types , four 
seasons ,  and two road types ( I n terstates and US-numbered highways compr i se one 
category and all other highways the other ) .  

When counts have not been made during each of the four season s ,  
multiplicative seasonal adjustment factors are used to estimate the missing 
quantit ites . As befor e ,  an independent estimate is made on the basis of each 
o f  the seasons in which a count was taken and the results averaged to obtain 
the final estimat e .  A separate set o f  adjustment factors is used for each 
combination of the 1 4  vehicle types and the two road types .  

Following completion of the previously described process,  daily totals 
for each of the four seasons are averaged to obtain the desired estimates , the 
volume of each of the 1 4  vehicle types on the average day of the ye ar . These 
volumes are later converted to fractions for use in the EAL-computation 
,routine . 

Validation of this adjustment process is a challenging task because no 
s atis factory set of classi fication data is available with which to compute 
actual--as opposed to estimated--annual average fractions by vehicle type . 
Accurate estimates of total volume are available , howeve r ,  at the ATR 
station s ,  and comparisons can be made readily between the actual AADT ' s  and 
t hose estimated by the above process at these locations. 
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Twenty-four ATR stations at which classification data had been obtained 
annually from 1 969 to 1 97 1  and again from 1 97 6  to 1 984 were identified , For 
e ach station and year , an error statistic was computed as follows: 

E s t imated AADT - Actual AADT 
Error = 100 [ 3 ]  

Actual AADT 

For the more than 250 qata po ints , the error averaged -0. 6 percent, indicating 
a n  overall tendency to slightly underestimate the total daily volum e .  However , 
the average error is sufficiently close to zero to suggest that the adjustment 
procedure is not biasing the estimates. The standard deviation of the error 
was determined to be about 1 7  percent . Assuming the error i s  distributed 
n ormally , this means that approximately 68 percent of the estimates would be 
e xpected to be within �1 7 percent of the actual volume, 

Available data also permitted a cursory examination of the possible 
e ffect of length of the field count on the accuracy of the estimation. Lack 
o f  a de finitive trend between count duration and estimation accuracy (Table 5) 
prohibited any conclusion regarding the relative contr ibutions of sample 
s ize and of the adjustment procedure on the accuracy of the estimates . 

An additional ana lysis was made to determine the possible effect of 
v olume level on accuracy of AADT estimates .  Contradictions within the data 
a lso prohib ited a firm conclusion relative to volume effects (Table 6 ) ,  

E s timates of percentage of trucks in the traffic stream at these 2 4  ATR 
stations were also examined using a procedure similar to that used with 
volume s .  Compar isons were limited to the eight years of continuous estimate s ,  
1 976-1 984 , Since the true truck percentages were unknown , best approximations 
were required . In thi s  case , the approximations were based on the linear 
e quation of least-squares fit to the nine or iginal estimates for each station . 
The error statistic for each station and year was then computed as follows: 

Es timated % Trucks - Least Squares % Trucks 
E r ror = 100 [4 ] 

Le ast Squares % Trucks 

The average error for the 2 1 5  valid truck-percentage estimates was zer o ,  
a necessary result of the procedure for approximating the true truck 
p ercentages , The standard deviation of the error was 1 7  percent , the same as 
was observed for the AADT estimate s .  Substitution of the true truck 
percentages--if known , for their least-squares approximations would result in 
a n  even larger variation in the error . 

Considerable judgement is requ ired in assessing the adequacy of the 
a dju stment process on the basis of the above analy si s .  Admittedly, errors in 
t he AADT and truck-percentage estimates were larger than desired, However , 
they stem not only from possible deficiences in the adjustment process but 
a lso from randomness of the sampled data: the limit that could theoretically 
b e  reached by a more effective adjustment procedure has yet to be establishe d .  
A l though i t  is clear that alternate adjustment procedures should be 
i nvestigated in any future study, the adjustment procedure be ing used almost 
c ertainly is providing better estimates of the annual vehicle-type fractions 
t han would have been obtained if no adjustments had been made, 
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WEIGHT DATA 

The basic weight data file con tains , for each vehicle that has been 
weighed , various descriptive information together with the weight of each 
i nd i v idual axle and the spacings between axles . For convenience in future 
processing and storage , this information is summarized by the computer 
program , LOADOMTR , in the form of axleload distribution s .  Because of the 
l imited number of locations at which trucks have been weighe d ,  all data are 
aggregated in an attempt to reproduce statewide average condition s .  

Separate axleload distributions are computed for coal and for non-coal 
t rucks . Additional ly , distributions are computed for each truck type and each 
o f  s i x  types (configuration s )  of axles including steering axles , other single 
a xles , tandem axles , tridem axles , quad axles , and a representation such as 
had been used with the 1 959 design procedure that considered all axles as 
s ingles . All available rural data were used to determine the axleload 
d istributions for coal trucks ,  but only data from the permanent rural weigh 
s tations were used for non-coal trucks .  

COMPUTATIONS 

Classification data and weight data are merged to provide estimates of 
the seven traffic parameters at each classi fication-station location by a 
computer progr am , named EALCAL. Actually ,  the AADT i s  transferred directly 
from the previously generated output file of CLASSUM ( as edited by CLASEDIT ) ,  
and the average fraction of trucks in the traffic stream and the average 
fraction of coal trucks in the total truck population are obtained by simple 
computation . 

The average number of axles per truck ( for both coal-hauling and non
coal-hauling vehicles ) can not be determined easily because several of the 
v ehicle classes (Table 4 )  are open ended with respect to their numbers of 
a xles: for example , a Class 1 4  vehicle--defined as a multi-trailer truck with 
s even or more axles--could have seven,  eight, or even more axles . To 
determine the required estimate s ,  the average number of axles for each vehicle 
c lass was first computed from average statewide weigh station dat a .  When 
fewer than 1 0  of a given type of vehicle had been weighed , default entri e s ,  
computed from the entire population o f  trucks weighed during 1 969- 1 9 8 2 ,  were 
substituted (Table 7) . The final estimates were determined using weighting 
factors proportional to the fractions of the various truck types at the 
location in question . 

De termination of the average number of equivalent axleloads per axle-
a gain for both coal-hauling and non-coal-hauling trucks--required a similar 
i ntegration of classification and weight dat a .  The average EAL ' s  per axle for 
e ach vehicle type was developed using the axleload distributions previously 
d erived by the program , LOADOMTR ,  and the damage factors of Table 8 .  
R e presentation of EAL ' s  per axle for the average truck required weighting 
u s ing the fractions of total axles associated with the various truck types 
counted at the particular classi fication-station location, Also calculated 
for each classification-station location were the annual bidirectional EAL 
accumulation and its three individual components representing the 
contributions of four-tired vehicle s ,  non-coal trucks ,  and coal trucks .  
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The main thrust of this effort was development of cross-tabulation 
matrices representing the influence of the four local conditions ( geographical 
area , Federal-aid clas s ,  volume level , and coal-haulage level ) on the traffic 
p arameters of interest . Each classi fication-station site was located in the 
appropriate cell of a 4 6-cell matrix--each cell representing a pertinent 
c ombination of the local-condition categories--and its parameters were merged 
w i th those from other similar locations to determine the final average s .  

While the aforedescribed computation process was simple in concept , its 
e xecution was complicated by the following four specific problems : 

1 ) 

2 )  

in selected instances,  
e xtensive to yield 
a xleload distribut ions ; 

the weight data were not sufficiently 
rel i able estimates of representative 

buses had 
a xle load 
d atabase; 

not been weighed 
distributions could 

in Kentucky and ,  
not be developed 

hence, 
from the 

their 
main 

3 )  the vehicle classi fication coun ts identified the total number 
o f  coal trucks but not their types; and 

4 )  considerable year-to-year variation was evidenced in the 46-
c el l  matrices , necessitating the development of a smoothing 
procedure in order to achieve consisten t ,  reliable estimates . 

A descript ion of activities undertaken to resolve each of these deficiencies 
follow s .  

De fault Axleload Di stributions 

E v en a cursory examination of statewide average axleload distributions 
r eveals there are often quite large year-to-year variations and that , for 
c ertain truck type s ,  very few ( or none) are weighed in any specific year . 
T h ese revelations raise two rather serious questions , namely , 

1 ) 

2 )  

how many axles of 
sufficiently reliable 
a� 

i f  the sample 
u ndertaken to 
d istr ibutions? 

size 
obtain 

a given type 
estimates of 

must be weighed to obtain 
average EAL accumulation s ,  

i s  insuffici ent ,  what 
sufficiently reliable , 

procedures 
default 

c� � 
axle load 

To address these question s ,  weight data for three truck types were 
e xamined , the six-tired , single-unit truck (Vehicle Code 6 ) ,  the four-axle, 
s ingle-trailer truck (Vehicle Code 9 ) ,  and the five-axle , single-trailer truck 
(Vehicle Code 1 0 ) . These truck types were selected for examination both 
because of their prevalence in the traffic stream and because of their 
comparatively large contributions to EAL accumulations . The original plan was 
to examine both non-coal-hauling and coal-haul ing trucks .  After the analysis 
o f  non-coal-hauling trucks had been completed , howe ver , it was decided that 
l ittle or no additional knowledge could be gained by continuing the analysis 
a nd the extension to include coal-hauling trucks was abandoned . 
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For simplicity , the number of EAL ' s  per axle was selected to be the 
variable of concern . Th i s  variable is an accurate reflection of the effects 
o f  a specific axle load distribution on EAL accumulations and is much more 
c onvenient to analyze than the entire distribution of axleloads . In each 
case , the sampl e  size was set at 1 , 000. Beginning with the 1 982 weight data 
and proceeding to prior years as necessary to obtain the 1 , 0 00 measurements ,  
EAL ' s  were computed for each axle of a given type ( for each of the three truck 
type s ) . 

Table 9 includes summary stat istics for 1 0  truck-type/axle-type 
combinations ( includ i n g ,  in addition to the three trucks of pr imary interest ,  
a category in which a distinction based on truck type has not been made ) .  The 
large coefficients of variation (ranging from 39 to 340 percent) demonstrate 
rather conclusively the large variabi lity in EAL ' s  per axle an d ,  by inference , 
the large variation in axle load di stributions . For each truck type/axle type , 
the frequency distribution of EAL ' s  per axle is skewed to the larger side . A 
Chi-squared test conclusively demonstrated that none of the distributions 
could be assumed to be norma l .  

Sufficient data were available to determine the sample size necessary to 
obtain reliable estimates of the average number of EAL ' s  per axl e .  Such 
d eterminations require selection of an allowable risk that the estimate will 
deviate from the true average by some preselected error . Figure 1 shows 
r esul ts for a risk of 20 p ercent: similar analyses we re conducted for smaller 
l evels of risk , but the sample sizes for such low risks were intolerably 
large . 

Analytical resul t s ,  depicted by Figure 1 ,  do not yield a definitive 
selection of sampl e  size . Howeve r ,  a size of 200 axles would restrict 
e xpected errors to no more than 30 percent of the true mean for each of the 
a xle types that were examined . Two hundred is also a reasonable sampl e  size 
for the most prevalent axle types encountered at the weigh stations .  

I f  200 axles of a given truck type/axle type are not weighed during a 
g iven yea r ,  a substitute or default axleload distri bution was considered to be 
n ecessary . One possible substitute is an axleload distribution for the 
specific type of axle but determined for all trucks (without regard for truck 
t ype ) . Summary statistics for a sample of such distributions are shown in 
Table 9 ( "A l l  Types" ) .  

A statistical test was performed to ascertain if the average number of 
E AL ' s  per axle for each truck-type/axle-type combination was sign i ficantly 
d ifferent from the average number of EAL ' s  per axle for the corresponding axle 
t ype but with all truck types contributing to the sample . In only two of the 
cases (Vehicle Type 6 /Axle Type 2 and Vehicle Type 1 0 /Axle Type 3) was there 
justi fication for the assumption that the two sample averages could reasonably 
have been obtained from the same population . Accordingly , this alternate 
a xleload distribution can not be considered to be a very reliable subst itute . 

Another alternative i s  to extend the analysis back through time , 
accumulating a larger sampl e  size as additional years are added to the 
database . In essence , th i s  represents the previously used Kentucky procedure 
i n  which axleload distributions reflected average conditions over the most 
r ecent three-year period during which weight data had been obtained . The 
d eficiency of this procedure is that axle load distributions do change through 
t ime as a result of such factors as changing legal weight limi t s ,  changing 
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v ehicle techno logy , et cetera . Un fortunate ly , there is no accurate way to 
d etermine the maximum number of years that can reasonably be accumulated into 
a consistent database . 

A s  a compromise solution , a sample size of at least 200 weighed axles is 
sought for each truck-type/axle-type combination. If current-year weight data 
do not yield a sufficient sample size , a backward search is initiated until 
t he required size is reache d .  However , if 200 a xles have not been weighed 
w ithin eight calendar years ( this mean s  four weighing seasons when weight 
s tudies are performed every second year ) ,  an alternate distribution is use d .  
The alternate i s  the distribution for a given axle type when a l l  truck types 
a re grouped together . Again a backward searching procedure is used until 200 
a x les have been weighed . In this case ,  however , the dataset is exhausted (no 
t ime limitation) if necessary to obtain the largest possible sample size. 

Axleload Di str ibutions for Buses 

E s t imates of the contributions of buses to EAL accumulations require bus 
weight data . Un fortunately , most states , includ i n g  Kentucky , do not routinely 
collect such data , and a search of the literature failed to locate useful 
i nformation about the weights of buses in servic e .  During 1 977- 1 982,  however , 
a limited number of buses were weighed in four states-- 1 , 477 in Florida , 4 6 1  
i n  Iowa , 1 7 8  in Nevada , and 4 8  i n  Texa s .  This database , generously made 
avai lable by the Hi ghway Statistics Di v i s ion of the Federal Hi ghway 
Admini stration , was used to develop an approximation of the weight 
d istribution of buses traveling in Kentucky . 

Ac tually needed were axleload distributions for two categories of bus e s ,  
school buses and other buse s .  Such a two-part classification o f  bus types had 
n ot been used in the four-state database . The most acceptable accommodation 
s eemed to be to treat all buses as one type for the purpose of determining 
a x le load distributions and to reflect the difference between school and other 
buses by varying the number of axles on the two bus type s .  The number of 
a xles on school buses was set at 2 ,  the typical number ,  and on other buses , at 
2 . 7 ,  an approximate average from the four-state data . 

The data format prevented the identification of tandem or other multiaxle 
units , requiring instead that all axles be considered as single units . Such 
t reatment was considered acceptable since very few tridem and quad axles are 
u sed on buses and since the loads on the two single axles of a bus tandem set 
o ften deviate substantially from one another .  It was possible , however , to 
d istinguish between steering and other single axles , a factor of some 
s ignificance due to the especially destructive impact of the single-tired 
s teering axle . 

Detai led examination of the weight data revealed that Florida buses were 
a pparently much more lightly loaded than those in the other states and raised 
t he issue of what weights would likely be most representative of Kentucky 
condition s .  The issue was resolved by a somewhat arbitrary decision to 
compute axle load distributions separately for each state and to use the 
a rithmetic averages to represent Kentucky conditions . The resulting axleload 
d i stributions are tabulated as Table 1 0 .  
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E s timation of Coal Trucks Ex_ Truck � 

Si nce the beginning of the truck weight program, trucks hauling coal have 
r outinely been weighe d ,  together with those hauling all other types of 
c ommodities : a reasonable database has thus been developed for the loaded 
w e ights of coal trucks by truck typ e .  However , only since 1 980 have routine 
e fforts been made to separately identify coal trucks during vehicle 
c lassification surveys .  Unfortunately , the count of coal trucks is not 
r ecorded by truck type , making impossible the direct merger of classification 
a n d  weight data and necessitating the development of an empirical algorithm 
for estimating the number of coal trucks by type . 

The task can be described in the following way .  For each classification 
c ount ,  the number of trucks of the ith truck type ( V i ) and the total number of 
c oal trucks ( V C )  are known . The objective is to estimate , for each truck 
type, the number of coal trucks ( Ci ) and the number of non-coal trucks ( N Ci ) 
subject to the following three constraints : Ci i Vi ( the number of coal trucks 
o f  the ith type can not exceed the total number of trucks of the ith type ) ;  
Sum ( Ci ) = VC ( the sum of coal trucks o f  a l l  types must equal the count of the 
t otal number of coal trucks); and Ci + N ci = Vi ( the number of coal and non
c oal trucks of the ith type must sum to the count of all trucks of the ith 
t ype ) . 

The algorithm used to obtain the necessary estimates entailed the 
following multistage process:  

1 ) Make a first 
by applying 
t otal number 
t hat ci �vi . 

estimate 
fractions 

of coal 

of the number of coal trucks of type i 
by type based on weight data to the 

trucks ( V C )  subject to the constraint 

2 )  If all coal trucks are not allocated to a truck type in Step 1 ,  
d i stribute the remainder based on the frequency with which the 
i ndiv idual types had been weighed but again subject to the 
c onstraint that Ci �Vi· 

3 )  If all coal trucks are not allocated to a truck type in Step 2, 
d istribute the remainder based on the unfilled "capacity" of 
each truck-type category, that i s ,  ( V i - C i )•  

U n fortunately, testing the algorithm was impossible because necessary 
data we re unavailable . However , the basic assumption that the distribution of 
c oa l  trucks by type at classification stations is similar to that at weigh 
s tations seems to be quite reasonable . The error anticipated because the 
a lgorithm does not account for locational effects is likely to have 
i nsignificant effect on EAL estimation s .  

Smoothing 

The current study verified earlier findings ( 3 )  of considerable year-to
y ear variation in the relevant traffic parameters at a given location . 
A l though the data of Table 1 1  are typical of results that may be expected , 
e ven more pronounced variability is not uncommon . Year-to-year variations are 
caused not only by long-term chan ges in the traffic pattern but more 
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sign i ficantly by random variations thought to be due primarily to sampl ing 
p rocedures . 

Averages of data collected at a group of stations would normally be 
e xpected to exhibit less year-to-year random fluctuations than those at 
i nd ividual station s .  However , when composition of the group varies through 
t ime , as happens with the 46-cell cross-tabulation matrices , random 
f luctuations can be expected to be quite large . Table 1 2  documents the 
f luctuation for one parameter (annual number of EAL ' s ) for a cell 
r epresentative of a road class that exhibited reasonably stable traffic 
patterns through time. 

B e cause of the magnitude of annual fluctuations in the cross-tabulated 
t raffic parameter s ,  a procedure was needed that would provide more consistent 
year-to-year est imates , hopefully enhancing their reliab i lity as wel l .  An 
auxi liary benefit of such procedures would be the capability for providing 
e st imates by interpolation and extrapolation--a necessary capabi lity for 
d ealing with periods for which classi fication data are unavailable . 

Three smoothing procedures were examined : the first was a five-year 
moving average , and the second two involved the least-squares ca libration of 
s imple equations to the time-series data. The following two relationships 
were examined : 

P = ao + a 1 Y [5 ] 

and 

[6 ] 

i n  which P i s  the cell average for the parameter of interest , Y i s  the year , 
and the a' s ar e calibration constan t s .  I n  each o f  the three case s ,  each cell 
a verage was we ighted by the number of stations contributing to the average. 
For the least-squares calibration , additional weighting gave added emphasis to 
more recent data. The earliest of the available data were assigned a 
w e ight ing of one ,  the next ear l iest , two , and continuing to increment the 
weighting by one for each succeeding year . A maximum of 1 5  years of data was 
u se d  for each calibrat ion . No calibrations were attempted when data were 
a va i lable for fewer than four years in any 1 0-year period . Extrapolations 
were not made beyond two years from the first or last year of available data. 

The five-year moving average was eliminated as an acceptable smoothing 
p rocedure primarily because it failed to adequately attenuate annual 
f luctuation s .  The two least-squares equations performed equally we l l :  both 
p rovided reasonable estimates of the traffic parameters and neither enjoyed an 
a scertainable advantage in accuracy . The linear procedure (Equation 5 )  was 
a dopted in accordance with the preference of the study Advisory Committee . 

The benefits of using a smoothing procedure , in terms of eliminating year
t o-year variabi lity , can be shown by comparing sin gle-year averages (weighted 
by number of stations ) wi thin each cell with data generated by the smoothing 
p rocedure . To demonstrate the year-to-year variabi lity in each ce l l ,  yearly 
a verages for the 1 5-year period from 1 97 0  through 1 9 84 for each of the 4 6  
c el ls are presented in Appendix F .  Included are cross-tabulation matrices for 
e ach of the seven traffic parameters used in the EAL prediction procedure 
( F i gures F- 1 through F-7 ) .  Results from the linear smoothing procedure are 
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p resented in Appendix G ,  with 1 984 a s  the last year of input data. Included 
in Appendix G are cross-tabulation matr ices that show the results of linear 
smoothing for each of the seven traffic parameters (Figures G-1 through G-7 ) .  
I t  is apparent when comparing the sets of data that year-to-year variations 
are present within yearly cell averages; however , this variation i s  
e liminated when the linear smoothing procedure i s  applied over time. It 
s hould be noted that data presented in Appendix G are for 1 970 through 1 984 
w i th 1 98 4  data we ighted 1 5  times more than 1 970 data . This is suggested as 
the best estimate for 1 9 84 . A b e st estimate for a specific year could be 
o btained by using smoothed data with that specific year as the last year of 
the smoothing procedure. 

To further demonstrate the results of the smoothing procedure ,  a series 
of graphs was prepared to show averaged data for two road-type categories from 
1 97 2  through 1 984 as compared to smoothed data for these same two categories . 
These graphical representations for each traffic parameter are presented in 
Append i x  H .  

HISTORICAL TRENDS 

Much of the analysis contained in this research effort has relied on 
h istorical trends to provide insights into the relevant traffic parameters . 
P revious presentations have included data that compare averaged traffic 
parameters with data produced from the linear smoothing procedure . Averaged 
data showed considerable year-to-year variation that was eliminated by the 
l inear smoothing procedu r e .  These two extremes may not represent best values 
o f  traffic parameters to demonstrate historical trends and an alternative 
p re sentation for historical trends was selected . Five-year moving averages 
are somewhat of a compromise between the two extremes , even though they may 
n ot be most appropriate for traffic estimates and pavement design 
c onsi deration s .  

Rather than show indiv idual traffic paramete r s ,  the data selected for use 
in presentation of historical trends were total bidirectional EAL ' s .  
P r esented in Appendix I i s  a series of graphs that shows variation of total 
b i directional EAL ' s  over the time period 1 97 1  through 1 9 82 for each of the 
F e deral-aid categories and volume groups . All four geographical areas are 
s hown on each graph for Federa l-a id category and volume group. Coal-haul 
r oa d s ,  where data were taken for 1 980 t hrough 1 9 8 4 ,  were considered separately 
i n  this analy s i s .  For coal-hauling roads, the patterns of bidirect ional EAL ' s  
were clearly a decr easing trend over the five-year period of available data .  
Annual changes for the coal-haul road categories ranged from -5 . 0  percent for 
l ow volume roads with coal trucks comprising more that 20 percent of the truck 
volume to - 1 8 . 1 percent for high volume roads with coal trucks comprising 5 to 
20 p ercent of the truck volume . 

I n  general , the results show that bidirec tional EAL ' s  have increased 
c onsistently over the time period of analy s i s  on the interstates (Figure I - 1 ) .  
I t  is interesting to note that for high-volume interstate s ,  the south-central 
geographic area has the highest bidi rect ional EAL ' s  and the western area has 
t he lowe s t  average EAL ' s .  On low-volume primary routes ,  the historical trends 
have shown a fairly flat pattern for all geographic areas except western 
Kentucky where the total EAL ' s  peaked in the mid 1 970 ' s  (Figure I-2 ) .  
B i directional EAL ' s  have generally declined since the mid 1 970 ' s  on high
volume primary routes throughout the state (Figure I -3 ) . 
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Total EAL ' s  on low-volume Federal-aid-urban routes have shown a steady 
d ecline over the analysis period (Figure I- 4 ) , High-volume Federal-aid-urban 
routes showed a mid- 1 970 ' s  peak similar to the pattern for high-volume primary 
routes (Figure I -5 ) ,  Federal-aid-secondary routes have exper ienced general 
i ncreases in total EAL ' s  over the analysis period (Figure I -6 and I-7 ) . Non
Federal-aid routes have shown little change , with the exception of eastern 
Kentucky where there was a steady increase up to 1 978 and then a dec l i ne 
t hrough 1 982 ( F i gures I-8 and I-9 ) .  As noted previous l y ,  the analysis of 
h istorical trends does not include coal-haul roads and this exclusion of coal 
r outes for 1 980 through 1 9 84 may have been a factor in the decl i n e  
e xperienced in some area s .  

SIGNIFICANCE OF TRAFFIC PARAMETERS 

The influence of individual traffic parameters is important when 
c onsidering the variance in these parameters that is acceptable . As noted 
previously , the independent variables selected for inclusion in the model to 
p redict future EAL accumulations are; 

The 
that 
c oal 

1 )  AADT, the average daily traffic volume 

2 )  FT , the average fraction of trucks in the traffic stream, 

3 )  FCT , the average 
t ruck population , 

fraction of coal trucks in 

4 )  A/CT , the average number of axles per coal truc k ,  

the 

5 )  A/NCT, the average number of axles per non-coal truck, 

6 )  

7 )  

EAL/CA , the average number of equivalent 
coal-truck axle , and 

EAL/NCA , the average number of equivalent 
n on-coal-truck axle . 

axle loads 

axle loads 

total 

per 

per 

form of the model previously shown as Equation 2 i nd icates 
has separate components for four-t ired vehicles , non-coal 

truck s .  

an equation 
trucks , and 

It can be seen from the form of Equation 2 that a change in AADT results 
i n  a directly proportional change in the EAL ' s .  For example , a 50-percent 
i ncrease in AADT would result in a 50-percent increase in the EAL predict ion . 
This analy s i s  can be carried further to show the impact on fle xible pavement 
t hickness relative to the variance in EAL predictions .  For the case of a 
des ign-lane prediction of 1 0 , 000 EAL ' s  the total pavement thickness would be 
9 . 6  inches based on thickness design curves for pavements having 3 3-percent 
a sphaltic concrete and a CBR of 5 (7 ) .  If the assumption is made that 
variance in parameters may cause an increase in the EAL prediction of 50 
percent , then the total thickness requirement would be 1 0 . 8  inches . Th i s  is 
an increase in total thickness of 1 . 2  i nches or 1 2 . 5 percen t .  Ad ditional 
e xamples of changes in EAL predict ions as compared to changes in required 
t hicknesses are presented in Table 1 3 .  Generally , the indication is that the 
magnitude of changes in total pavement thickness is not nearly as great as 
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the magnitude of changes in design EAL ' s .  It should also be recognized 
t hat variations in the lower range of EAL predictions produce greater 
p ercentage changes in the total pavement thickness than variations in the 
h igher range . 

I t  was noted that changes in total EAL ' s  are directly proportional to 
changes in the total AADT; howeve r ,  the form of Equation 2 i ndicates that 
c hanges in other variabl es would not result in proportional changes in EAL ' s .  
The predominance of the influence of trucks suggests that variance in 
percent trucks is very nearly proportional to chan ges in EAL ' s .  Other 
variables such as the number of axles per truck and EAL ' s  per axle can also 
have a major impact on total EAL ' s  depending upon the proportions of non-coal 
and coal trucks in the traffic stream. 

An analysis of significance of parameters should also consider the 
impact of pavement thickness requirements upon life-cycle costs .  It has been 
s hown that major variations in total EAL ' s  result in relatively little 
c hange in total pavement th ickness ,  especially in the higher ranges of total 
EAL ' s .  This small change in pavement thickness requirement is difficult to 
i nterpret from the standpoint of how much effect it has upon pavement life 
and total cost s .  Premature deterioration of the pavement may result from 
underdesign and the cost of repair or resurfacing would likely be much 
greater than an additional inch of pavement during construction . This is a 
cons ideration when attempting to assess the impact of minor changes in 
pavement thickness requiremen t s .  

P ROPOSED DESIGN METHODOLOGY 

The traffic parameter necessary for the design of flexible pavements in 
Kentucky is the total number of equivalent axleloads expected to accumulate in 
the critical lane during the design per iod . Year-to-year chan ges in the 
rapidity with which EAL ' s  accumulate should logically be incorporated into the 
design estimat e .  Un fortunately , however , the analysis of historical data 
revealed no identifiable patterns that could be readily reflected in the 
d esign proces s .  Accordingly , the proposed design procedure is based on the 
s imple premise that , at a given location , the EAL ' s  will accumulate linearly 
over time . The design estimate can therefore be simply represented by the 
p roduct of the design period ( i n  years) and the annual accumulation of EAL ' s  
a t  the midyear of the project design life.  

The thrust of the design requiremen t ,  then , is to estimate the annual 
m i dyear accumulation of EAL ' s  in the critical lane. The common approach to 
this task is to consider it as a two-step proces s ,  the first involving an 
e stimate of the total bidirectional accumulations of EAL ' s  and the second 
i nvo lving the distribution or allocation of this bidirectional total to the 
several lanes . 

BIDIRECTIONAL DESIGN EAL ' s  

The individual contributions of three generic types of vehicles to the 
accumulation of EAL ' s  are recognized in the design proce s s .  These types 
i nclude four-tired vehi cles , coal-hauling truck s ,  and other trucks (a 
category that includes buses and that has been herein termed non-coal-haul ing 
trucks) . Using the seven traffic parameters identified earlier , daily EAL ' s  
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are computed as previously shown in Equation 2 and again shown below: 

Da ily EAL ' s  = AADT[ ( 1 -FT ) (0 , 005) + (FT) ( 1 -FCT) (A/NCT ) ( EAL/NCA) 
+ (FT) (FCT) (A/CT) (EALICA) l 

i n  which AADT i s  the annual average daily traffic volume, FT i s  the average 
f raction of trucks in the traffic stream , FCT is the average fraction of coal 
t rucks in the total truck popula tion, A/NCT is the average number of axles per 
n on-coal truck , EAL/NCA is the average number of equivalent axleloads per non
c oal-truck axle , A/CT is the average number of axles per coal truc k ,  and 
EAL/CA is the average number of equivalent axleloads per coal-truck axle . 

To obtain the required project midyear estimate of each of the seven 
p arameters ,  an increment is added to each base-year estimat e .  The base year 
i s  normally the year during which the estimate is made but could 
a lternatively be another recent year during which traffic data had been 
collected at the location in question . In estimating traffic parameters for 
t he base year , preference should always be given to actual data collected at 
the site under investigation or alternatively at a nearby one known to have 
s imilar traffic character istics . When actual measurements are unavailabl e ,  
t he location i s  classified into one of the 4 6  road types, and the parameter 
e stimates are extracted from the most recent cross-tabulation matri x  
( i llustrated b y  Appendix G ) . If reliable site-speci fic volume data i s  
available , as i s  often the case , only the remaining s i x  parameter s need be 
e xtracted from the matri x .  If reliable site-specific classification data are 
a lso avai lable , the matrix will be needed to provide estimates of only two 
parameters ,  namely , EAL/NCA and EAL/CA. 

In the absence of a special study and forecast , the additive 
i ncrement--to be applied to each base-year estimate to produce the project 
m i dyear estimate for that parameter--is a product of the base-year estimat e ,  
t he annual percentage change expressed as a fraction o f  the base-year 
e stimate , and the number of years between the base year and the project 
midyear . The annual change s ,  like the base-year estimates themselves, have 
b een estimated from historical data and tabulated as a function of the 4 6  
r oad types ( see Appendix G ) .  The annual change , determined i n  this manner , 
tends to be somewhat erratic when the historical data are limited . To avoid 
making unreasonable estimates in such a cas e ,  excessive annual changes must 

percent of the base-year condition is a recommended 
conservative measur e ,  it is further recommended that no 

when a negative or dec lining pattern is shown by the 

be avoided: five 
maximum limi t .  As a 
c hange be recognized 
cross-tabulation mat r i x .  

A simple worksheet has been prepared to aid i n  the computations (Figure 
2 ) ,  The upper portion of this wo rksheet identifies the route and records 
r elevant dates ,  and the lower portion provides ordered space for the 
c omputat ion s .  The middle portion , where estimates of the traffic parameters 
at the project midyear point are made ,  warrants some br ief explanation . Here ,  
the first column provides space for the base-year estimates, whether derived 
from field measuremen t s ,  special stud i es , or the cross-tabulation matri x .  The 
second column , titled "Site-Specific Adjustment" , is used only where base-year 
data were obtained from the cross-tabulation matrix and is to be adjusted 
based on field measurements taken at the site several years ear l i er . This 
column contains,  for the earlier yea r ,  the ratio of the site-specific field 
data to the cross-tabulation average for the appropriate road type . This 
ratio is applied to the unad justed base-year estimate of the first column to 
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obtain the adjusted base-year estimate of the third column . The fourth 
column, labeled "In crement" , is simply the difference between the project 
m idyear estimate and the adjusted base-year est imate .  I n  the absence of a 
s pecial investigation , the increment is determined by taking the product of 
the adjusted base-year estimate , the annual change expressed as a fraction of 
the base-year estimate and extracted from the cross-tabulation matri x , and the 
number of years between the base year and the project midyear . 

LANE DISTRIBUTION 

Si nce the 1 940 ' s ,  the traffic parameter used in the design of flexible 
pavements in Kentucky has been a bidirectional expression of equivalent 
loading ( l, 2 ) . When the new design procedure ( 4 ,  5) was adopted in 1 98 3 ,  
v ery little in-state information wa s avai lable t o  determine what portion of 
the bidirect ional EAL ' s  on multilane highways should be assigned to the 
crit ical or design lan e .  A s  a resu l t ,  information was sought about the design 
practices used by others , a logical point of beginning being the AASHTO guide 
for pavement design (8 ) .  

AASHTO provides the following guidance for allocating bidirectional EAL ' s  
t o  the critical lane : 

"The equivalent axle loads derived from many prediction 
procedures represent the totals for all lanes for both directions of 
t ravel. Th is traffic must be distributed by direction and by lanes 
for design purposes . Directional distribution is usually made by 
a ssigning 50 p ercent of the tra ffic to each direction , unless special 
c onditions 1varrant some other distribution . In regard to lane 
d i stribution , 1 00 p ercent of the tra ffic in each direction is usually 
a ssigned to all lanes in that direction for purpose of structural 
d esign . Some states have developed lane-d istribution factors for 
fac i lities with more than one lane in a given direction . These 
factors vary from 80 to 1 00 percent of the one-direction traffic for 
d esign of all lanes when there is a total of four lanes in both 
d irection s ,  and from 6 0  to 80 percent of the one-direction traffic to 
one or more of the outer lanes and lesser values to inner lanes when 
t here are six or more lanes in both direction s .  I f  there i s  doubt as 
t o  which factor to apply , it is suggested that the highest (most 
conservative) range be used . "  

The two major trade associations , the Asphalt In stitute (AI ) and the 
Portland Cement Association (PCA) , offer more definitive and more useful 
r ecommendation s .  Both express lane distribution factors in terms of the 
proportion of trucks in the design lane : presumably the proportion of EAL ' s  
i s  identical . The AI factors (Table 1 4 ) ,  to be applied to bidirectional truck 
volumes , are sensitive only to the number of lanes ( 9 ) .  The PCA,  on the other 
hand , recommends factors to be applied to unidirectional volumes that reflect 
both number-of-lane and traffic-volume influences ( 1 0 ) .  The PCA 
recommendations are as follow: 

FT = 1 . 579 - 0 . 0838 ln (ADT ) for 2 lanes in one direction and ADT o f  [ 7 )  
1 , 000 t o  4 0 , 000 

FT = 1 . 4 3 8  - 0 . 0 8 1 9  l n ( ADT) for 3 lanes in one direction and ADT o f  [ 8 ]  
3 , 000 t o  8 0 , 000 
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i n  which FT i s  the fraction of un idirectional trucks in the right or 
lane and ADT i s  the unidirectional average daily traffic volume,  Both 
and the PCA recognize the possibility of directional imbalances and 
r ecommend design for the most critical loading condition : 

outer 
the AI 

both 

Very little in formation was found in the open literature about how the 
i ndividual states approached the matter of directional and lane distributions 
of EAL ' s  on mu ltilane facilities , As a resul t ,  a survey of state practices 
was conducted that queried each state regarding its standard practice in 
converting from "two-d irectional equivalent 1 8  k i p  axleloads (EAL ' s )  to design 
lane EAL ' s . "  Of the 37 responses to the survey, nine (Arkansas , Kansas , 
Maine , Miss issippi , Missour i ,  New York, Oklahoma , South Dakota and Vermont ) 
d id not provide useful information , typically because design-lane 
equivalencies were not required in the pavement design proces s .  

R e garding directional distribution , the prevailing design practice among 
t he remaining states involves an even distribution of EAL ' s  in each direction 
o f  a bidirectional roadway. However , those states commenting on the 
d irectional split of EAL ' s  pointed out unusual situations of unequal spl i t  and 
i ndicated that , when encountered and recogn i zed , the pavement design would be 
a djusted to reflect that condi tion . 

There i s  less unanimity among the states regarding their practices in 
apportioning the un idirect ional load equivalencies to individual lanes (Table 
1 5 ) ,  While there are a few states that assign all unidirectional EAL ' s  to a 
s ingle critical lane--some even for six- or eight-lane faci l ities--most 
d i stribute them among the several lanes ,  with a smaller assignment to the 
c ritica l  or design lane as the number of lanes increases . For four-lane 
facilities,  90 percent is the most frequent allocation to the critical lane ,  
For six-lane facilitie s ,  8 0  percent is typically allocated . When a difference 
i s  recognized between rural and urban conditions , the flow is typically 
considered to be more dispersed in urban area s ,  perhaps reflecting combined 
e ffects of larger volumes and more frequent ramp termi n i .  When explicit 
r ecognition is taken of volume effects , greater dispersion across the lanes is 
considered to accompany larger traffic volumes . 

Very little research , which may have formed the basis for the 
a foredescribed state pract ices , has been reported in the open literature. 
Early work by Taragin ( 1 1 )  documented the concentration of trucks within the 
outside lanes of lightly-traveled four-lane divided highways and demonstrated 
the diversion to inner lanes as volume increased , Later studies ( 1 2 ,  1 3 )  
c onfirmed the significance of tra ffic volume in determining the lan es in which 
trucks trav e l ,  and one ( 1 2 ) identified the influence of the percentage of 
trucks on truck lane usage for one highway category , namely , six-lane urban 
h ighways . Unfortunatel y ,  each of these investigations was plagued not only by 
sample-size restrictions but also by a failure to adjust the sample 
observations to conditions representative of annual averages .  

Co llection of field data by automatic we ighing or vehicle classification 
e quipment is a promising future technique for learn i n g  more about lane
d istribution characteristics ( 1 4 ,  1 5 ,  1 6 ) .  Meanwh i le , another possibi lity is 
t o  calculate lane-d istribution factors using a simple mod e l ,  calibrated with 
t he limited field data that is available . The approach tested herein involved 
t he following step s :  
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1 )  Select the annual average daily traffic volume (AADT ) . The AADT , 
t reated parametri cally in this analy s i s ,  was varied to a maximum of 
6 0 , 000 vpd for four- lane highways and 90, 000 vpd for six-lane 
h ighways . 

2 )  Select the annual average fraction of trucks ( FT ) . FT was also 
t reated parametri cally , varying within the range of 0 . 1 0  to 0 . 30 ( 1 0  
t o  3 0  percent ) . 

3 )  

4 )  

Estimate the 8 , 760 bidirectional hourly traffic volumes 
( H V  i ) .  In examining 1 977 data from 45 Kentucky ATR 
s tations ( 1 7 ) '  an hourly volume distribution 
r epresentative of average statewide conditions was 
d eveloped (Table 1 6 ) .  Thi s  distribution wa s employed 
h erein to estimate the hourly volumes. 

Estimate the 8, 760 bidirectional hourly truck volumes 
(HTi ) .  Very little quantitative information is known 
a bout the hourly d i stri bution of truck volumes . As a 
f irst approximation , however, the following model was 
u sed : 

i n  which a and b are constants and e 
n atural logarithms. Equation 9 ,  
unnecess arily complex , has several 
a ttributes includ ing the following: 

[ 9 ]  

i s  the base of the 
although appearing 

of the necessary 

a )  the fraction o f  the hourly volume classified as 
(HTi /HVi ) diminishes as the hourly volume increases , 

trucks 

b )  the fraction of the hourly volume classified as trucks 
(HTi /HVi ) sati s fies the boundary conditions--that i s ,  it 
a ssumes a value of one when all vehicles are trucks (FT = 1 )  
and a value of zero when no trucks are present ( FT = 0 ) ,  and 

c )  its constants can be calibrated to 
d ata sub ject to the following constraint: 

" fit" available 

Sum [H Ti ] = A ADT ( FT )  ( 3 65 ) 

V a lues of 1 /2 
r easonable fit 
c ollected in 1 97 3  

for a and - 1 6 . 4  
o f  Equation 9 to 

on I 75 i n  Grant County 

for 
very 
( 1 8 ) .  

[ 1 0  l 

b provide a 
limited data 

5 )  Estimate the 8 , 7 60 hourly truck volumes in the design lan e .  Each 
hourly truck volume in the design lane was found by applying tc the 
e s t imate of the total hourly truck volume a mu ltiplicative factor 
developed by Pi gman and Mayes ( 1 8 ) .  Making a first-approximation 
assumption that the total hourly volume (H V )  is evenly proportioned 
i n  two direction s ,  the multiplicative factor is given by : 

FTDL = ( 99 . 4 2 - 0. 008 HV ) / 200 for 4-lane roadways [ 1 1 ]  
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FTDL = ( 8 5 . 4 3  - 0 , 0 1  HV) /200 for 6-lane roadways [ 1 2 ]  

i n  which FTDL i s  the fraction of the bidirectional hourly truck 
v olume in the design lan e .  

6 )  Compute the lane distribution factor by dividing the annual design
l an e  truck volumes by the total annual truck volumes . 

7 )  Develop a simplified relationship between the lane distribution 
f actor and annual average daily traffic volume , percentage of 
t ruck s ,  and number of lan e s .  The lane distribution factors were 
a dequately represented by the followin g :  

L = 0 . 497 - ( 1 . 84 + 1 , 42 FT) (AADT) ( 1 0-6 ) for 
4 -lane roadways [ 1 3 ]  

L = 0 , 427 - (2 . 308 + 1 . 75 FT)  (AADT) ( 1 Q-6 ) for 
6-lane roadways 

in which L i s  the fraction of annua l ,  
anticipated in the design lane , AADT 
t r affic volume (bidi rectional ) ,  and 
t rucks in the traffic stream, 

[ 1 4 ]  

bidirectional truck volumes 
is the annual average daily 
FT i s  the annual fraction of 

To assess the reasonableness of Equations 1 3  and 1 4 ,  compar isons were 
made wi th the volume-based, lane distribution factors of others (Table 1 7 ) .  
Because general accord among the several procedures was found--at least for 
t he mid-range volumes--Equations 1 3  and 1 4  are recommended for use in 
Kentucky. They reflect important volume and traffic composi tion effects on 
l ane distribution and are as intuitively appealing as alternate cho i ces . 
However, in recogn i t ion of the extremely limited amount of information used in 
the development of Equations 1 3  and 1 4 , particularly in the large-volume 
r ange , minimum bidirectional lane "distr ibution fractions of 0 . 375 and 0 . 25 are 
r ecommended for four-lane and six-lane roadway s ,  respectively. Ar bitrarily 
selecte d ,  these minimums represent concentrations in the cr i t i cal lanes that 
are 5 0  percent greater than a uniform dispersion across all ava i lable lan e s .  

S UMMARY 

The aforedescribed design process is con s idered to be a simple one that 
y ields reproducible estimates while allowing great flexibi l i ty in merging 
s ite-speci f i c  data with statewide averages for roads of similar type.  Max imum 
u se i s  made of available hi s tor ical vehicle class i fication and weight data , 
and computer i zation enables annual updating of the cross-tabul ation matrices 
and other data of potent ial interest. 

VALIDATION OF PROPOSED METHODOLOGY 

In comparison with possible alternate design methodolog i e s ,  the one 
proposed herein is not con sidered to involve great risk. Evolving from a 
long-standing and well-accepted procedure ,  the recommended design process uses 
f amiliar tr affic paramete r s ,  requires no untested mathemat ical model s ,  and 
e xplo its the available traffic database to the maximum possible exten t .  
Remaining to be determined , however , is the accuracy with which estimates of 
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d e sign EAL ' s  can be mad e .  Two paramount que stions involve 1 )  the extent to 
which the local-condition categor ies capture the var iability in those traffic 
characteristics that influence EAL accumulations and 2 )  the extent to which 
changes through time can be accurately modeled . 

Tables 1 8  and 1 9  offer some preliminary insight into the first of these 
two qu estion s .  Road type, as defined by the local-condition categor ies used 
herein , is a major factor explaining the different rates at which highways 
a ccumulate equivalent axleloads . Un fortun ately , however, road type does not 
a ccount for all of the observed differences . In fact , the coefficient of 
v ariation of EAL ' s  for a set of highways classified in the same road-type 
c ategory is typically within the range of 70 to 1 00 percen t ,  indicating a 
s tandard deviation approaching the mean in magnitude .  While a portion of this 
l arge vari ability is likely due to a variety of sampl ing error s ,  the fact 
r emains that, even among roads of the same type , EAL ' s  can be expected to 
a ccumulate at di ffering rate s .  Accurate design estimates can thus be expected 
to require the merger of site-specific data,  particularly traffic volume in 
the base year , with data extracted from the cross-tabulation matr ices . 

U l timate ly , the most acceptable way for validating the design 
i s  a comparison of design estimates with actual accumul ations 
Sufficient data are at hand to permit a first-order approximation 
approach . 

methodology 
of EAL ' s .  

of such an 

Forty-eight sites were selected from the database , for each of which it 
was possible to make a reasonable estimate of the historical accumulation of 
E AL ' s  over a recent although short period of time . The specific criterion 
u sed for site selection was that classification data had to be avai lable for 
a t  least five of the 1 0  years between 1 975 and 1 98 4 ,  Annual EAL ' s  for any 
missing years were estimated from a linear equation , fit to the av ai lable data 
by the least-squares procedure, Of the 4 8  s ites,  21 were located on coal-haul 
r oads and 27 on non-coal-haul roads . The lack of specific data on coal 
h aulage before 1 980 necessitated different treatments for coal-haul and non
c oal-haul categor i e s .  

For non-coal-haul road s ,  the hypothetical base year was selected to be 
1 975 . Using data collected during 1 9 69- 1 97 5 ,  " design" estimates were made for 
the nine-year period , 1 9 7 6- 1 9 8 4 .  For coal-haul roads, 1 979 was chosen as the 
base year and 1 9 80- 1 9 8 4 ,  as the design per iod . Designs for coal-haul roads 
were based on linear relationships calibrated to the 1 980- 1 9 84 data and 
e xtrapolated backward in time to 1 97 9 .  

Actually , four di fferent design estimates were made for each site , 
r eflecting in part the primary options available to the designer , In the 
f irst , all parameter estimates were extracted from the app licable cross
t abulation matri x .  In the remaining three , substitutions were made based on 
the type of data and/or analysis most likely to be available to the designer . 
One assumed that the site-spec ific , base-year volume (AADT) was known , The 
s econd assumed that both the site-speci fic , base-year volume and the 
p ercentage of trucks were known . Finally , the third assumed that an 
i ndependent estimate had been made for the midyear volume . The design 
e stimates , together with the historical EAL accumulation s ,  are shown for each 
of the 48 sites on Table 2 0 .  Figure 3 is a graphic portrayal of the 
r elationship between actual EAL ' s  and those estimated without refinement from 
the cross-tabulation matri x ,  
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To char acterize the accuracy of the design procedur e ,  the deviation of 
e ach design estimate from its most likely actual value was expressed as an 
error term and computed as follows: 

De sign EAL - Actual EAL 
Er ror = 1 00 ----------------------- [ 1 5  J 

A c tual EAL 

When summari zed for the sites in question , high accuracy is indicated both by 
a mean error and a standard deviation of the error that approach zero. These 
summary variables are tabulated as Table 2 1 .  

Generally confirmed by the statistics of Table 2 1  i s  the improvement in 
accuracy that results when the cross-tabulation averages are supplemented by 
s ite-specific data,  the greatest improvement being realized when the largest 
amount of site-spec i fi c  data is used. Contrary to expectation , use of the 
midyear volume rather than the base-year volume did not significantly improve 
the accuracy. Th i s  counter-intu itive finding is not expected to be confirmed 
for situations in which the base-year to midyear span more closely approaches 
the 1 0- to 1 5-year period characteristic of design situations .  

E x amination o f  the mean errors of Table 2 1  reveals sign i f icant 
o verestimate of design EAL ' s  for coal-haul roads and almost neutral estimates 
for non-coal-haul road s .  The bias for coal-haul roads is due primarily to the 
f act that the recommended design procedures substitute zero for negative 
e stimates of changes in the traffic parameters through time . Thu s ,  while the 
annual accumu l ation of EAL ' s  on coal-haul roads was declining within the range 
of 5 to 1 8  percent during 1 9 80- 1 9 8 4 ,  the design estimates were gener ally based 
on a conservative , "no-decline" scenar i o .  The much larger standard deviations 
for the coal-haul roads may partially reflect the above tendency for 
o verestimation . Probably of much greater significance , however , is the fact 
that only six road-type categories are used to typify coal-haul roads while 4 0  
a re used for non-coal-haul roads. Furthermore ,  coal-haul roads seem to 
d emonstrate inherently more var i ab i l i ty than non-coal-haul roads in the rate 
at which EAL ' s  accumulate. 

Pe rhaps the most significant entry of Table 21 is the standard deviation 
o f  52 p ercent that character izes the error var iability when limiting design 
e stimates for non-coal-haul roads to the cross-tabulation matri x .  Whether 
a ctual design estimates would be characterized by such large variabi l ity is 
unknown : perhaps the ga ins achieved by use of a larger database on which to 
make the projections would be canceled by the losses by projecting to a 
considerably more distant future .  In any event , the advantage of fortifying 
the design with at least a site-spec i fic estimate of the base-year volume is 
an obvious and important one 

IMPLEMENTATION 

De velopment of a ser ies of computer programs for processing available 
vehicle classi fication and we ight data was the primary task of this study. 
These programs are used to generate summary statistics which describe the 
character of the vehicle population on Kentucky highways and the nature of its 
destructive effect on pavement performance .  The primary use of these 
s tatistics was intended to be the generation of equivalent-axleload estimates 
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for the design of flexible pavements and over lay s .  Ad dit ionally , the 
h istor ical summaries , both for ind i v i dual sites as well as for d i fferent 
c lasses of highways ,  are available for possible use in a comprehensive 
p avement management system. In addition to pavement analysis and design , the 
d ata generated herein can be used to support any act i vi ty , such as a revenue 
s tudy ,  an accident investigation , or a geometric design , requ1r1ng knowledge 
of the numbers and types of vehicles traveling on Kentucky hig hways.  
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TABLE 1 .  LOCAL CONDITIONS USED I N  1 9 68 STUDY ( 3 )  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Local 
Condi tion 

Hoad 
Type 

D i rection 

Alternate 
Route 

Service 
P r ovide d  

Code 

1 
2 
3 
4 

1 
2 

1 
2 
3 

1 
2 
? ' 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 

V o lume 5 
6 
7 
8 
9 

1 0  

l� a x i mum 1 
A l lmwble 2 

Gross 3 

vie i ght 4 

Geograph
i cal 
Area 

1 
2 
3 
Li 

1 
Season 2 

3 
4 

Descr iption 

Inter state-Numbered Rural Route 
US-Numbered Rural Route 
KY-Numbered Rural Route 
Other Rural Route 

Serves Predominantly North-South Tr affic 
Se rves Pr edominantly E a st-\lest Tr affic 

Alternate Route Provides Infer ior Service 
No Alternate Route or Same Quality o f  Service 
Alternate Route Provides Su per ior Service 

Pr imar i l y  Provides Service to Major Recreat ion a l  Ac t i v i ty 
Provides Signi ficant Service to Major Recreational Activity 
Provides Some Service to R e creational Activity 
Or dinary 
Provides Some Service to Hining Activity 
Provides Signi ficant Service to toajor Hi n.ing Activity 
Primar i ly Provides Service to Major Mining Activity 
Provides l·oore Than Ord inary Service to Industr i a l  A c ti v i ty 
Pr imar i ly Provides Service to Major Industr i a l  Activity 

0-499 Ve h i c l e s  per D ay 
500-999 Vehicles per Day 

1 000- 1 99 9  Vehicles per Day 
2000-2999 Vehicles per Day 
3000-3999 Vehi c l e s  per Day 
4000-59 9 9  Veh icles per Day 
6000-'7999 Veh icles per D a y  
8000-9 9 9 9  Vehicles per Day 

1 0000- 1 3999 Veh i c l e s  per Day 
1 4 000 or more Vehi c le s  per Day 

3 0 , 000 Pounds 
4 2 , 000 Pounds 
59 , 6 4 0  Pounds 
7 3 , 2 80 Pounds 

\r/estern (Hi ghway Di stricts 
South Ce ntral ( H i ghway Districts 
North Central (Hi ghway Districts 
Eastern ( H i ghway Distri cts 

\<linter ( J anuary-t1arch ) 
Sp ring (April-June) 
Summer ( J u l y-September) 
Fa l l  (October-De cember ) 

1 and 2 )  
3 ,  4 ,  and 8 )  
5 ,  6 ,  and 7 )  
9 ,  1 0 ,  1 1 ,  and 1 2 )  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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TABLE 2. CANDIDATE LOCAL CONDITIONS AS RECORDED HITH I N  
C LASSIFICATION DATABASE 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Local 

Cond i t ion 

Direc tion 

F e d e r a l  
H i ghway 

S ystem 

S t at e  
H i. gh>�ay 

S ystem 

Code 

1 
2 
3 
8 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
6 
7 
8 

Funct ional 9 
C l a s s  l l  

H i ghway 
\>Ie i ght 
Limit 

V o lume 

1 2  
1 4  
1 6  
1 '7 
1 9  

Description 

Counties can be aggregated to form larger 
geographical areas 

Federal-A i d  In terstate 
Other Federal-A i d  Pr imary 
Federal-A i d  U r ban 
Non-Federal-A i d  

Interstate 
Parkway 
Pr imary 
State Secondary 
Rural Secondary 
Unclassified 
State P r operty Service Road 
Local 

Ru r a l ,  Interstate 
Ru ral , Principal Arter i a l  
Rur a l ,  Minor Arter ial 
Rural , 11a jor Collector 
Rural , t1inor Col lector 
Ru r a l ,  Local 
Urban , Interstate 
Urban , Freeway and Expre ssway 
Urban , Principal Arterial 
Urban , Minor Arte r i a l  
Urban , Collector 
Urban , Local 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

2 8  



TABLE 3 .  LOCAL CONDITIONS USED I N  CURRENT STUDY 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Local 

Con ..�..,. t.i.on 
Code De script i on 

- - - "'"' '=- ---------------·=------------------ ------------------=------

Geogr::m h i c  2 
Area 3 

4 

Federal 2 
H i ghway 3 

System 4 
,. � 

Volume 1 
2 

Coal-
Haul 1 

l-ie stern ( H i ghway Districts 
South Central ( H i ghway Districts 
Nor·th Cen tral ( H i gh>�ay Districts 
Eastern ( H i ghway Districts 

Federal-A i d  I n terstate 
Other Federal-Aid Pr imary 
Federal-A i d  Urban 
Federal-A i d  Secondary 
Non-Federal-Aid 

Le s s  Than 5 , 000 AADT 
5 , 000 or t<tor e  AADT 

Co a l  Trucks Comprise Less Than 1 % 

1 and 2 )  
3 ,  4 ,  and 
5 ,  6 '  and 
9 through 

o f  Trucks 
Coal Trucks Comprise From 1 -IJ. 9 9 %  of Trucks 

8 )  
'7 ) 
1 2 ) 

C ategory 2 Coal Trucks Comprise From 5 - 1 9 . 9 9% of Trucks 
3 Coal Trucks Comprise 20% or More of Trucks 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE 4 .  VEHICLE TYPES 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Vehicle 

Code 

1 Hotorcycle 
2 Passenger Car 

Vehicle Type 

3 Other 2-Ax l e , 4-Tired Vehicle 
4 Bu s ,  School 
5 Bu s ,  Other 
6 Single-Un i t  Truck , 2 A x les , 6 Tires 
7 Single-U n i t  Truc k ,  3 Axles 
8 Single-Unit Truck , 4 or More Axles 
9 Single-Trai ler Truck , 4 or Fewer Axles 

1 0  Single-Trai ler Truc k ,  5 Axles 
1 1  Single-Trai ler Truc k ,  6 or More Axles 
1 2  Mu lti-Tr a i le r  Truc k ,  5 or Fewer Axles 
1 3  Mu lti-Tr ailer Truc k ,  6 Axles 
1 4  l·1u l ti-Trai ler Truck , 7 or More Axles 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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TABLt. 5 .  CFFECT OF COUNT DURATION ON ACCUHACY OF 
CA ADT ESTit1ATES 

= = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = = =  

Length o f  Count 
( Hour s )  

1 6-2 3 
2 4  

25-47 
4 8  o r  more 

Average 
Error 

( Percent) 

2.  1 
-7 . 4  

5 . 4  
-4 , 4  

Standard D e v i ation 
o f  Er ror 
( P e rcent ) 

1 6 . 3  
1 8 , 0  
1 2 .  1 
1 5 . 7  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE 6 ,  EFFECT OF VOLUI'1E LEVEL ON ACCURACY O F  AADT 
ESTIMATES 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Annu a l  Average 

D a i l y  Tr a f fi c  
( vpd ) 

o u<::- 1 4 9 9  
1 500- 1 99 9  
2000-39� 9 
I\000-7999 

8 0 0 0  o r  more 

Av erage 
Er ror 

(Percent) 

-4 . 2  
-0 . 5  

0 , 6  
-4 . 0  

6 . 3  

Standard Deviation 
o f  Error 
( P e rcent) 

1 6 . 9  
1 6 . 9  
1 5 . 0  
1 9 . 7  
1 2 . 7  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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TABLE 7.  AVERAGE NU�1BEH OF AXLES BY AXLE AND VEHI CLE TYPE sa 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Vehicle 

Type 

NON-TRUCKS 
Motorcycles 
P a s senger Cars 
Other 2-A x l e , 

4 -Tire Vehicle s  

BUSES 
School 
Other 

SlllJLE-UNIT TRUCKS 
;> Axle s ,  6 Tires 
3 Axles 
4 or More Axles 

S I NGLE-THAILER TRUCKS 
4 or Less Axles 
5 A x l e s  
6 or }1ore Axles 

tiULTI -TRAILER TRUCKS 
5 or Less Axles 
6 Axles 
7 or More Axles 

Steering Other 
Si ngle 

1 .  0 0 0  1 .  0 0 0  
1 .  0 00 1 .  000 

1 .  000 1 .  000 

1 .  000 1 . 000 
1 .  0 00 1 .  7 0 0  

1 .  000 1 .  000 
1 . o oo 
1 . 000 

1 .ooo 1 .  2 1 2  
1 . 000 0 . 0 4 6  
1 . 000 0 . 0 0 8  

1 .  000 3 . 9 80 
1 .  000 3 . 000 
1 .  000 2 . 000 

Tandem Tri dem Quad 

1 . 0 0 0  
1 .  0 0 0  

0 . 789 
1 .  9 7 3  0 . 00 3  
0 .  9 5 1  1 .  0 1 7  0 . 030 

0 . 0 1 0  
1 . 000 
2 . 0 0 0  

To tal 

2 . 0 0 0  
2 . 0 0 0  

2 . 000 

2 . 0 00 
2 .  700 

2 . 000 
3 . 000 
4 . 000 

3 . '7 9 1  
5 . 0 00 
6 . 0 80 

5 . 00 0  
6 . 0 0 0  
7 . o oo 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

8Average based on 1 9 69-1 982 d a t a .  
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TABLE 8 .  DAr1AGE FACTORS BY AXLE TYPE AND LOAD 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Lo�d 
Interval 

Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  

Load 
I n terval 

Cvdc 

? 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1 
1 2  
1 3  
1 4  
1 5  
1 6  

Steering 
Axle 

0 , 0 0 0 1  
0 , 0 0 30 
o .  0 1 38 
0 . 0 387 
0 . 0855 
o. 1 6 3 
0 . 2 8 1  
o .  4 5 1  
0 . 685 
o. 9 97 
1 ,  4 0  
1 .  9 1 
2 .  5 5  
3 . 3 3  
4 . 2 7  
5 . 3 9  

Steering 
Axle 

0 , 0 - 1 , 5  
1 , 6 - 3 . 0  
3 . 1 -11 . 5  
4 . 6 -6 , 0  
6 , 1 -7 . 5  
7 . 6-9 . 0  
9 . 1 - 1 0 . 5  

1 0 , 6- 1 2 . 0  
1 2 , 1 - 1 3 . 5  
1 3 . 6- 1 5 . 0  
1 5 . 1 - 1 6 . 5  
1 6 . 6- 1 8 , 0  
1 8 . 1 - 1 9 . 5  
1 9 . 6-21 . 0  
2 1 . 1 -22 . 5  

22 . 6  or 
more 

Damage Factor s 

Other 
Single 

Axle 

0 . 0004 
0 , 0027 
0 . 0 1 20 

. O . O Lf06 
o .  1 1 3  
0 . 2TI 
o .  6 1 3  
1 . 2 5  
2 .  4 1  
4 .  4 0  
7 . 6 8 

1 2 . 9  
2 1 . 1 
33 . 5  
5 1 . 9  
78 . 6  

Tandem 
Ax le 

( 5 1  Span ) 

0 , 0007 
0 , 0 029 
0 , 0 1 1 3  
0 , 0 35 9  
0 , 0 96 6  
0 . 23 1  
0 . 502 
1 . 0 2  
1 .  9 4 
3 .  5 2  
6 . 1 4  

1 0 , 3  
1 6 . 8  
26 . 8  
4 1 . 5  
6 3 . 0  

Load Interval ( K i p s )  

Other 
Single 

Axle 

0 , 0-2 . 5  
2. 6-5 . 0  
5 . 1 -7 . 5  
7 . 6- 1 0 . 0  

1 0 , 1 - 1 2 . 5  
1 2 . 6- 1 5 . 0  
1 5 . 1 -1 7 . 5  
1 7 . 6-20 . 0  
20 . 1 -2 2 . 5  
2 2 . 6-25 . 0  
25 . 1 -27 . 5  
27 . 6-30 . 0  
3 0 . 1 - 32 . 5  
32. 6-35 . 0  
35 . 1 -37 . 5  

37 . 6  or 
more 

Tandem 
Axle 

( 5 '  Span ) 

0 , 0-5 . 0  
5 . 1 - 1 0 , 0  

1 0 . 1 - 1 5 . 0  
1 5 . 1-20 . 0 
20 . 1 -2 5 .  0 
25 . 1 - 30 . 0 
3 0 . 1 -35 . 0  
35 . 1 -4 0 . 0  
4 0 . 1 -4 5 . 0  
45 . 1 -50 . 0  
50 . 1 -5 5 . 0  
5 5 . 1 -60 . 0  
6 0 . 1-65 . 0  
6 5 . 1 -7 0 . 0  
7 0 . 1 -75 . 0  

7 5 .  1 or 
more 

Tr idem Quad 
Axle Axle 

( 1 0 '  Span) ( 1 5 '  Span)  

0 , 0 007 
o. 0029 
0 , 0 1 1 5  
0 .  0 3 6 3  
0 . 0970 
0 . 230 
0 . 4 97 
0 . 9 98 
1 ,  8 9  
3 . 4 1  
5 . 9 1  
9 .  89 

1 6 , 0  
25 . 3  
39 . 1 
5 9 . 0  

Tr idem 
Axle 

( 1 0 '  Span) 

o . 0-7 . 5  
7 . 6- 1 5 . 0  

1 5 . 1 -22 . 5  
22. 6-30 . 0 
30 . 1 -37 . 5  
37. 6-4 5 . 0  
4 5 .  1 -52 . 5  
5 2 . 6-60 , 0 
60 . 1 -67 . 5  
67 . 6-75 . 0  
7 5 . 1 -82 . 5  
82. 6-90 . 0  
9 0 . 1 -9 7 . 5  
9 7 . 6- 1 05 . 0  

1 0 5 .  1 - 1 1 2 .  5 
1 1 2 , 6  or 

more 

0 , 0006 
0, 0 0 2 9  
0 , 0 1 1 5  
0 , 0 3 6 6  
0 . 0980 
0 , 232 
0 , 502 
1 ,  0 1  
1 .  9 0  
3 .  4 3 
5 . 9 2  
9 . 8 8 

1 6 , 0  
25 . 2  
3 8 . 7  
58 . 3  

Quad 
Axle 

( 1 5 '  Span)  

0 , 0-1 0 . 0  
1 0 . 1 -20 , 0  
20 . 1 -30 . 0  
30 . 1 -40 . 0  
4 0 . 1 -5 0 . 0  
50. 1 -6 0 . 0 
6 0 , 1 -7 0 , 0  
70.  1 -80 . 0 
8 0 . 1 -9 0 . 0  
9 0 . 1 - 1 0 0 , 0  

1 00 . 1 -1 1 0 , 0  
1 1 0 , 1 -1 20 , 0  
1 20 . 1 - 1 3 0 . 0  
1 3 0 . 1 - 1 4 0 . 0  
1 4 0 . 1 - 1 5 0 . 0  

1 50 , 1 or 
more 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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TABLE 9 .  1'1EAJ;S AND VARIATIONS I N  EAL ' S  PER AXLE 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Vehicle 

Type 
Axle 
Type 

Standard Coeffi c i ent of 
Mean De v i ation Variation 

( Pe rcent ) 
------- ---"=·--- -------------- ---- ---------------------------------"�------------

Single-Un i t  Truck , Steering (Type 1 ) 0 . 0 6 1  0 . 076 1 2 5  
2 A x le s ,  6 T i re s  Other Single (Type 2 )  0 . 234 0 . 7 97 340 

S i n gle-Trai ler Tr uck , Steering (Type 1 ) 0. 208 0.  1 1 1  5 3  
4 A x l e s  Other Single (Type 2 )  0 . 324 0 . 587 1 8 1  

Tandem (Type 3 )  o .  0 4 9  o. 1 2 2  247 

S i ngle-Trai ler Truck , Steer ing (Type 1 )  0 . 248 0 . 097 39 
5 Axles Tandem (Type 3 )  0 . 1 5 8  o .  1 8 3 1 1 6  

A l l  Types Steer ing (Type 1 ) 0 . 27 0  0 . 224 83 
Other Single (Type 2 )  o .  2 110 0 . 4 4 9  1 87 
Tandem (Type 3 )  0 . 1 5 8  0 . 200 1 27 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE 1 0 .  AXLELOAD DISTRIBUTIONS FOR BUSES 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Steering Axles Other S i ngle Axles 

Load In terval 
( K i ps )  

0 .  5- 1 . 5 
1 • 6-3.  0 
3 .  1 -4 . 5  
4 . 6- 6 . 0 
6 . 1 - 7 . 5  
7 . 6- 9 . 0  
9 . 1 - 1 0 . 5  

1 0 . 6- 1 2 . 0  
1 2 . 1 - 1 3 . 5  
1 3 . 6- 1 5 . 0 
1 5 . 1 - 1 6 . 5  
1 6 . 6- 1 6 . 0  
1 8 . 1 - 1 9 . 5  
1 9 . 6- 2 1 . 0  

Percentage i n  Lo a d  I n terval 
In terval ( K i p s )  

0 . 4 6  0 . 0-2 . 5  
3 . 4 4  2 . 6-5 . 0  
7 . 9 6  5 . 1 -7 . 5  

1 4 . 0  3 7 . 6 - 1 0 . 0  
1 3 . 5 2 1 0 . 1 - 1 2 . 5  
1 7 . 0 6 1 2 . 6- 1 5 . 0  
1 8 . 5 9 1 5 . 1 - 1 7 . 5  
1 8 . 07 1 7 . 6-20 . 0  

4 . 0 1  20 . 1 - 22 . 5  
1 .  7 3  22 . 6-25 . 0 
0 . 4 3 25 . 1 -27 . 5 
0 .  1 2  27 . 6- 30 . 0  
0 . 4 4 30 . 1 - 32 . 5  
0 .  1 11 32 . 6- 35 . 0  

Percentage in 
Interval 

1 .  9 2  
1 1  • 8 1 
1 9 . 20 
1 4 . 9 2 
1 0 . 9 2  
1 6 .  1 5  
1 6 . 7 9  

7 . 62 
o .  5 4  
o .  1 1  
0 . 0 2 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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TABLE 1 1 .  YEAR-TO-YEAR VARIATION I N  TRAFFIC PAHA�lETERS ( U S  1 27 I N  �1ERCER 
COUNTY ) 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Percent Percent Axles I Axles I EAL ' s  I EAL ' s  I Annual 
Ye�r AAD'f of of Co a l  Non-Coal Coal Non-Coal Coal E AL ' s  

Trucks Trucks Truck Truck Axle Axle ( 1 000 ' s )  
---------------------------------------------------·=--�-----------------==----

1 984 
1 98 3  8 .  1 35 1 0 . 7  3 . 2  3 . 38 4 . 35 0 , 1 4 1  1 .  4 35 226 
1 982 7 , 779 9 . 0  o . o 3 . 4 2  o .  1 4  3 1 3 8  
1 9 8 1  8 , 1 3 3 1 1 .  4 o . o  3 . 4 9  o .  1 55 1 9 6  
1 980 8 , 1 3 3 1 0 . 6  0 . 8  3 . 3 0  4 . 33 o .  1 5 4  1 .  6 6 3  1 8 8  
1 979 8 , 1 33 9 . 8  o . o  3 . 4 8  o .  1 3 8 1 52 
1 97 8  9 , 460 9 . 9  o . o  3 . 4 8  0. 1 37 1 7 8  
1 97 7  7 , 7 1 7  1 0 . 5  o . o  3 . 3 9 o .  1 4 2  1 5 5  
1 97 6  7 , 5 89 1 0 . 3  o . o  3 . 3 2 0 . 1 4 5 1 5 0  
1 975 
1 974 
1 97 3  
1 9 72 
1 97 1  5 , 5 25 1 4 .  6 o . o  3 . 2 4  o .  1 2 8  1 3 1  
1 970 4 , 6 89 1 6 . 5  o . o  3 . 4 0  0 . 1 25 1 2 8  
1 96 9  4 , 864 1 5 . 5  o . o  3 . 35 0 . 1 46 1 4 2  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE 1 2 ,  YEAR-TO-YEAR VARIATION I N  AVERAGE EQUIVALENT 
AXLELOADS (LOW-VOLUi•1 E ,  FEDERAL-A ID PRIMARY ROADS 
I N  NORTH CENTRAL KENTUCKY ) 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Year 

1 984 
1 9 3 3  
1 9 82 
1 98 1  
1 980 
1 979 
1 97 8  
1 97 7  
1 97 6  
1 97 5  
1 9 7 4  
1 97 3  
1 97 2  
1 9 7 1  
1 97 0  
1 9 69 

Av erage Annual 
Number of EAL' s 

( 1 000 ' s )  

44 
58 
50 
26 
58 
l!Q 
46 
53 
55 

1 9  

36 
54 

Standard 
De v i ation 
o f  EAL ' s  
( 1 000 ' s )  

28 
59 
1 9  

1 5  
30 
32 
42 
33 

4 

1 9  
lj 1 

Number 
o f  

Stations 

9 
7 
5 

5 
20 

1} 
7 

1 1  

3 

7 
1 4  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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TABLE 1 3 .  COMPARISON OF CHANGES IN EAL ESTIMATES v/ITH CHANGES IN 
F LEXIBLE PAVEMENT THICKNESSa 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
E AL ' S  

In 
Design 

Lane 

1 0' 000 
1 00 , 000 

1 , 0 00 , 0 00 
1 0' 000 

1 00 , 000 
1 , o oo , ooo 

Design 
Pavement 
Thickness 
(Inche s )  

9 . 6  
1 5 . 3 
20 . 5  

9 . 6  
1 5 . 3 
20 . 5  

Percent Change 
In EAL Estimate 

+50 
+50 
+50 
-50 
-50 
-50 

Design 
Pavement 
Thickness 
(Inches) 

1 0 . 8 
1 6 . 3  
2 1 . 5  

8 . 7  
1 4 . 4  
19 . 5  

Change in 
Pavement 
Thickness 

(Inche s )  (Percent) 

+ 1 . 2  + 1 2 . 5  
+ 1 . 0  +6 . 5  
+ 1 . 0  +4 . 9  
-0 . 9  -9 . 4  
-0 . 9  -5 . 9  
-0 . 9  -4 . 4  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

apavement thickness based on Kentucky design curves for pavements with 3 3  
percent asphaltic concrete and a CBR o f  5 (Reference 7 ) .  

TABLE 1 4 .  LANE DISTRIBUTION RECOMMENDATIONS OF 
T HE ASPHALT INSTITUTE 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Number o f  Lanes 
( Two Di rections) 

2 
4 

6 or More 

Percentage of Trucks in 
Design Lane 

50 
45 (35-4 8 ) a 
40 ( 2 5-48) a 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

a probable range . 
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TABLE 1 5 .  STATE LANE DISTR I BUTION PHACTICESa 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

S t ate 

A l abama 

A r i zona 

Cali forn i ab 

Delaware 

Geor g i aC 

I l linois 

Indiana 

Lou i s i an a  

�l assachusetts 

t1ontana 

Nebraskad 

Nevada 

New Hampshire 

H i ghway Type Percentage of 
Unidi rection a l  E AL ' s  

Cor Trucks ) Total Number 
o f  Lanes 

4 
4 
6 

4 
6 
8 

4 
t1ore than 

4 
6 

4 
l! 
4 
4 
6 
6 

4 
6 or t4ore 
6 or t1ore 

4 
6 

Al l 

4 
6 or t1ore 

l1ul t i l ane 

4 
6 

Al l 

Mu l t i l ane 

4 

Other 

Rural 
Urban 

Divided 
Divided 

Hu r a l , Freeway 
Rural , Free Access 
Urban , Freeway 
Urban , Fr ee Access 
Rur a l , Freeway 
Urban , Freeway 

Rural 
Urban 

Di vided 
Divided 

< 4 , 000 ( Future ADT) 
4 , 000- 8 , 000 
8 , 000- 1 2 , 0 00 

1 2 , 0 00-20 , 0 00 

36 

in De sign Lane 

95 
85 
70 

1 00 
80 
60 

1 00 
80 

90 
80 

85- 1 00 
70- 1 00 
60-80 
60-80 

70 
60 

90 
80 
74 

go 
80 

1 00 

90 
80 

1 00 
95 
90 
85 

80 
70 

1 00 

70-80 



TABLE 1 5 .  (Continu e d )  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

H i gh�;ay Type 

State Total Number 
o f  Lanes 

New Jersey All 

North Carolinae Multi lane 

Pennsylvania 

Rhode I s l and 

South Carolina 

Tennessee 

Te xas 

U t ah 

V i r g i n i a  

Washington 

4 
6 or l'1ore 

4 
6 or t;or e  

Li 
6 

Mu l t i lane 

4 
6 or More 

4 
4 

6 or !�ore 

�!ul t i l ane 

4 
6 
8 

Other 

< 5, 000 (ADT ) 
5 , 000- 1 0 , 0 00 
1 0 , 0 00- 1 5 , 00 0  
1 5 , 000-20 , 0 00 
2 0 , 000-30 , 0 00 
3 0 , 000- 4 0 , 0 00 
4 0 , 0 00 or 11ore 

Rur a l  I n terstate 
Other 

Pe rcentage o f  
Un i d i rectional EAL ' s  

(or Trucks )  
in De s ign Lane 

1 00 

80 

90 
80 

90 
80 

75-90 
60-75 

95 
90 
85 
80 
75 
7 0  
60 

80- 1 00 
60-80 

1 00 
80 
70 

80 

85 
75 
65 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
aF i v e  states excluded from this tabul ation include Flor i d a , 

M a r yl and , and Oh io which use the AASHTO factor s ,  Hmva i i  which uses 
the C a l i forni a  factor s ,  and Hichigan which uses Taragin ( 1 1 ) .  

bLane use by trucks in C a l i forn i a  may d i ffer from that in 
other states because of st ate laws restr i c t in g  trucks to outside 
l anes except for pass i n g .  

CTabulated factors apply on ly t o  truck traffic . Georgia 
procedure u t i l i ze s  a d i fferent set o f  factors for vehicles other 
than trucks .  

dTabulated factors apply on ly to heavy cmnmercial truck 
t r affi c .  For light vehicle traffi c ,  a 5 0-percent factor is used for 
both four- and six-lane highway s .  

e Results of Ale xander and Graves ( 1 2 )  are used for spec i a l  
c ases suc h a s  urban , high-volume fac i l i t i e s .  
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TABLE 1 6 ,  STANDARD DISTRIBUTION OF HOURLY VOLUHES 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
R a t io o f  Hourly Volume 

t o  AADT 

0 .  1 145 
0 .  1 35 
0 .  1 25 
0 .  1 1 5 
0 .  1 05 
0 , 0 9 36 
0 .  0 8 32 
0 . 0763 
0 . 0 7 1 3  
0 .  0 66 6  
0 . 0 6 1 6  
0 . 0562 
o .  0 500 
0 . 0 4211 
o .  0 34 3 
0 . 0269 
0. 0 205 
0 . 0 1 5 2  
0 . 0 1 09 
0 , 00'7 6  
0 , 0054 
0 , 0 040 
0 , 0 0 1 6  

Hours in 
Year 

1 2  
1 2  
1 2  
1 2  
72 

380 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
260 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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TABLE 1 7 .  COMPARISON O F  VOLUHE-BASED LANE DISTRIBUTION FACTORSa 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Two-v/ay 
AADT 

Al exander & 
Graves ( 1 2 ) 

Four-Lane Roadways 

11ontana Tenne s see Eq . 1 3  
(FT : 0 . 1 5 )  

--------------------------------- ------------�---------------------------

5 , 000 
1 0' 0 00 
1 5 , 0 00 
2 0 , 00 0  
2 5 , 000 
3 0 , 000 
3 5 , 0 00 
4 0 '  000 

Two-1/ay 
AADT 

1 0 , 0 00 
2 0 , 0 0 0  
3 0 , 00 0  
!1 0 , 000 
50,  000 
6 0 , 0 00 
7 0 , 000 
8 0 , 000 

95 
94 
93 
92 
9 1  
90 
89 
88 

Al exander & 
Graves ( 1 2 )  

78 
76 
74 
72 
'70 
68 
66 
64 

95 92 
90 86 
85 83 
85 8 1  

79 
77 
76 
75 

Si x-Lane Roadways 

Hontana 

90 74 
85 68 

65 
63 
6 1  
59 
5 8  
57 

90-95 
85-90 
80-85 
75-80 

75 
70-75 

7 0  
60-70 

Tennessee 

85-90 
75-80 
70-75 
60-70 

97 
95 
9 3  
9 1  
89 
87 
85 
83 

Eq . 1 4  
(FT : 0 . 1 5 )  

80 
75 
70 
65 
60 
55 
49 
44 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

8For comparative purpo s e s , these factors are expressed a s  a 
percent age of the undirectional volumes in the design lane . 

bThe P CA has adopted factors developed at the University of I l linois 
( 1 0 ) • 
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TABLE 1 8 .  AVERAGE ANNUAL BI DI RECTIONAL EAL ' S  ( 1 000 ' S )  O N  NON-COAL-HAUL 
ROADS I N  1 9 8 4  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Vo lume 
Federal 

Ai d 
Class vle st 

Area 

South-Central North-Central E a st 
---------�---------------------=---------------------------------·--------

I n terstate 
P r imary 74 55 48 44 

LoH Urban 1 2  1 8  1 6  1 0  
Secondary 35 29 30 20 
Non-FA 8 8 8 1 lj 
I n te r state 739 1 7 1 3  1 6 5 4  839 
P r imary 1 5 1  1 37 1 2 9  1 55 

H i gh Urban 54 76 1 07 3'7 
Secondary 1 5 0  
Non-FA 57 1 0 9  42 1 1  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE 1 9 .  AVERAGE ANNUAL BI D I RECTIONAL EAL ' S  ( 1 000 ' S )  
O N  COAL-HAUL ROADS I N  1 9 84 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Level o f  Co a l  Haul age 

V o lume 
LOH In terrned i  ate High 

LoH 37 87 477 

H i g h  117 8  902 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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TABLE 2 0 ,  SUHI,lARY O F  EAL ESTIHATES 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

S t at ion/ 
County 

Actual 

Annual Number of Equivalent Ax leloads ( 1 000 ' s )  

Cro s s  
Ta bu lation 

H a t r i x  

Coal-Haul 

Estimated 

Base-Year 
Volume 

Roads 

Hid year 
Volume 

Base-Year 
Volume 

and % Trucks 

-----------------------------------------------------------------------------

P 4 0 /6 8  7 0  1 2 8  1 2 8  1 1 9 1 1 8 
L50/96 1 08 1 2 8  1 4 8  1 38 9 0  
P09/24 1 1 3 73 9 1  83 1 6 4  
P 1 3/22 1 1 4 608 503 456 29 5 
P 1 1 /35 1 4 6  1 2 8  1 69 2 1 6  226 
P43/36 1 5 8  608 683 603 3114 
P 4 1 / 3 2  1 7 9  608 534 500 36 1 
P 05 / 1 02 202 608 665 609 456 
P 07 /4 '/ 206 650 809 900 243 
L5 3!7 4 264 1 2 8  206 228 288 
p 321 1 00 37 1 1 2 8  1 9 5  1 9 3  355 
P 1 8/48 422 895 400 4 1 7  309 
L5 8 / 1 03 460 650 246 25 3 IJ07 
P 3 7 / 1 6 574 607 5 1 5  462 1 1 6 2  
P 3 1 17 753 895 3 1 8  334 496 
P 1 5 / 1 1 3  783 608 1 02 2  8 8 1  1 7 5 9  
P 1 2 / 9 8  852 1 720 1 7 62 1 9 9 7  927 
OUS/30 1 0 1 9  1 720 2 1 8 1  2694 1 39 0  
P 4 2 / 1 0 1 482 1 '{20 1 067 998 1 3 1 2  
L57/63 1 5 1 1 650 655 837 1 1 1 8 
L56 / 1 05 1 646 650 8 1 4  994 1 1 1 7 
-----------------------------------------------------�-----------�----�-----

Non-Coal-Haul Roads 
----------------------------------�-----------�-----------------------------

P 1 9 / 1 06 8 1 2  7 7 9 
P 30 /3 3 1 3  1 9  1 7  1 8  1 4  
P 3 6 / 9 2  1 6  24 1 4  1 5  1 8  
P28/ 1 1 2 1 8  20 1 1  1 1  7 
P 1 6 /4 1  27 20 28 33 26 
P29/83 28 72 50 47 32 
p 3 4 / 1  3 3  54 39 lj 1 65 
P 0 8 /4 3 35 1 6  23 23 34 
p 1 0 /4 2 47 87 '70 64 60 
P 0 1 / 37 60 20 42 42 72 
P 45 / 1 1 4  62 20 94 1 0 1  57 
P2li /78 64 72 82 84 55 
p 38/7 1 66 59 40 4 1  52 
P 39 / 7 9  84 46 32 29 1 07 
P 84 /5 6  98 96 1 00 1 2 0  8 7  

� --=----------------------�-----------------�-------------�-�---- -----------
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TABLE 20 . ( Continued) 

= = = = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Annual Number of Equivalent Axleloads ( 1 000 ' s )  

St ation/ 
County 

P 35 /4 6 
P26/9 
L46/38 
P 4 9 /5 9 
P25/84 
P 2 1 / 5 6  
OU2/56 
L55/ 1 06 
L59/52 
257 / 1 1 8  
L54/4"/ 
p 23/4 1 

Actual 

1 0 1  
1 2 0  
1 32 
1 115 
1 '7 8  
208 
289 
goo 

1 1 3 1  
1 32 3  
1 4 1 5  
1 5 4 3  

Cr o s s  
T a bulation 

!'l a t r i x  

8 8  
1 7 3  

87 
9 6  

1 7 11 
1 7 4  

9 6  
1 300 
1 3 0 0  
7 4 7  

1 50 3  
1 3 1 1 

Est imated 

Base-Year 
Vo lume 

82 
72 

122 
1 3 8  
1 1 4  
30 3 

77 
858 
564 

1 0 3 1  
1 70 3  
1 22 9  

Mi dyear 
Volume 

9 1  
7 3  

1 1 9 
1 6 9  
1 1 8  
293 
1 1 0 
726 
5 5 1  

1 0 4 2  
1 7 1 0  
1 257 

Base-Year 
Volume 

and % Trucks 

89 
1 0 7  
1 7 7  
1 1 9 
1 34 
1 8 1  
1 5 1! 

1 0 5 3  
1 0 110 
1 1 9 2  
1 8 35 
1 5 30 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE 2 1 .  ACCURACY OF DESIGN ESTHIATES 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

R o ad Type l�e thodology 

Cross-Ta bu lation 
B ase-Year Vo lume 

Coal Haul t.Ji dyear Volume 
B a s e-Ye ar Volume 

and % Trucks 

Cross-Tabulation 
Non-Co a l  Base-Year Volume 

Haul 11i d year Volume 
Base-Year V o lume 

and % Trucks 

Er ror (Percent) 

H e an Standard Devi ation 

73 1 30 
6 8  1 30 
68 1 2 4  
3 8  60 

3 52 
-7 36 

4 36 
28 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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1 00 
Sample Size 

1 .  Single Axle of Single-Unit Two-Axle Truck 
2 .  Tandem Axle of Single-Trailer Four-Axle Truck 
3 .  Single Axle of Single-Trailer Four-Axle Truck 
4 .  Steering Axle of Single-Unit Two-Axle Truck 
5 .  Tandem Axle of Single-Trailer Five-Axle Truck 
6 .  Steering Axle of Single-Trailer Four-Axle Truck 
7 .  Steering Axle of Single-Trailer Five-Axle Truck 

r;ooo 10,000 

Figure 1 .  Required Sample Size for 20-Percent Risk 



Figure 2 .  

ESTIMATION OF EQUIVALENT AXLELOAD ACCUMULATIONS 

COUNTY __________ _ Mn. ___________________ __ 

wum. ___________________ __ 

ROUTE ID: 

Road Name _____________________ _,Route No. ______ _ 

Project No ------------------------------
Project Limits _____________________________ _ 

Ref Stations ______________________________ _ 

Coal Haul (Midyear ) 
Federal Aid Volume (Midyear ) 

Less Than 5000 
5000 or More 

Area (Percent Trucks Hauling Coal) 
Interstate 

--... 
West Less Than 1 .00 

--South Central --1 - 4. 99 --FAJJ --North Central --5 - 19.99 
--... East 20 or more 
--Non FA 

DATES: 

Base Year ___ _ Design Period (Years) ---- Project Midyear ___ _ 

TRAFFIC PARAMETERS: 
Unadjusted Site- Adjusted 

Base Year Specific Base Year 
Estimate Adjustment Estimate 

Volume (AADT) X 
Percent Trucks (%T) X 
Percent Trucks Hauling 

Coal (%CT) X 
Non-Coal Trucks 

Axles/Truck (A/NCT) X 
EAL�a/Axle (EAL/NCA) X 

Coal Trucks 

Axles/Truck (A/CT) X 
EAL'" a/ Axle (EAL/CA) X 

DAILY EAL'S AT MIDYEAR: 

4-Tired Vehicles 

X lt 0 .005 
MDT l-(%T/1DO) 

Non-coal Trucks 

X X X 
AADT (%T/lOO)(l-%CT/100) A/NCT 'E"AL"'/N"'C"A-

Coal trucks 

X ,.,..,,._.,..,.,.,,.,;;-- X 
X """"'"'-� (%T/lOO) (%CT/lOO) � -EAL/CA 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

Project 
Increment Midyear 

Estimate 

Total Midyear Daily EAL�s .. ---------
DESIGN EAL �S: 

1t 365 1t X 
-.,Mi=d=ye"'a"',,.-- �De=s"i=gn� ---.La=n"e--

Daily EAL�s Period Adjustment 
(No. of Lane s __ ) (l or 2 Way __ ) 

Worksheet for Calculating Des ign EAL ' s  

44 

Design EAL-� s in 
Critical Lane 
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Figure 3 .  Comparison of Cross-Tabulation EAL Estimates 
with Actual EAL ' s  
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APPENDIX A 

EVALUATION OF PAST EVIL DESIGN ESTIHATES 
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One of the original tasks o f  this study was to evaluate the accuracy o f  
p ast EHL des ign est imates. A s  originally planned , t h i s  t asl< w a s  to have 
i n volved compari sons of former E\IL e s t imates , made for purposes o f  pavement 
d e sign , with the subsequent accumul a tion of EWL ' s  in serv i c e .  

However , because the procedure for est imating design E\IL ' s has changed 
through the years , the utility of such comparisons Has soon ques tionne d ,  
Evaluating the accuracy of procedures no longer i n  use was seen to be of 
l imited or no value . More importan t l y ,  the d i f f i culty--i f  not the 
i mpo s s i b i l i ty--of obtaining accur ate es timates of historical E\IL 
accumul ations on roadways for which design estimates had been made soon 
b ecame clear . It Ha s decided , therefore , to compare some hypothetical 
des ign estimates using the 1 9 59 design procedure ( Appendix B )  with actu a l  
EWL accumulat ions on a selected s e t  o f  roadways for Hhich reasonably 
accurate est imates could be made of historical pattern s .  

Be cause calculat ions were performed by hand , only a limited number of 
locations could be investigated . In selecting these locations , the 
fol loHing c r i ter i a  were use d :  1 )  a vari ety of roadHay types mu st be 
i nvestigate d ,  2 )  the roadways must have beeu open to traffic for the better 
p ar t  of a 20-year per i od encompassing the calendar years of 1 963·-19 82,  and 
3 )  on-site veh i c l e  we ight and classi ficat ion data had to be available to 
support reasonably accur ate estimates of actu a l  E';/L accumu lation s .  
U l timate ly , seven locations were selected for evaluation (Table A- 1 ) .  

As deta i l e d  in Appendix B ,  traffic parameters used in the 1 959 des ign 
procedure included the followi n g :  

1 )  percentage of trucks ( i n  base year ) , 

2 )  average number of axles per truck ( i n base year ) , 

3 ) AADT ( a verage dur i n g  20-year des ign l i fe ) , and 

4 )  a x leload di stribut i on (wei ghted average dur ing base period ) .  

I n  actual practice , select ion o f  appropr i ate values for these design 
parameters requ i r e s  an e xtensive knm; ledge o f  prevai l i n r;  traffic 
character i s t i cs--and appl i cation of con s iderable engineering judgme n t .  
Because designs for this compari son were to b e  made in retrospect ,  i t  tvas 
impossible to dup l i cate dec i s ions that wou ld have been made by the designer , 
operating as always with incomplete in format ion . I t  was decide d ,  therefor e ,  
t o  use the be st of curr_ently available information to make the design 
e s t imates , thereby eliminating effects of incomp lete information and the 
e ffects of judgmental inaccuraci.es as '1e l l .  

Percentage o f  trucks and average number o f  a x l e s  per truck were 
c alcul ated for each site using data from the first year in Hhich vehicle 
c l a s s i f i cation data Here available , normally 1 9 6 3  or 1 9 64 . The actual 
a r i thmetic-average AADT during the 20-year per i od Has used to represent the 
volume parameter . Basic axleload d i str i butions wer e  taken as the compos i te 
from a l l  main rur al stations for the years of 1 9 6 0 ,  1 9 6 1 , and 1 962.  For 
applica t ion to a g i ven location , these were He ighted by the fractions of the 
i n d i v idual vehicle types that were observed dur ing the 1 9 6 3  or 1 964 
c l assi fication counts at the location in question . In each c a s e ,  
c a lculations were performed using the 1 9 59 Horksheet (2 ) .  Conventional 
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d amage factors Here used with a maximum factor of 1 28 being applied for all 
s ingle axleloads in excess of 1 1 9 5  t on s G  

D e termination of the actual accumu l ation of E\vL ' s Has a tedious process 
in which each location Has ana l y ze d  on a year-by-year bas i s .  The 20-year 
accumu l a t ion represented a simple summation o f  the i n d i v i du a l-year 
e st imates . In analy z i n g  each locat ion , only data that had been collected at 
that locat ion were used.  Thu s ,  no stateHide average data 11e re used in 
e s t imating actu al accumu l ations of EHL ' s G  

The contribution of each vehi c l e  type to the total EWL accumu l a t ion \las 
e st imat e d .  The number ofvehicles o f  each type Has estimated from avai l able 
c l a s s i f icat ion coun t s .  With except ion of Station U 2  for which on ly summer 
counts were availab l e ,  the number s  used to represent annual condit ions were 
averages of the avai l a b l e  seasonal counts . Ax leload d i stribut ions taken at 
the site in ques tion 11ere used in the EHL calculation s .  I f  su f f i c i ent 
numbers of spe c i f i c  veh i c l e  types had not been 11e ighed to estab l i s h  re l i able 
d i s tr i butions , best estimates were mad e .  These usually involved examining 
d at a  from other years at the loc ation in question or from other similar 
locations for 11hich larger numbers of vehicles had been 11e ighed.  Hare 
e xtensive extrapolations were necessary for the lower volume locat ions than 
for thos e Hi th greater traffic dens i t y .  \Ji.th the except ion of buses for 
which the damage Has expressed as 5 EWL ' s  per bus passag e ,  the conventional 
d amage factors 11ere use d .  

R e su l t s  o f  the computat ion s ,  presented i n  Table A-2 ,  show d i f ferences 
b et11een des ign and actual EWL ' s  ranging from an under estimate of 59 percent 
t o  an overestimate of 47 p ercen t .  For each of these two e xtremes , the 
d i fference in pavement thickness for a relatively 11eak subgrade ( a  CBR o f  5 )  
i s  about 1 . 5  inche s .  No general pattern i s  evident that indicates any 
p articular bias in the est imat e :  nor is there any apparent effect of volume 
l ev e l  or percentage of trucks . 

I f  con sideration of design accuracy 11ere limited to the above an alysi s ,  
i t  i s  doubtful that the 1 959 Kentucky procedure ;�auld be judged to be 
seriously deficien t .  The degree o f  unclerdesign or overdesign i s  not 
considered to be excessive , and there is no cons i s tent tendency for either . 
Furthermor e ,  i t  is clear that the large variability 11i thin sampled 
c la s s i fication and wei ght data is par t ly respon s i b l e  for the d i sparity 
between the historical accumu l at ions and design estimates . 

O f  addi t i onal s i g n i f icance , ho11ever , i s  the fact that the design 
e stimates made herein are much more accurate than cou l d  be expected in more 
r e a l i s t i c  design situations . Essen t i a l l y  they are based on ''perfect , '' 
a fter-the-fact knowledge . �luch lar ger variations bet11een r e a l  design 
e st imates and actua l  accumu lations can be ant i c i pated . For this reason , no 
c onclusive demonstration of the adequacy of past design estimates can be 
developed using ana ly s e s  similar to that employed here in . 
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T ABLE A- 1 .  SITES USED FOR EVIL EVALUATION 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Loadorneter 
Station 
Number 

4 6  
5 0  
5 3  
5 4  
55 
5 6  
U 2  

Route 

us 5 1  
us 27 
us 27 
I 65 
I 64 
I 75 

Cr ittenden 

County 

Fulton 
Pe ndleton 
�1cCreary 
Hardin 
Shelby 
Scott 

Dr ive Jefferson 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE A-2 . ACCURACY OF EHL DESIGN ESTIMATES 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Stat ion 

4 6  
5 0  
5 3  
5 4  
5 5  
5 6  
U 2  

MDT 
( vpd ) 

3 ,  1 00 
2, !WO 
3 , 2 0 0  

1 5 , 3 0 0  
1 2 , 5 0 0  
1 8 , 300 
1 5 , 300 

Percent 
Trucks 

24 . 6  ( 1 9 6 3 )  
1 4 .  8 ( 1 9 6 3 )  
23 . 8  ( 1 9 6 3 )  
26 . 0  ( 1 96 3 )  
22. 5 ( 1 9 6 4 )  
1 9 . 5  ( 1 9 6 4 )  
1 2 .  1 ( 1 9 6  3 )  

20-Year 
De sign El'iL ' s  

6 3 , 000 , 000 
22, 000 , 0 00 
57 , 00 0 , 000 

337 , 0 0 0 , 000 
233 , 00 0 , 000 
289 , 000 , 000 

5 9 , 0 0 0 , 0 00 

20-Ye ar 
Actual EIIL ' s  

8 2 , 000 , 0 00 
1 5 , 000 , 000 
6 0 , 0 0 0 , 0 0 0  

37 9 , 000 , 00 0  
1 87 , 0 00, 000 
4 1 8 , 0 0 0 , 000 
1 4 4 , 0 0 0 , 000 

Di fference 
(% o f  Actu a l )  

-23 
47 

- 5 
- 1 1 

24 
- 3 1  
-59 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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A P PENDIX B 

E STIMATION OF EWL ' S  ( 1 959 DESIGN PROCEDU R E )  

53 





The 1 95 9  methodology for the structural design of flexible pavements 
e xpressed the destruc t i v e  effects of traffic in terms of the b i d i rectional 
n umber of equ i valent 5 , 000-pound wheel loads e xpected during the des ign l i fe 
( 2 ) .  The procedure that has evolved for estimating these EHL accumul at ions 
i s  descr ibed as fo l low s :  

1 ) Est imate the b i d i rectional AADT for the first 
operat ion . Various adjustment factors used in 
e s timate are based on this volume measur e .  

year of 
the E\IL 

2 )  Est imate the average percentage of truc k s .  It is assumed that 
this percentage w i l l  not change signi ficantly during the design 
l i fe .  The est imate i.s based on the most recent c l a s s i f i c ation 
count at the design location or at a nearby location of similar 
character i s t i c s .  Con s i dered t o  b e  trucks in this determinat ion 
are huses and all types of trucks hav ing six or more tires . 

3 )  Es t i mate the i n i t i a l  average number of axles per true!< .  This 
is  computed using the same classificat ion count data as in 
Step 2 :  buses are includ e d  i n  the calculation . No adju stment 
i s  made to account for any changes that might occur between 
the date on t<hich the data �;ere collected and the date of the 
first year of operat ion . Because of the natur e of the damage 
f actors used in the 1 9 59 Kentucky design , no d i s t inct ion i s  
made among the several types of true!< axles . 

4 )  Estimate the average bidirectional AADT for the 20-year design 
period . 

5 )  E s t imate the average d a i ly bidirectional truck volume for the 
2 0-year d e s i gn period by dividing the product of the average 
AADT (Step li ) and the percentag e  of trucks ( Step 2 )  by 1 00 . 

6 )  Ad just the i n i t i a l  average number of axles per truck (Step 3 )  
to an average value for the 20-year design period by appl ying 
t he add i t i v e  factors of Table B-l .  The adju stments o f  this 
t ab l e  are based on an analysis of trend data and reflect 
i ncreasing future u t i l i z a t ion of true!< types hav ing larger 
numbers of ax l e s .  

7 )  Calcul ate the total number o f  truck axles ant i c ipated during 
the 20-year d e s i gn l i fe using the average truck volume and the 
average number of axles per true!<. This is the product of the 
aver age d a i l y  truck volume (Step 5 ) ,  the adjusted average 
number of axles per true!< ( Step 6 ) ,  365 , and 2 0 .  

8 )  Estimate the i n i t i a l  distribut ion of axle loads for true!< axles . 
This i s  a �;e i g hted average of the axleload distr i butions for 
t he d i fferent true!< types . The individual distr ibution s  are 
s tatewi de averages taken from all rur a l  loadometer stations for 
t he most recent three survey per i o d s .  The individual 
d istr ibutions are then \';e ighted by the percentages of the various 
v eh i c l e  types de termined from the same classi f i cation count data 
as in Step 2 .  No adju stment is made to account for any changes 
that might occur betHeen the date of data collect ion and the date 
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o f  the first year of operation . Axles we ighing less than 4 1 /2 
tons are ignored and those 11e ighing more than 1 2  1 /2 tons are 
a dded to the ll 1 /2 to 1 2  1 / 2  ton category . 

9 )  Estimate the average distr ibution o f  axleloads for the 20-year 
d e s ign per i od by appl y i n g  add itive correct ions as given in Table 
B-2. These corrections are based on an an alysis of trend data 
that indicates that average weights of truck axles have generally 
i ncreased with time . 

1 0 ) Calculate the total number o f  truck axles within each 
i nterval dur ing the design l i fe using the tot a l  number 
a x les (Step 7 )  and the average d i str ibution of axleloads 

axlel.oad 
of truck 
(Step 9 ) .  

1 1 )  Compute the EWL ' s  within each axleload category by mul t i p l y i n g  the 
t otal number of axles in each category ( Step 1 0 )  by the damage 
factors of Table B- 3 .  

1 2 ) Sum the EVIL ' s  o f  Step 1 1  t o  obtain the final estililate o f  the 
t ota l ,  b i d i rectional design EWL ' s .  
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TABLE B- 1 .  CHANGE I N  AVEHAGE NUHBER OF 
AXLES PEH THUCK 

= = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
I n i t i al 

AADT 
( vpd ) 

0-399 
4 00-999 

1 000- 1 999 
2000-2999 

3000 or more 

Change in Av erage 
Number of Ax les 

per Truck 

0 
o. Qll 
o . o s 
o .  1 4  
o .  1 9  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE !3-2. CH�NGE IN PERCENTAGE OF AXLES I N  VAHIOUS LOAD I NTERVALS 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

I n i t i a l  
AADT 

( vpd) 

0-399 
4 00-999 

1 000- 1 99 9  
2000-2999 

3000 or more 

9- 1 1  1 1 - 1 3 

o. o o . o  
0 . 0 1  0 . 0 1  
0, 04 o .  Oll 
0 , 0 3  0 .  1 1  
0 . 09 o .  1 3  

Ax l e load Interval ( K i p s )  

1 3- 1 5  1 5-H 1 7 - 1 9 1 9-2 1 

o . o  o . o  o . o  o . o  
0 . 0 4 o . o  0 . 0 1  o . o  
o .  1 1  0 , 0 4 0 , 0 4 0 . 0 1  
0 . 2 3 o .  1 2  0 . 0 9 0 . 0 4  
0 . 27 o. 1 5  o .  1 1  0 . 05 

2 1 -23 23-25 

o . o  o . o  
o . o  o . o  
o . o  o . o  
o . o  o . o  
o . o o . o  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TABLE ll-3 .  EHL DAI·1AGE FACTORS 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
A x l e  load 
I n terval 

( k i p s )  

Less than 
9 - 1 1 

1 1 - 1 3  
1 3- 1 5  
1 5 - 1 7  
1 7- 1 9  
1 9-2 1 
2 1 -23 

2 3  or more 

9 

EHL 
Factor 

0 
1 
2 
4 
8 

1 6  
32 
6!1 

1 2 3  
= = = = = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

5 7  





APPENDI X  C 

DOCUI,1 E NTATION OF COt1PUTER PROGRAM FOR LINEAR SMOOTIHNG OF THAFFIC PARAt1ETERS 
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1 ,  Ob jective o f  Progr<J_�· SMOOTH was developed to "smooth" the 
t r a f f ic-parameter output from EALCAL , thereby f i l l i n g  in mi ssing 
a nnual data and prov i d ing the design engineer with chronological 
t rend s ,  

2 ,  Pr ogram Narrative.  Annual , averag e d ,  traffic parameters output 
from EALCAL and stored on tape are r e ad . Up to fi fteen 
consecutive years of data may be an a ly zed in one run of SMOOTH , 
F o r  each set of parameters with values for four or r�ore years in a 
t en-year period , a weighted , linear least squares f i t  i s  
c alculated . The He ighting factor for each parametero i s  a product 
o f  the year number (Hi th the most d i stant year being year one )  and 
the number of stations involved in the annual average . Using the 
least square fit , annual mean values are calculated over the range 
o f  the data and , by extrapo l ation , for up to tHo years beyond the 
f i r s t  and last years of available d at a .  Due to the He ighting 
procedu r e s ,  est imates made using S l"iOOTH a r e  expected t o  b e  be st 
for the run year and progressively Horse for previous year s .  

3 .  Proerammi n g  Language, The programming language i s  FORTRAN I V .  

4 .  Operating Envir_�nment . The object deck of the program i s  
a s  member SMOOTH in the O S  d i sk load module 
UKU , @KTI105 , TRAF 1 .  It is designed to be executed by the IBi'l 
the Un ivers i ty of Kentucky, Le x i ngton , Ken tucky . 

located 
l i brary 
3081 a t  

B .  1I2.J2.ut ( Logical U n i t  _:!_'!.)_ 
1 • Internal Data and Parameter Speci fication s .  

p arameters are spec i fied . 
No internal data or 

2 ,  External Da t a .  The external input data are located on tape 2 3 1 9 5 .  
Th i s  tape contains output from EALCAL cons i s t i n g  o f  mean values 
for each of the 4 6  cells for each traffic parameter stored by year 
in files t>IEAN . STDDEV . YR_. The codes for the 4 6 c e l l s  are shoHn 
i n  Table 3 and the format for th i s  data is as desc r ibed in the 
output format of the EALCAL program in Section I V . G , 4  of R e search 
R e po r t  UKT RP-84-30 ( 6 ) ,  

c .  Output (Logical _[!_nit:_ £l 
1 .  Fi les . No files are produc e d .  

2 ,  �· One report will be produced con s i sting o f  tHo matrices 
for each traffic parameter ,  a 40-cell mat r i x  for non-coal-haul 
r oads and a six-cell mat r i x  for coal-haul road s .  Each cell lists 
the estimated value of the mean for the cur rent year and for the 
1 4  prev ious years taken from the linear least-squares f i t  as He l l  
a s  the annual change expressed a s  a percentage o f  the most recent 
data estimate d .  M i s s ing values are indicated by asteri sk s .  An 
e x ample of the printout for the An nual Av erage D a i ly Tr affic using 
1 9 84 and previous data i s  shmm in F i gure C- 1 .  Similar printouts 
are produced for all other parameters ( Append i x  G ) .  This report 
i s  a "smoothed" vers ion of a report produced by EALCAL and 
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described in Section I V , C . 2 , c .  o f  Re search Report UKTRP-84-30 ( 6 ) ,  

1 .  P1·e liminaries , 

a .  Before e xecuting SMOOTH, i t  i s  necessary to have executed 
EALCAL for the current year ' s  dat a .  

b .  Job control language records must b e  prepared for the 
processing of each year ' s  data.  When proce ssing data for 
1 984 or later , 15 con secutive years of data are use d ,  
i ncluding the current year . The D D  r ecord beginning with 
G O . FT 1 5F0 0 1  must correspond to the most d i stant year , the DD 
r ecord beginning with GO . FT 1 5F002 corresponds to the 
following year , etc.  Example JCL is  shown in F i gure C-2 and 
may be found in the OS d i sk l i brary UKU. @KTR05. EAL. JCL as 
member Si·100TH . 

2 .  Program E x ecut ion . The program, in object form , i s  stored in the 
OS d isk load library UKIJ . @KTR0 5 . TRAF 1 as member SHOOTH. JCL must 
be prepared as indicated and submitted to run the program. 

3 .  I n terpretation of Outpu�.  The output report i s  sel f explanatory .  
E AL ' s  are recorded in thousan d s  and aster i s k s  indic ate that no 
e s timate was made due to insu f f i c i ent data.  

E .  Ed i t  Ch�9_\{s. No edit checks are made . 

F .  Pr ocess ing and _t;omputation s  

1 ,  From the EALCAL output summary tape, 2 3 1 9 5 ,  averaged means for the 
c urrent year and the 1 4  previous years are read . 

2 .  The 1 5  y ears of data Cor the data available)  are smoothed using a 
1-1eighted , linear least-squa•·es fit . 

3 .  Annual mean values are taken from the least-squares fit curve and 
the report is printed . 

4 .  The program source i s  stored in 
U K U . @KTR0 5 . EAL . SOURCE as member Si,100TH. 
s hown in Figure C- 3 .  

6 2  

O S  d i sk library 
The program lis ting is 



lOCAL ANNUAL 
COND I T ION CHANGE 
FA VOL GA I % I 

1 1 1 0 . 00 0  
1 l 2 0 . 00 0  
1 1 3 0 . 00 0  
1 1 4 0 . 0 0 0  
1 2 1 1 .  8 8 7  
1 2 2 2 . 2 8 2  
1 2 3 4 . 7 4 3  
1 2 4 0 . 6 4 4  
1 AVERAGE 5 . 10 1  
2 1 1 - 0 . 8 9 2  
2 1 2 - 1 . 8 45 
2 1 3 2 . 7 8 8  
2 1 4 - 1 . 30 0  
2 2 1 - 0 . 3 7 7  
2 2 2 - 0 . 49 2  
2 2 3 -0 . 1 3 9  
2 2 4 - 1 . 6 5 1  
2 AVERAGE 2 . 6 1 8  
3 1 1 -6 . 3 8 2  
3 1 2 - 4 . 32 8  
3 1 3 0 . 87 5  
3 1 4 1 . 347 
3 2 1 - 4 . 35 1  
3 2 2 1 . 63 7  
3 2 3 - 1 .  9 0 1  

cr-- 3 2 4 0 . 5 1 6  
w 3 AVERAGE -6 . 2 1 1  

4 1 1 2 . 7 43 
4 1 2 3 . 000 
4 1 3 3 . 063 
4 1 4 - 3 . 1 5 9  
4 2 1 - 1 . 9 8 8  
4 2 2 -0 . 8 7 4  
4 2 3 ! .  8 3 2  
4 2 4 0 . 26 2  
4 AVERAGE 2 . 0 41 
5 1 1 - 7 . 8 2 1  
5 1 2 - 0 . 47 2  
5 I 3 - 0 . 56 4  
5 1 4 - 0 . 0 1 6  
5 2 1 0 . 00 0  
5 2 2 -6 . 54 4  
5 2 3 - 6 . 97 8  
5 2 4 - 0 . 7 4 4  
5 AVERAGE - 5 . 33 2  

LOCAL ANNUAL 
COND I T I ON CHANGE 

VOL CT ( % l 
1 1 - 2 . 903 
1 2 - 1 . 76 1  
1 3 2 . 7 26 
2 1 - 5 . 2 7 3  
2 2 - 9 . 25 0  
2 3 - 2 . 1 5 4  

ANNUAL AVERAGE DAILY TRAFFIC 
NON-COAL-HAULING ROADS 

AVERAGE VALUE 
84 83 82 8 1  80 79 7 8  77 76 75 74 73 72 7 1  7 0  

*************************************************************** 3 9 7 9 . *********************************** 
********************************************************************************************************* 
************************************************************************************************** 2 1 2 5 . 
******************************************************** 4 8 6 0 . **************************** 3 1 80 . 4 8 6 8 . 

8 3 2 6 . 8 1 6 9 . 8 0 1 2 . 7 8 5 5 . 7 69 8 .  7 5 4 1 . 7 3 8 4 . 7 22 7 . 7 0 6 9 . 6 9 1 2 . 6 7 5 5 . **************************** 
2 1 4 9 1 . 2 1 0 0 1 . 2 0 5 1 0 . 2 0 02 0 .  1 9 5 2 9 . 1 9 03 9 .  1 85 4 8 . 1 8 05 8 .  1 7 56 8 . 1 7 0 7 7 . 1 65 8 7 . 1 6 0 9 6 . 1 5 6 0 6 . 1 5 1 1 5 . 1 4 62 5 . 
4 0 6 5 0 . 3 8 7 2 2 . 3 6 7 9 4 . 3 4 8 6 6 . 3 2 9 3 8 . 3 1 0 1 0 . 2 90 8 1 .  2 7 1 5 3 . 2 5 2 2 5 . 2 3 2 9 7 . 2 1 3 6 9 . 1 9 44 1 .  1 7 5 1 3 . 1 5 5 8 5 . 1 3 6 5 7 . 
1 2 06 1 . 1 1 9 8 4 . 1 1 9 0 6 . 1 1 8 2 9 . 1 17 5 1 .  1 1 6 7 3 . 1 1 5 9 6 . 1 1 5 1 8 .  1 1 4 4 0 . 1 1 3 6 3 . 1 1 2 85 . 1 1 20 8 .  1 1 1 3 0 . 1 10 5 2 . 1 0 97 5 .  
3 1 2 8 7 . 2 9 6 9 1 .  2 8 0 9 5 . 2 6 49 9 .  2 4 90 3 .  2 3 3 0 7 . 2 1 7 1 1 . 2 0 1 1 5 . 1 8 5 19 . 1 6 9 2 3 .  1 5 3 2 7 . 1 3 7 3 1 . 1 2 1 3 5 . 1 0 53 8 .  8 9 42 . 

2 5 8 6 .  2 6 0 9 .  2 6 3 2 . 2 6 5 6 . 2 6 7 9 .  2 70 2 .  2 72 5 .  2 7 4 8 . 2 7 7 1 .  2 7 94 . 2 8 1 7 .  2 84 0 . 2 8 6 3 . 2 8 8 6 . 2 9 0 9 . 
2 3 7 7 . 2 42 0 .  2 4 6 4 . 2 50 8 .  2 5 5 2 . 2 59 6 .  2 6 4 0 . 2 6 8 4 . 2 7 2 7 . 2 7 7 1 .  2 8 1 5 . 2 8 5 9 . 2 90 3 .  2 9 4 7 . 2 9 9 0 . 
3 5 8 4 . 3 4 8 4 . 3 3 8 4 . 3 2 8 4 . 3 1 8 4 . 3 0 8 4 . 2 9 8 4 . 2 8 84 . 2 7 8 5 . 2 6 8 5 . 2 5 8 5 . 2 4 8 5 . 2 3 8 5 . 2 2 8 5 . 2 1 8 5 . 
2 19 1 .  2 2 1 9 . 2 24 8 . 2 2 7 6 . 2 3 0 5 . 2 3 3 3 . 2 3 6 2 . 2 3 9 0 . 2 4 1 9 . 2 4 4 7 . 2 4 7 6 . 2 5 0 4 . 2 5 3 3 . 2 56 1 . 2 5 9 0 . 
9 6 1 8 . 9 65 4 .  9 69 1 . 9 7 2 7 . 9 7 6 3 . 9 7 9 9 . 9 8 3 6 . 9 8 7 2 . 9 90 8 .  9 9 4 5 . 9 9 8 1 .  1 0 0 1 7 . 1 0 0 5 4 .  1 0 0 9 0 . 1 0 1 2 6 . 
96 9 1 . 9 7 3 8 _ 9 7 8 6 . 9 8 3 4 .  9 8 8 1 . 9 9 2 9 . 9 9 7 7 . 1 0 0 2 5 . 1 0 0 7 2 . 1 0 1 2 0 . 1 0 1 6 8 . 1 0 2 1 5 . 1 0 26 3 . 1 03 1 1 . 1 0 35 8 . 

1 3 8 3 9 . 1 3 8 5 8 . 1 3 8 7 8 . 1 3 89 7 . 1 3 9 1 6 . 1 3 9 3 6 . 1 3 95 5 . 1 39 7 4 . 1 3 9 9 3 .  1 4 0 1 3 . 1 40 3 2 . 1 4 05 1 .  140 7 0 . 1 4 0 9 0 . 1 4 1 0 9 . 
8 1 4 7 . 8 2 8 1 . 8 4 1 6 . 8 5 5 0 . 8 6 8 5 . 8 8 1 9 . 8 9 5 4 . 9 0 8 9 .  92 2 3 .  9 3 5 8 . 9 4 9 2 . 9 6 2 7 . 9 76 1 .  9 8 9 6 . 1 0 0 3 0 . 
7 1 3 1 . 6 9 4 4 . 6 7 5 7 . 6 5 7 1 .  6 3 8 4 . 6 1 9 7 . 6 0 1 1 .  5 8 2 4 . 5 6 3 7 . 5 4 5 1 . 5 2 6 4 . 5 0 7 7 . 4 8 9 1 . 4 7 0 4  4 5 1 8 . 
1 6 7 0 . 1 7 7 6 . 1 8 8 3 . 1 9 8 9 . 2 0 9 6 . 2 2 0 2 . 2 3 0 9 . 2 4 1 6 . 2 5 2 2 . 2 6 2 9 . 2 7 3 5 . 2 8 4 2 . 2 9 4 8 _ 3 0 5 5 . 3 1 6 1 . 
2 0 4 5 . 2 1 3 3 . 2 2 2 2 . 2 3 1 0 . 2 3 9 9 . 2 4 8 7 . 2 5 7 6 . 2 6 6 4 . 2 7 5 3 . 2 8 4 1 . 2 9 3 0 . 30 1 8 .  3 1 0 7 _ 3 1 9 5 . 3 2 8 4 . 
226 8 . 2 2 4 8 . 22 2 8 .  2 2 0 8 . 2 1 8 8 . 2 1 6 8 .  2 1 49 . 2 1 2 9 . 2 1 0 9 . 2 0 8 9 . 2 0 6 9 . 2 0 4 9 . 2 0 3 0 . 2 0 1 0 . 1 9 9 0 . 
2 1 0 9 . 2 0 8 0 . 2 0 5 2 . 2 0 2 3 . 1 9 9 5 . 1 9 6 7 . 1 9 3 8 . 1 9 10 . 1 8 8 1 . 1 8 5 3 . 1 8 2 5 . 1 7 9 6 . 17 6 8 .  1 7 3 9 . 1 7 1 1 .  
8 0 1 4 . 8 3 6 2 _ 8 7 1 1 . 9 06 0 .  9 4 0 8 . 9 7 5 7 . 1 0 1 0 6 . 1 0 4 5 4 . 1 0 8 0 3 . 1 1 1 5 2 . 1 1 5 0 1 .  1 1 8 4 9 . 1 2 1 9 8 . 1 2 5 4 7 . 1 2 8 9 5 . 
9 7 1 2 . 95 5 3 _  9 3 9 4 . 9 2 3 5 . 9 0 7 6 . 89 1 8 .  8 7 5 9 . 86 0 0 .  8 44 1 .  8 2 8 2 . 8 1 2 3 . 7 96 4 . 7 8 0 5 . 7 6 4 6 . 7 4 8 7 . 

1 1 2 2 4 . 1 1 437 . 1 1 65 1 .  1 1 86 4 . 1 2 0 7 7 . 1 2 2 9 1 .  1 2 50 4 . 1 2 7 1 8 . 1 2 9 3 1 .  1 3 1 4 4 . 1 3 35 8 .  1 3 5 7 1 . 1 3 7 8 5 . 1 3 9 9 8 . 1 42 1 1 . 
7 6 6 6 . 7 6 2 6 . 7 5 8 7 . 7 5 4 7 . 7 50 8 . 7 46 8 .  7 42 8 .  7 3 8 9 . 7 34 9 . 7 3 1 0 . 7 2 7 0 . 7 2 3 1 .  7 1 9 1 . 7 15 1 .  7 1 1 2 . 
4 5 0 7 . 4 7 8 7 . 5 0 6 7 . 5 3 47 . 5 6 2 7 . 5 9 0 7 . 6 1 8 7 . 6 4 6 7 . 6 7 4 7 . 7 0 2 7 . 7 3 0 7 . 7 5 8 7 . 7 8 6 7 _ 8 1 4 7 . 8 42 7 . 
1 9 8 0 . 1 9 2 6 . 1 8 7 2 . 1 8 1 7 . 1 76 3 . 1 7 0 9 . 1 6 5 5 . 1 6 0 0 . 1 5 46 . 1 4 9 2 . 1 4 3 7 . 1 3 8 3 . 1 32 9 .  1 2 7 4 . 1 2 2 0 . 
1 9 2 3 . 1 8 6 6 _ 1 8 0 8  . .  1 7 5 0 . 1 6 9 3 . 1 6 3 5 . 1 5 7 7 . 1 5 2 0 . 1 46 2 . 1 40 4 . 1 3 4 6 . 1 2 8 9 . 1 23 1 . 1 1 7 3 . 1 1 1 6 . 
243 4 . 2 3 6 0 . 2 2 8 5 . 2 2 1 1 . 2 1 3 6 . 2 06 1 .  1 9 8 7 .  1 9 12 . 1 8 3 8 .  1 7 6 3 . 1 6 8 9 . 1 6 1 4 . 1 5 4 0 . 1 4 6 5 . 1 390 . 
1 1 1 4 .  1 14 9 . 1 1 85 . 1 2 2 0 . 1 2 5 5 . 1 2 9 0 . 1325 . 1 36 1 .  1 3 9 6 . 1 43 1 . 1 46 6 . 1 50 1 . 1 5 3 7 . 1 5 7 2 . 1 6 0 7 . 

******* 5 9 4 0 _ 6 0 5 9 . 6 1 7 7 . 6 2 9 5 . 6 4 1 3 . 6 5 3 1 . 6 6 4 9 . 6 7 6 7 . 6 8 85 . 7 0 0 3 . 7 1 2 2 . 7 2 40 . 7 3 5 8 . 7 4 7 6 . 
******* 6 36 2 .  6 4 1 8 . 6 4 7 4 .  6 52 9 .  6 5 8 5 . 6 6 4 0 . 6 6 9 6 . 6 7 5 2 . 6 8 0 7 . 6 8 6 3 . 6 9 1 8 .  6 9 7 4 .  7 0 3 0 . 7 0 8 5 . 

7 56 1 . 7 4 2 2 . 7 2 8 4 . 7 1 45 . 7 0 0 7 . 6 86 8 .  6 7 3 0 . 6 5 9 1 . 6 4 5 3 . 6 3 1 4 . 6 1 7 6 . 6 0 3 7 . 5 8 9 9 . 5 7 6 0 . 5 6 2 2 . 
********************* 7 2 7 7 - 7 2 5 7 . 7 23 8 .  7 2 1 9 . 7 2 0 0 . 7 1 8 1 . 7 1 62 . 7 1 4 3 . 7 1 2 4 . 7 1 0 5 . 7 0 8 6 . 7 0 6 7 -

2 2 8 4 . 2 2 3 7 . 2 1 9 1 . 2 1 44 . 2 09 8 .  2 05 1 . 2 0 0 4 . 1 95 8 .  1 9 1 1 .  1 8 6 4 .  1 8 1 8 .  1 7 7 1 .  1 72 5 .  1 67 8 .  1 6 3 1 . 
5 3 2 . 5 7 4 . 6 1 5 . 6 5 7 . 6 9 9 . 7 4 0 . 7 8 2 . 8 2 3 . 8 6 5 . 9 0 7 . 9 4 8 .  9 9 0 . 1 0 3 1 . 1 0 7 3 . 1 1 1 5 . 
7 1 5 . 7 1 9 . 7 2 2 . 7 2 6 . 7 2 9 . 7 3 2 . 7 3 6 . 7 3 9 . 7 4 2 . 7 46 .  7 49 . 7 5 3 . 7 5 6 . 7 5 9 . 7 6 3 . 
8 3 0 . 8 3 5 . 8 4 0 . 8 4 4 . 8 4 9 . 8 5 4 . 8 5 8 . 8 6 3 . 8 6 8 . 8 7 2 . 8 7 7 . 8 8 2 .  8 8 6 . 8 9 1 . 8 9 6 . 

1 0 3 8 . 1 0 3 8 . 1 0 3 8 .  1 0 3 8 . 1 0 3 9 . 1 0 3 9 . 1 0 3 9 . 1 0 3 9 . 1 0 3 9 . 1 0 3 9 . 1 0 40 . 1 0 4 0 . 1 0 4 0 . 1 0 40 . 1 0 4 0 . 
****************************************** 5 47 1 . *********************************** 1 3 2 8 9 . ************** 

5 3 1 2 . 5 6 6 0 . 6 0 0 7 . 6 35 5 .  6 7 0 3 . 7 0 5 0 . 7 39 8 . 7 7 46 . 8 0 9 3 . 8 4 4 1 . 8 7 8 8 . 9 1 3 6 . 94 8 4 .  9 83 1 .  1 0 1 7 9 . 
5 8 4 9 . 6 2 5 7 . 6 6 6 5 . 7 0 7 4 . 7 4 8 2 . 7 89 0 . 8 29 8 .  8 7 0 6 . 9 1 1 4 . 9 52 3 .  9 9 3 1 . 1 0 3 3 9 .  1 0 7 4 7 . 1 1 1 5 5 . 1 1 5 6 3 . 
7 9 2 2 . 7 9 8 0 . 8 03 9 .  8 09 8 .  8 15 7 . 8 2 1 6 . 8 2 7 5 . 8 3 3 4 . 8 3 9 3 . 8 4 5 2 . 8 5 1 1 .  8 5 7 0 . 8 6 2 9 . 8 6 8 8 . 8 7 4 7 . 

9 4 7 . 9 9 8 . 1 0 4 8 . 1 0 9 9 . 1 1 4 9 . 1 2 0 0 . 1 25 0 .  1 30 1 .  1 35 1 .  1 40 2 . 1 4 5 2 . 1 5 0 3 . 1 5 5 3 . 1 60 4 .  1 65 4 .  

8 4  
1 9 3 7 . 
2 2 1 6 . 
2 47 3 . 

1 2 3 0 4 . 
1 0 49 3 .  

8 8 4 4 . 

83 
1 9 9 3 . 
2 2 5 5 . 
2 4 0 5 . 

1 2 9 5 3 _ 
1 14 6 4 -

9 0 3 4 . 

8 2  
2049 . 
2 2 9 4 . 
2 3 3 8 . 

1 3 60 2 .  
1 2 43 4 . 

9 22 5 .  

8 1  
2 1 0 5 . 
2 3 3 4 . 
2 2 7 0 . 

1 4 25 1 .  
1 3 4 0 5 . 

9 4 1 5 .  

COAL-HAULING ROADS 
AVERAGE VALUE 

80 7 9  
2 1 6 2 . 2 2 1 8 .  
2 3 7 3 . 2 4 1 2 . 
22 0 3 .  2 1 3 6 . 

1 4900 . 1 5 5 4 8 . 
1 4 3 7 6 . 1 5 3 4 6 . 

9 60 6 .  9 79 6 .  

7 8  7 7  7 6  7 5  7 4  7 3  7 2  7 1  7 0  
22 7 4 . ******************************************************** 
2 4 5 1 . ******************************************************** 
2 06 8 . ******************************************************** 

1 6 1 9 7 . ******************************************************** 
1 6 3 1 7 . ******************************************************** 

9 9 8 7 . ******************************************************** 

Figure C-1 Output for Smooth Program 



/*CLASS A 
//SMOOTH JOB ( 5035-51219 ) , 'TR' ,REGION=400K 
• .  INCLUDE 51219 PASSWORD 
1*JOBPARM P=R,T= ( 0 , 25 ) , L=4, LINECT=66 
/*SETUP TAPE= ( 23195 ) 
//SMOOTH EXEC PGM=SMOOTH 
//STEPLIB DD DSN=UKU. @KTR05 . TRAF1 ,DISP=SHR 
//FT06F001 DD SYSOUT=A 
1/FT07F001 DD SYSOUT=B 
IIGO . FT15F001 DD UNIT=3400-5 ,VOL=SER=23195 , LABEL= ( 2 , SL , , IN ) , 
II DISP= (OLD , KEEP ) ,DCB= (RECFM=FB, LRECL=40 , BLKSIZE=l6000 ) , 
II DSN=MEAN . STDDEV. YR70 
IIGO. FT15F002 DD UNIT=34DD-5 ,VOL=SER=23195 , LABEL= ( 3 , SL , , IN ) , 
II DISP=(OLD,KEEP) ,DCB=(RECFM=FB , LRECL=40 , BLKSIZE=l6000 ) ,  
1/ DSN=MEAN . STDDEV. YR71 
IIGO. FT15F003 DD UNIT=34D0-5 ,VOL=SER=23195 , LABEL= ( 4 , SL , , IN ) , 
II DISP= (OLD , KEEP ) ,DCB= (RECFM=FB , LRECL=4D , BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV.YR72 
11GO. FT15F004 DD UNIT=3400-5,VOL=SER=23195, LABEL= ( 5 , SL , , IN) , 
II DISP= (OLD,KEEP) ,DCB= (RECFM=FB , LRECL=4D , BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV. YR73 
11GO. FT15FD05 DD UNIT=3400-5 , VOL=SER=23195 , LABEL= (6 , SL , , IN ) , 
/1 DISP=(OLD , KEEP) ,DCB= (RECFM=FB, LRECL=4D , BLKSIZE=l6000 ) ,  
Jl DSN=MEAN . STDDEV .YR74 
11GO . FT15F006 DD UNIT=3400- 5 , VOL=SER=23195, LABEL= ( 7 , SL , , IN ) , 
11 DISP= (OLD,KEEP ) ,DCB= (RECFM=FB , LRECL=4o , BLKSIZE=l6ooo ) , 
// DSN=MEAN . STDDEV. YR75 
f/GO. FT15F007 DD UNIT=340D- 5 , VOL=SER=23195, LABEL=(8 , SL , , IN ) , 
fl DISP= (OLD , KEEP) ,DCB= (RECFM=FB,LRECL=40 , BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV . YR76 
/IGO. FT15F008 DD UNIT=340D-5,VOL=SER=23195, LABEL=(9 , SL , , IN) , 
II DISP= (OLD,KEEP ) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=l6000 ) , 
IJ DSN=MEAN . STDDEV. YR77 
/IGO. FT15F009 DD UNIT=34DD- 5 , VOL=SER=23195 , LABEL= (l0 , SL , , IN) , 
II DISP= (OLD,KEEP ) ,DCB= (RECFM=FB , LRECL=40, BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV .YR78 
IIGO. FT15F010 DD UNIT=3400-5 ,VOL=SER=23195, LABEL=(ll , SL , , IN ) , 
II DISP= (OLD , KEEP ) ,DCB= (RECFM=FB, LRECL=40 , BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV .YR79 
IIGO. FT15F011 DD UNIT=34D0- 5 , VOL=SER=23195 , LABEL= (l2 , SL , , IN) , 
II DISP= (OLD ,KEEP) ,DCB= (RECFM=FB ,LRECL=4D ,BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV . YR80 
/IGO. FT15F012 DD UNIT=3400-5 ,VOL=SER=23195, LABEL= (l3 , SL , , IN) , 
II DISP= (OLD , KEEP) ,DCB= (RECFM=FB , LRECL=4D , BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV.YR81 
IIGO. FT15F013 DD UNIT=3400- 5 , VOL=SER=23195 , LABEL= (l4 , SL , , IN) , 
II DISP= (OLD ,KEEP) ,DCB= (RECFM=FB , LRECL=4D,BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV . YR82 
IIGO. FT15F014 DD UNIT=3400-5 ,VOL=SER=23195, LABEL= (l5 , SL , , IN) , 
II DISP= (OLD ,KEEP ) ,DCB= (RECFM=FB , LRECL=4D , BLKSIZE=l6000 ) ,  
II DSN=MEAN . STDDEV. YR83 
IIGO. FT15F015 DD UNIT=34D0-5 ,VOL=SER=23195 , LABEL=(l6 , SL , , IN) ; 
11 DISP= (OLD ,KEEP ) ,DCB= (RECFM=FB, LRECL=4D , BLKSIZE=l6ooo ) ,  
II DSN=MEAN. STDDEV. YR84 
I* 

Figure C-2 .  Exampl e  of JCL for SMOOTH 
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" 
.n 

C$JOB , T = ( 0 , 1 5 ) , L = 6 6  
R E A L  AADT ( 1 1 , 6 ,  2 ,  4 ,  2 0 ) , OUT ( 2 0 )  , C N T S  ( 1 1 ,  6 ,  2 ,  4 ,  2 0 )  , MINVA L  
INTEGER YR , C H , FA , VO L , GA , CT , MI N YR , MAXYR , YR S , LO , H I , YEAR , YR HD ( 2 0 )  
MINYR = 1 0 0 0  
Y R S  = 1 5  

1 0 0  D O  2 0 0  YR = 1 , YR S  
D O  1 7 0  C H  = 1 , 1 1 

DO 1 5 0  I = 1 , 40 
R E AD ( 1 5 , 5 0 0 0 ) YEAR , FA , VO L , GA , CNT , AD T  
AADT ( CH , FA , VO L , GA , YR )  = ADT 
CNTS ( CH , FA , VO L , GA , YR )  = CNT 

1 5 0  CONTINUE 
D O  1 7 0  I = 1 , 6  

READ ( 1 5 , 5 0 1 0 ) VOL , CT , CNT , ADT 
AAD T ( C H , 6 , VO L , CT , YR )  = ADT 
CNTS ( CH , 6 , VO L , CT , YR )  = CNT 

170 CONTINUE 
I F  ( Y EAR . LT . MI N Y R ) MINYR = YEAR 
Y R HD ( Y R S - YR + 1 )  = YEAR 
R E AD ( 1 5 , 5 0 0 0 , E ND = 2 0 0 ) 

2 0 0  C O N T I N U E  
MAXYR = M I N Y R  + 1 4  
D O  8 0 0  C H  = 1 , 1 1 
MINVA L = O . 
I F  ( CH . EQ . 4 . 0R . C H . EQ . 5 )  M I NVAL = 2 .  
I F  ( CH . EQ .  1 )  WR I TE ( 6 , 7 0 0 0 ) 

7 0 0 0  F ORMAT ( ' 1 ' , T 44 , ' ANNUAL AVERAGE D A I L Y TRAFF IC ' ) 
I F  ( CH . EQ .  2 )  WR I TE ( 6 , 7 1 0 0 )  

7 1 0 0  FORMA T ( ' 1 ' , T44 , ' PERCENT TRUCKS ' )  
I F  ( CH . EQ .  3 )  WR I T E ( 6 , 7 2 0 0 ) 

7 2 0 0  FORMAT ( ' 1 ' ,  T44 , ' PERCENT T R UCKS H A U L I NG COAL ' )  
I F  ( CH . EQ .  4 )  WRITE ( 6 , 7 3 0 0 )  

7 3 0 0  F O RMAT ( '  1 ' ,  T44 , ' A X L E S  P E R  T R UCK ( NON -COAL-HAU L I NG ) ' )  
I F  ( CH . EQ .  5 )  WR I T E ( 6 , 7 400 ) 

7 4 0 0  F ORMAT ( ' 1 ' , T4 4 , ' A X L E S  PER T R UC K  ( CO A L - H AU L ING ) ' )  
I F  ( CH . EQ .  6 )  WR I T E ( 6 , 7 5 0 0 )  

7 5 0 0  FORMAT ( ' 1 ' , T 44 , ' EAL " S  PER TR UCK A X L E  ( NO N - COA L - H A U L I N G )  ' )  
I F  ( CH . EQ .  7 )  WR I TE ( 6 , 7 6 0 0 ) 

7 6 0 0  F ORMA T ( ' 1 ' , T4 4 , ' EAL " S  PER T R UCK AXLE ( CO A L - HAU L I NG ) ' )  
I F  ( C H . EQ .  8 )  WR I TE ( 6 , 7 7 0 0 ) 

7 7 0 0  FORMAT ( ' 1 ' , T3 6 , ' 2 - D I R E C T I ONAL EA L '  ' S  I N  1 0 0 0 ' ' S  DUE TO 
* ' 4 - T I R E D  V E H I C L E S  ' )  

I F  ( CH . EQ .  9 )  W R I T E ( 6 , 7 8 0 0 ) 
7 8 0 0  FORMAT ( ' 1 ' , T3 5 , ' 2 - D I R EC T I ONAL E A L " S  I N  1 0 0 0 " S  D U E  TO NON-COA L ' , 

* ' - HAU L I NG V E H I C L E S ' )  
I F  ( CH . EQ . 1 0 )  W R I T E ( 6 , 7 9 0 0 )  

7 9 0 0  F ORMAT ( ' 1 ' , T3 5 , '  2 -D I R E C T I ONAL E A L " S  I N  l O O O " S  D U E  T O  C OA L - ' ,  
* ' HA U L I NG V E H I C LE S  ' )  

I F  ( CH . EQ . 1 1 )  WR I TE ( 6 , 8 0 0 0 ) 
8 0 0 0  FORMA T ( ' 1 ' , T4 4 , ' TOTAL 2 - D I R EC T I ONAL E A L " S  I N  1 0 0 0 " S  ' )  

I F  ( C H . EQ . 1 2 )  WR I TE ( 6 , 8 1 0 0 )  
8 1 0 0  F O R MAT ( ' 1 ' , T44 , ' STATIONS PER CATEGORY ' )  

WR I TE ( 6 , 6 0 1 0 )  
WR I TE ( 6 , 6 0 2 0 )  
WR I TE ( 6 , 6 0 3 0 ) 
W R I T E  ( 6 ,  6 0 4 0 )  ( YR H D ( YR ) , YR = 1 , Y R S )  
D O  4 0 0  F A  = 1 , 5  

D O  3 0 0  VOL = 1 , 2  
D O  3 0 0  GA = 1 , 4  

co = 0 

Figure C-3 .  FORTRAN l isting of SMOOTH 



" 
" 

2 5 0  

2 6 0  

2 9 0  

3 0 0  

* 
* 

* 
* 

sw = 0 .  
swx = 0 .  
SWY = 0 .  
swxx = 0 .  
SWXY = 0 .  
A = 0 .  
8 = 0 .  
L O  = 2 0  
H I  = 1 
D O  2 5 0  YR = 1 , YR S  

WT = CNTS ( CH , FA , VO L , GA , YR )  >I< YR 
Y = AADT ( CH , FA , VO L , GA , YR )  
OUT ( YR )  = Y 
I F  ( O UT ( YR )  . EQ . O . A ND . WT . EQ . O )  OUT ( YR )  = 1 1 1 1 1 1 1  
I F  ( WT . EQ . O . )  GOTO 2 5 0  

I F  ( YR .  LT . LO ) LO = Y R  
I F  ( YR . G T . H I )  H I  = Y R  
c o  = c o  + 1 
SW = SW + WT 
SWX = SWX + WT >I< YR 
SWY = SWY + WT >I< Y 
SWXX = SWXX + WT >I< YR >I< YR 
SWXY = SWXY + WT >I< Y R  >I< Y 

CONTINUE 
I F  ( CO . LT . 4 )  GOTO 2 9 0  

B = ( SWXY - ( SWX*SWY ) / SW ) / ( SWXX- ( SWX*SWX ) /SW ) 
A = ( SWY- B*SWX ) / SW 
DO 2 6 0  YR = l , YR S  

OUT ( Y R )  = A + B * YR 
I F  ( OUT ( YR ) . LT . MINVA L )  OUT ( YR )  = MINVAL 
I F  ( YR . LT . L0 - 2 ) OUT ( YR ) = 1 1 1 1 1 1 1  
I F  ( YR . GT . H I + 2 ) OUT ( YR )  = 1 1 1 1 1 1 1  

CONTINUE 
H I  = Y R S  

I F  ( OU T ( H I ) . E Q . l 1 1 1 1 1 1 . AND . H I . GT . 1 )  H I = H I - 1 
I F  ( OU T ( H I ) . E Q . l 1 1 1 1 1 1 . AND . H I . GT . l )  GOTO 2 9 0  
I F  ( OU T ( H I ) . NE . O )  8 = 8 * 1 0 0 . / OUT ( H I ) 
I F  ( OUT ( HI ) . EQ . l l l l l l l )  8 = 0 
I F  ( CH . EQ . l . OR . CH . GE . 8 ) 
WR I T E ( 6 , 6 1 0 0 ) FA , VO L , GA , 8 ,  

( OU T ( Y R S - Y R + l ) , YR = l , YR S )  
I F  ( CH . NE . l . A ND . CH . LT . 8 )  
WR I T E ( 6 , 6 1 1 0 ) F A , VO L , GA , 8 ,  

CONTINUE 
co = 0 
sw = 0 .  
swx = 0 .  
SWY = 0 .  
swxx = 0 .  
SWXY = 0 .  
A = 0 .  
B = 0 .  
LO = 2 0  
H I  = 1 

( OU T ( Y R S - YR + 1 ) , YR = 1 , YR S )  

D O  3 5 0  VOL = 1 , 2  
D O  3 5 0  GA = 1 , 4  

D O  3 5 0  Y R  = 1 , YR S  
W T  = CNTS ( CH , FA , VO L , GA , YR )  >I< YR 
Y = AADT ( CH , FA , VO L , GA , YR )  
O UT ( YR )  = Y 

Figure C-3 . ( continued) 



" 
" 

I F  ( OU T ( YR )  . EQ . O . AND . WT . EQ . O )  O UT ( Y R )  
I F  ( WT . EQ . O . )  GOTO 3 5 0  

I F  ( YR . LT . LO )  L O  = YR 
IF ( YR . GT . H I )  H I  = YR 
co = co + 1 
SW = SW + WT 
SWX = SWX + WT * Y R  
SWY = SWY + W T  * Y 
SWXX = SWXX + WT * YR * YR 
SWXY = SWXY + WT * YR * Y 

3 5 0  CONTINUE 

3 6 0  

3 7 0  

3 8 0  
3 9 0  

* 

* 
4 0 0  
5 0 0  

I F  ( CO . LT . 4 )  GDTO 3 7 0  
I F  ( ( SWXX - ( SWX*SWX ) /SW ) . EQ . O )  GOTO 3 7 0  

B = ( SWXY - ( SWX*SWY ) /SW ) / ( SWXX- ( SWX*SWX ) /SW) 
A = ( SWY- B*SWX ) /SW 
DO 3 6 0  YR = 1 , YR S  

O UT ( YR )  = A + B * Y R  
I F  ( OUT ( YR )  . LT . MINVA L )  OUT ( YR )  = M I NVAL 
I F  ( YR . LT . L0 - 2 ) OUT ( YR )  = 1 1 1 1 1 1 1  
I F  ( YR . GT . H I +2 ) OUT ( YR )  = 1 1 1 1 1 1 1  

CONTINUE 
H I  = YRS 

GOTO 3 9 0  
D O  3 8 0  YR = 1 , Y R S  

OUT ( YR )  = 1 1 1 1 1 1 1  
C O N T I N U E  
I F  ( OUT ( H I ) . EQ . l l l l l l l . AND . H I . GT . l )  H I = H I - 1 
I F  ( OUT ( H I ) . EQ . 1 1 1 1 1 1 1 . AND . H I . GT . l )  GOTO 3 9 0  
I F  ( O UT ( H I ) . NE . O )  B = B * 1 0 0 . / OUT ( H I )  
I F  ( OU T ( H I )  . EQ . 1 1 1 1 1 1 1 )  8 = 0 
I F  ( C H . E Q . l . OR . CH . GE . 8 )  
W R I T E ( 6 , 6 2 0 0 ) FA , B ,  ( OUT ( Y R S - YR + l ) , YR = 1 , YR S )  
I F  ( CH . NE . l . AND . CH . LT . 8 )  
W R I T E ( 6 , 6 2 1 0 ) FA , B ,  ( OUT ( YR S - Y R + 1 ) , YR = l , YR S )  

CONTINUE 
W R I T E ( 6 , 6 0 1 5 )  
W R I T E ( 6 , 6 0 2 0 )  
W R I T E ( 6 , 6 0 3 0 ) 
W R I T E ( 6 , 6 0 5 0 )  ( YR HD ( YR )  , YR = l , YR S )  
D O  6 0 0  VOL = 1 , 2  

D O  6 0 0  CT = 1 , 3  
co = 0 
sw = 0 .  
swx = 0 .  
SWY = 0 .  
swxx = 0 .  
SWXY = 0 .  
A = 0 .  
8 = 0 .  
LO = 2 0  
H I  = 1 
DO 5 5 0  YR = 1 , YR S  

W T  = CNTS ( C H , 6 , VO L , CT , YR )  * Y R  
Y = AADT ( CH , 6 , VO L , CT , YR )  
OUT ( YR ) = Y 

1 1 1 1 1 1 1  

I F  ( OUT ( YR )  . EQ . O . AND . WT . EQ 0 )  OUT ( YR )  = 1 1 1 1 1 1 1  
I F  ( WT . EQ . O . )  GOTO 5 5 0  

I F  I YR . LT . LO ) L O  = YR 
I F  ( YR . GT . H I )  HI = YR 
co = co + 1 
SW = SW + WT 

Figure C-3 . ( continued) 
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5 5 0  

swx 
SWY 
swxx 
SWXY 

CONTINUE 

SWX + WT * YR 
SWY + WT * Y 
SWXX + WT * YR 
SWXY + WT * YR 

I F  ( CO . LT . 4 )  GOTO 5 9 0  

* YR 
* y 

I F  ( ( SWXX - ( SWX*SWX ) /SW ) . EQ . O )  GOTO 5 9 0  
8 = ( SWXY - ( SWX*SWY ) / SW ) / ( SWXX - ( SWX*SWX ) /SW ) 
A = ( SWY- 8*SWX ) /SW 

5 6 0  

5 9 0  

* 
* 

* 
* 

DO 5 6 0  Y R  = 1 , YR S  
OUT ( YR )  = A + 8 * Y R  
I F  ( OUT ( YR ) . LT . MI NVA L )  O UT ( YR )  = MINVA L 
I F  ( YR . LT . L0 - 2 ) O U T ( YR )  = 1 1 1 1 1 1 1  
I F  ( YR . GT . H I + 2 ) O U T ( YR )  = 1 1 1 1 1 1 1  

CONTINUE 
H I  = YRS 

I F  ( OU T (  H I ) . EQ . 1 1 1 1 1 1 1 . A ND . H I . GT . 1 )  H I = H I  - 1 
I F  ( OUT ( H I ) . EQ . 1 1 1 1 1 1 1 . AND . H I . GT . l )  GOTO 5 9 0  
I F  ( OU T (  H I ) . NE . O )  B = B * 1 0 0 . / OUT ( HI )  
I F  ( OUT ( H I ) . EQ . 1 1 1 1 1 1 1 )  8 = 0 
I F  ( CH . EQ . l . OR . CH . GE . 8 )  
W R I T E ( 6 , 6 4 0 0 )  VOL , CT , B ,  

( OU T ( Y R S - Y R + l ) , Y R = l , YR S )  
I F  ( CH . NE . l . AND . C H . LT . 8 )  
W R I TE ( 6 , 6 4 1 0 ) VOL , CT , 8 ,  

( OUT ( Y R S - Y R + l ) , Y R = 1 , YR S )  
6 0 0  CONTINUE 
8 0 0  CONTINUE 

W R I T E ( 6 , 6 0 0 0 ) 
5 0 0 0  F ORMA T ( I 2 , 1 X , 3 I 1 , F 4 . 0 , F 2 5 . 3 )  
5 0 1 0  F ORMA T ( 3 X , 2 I l , F 5 . 0 , F 2 5 . 3 )  
6 0 0 0  F ORMAT ( ' 1 ' ,  T35 , A6 2 ) 
6 0 1 0  FORMAT ( T5 5 , ' NON-COAL-HAULING ROADS ' )  
6 0 1 5  F ORMAT ( ' O ' , T5 5 , ' COA L - H A U L I NG ROADS ' )  
6 0 2 0  FORMAT ( '  LOCAL ANNUAL ' )  
6 0 3 0  FORMAT ( '  COND I T I O N  CHANGE ' , T59 , ' AVERAGE VALUE ' )  
6 0 4 0  F ORMAT ( '  FA VOL GA ( % )  ' , 2 0 I 7 ) 
6 0 5 0  F O RMAT ( '  VOL CT I % ) ' , 2 0 I 7 ) 
6 1 0 0  FORMAT ( I 7 , 2 I 4 , F 9 . 3 , 3 X , 2 0 F 7 . 0 )  
6 1 1 0  FORMAT ( I 7 , 2 I 4 , F 9 . 3 , 3 X , 2 0 F 7 . 3 )  
6 2 0 0  F O R MAT ( I 7 , '  AVERAGE ' , F9 . 3 ,  3 X , 2 0 F 7 . 0 )  
6 2 1 0  F O RMAT ( ! ? , '  AVERAGE ' , F 9 . 3 , 3 X , 2 0 F 7 . 3 )  
6 4 0 0  F O RMAT ( I l l , I 4 , F 9 . 3 , 3 X , 2 0 F 7 . 0 )  
6 4 1 0  F O RMAT ( I l l , I 4 , F 9 . 3 , 3 X , 2 0 F 7 . 3 )  

STOP 
END 

C S E N T R Y  
C $ S T O P  

Figure C-3 . (continued) 
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Du r i n g  the development of the original version of the CLASSU�1 program , 
assumptions were made resarding the ''pur ity" of the c l a s s i f i cation data as 
r e c e i v e d  from Fr ank fort .  Based on these assumpt i on s ,  the format and 
supposed order of the data record s  Here utilize d  in the program code and a 
minimal number of error checks Here made 9 Du r i ng production , various 
problems arose , indicating that the order ing could not be assumed and that 
further error checking ;;a s required . Addition a l l y ,  in the original vers ion , 
11 bad 11 datCJ were flagge d ;  hoHever , those data Here incorrectly used in 
c alculating the hourly and seasonal adju stment factor s .  To correct these 
problems and to make other improvement s ,  the fol loHi n g  changes Here made in 
t he CLASSUI·1 program: 

1 )  An internal data sort was added to assure the correct order in the 
c la s s i fication data record s .  

2 )  After the hourly and seasonal adjustment factors 
and po ssibly erroneous data flagged , the data are 
and the factors recalculated Hithout using 
i nforrnation . 

are calculated 
analyzed ag ain 
the erroneous 

3 )  Code Has added to allaH the program to recogn i ze , and 
appropr i ately handl e ,  a ''lumped'' data count--one for Hhi ch the sum 
o f  multiple hours of data i s  recorded for a sin gle hour . 

4 )  The code Has mod i fied so that an hourly count of 
specific count could not be projected , e i ther 
s easonal ly , into a non-zero estimate for that vehicle 

zero for 
hourly 

count . 

a 
or 

5 )  The code Has mod i fied so that i f  station in format ion , that i s ,  
" 9 8 "  or " 9 9 "  records ;;er e  missing , the data for that station Hould 
be ignor e d e  

6 )  Limits o f  2 / 3  and 3 /2 ;;ere set for the 
factor s ,  Hith the exception of school buses 
which the limits Here set to 1 fli and 4 .  

seasonal adjustment 
and motor c yc l e s , for 

7 )  Th e seasonal codes were changed to the folloHi n g :  
Hinter - January , February und December 
Spring - March , Apr i l  and May 
Summer - June , July and August 
F a l l  - September , October and November 

A d d i t i onally , the EALCAL program ;;as mod i f i ed as folloHs: 

1 )  The code Has mod i f i e d  so that parameters involving coal-haul 
vehicles on non-coal-haul roads were more accurately calcul ated . 

2 )  De fault estimates for the numbers o f  the various types o f  axles 
for each vehicle were recalculated (Table '7 ) .  

3 )  The five-year moving average routine c;as suppressed in favor o f  
the SMOOTH output. 
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This appendix provides exp l i c i t  instructions (to a user hav ing minimal 
knowledge of the Un iversity of Kentucky IBM mainframe computer , JCL and CMS ) 
for running the software for the estimation of equivalent axleloads (EAL ' s ) . 
T h i s  software consists of a system of five programs--LOADOMTR ,  CLASSUM , 
C LASED I T ,  EALCAL and SMOOTH d i scussed in other parts of thi s  repor t .  
Additionally , a utility program ( i dentified as TAPECOPY) i s  provided to copy 
t he or iginal data to permanent storage tapes .  

A l l  five system programs have been written in FORTRAN IV and were 
c ompiled to create object code ( load) modul e s .  A particular program may be 
r un by submitting, from CMS , a batch job consisting of JCL referring to the 
a ppropriate load module and input and output files . Example JCL files are 
s tored on OS d isk at the Un ivers i ty of Kentucky Computing Center (UKC C )  i n  
t he partitioned dataset library named UKU . @KTR05 . EAL, JCL as members 
L OADOMTR , CLASSUM , CLASEDIT ,  EALCAL, SMOOTH and TAPECOPY ,  The FORTRAN 
sources for the five system programs are stored in the OS disk library 
U KU , @KTR05 . EAL. SOURCE with the same respective member name s .  Simi larly , the 
l oa d  modules are stored in the load module library UKU . @KTR05 . TRAF 1 ,  again 
w ith the same member names . 

F i gure E- 1 i s  a simp l e ,  but complete , picture of the processing 
procedure taking the raw data ( from Frankfort) to the final output , As can 
b e  seen from the figure , five computer tapes (22347 , 23033,  2 3 1 9 4 ,  2 3235 and 
2 3 1 95 ) are updated. These tapes are permanently stored at UKC C .  Tapemaps 
for these tapes may be found in the tapemap book located in Room 204 , 
T r ansportation Research Bu ilding.  ( I f  not available , tapemaps should be 
made before processing is begun , )  The raw truck weight data is used to 
p roduce the loadometer tape ,  2 3 1 9 4 ,  and the raw classification data i s  used 
to produce the classification summary tape , 23235 . These two processes are 
c ompletely independent ; i n  fac t ,  new truck weight data i s ,  typical ly , 
a va i lable only in even years .  These two tapes are then used together with 
t he traffic parameters tape , 2 3 1 9 5 ,  to update the traffic parameters tape. 
This tape is then used as input to SMOOTH to produce the final printed 
o utput . 

Two copies of all printed output on 1 4  7/8" x 1 1 " computer paper are 
r equ ired . For conven ience , all printed output should be routed to the CMS 
u ser ID reader and stored temporarily for review and printing, It is 
e ssent i a l ,  in fact , that the output from the CLASSUM program be routed to 
t he reader since the "punch" fi le ( device 7 )  output containing the error 
( flagge d )  listing must be saved as a CMS data file , edited and used as input 
to the CLASEDIT program, Once in the reader , the output files may be 
p rinted , using the appropri ate forms , when de sired , 

P r eparing the JCL 

E x ample JCL for each of the programs is shown (Figure E-2 through E-7) 
for completeness even though th i s  information may be found elsewhere in thi s  
r eport or i n  report UKTRP-84-30 ( 6 ) .  The JCL files may b e  created on a CMS 
u ser I D  manually or , more efficiently, by using the GMS command OSXEDIT to 
c opy the example files from OS d isk to CMS files . In most cases , new JCL 
m ay be created from the old files by shi fting the DD record numbers and 
a dding the DD r ecords for the new files , Although these files may be named 
a ny legitimate CMS name , for convenience, these are referred to in this 
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appendix as TAPECOPY JCL ,  LOADOMTR JCL ,  CLASSUM JCL ,  
J C L  and SMOOTH JCL . Ad ditionally , the JCL shown here 
p roduce a new tapemap each time a tape is updated. 
p ar t i cular step is discussed in mor e  det a i l  below. 

� Raw Data to Pe rmanent Tapes 

CLASEDIT JCL ,  EALCAL 
has been prepared to 

The JCL for each 

The raw truck weight and classification data must be copied to 
p ermanent tapes 22347 and 2 3 0 3 3 ,  respect ively . Truck weight data con sists 
of three files (referred to as "card 2 " ,  "card 4" and "card 7" data) per 
y ear of data. New truck weight data fi les should be named according to the 
c onvention already established (see the tapemap of tape 2234 7 )  and added to 
t h e  end of the tape. When using TAPECOPY, one EXEC step per file to be 
c opied is required with the SYSUT1 DD record corresponding to the input f i le 
( to be copied) and the SYSTU2 DD r ecord corresponding to the output f i le . 
An example showing the JCL for copying the 1 984 truck weight data i s  shown 
i n  Figure E-2. 

C l assi fication data con s i sts of one file per year of dat a .  New data 
s hould be added to the end of tape 23033 following the established naming 
c onvention as seen from the tapemap . Figure E-3 shows the JCL as used to 
c opy the 1 984 classification data using TAPECOPY. 

The TAPECOPY JCL as stored on OS d i sk is the JCL for copying the 1 9 84 
t ruck we ight dat a .  Clear ly , a copy of this can be mod ified very readily to 
c opy the classification data as we l l .  

C r eating the Loadometer Tape ( 2 3 1 9 4 )  

A fter new data i s  added to the permanent truck weight tape , 22347 , this 
t ape is used as input to the LOADOMTR program to create a new fi le on the 
t ruck weight summary ( loadomete r )  tap e ,  23 1 9 4 .  The JCL to achieve thi s  is 
c reated by editing LOADOMTR JCL . Only the most recent "card 211 and "card 7 "  
d ata are used as input from the truck weight tape , 2234 7 ,  and should 
c orre spond to the FT05F001 and FT05F002 DD records , respect ively . The tape 
o utput file from this program is added at the end of the loadometer tap e ,  
2 3 1 94 ,  according to the FT 1 4F001  DD recor d .  Figure E-4 shows the J C L  for 
t he 1 984 processing . Two copies of the printed output should be made on 1 4  
7 / 8 11 x 1 1 " computer paper . 

C r eat ing the Classification Summary Tape ( 2 3235 ) 

After new data is added to the permanent classification tape , 230 3 3 ,  
t h i s  tape i s  used as input to the CLASSUM program to create a new file on 
t he classi fication summary tape , 23235 . The JCL to achieve this is created 
by editing CLASSUM JCL . The only changes required are associated with 
SORTIN DD record in the SORT EXEC step and the FT 1 6F001 and FT1 6F002 DD 
r ecords in the CLASSUM EXEC step. The SORTIN DD record should correspond to 
t he most recent classifi cation data on the classification tape , 230 3 3 .  The 
F T 1 6F 0 0 1  and FT 1 6F002 DD r ecords correspond to the two new files to be added 
to the end of the classificat ion summary tape.  The only changes required in 
both cases are the file numbers and the ye ar . Figure E-5 shows the JCL for 
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t he 1 9 84 processing. Two copies of the printed output should be made on 1 4  
7 / 8 11 x 1 1 " computer paper . 

I n  addition to producing an updated classification summary tape and a 
p r inted outpu t ,  the CLASSUM program produces ( as a punch file) an error file 
c ons istin g  of records for stations which have been flagged as hav ing "bad" 
o r  questionable dat a .  This file may be edited ( in CMS) and used as input to 
C LASEDIT, along with the updated classification summary tap e ,  to make 
c orrections on this tape . The Federal-aid code or AADT may correcte d .  Even 
t hough these stations have been flagged ,  the information as shown in the 
error file has been included on the updated classification summary tap e .  To 
d elete a station from the classi ficat ion summary tape a field (Federal-aid 
o r  AADT) should be filled with aster i sks . 

I f  no changes or deletions are des ired , the CLASEDIT program need not 
b e  run ;  o therwise,  after the edi t i ng of the error file is complete , CLASEDIT 
J CL should be mod i fied appropr iately and submitted. The edited error file 
s houl d correspond to the G O . SYSIN DD r ecor d .  This file is shown a s  "EDIT 
8 411 and is "I NCLUDED" in the jobstream in the 1 984 example shown in Figure 
E - 6 .  The FT 1 5F001 and FT 1 5F002 DD r ecords correspond to the two newly 
c reated files on the clas s i fication summary tape , 23235 , and should be 
i dentical to the FT 1 6F 0 0 1  and FT1 6F002 DD r ecords in the CLASSUM JCL. When 
t he JCL for the CLASEDIT program is complete CLASEDIT should be submi tted . 
T h e  classification summary tape wi l l  reflect the changes made in the error 
f i le ; however, a new printout is not produce d .  The CLASSUM printed output 
previously produced must be ed ited (by hand) in order that the changes made 
i n  the error file be indicated in the printed output as we l l  as on the 
c la s s i fication summary tape . 

Creating the Traffic Parameters Summary Tape ( 2 3 1 9 5 )  

After the loadometer tape ( 2 3 1 9 4 )  and the classi fication summary tape 
( 2 32 3 5 )  have been update d ,  these tapes are used along with the traffic 
p arameters summary tape ( 2 3 1 9 5 )  as input to the EALCAL program to produce an 
u pdated traffic parameters summary tap e .  

EALCAL JCL must be modified s o  that the FT 1 4F0xx D D  records ( " xx "  
r anges from 0 1  t o  1 5 )  correspond to the most recent ( maximum o f  1 5 )  f i l e s  on 
t he loadometer tape ( 2 3 1 9 4 )  in de cend ing chronological order . In other 
words ,  the FT 1 4F001 DD record corresponds to the most recent year of data on 
t he loadometer tape,  the FT 1 4F002 DD r ecord corresponds to the next most 
r ecent file , etc .  

The FT 1 5F001 DD record corresponds to the most recent file on the 
c la s s i fication summary tape , 2323 5 .  

The FT 1 6F001 DD record corresponds to the traffic parameters file to be 
c reated using this program. Th i s  file should be added at the end of the 
t raffic parameters summary tape ( 2 3 1 9 5 )  with the DISP parameter on the JCL 
r ecord coded as "DISP = ( N EW , KE E P )  . "  Note that al l other JCL records in 
E ALCAL JCL should use "DISP= (OLD , KEEP ) . " The FT 1 6FOxx DD records ( 11 x x "  
r anges from 02 t o  9 9 )  correspond to the most recent existing f i l e s  on the 
t raffic parameters summary tape ( 2 3 1 9 5 )  in decending chronological order . 
I n  other words,  the FT 1 6F002 DD r ecord corresponds to the most recent year 
o f  existing data on the traffic parameters summary tape, etc . Figure E-7 
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s hows the JCL for the 1 984 processing.  After preparation is complete , 
E ALJCL JCL i s  submitted , producing a printed output and a updated traffic 
p arameters summary tape , 2 3 1 9 5 .  Two copies of the printed output should be 
made on 1 4  7/8 " x 1 1 " computer paper . 

R unning the SMOOTH Program 

The updated traffic parameters summary tape is used as input to the 
S MOOTH program. The SMOOTH JCL must be modi fied so that the FT 1 5FOxx DD 
r ecords ( "x x "  ranges from 0 1  to 1 5 )  correspond to the 1 5  most recent files 
in chronologically ascending order, In other word s ,  FT 1 5F001 DD corresponds 
t o  the most distant file used and FT 1 5F0 1 5  DD corresponds to the most recent 
f i l e .  Figure E-8 shows the JCL for the 1 9 84 processing. 

After preparation , SMOOTH JCL i s  submitted producing a printed outpu t .  
Two copies of this output should be made on 1 4  7 /8" x 1 1 11 computer paper . 

After all processing 
one copy of each should be 
other copies should be 
De partment of Highways .  

i s  complete and two copies o f  a l l  output 
stored in the appropriate binder at KTRP 
de l ivered to Di vis ion of Planni n g ,  

pr inted , 
and the 
Kentucky 

F i nally , old tapemaps of al l tapes updated should be replaced in the 
t apemap book by the new tapemaps . 
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Truck Weight data 
(tape) from 
Frankfort DOH 

Printed 
Output 

Tape 

Traffic Par�ter& 
Sw.ary tape 

Printed 
Output 

SP!OOTH 

Printed 
Output 

CLASEDIT 

Chuification data 
(tape) frot11 

Frankfort DOH 

Classification 
SUJI!Il8ry T.ape 

Printed 
Output 

Figure E-1 .  An Overview of the Processing Procedure 
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//TAPECOPY JOB ( 5035 - 51219 ) , ISENHOUR ,REGION=500K 
. .  INCLUDE PASS WORD 
/*SETUP TAPE= ( 24077) 
/*SETUP TAPE= ( 22347 , RINGIN) 
/*JOBPARM P=R ,T= ( , 4 5 )  
//TAPECOPY EXEC PGM=IEBGENER 
/ /SYSPRINT DD SYSOUT=A 
//SYSUTl DD VOL = ( PRIVATE , RETAIN, SER=240 77 ) ,UNIT=3400-6 , 
II LABEL= ( 003 , SL ) ,DSN=TT . TRKWT84 . CARD7 , 
J/ DISP = ( OLD,KEEP) ,DCB = ( LRECL=80 , BLKSI ZE=12960 ,RECFM=FB ,DEN=4 )  
//SYSUT2 DD VOL = (PRIVATE , RETAIN , SER=22347) ,UNIT=3400-6 , 
II LABEL= (029 , SL) ,DSN=TT . TRKWT84 . CARD7 , 
II DISP= (NEW,KEEP) ,DCB= ( LRECL=8 0 , BLKSIZE=16000,RECFM=FB ,DEN=4) 
//SYSIN DD * DUMMY 
I* 
j /TAPECOPY EXEC PGM=IEBGENER 
/ /SYSPRINT DD SYSOUT=A 
//SYSUTl DD VOL= (PRIVATE , RETAIN , SER=24077) ,UNIT=3400-6 , 
/ /  LABEL= (002 , SL ) ,DSN=TT. TRKWT84 . CARD4 , 
.// DISP= ( OLD ,KEEP ) ,DCB = ( LRECL=8 0 , BLKSIZE=12960 ,RECFM=FB ,DEN=4 )  
//SYSUT2 DD VOL= (PRIVATE ,RETAIN , SER=22347) ,UNIT=3400-6,  
II LABEL = ( 030 , SL ) ,DSN=TT . TRKWT84 . CARD4 , 
.II DISP= (NEW ,KEEP ) ,DCB = ( LRECL=80 , BLKSIZE=16000 ,RECFM=FB ,DEN=4 )  
/)SYSIN DD * DUMMY 
j* 
IITAPECOPY EXEC PGM=IEBGENER 
//SYSPRINT DD SYSOUT=A 
//SYSUTl DD VOL = (PRIVATE , RETAIN , SER=24077) ,UNIT=3400-6 , 
II LABEL= (001 , SL) ,DSN=TT. TRKWT84 . CARD2 , 
II DISP= (OLD ,KEEP) ,DCB= (LRECL=80 , BLKSI ZE=12960 ,RECFM=FB ,DEN=4 )  
//SYSUT2 DD VOL = (PRIVATE ,RETAIN, SER=22347 ) ,UNIT=3400 - 6 ,  
II LABEL = ( 031 , SL ) , DSN=TT . TRKWT84 . CARD2 , 
II DISP= (NEW,KEEP) ,DCB= ( LRECL=80 , BLKSIZE=16000,RECFM=FB ,DEN=4) 
//SYSIN DD * DUMMY 
I* 
//MAP EXEC TAPEMAP ,TAPE=22347 
I* 

Figure E-2 . Example of JCL using TAPECOPY to copy truck weight data to 
p ermanent tape 
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//TAPECOPY JOB ( 5035 -51219 ) , ISENHOUR ,REGION=500K 
• .  INCLUDE PASS WORD 
/*SETUP TAPE= ( 24076 ) 
/*SETUP TAPE = ( 23033 , RINGIN) 
/ *JOBPARM P=R , T = (  , 4 5 )  
//TAPECOPY EXEC PGM=IEBGENER 
//SYSPRINT DD SYSOUT=A 
//SYSUTl DD VOL = ( PRIVATE , RETAIN , SER=24076 ) ,UNIT=3400-6 , 
// LABEL= ( 001 , SL ) ,DSN=TT . E21 . VCR . Y1984, 
II DISP= ( OLD ,KEEP) ,DCB= (LRECL=8 0 , BLKSIZE=12960 , RECFM=FB , DEN=4) 
//SYSUT2 DD VOL = ( PRIVATE , RETAIN, SER=23033 ) ,UNIT=3400-6,  
jj LABEL = ( OlO , SL ) ,DSN=VCR . YR1984, 
II DISP= (NEW,KEEP ) ,DCB= (LRECL=8 0 , BLKSIZE=160 0 0 , RECFM=FB , DEN=4) 
//SYSIN DD * DUMMY 
I* 
//MAP EXEC TAPEMAP ,TAPE=23033 
I* 

Figure E-3 . Example of JCL using TAPECOPY to copy classification data 
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7/LOJ\DOMTR JOB 5035-51219 , '  SALSMAN ' ,MSGLEVEL= ( 1 , 1 ) , 
II TIME= ( 1 , 00 ) , REGION=268K 
/*JOBPARM W , P=R , L=4 
/*SETUP TAPE = ( 22347) 
/*SETUP TAPE = ( 2319 4 , RINGIN) 
. .  INCLUDE 51219 PASSWORD 
/ILOJ\DOMTR EXEC PGM=LOJ\DOMTR 
1/STEPLIB DD DSN=UKU. @KTR05 . TRAFl ,DISP=SHR 
//FT06F001 DD SYSOUT=A 
/IFT07F001 DD SYSOUT=B 
I* 
IIGO . FT05F001 DD DSN=TT . TRKWT84. CARD2 ,UNIT=3400 - 6 , VOL=SER=2234 7 ,  
I I  DCB= ( LRECL=80 , BLKSIZE=l6000 ,RECFM=FB ,DEN=4) ,DISP= ( OLD ,KEEP ) ,  
II LABEL = ( 31 , SL , , IN)  
/IGO . FT05F002 DD DSN=TT . TRKWT84. CARD7 ,UNIT=34D0-6 ,VOL=SER=22347 ,  
.1/ DCB= ( LRECL=80 , BLKSIZE=16000 , RECFM=FB ,DEN=4) ,DISP= ( OLD ,KEEP) ,  
/1 LABEL= ( 2 9 , SL , , IN)  
,I/GO . FT14F001 DD DSN=FWT . YR8 4 , UNIT=34D0-6 , VOL=SER=23194 ,  
Jl DCB= ( LRECL=80 , BLKSIZE=160 0 0 , RECFM=FB , DEN=4) ,DISP= ( OLD ,KEEP) ,  
l/ LABEL = ( 1 4 , SL , , IN)  
I* 
//MAP EXEC 1'APEMAP ,TAPE=23194 
j* 

Figure E-4 . Example of JCL for LOADMTR 
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/*CLASS A 
//CLASSUM JOB ( 5035-51219 ) , 'MARK ' ,REGION=598K 
• .  INCLUDE 51219 PASSWORD 
/*JOBPARM W , P=S , L=12 , T=3 
/*SETUP TAPE = ( 23033 ) 
/*SETUP TAPE = ( 23235 ,RINGIN) 
/ /SORT EXEC SD , CYL=8 
//SORTIN DD UNIT=3400-5 , VOL=SER=23033 , LABEL= (10 , SL , , IN) , 
II DISP= ( OLD , KEEP) ,DCB= (RECFM=FB , LRECL=8 0 , BLKSIZE=16000 ) ,  
// DSN=VCR . YR1984 
1/SORTOUT DD DCB= (RECFM=FB , LRECL=80 , BLKSIZE=6160 , DEN=4 ) ,  
II UNIT=RENTAI ,DISP= (NEW, CATLG ) ,DSN=UKU. @KTR05 . VCRTEMP , 
II SPACE= (TRK , (100 , 50 , 1 ) , RLSE ) 
//SYSIN DD * 

SORT FIELDS= ( 1 , 3 , CH ,A , 4 , 3 , CH , A , 78 , 2 , CH,A)  
END 

I* 
//CLASSUM EXEC PGM=CLASSUM 
//STEPLIB DD DSN=UKU. @KTR0 5 . TRAF1 , DISP=SHR 
//FT06F001 DD SYSOUT=A 
//FT07F001 DD SYSOUT=B 
I /FT05F001 DD * 
//GO. FT12F001 DD UNIT=RENTAL ,DISP=SHR ,DSN=UKU. @KTR05 . VCRTEMP 
//GO. FT12F002 DD UNIT=RENTAL , DISP=SHR , DSN=UKU. @KTR05 . VCRTEMP 
/IGO. FT12F003 DD UNIT=RENTAL , DISP=SHR,DSN=UKU. @KTR05 . VCRTEMP 
//GO . FT12F004 DD UNIT=RENTAL , DISP=SHR,DSN=UKU. @KTR05 . VCRTEMP 
//GO . FT16F001 DD UNIT=3400 - 5 , VOL=SER=2323 5 , LABEL = ( 2 9 , SL , , IN) , 
II DISP= (NEW,KEEP) ,DCB= ( RECFM=FB , LRECL=8 0 , BLKSIZE=16000 ) ,  
II DSN=CLASS . YR1984 
//GO . FT16F002 DD UNIT=3400 - 5 , VOL=SER=2323 5 , LABEL= ( 3 0 , SL , , IN) , 
1/ DISP= (NEW , KEEP) ,DCB= (RECFM=FB , LRECL=80 , BLKSIZE=16000 ) , 
II DSN=CLASSUM . YR1984 
I* 
//DELETE EXEC PGM=IEFBR14 
//D3 DD DSN=UKU. @KTR05 . VCRTEMP,DISP= (OLD ,DELETE ) 
I* 
//MAP EXEC TAPEMAP, TAPE=23235 
I* 

F igure E-5 .  Example of JCL for CLASSUM 
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l/CLASEDIT JOB ( 5035-51219) , ' MARK ' , MSGLEVEL= ( 1 , 1 )  , REGION=498K 
. .  INCLUDE 51219 PASSWORD 

j*JOBPARM P=R , T= ( 1 , 0 0 )  
/*SETUP TAPE = ( 23235 , RINGIN) 
//CLASEDIT EXEC PGM=CLASEDIT 
{/STEPLIB DD DSN=UKU . @KTR05 . TRAF 1 , DISP=SHR 
.//FT06F001 DD SYSOUT=A 
//FT07F001 DD SYSOUT=B 
//FT05F001 DD DDNAME=SYSIN 
//GO. FT08F001 DD DSN=&&TEMPl , DISP= (NEW,DELETE ) ,UNIT=SYSDA, 
l/ SPACE= (TRK , ( 150 , 1 )  ,RLSE ) ,DCB= (RECFM=FB , LRECL=80 , BLKSIZE=8000) 
//GO . FT15F001 DD UNIT=3400-5 ,VOL=SER=23235 , LABEL= ( 3 0 , SL , , IN) , 
II DISP=OLD , DCB= ( RECFM=FB , LRECL=80 , BLKSIZE=16000 ) ,  
II DSN=CLASSUM . YR1984 
//GO . FT15F002 DD UNIT=3400 - 5 , VOL=SER=2323 5 , LABEL= ( 3 0 , SL ) , 
.II DISP= (NEW, KEEP) ,DCB= (RECFM=FB , LRECL=8 0 , BLKSIZE=16000 ) ,  
.// DSN=CLASSUM . YR1984 
/IGO . SYSIN DD * 
. .  INCLUDE EDIT 84 A 
I* 
//TAPEMAP EXEC TAPEMAP ,TAPE=23235 
j* 

Figure E-6 . Example of JCL for CLASEDIT 
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JIEALCAL JOB 5035-51219 , '  SALSMAN ' ,MSGLEVEL = ( 1 , 1 ) , 
II TIME= ( 1 , 00 ) ,REGION=380K 
/*JOBPARM W,P=R, L=4 
/*SETUP TAPE=( 23194) 
/*SETUP TAPE=( 23235) 
/*SETUP TAPE=( 23195 ,RINGIN) 
. .  INCLUDE 51219 PASSWORD 
/ IEALCAL EXEC PGM=EALCAL 
/ISTEPLIB DD DSN=UKU. @KTROS .TRAF1 ,DISP=SHR 
/IFT06F001 DD SYSOUT=A 
/IFT07F001 DD SYSOUT=B 
.IIGO. FT14F001 DD DSN=FWT. YR84,UNIT=3400-6 ,VOL=SER=23194, 
11 ·ncB= (LRECL=8o, BLKSIZE=16ooo , REcFM=FB,DEN=4) ,DISP= (OLD ,KEEP ) ,  
I I LABEL= (14 , SL ,  , IN )  
IIGO. FT14F002 DD DSN=FWT . YR82 ,UNIT=3400-6 ,VOL=SER=23194 , 
II  DCB= (LRECL=8 0 , BLKSIZE=16000 ,RECFM=FB,DEN=4) ,DISP= (OLD,KEEP) ,  
fl LABEL= (13 , SL , , IN )  
IIGO . FT14F003 DD DSN=FWT. YR80 ,UNIT=3400-6 ,VOL=SER=23194, 
II DCB= (LRECL=80 , BLKSIZE=16000,RECFM=FB ,DEN=4) ,DISP= (OLD ,KEEP ) ,  
II LABEL = ( 12 , SL , , IN )  
IIGO. FT14F004 DD DSN=FWT . YR78 ,UNIT=3400-6 ,VOL=SER=23194, 
/1 DCB= (LRECL=80 , BLKSIZE=16000 ,RECFM=FB,DEN=4) ,DISP= (OLD , KEEP ) ,  
II LABEL= (11 , SL , , IN )  
/IGO. FT14F005 DD DSN=FWT. YR77 ,UNIT=3400-6 ,VOL=SER=23194, 
II DCB= (LRECL=80 , BLKSIZE=16000,RECFM=FB,DEN=4) ,DISP= (OLD ,KEEP) , 
I I LABEL= (10 ,SL" IN) 
IIGO .FT14F006 DD DSN=FWT. YR76 ,UNIT=3400-6 ,VOL=SER=23194, 
II DCB= (LRECL=8 0 ,BLKSIZE=16000 ,RECFM=FB,DEN=4) ,DISP= (OLD ,KEEP ) , 
fl LABEL= ( 9 , SL , , IN)  
IIGO . FT14F007 DD DSN=FWT . YR75 ,UNIT=3400-6 ,VOL=SER=23194 , 
II DCB= (LRECL=80 , BLKSIZE=16000,RECFM=FB,DEN=4) ,DISP= (OLD ,KEEP) ,  
II LABEL= ( 8 , SL , , IN )  
IIGO. FT14F008 DD DSN=FWT. YR74 ,UNIT=3400-6 ,VOL=SER=23194, 
II DCB= (LRECL=80 , BLKSIZE=16000 ,RECFM=FB,DEN=4) ,DISP= (OLD ,KEEP ) ,  
/1 LABEL= ( 7 , SL , , IN)  
IIGO. FT14F009 DD DSN=FWT . YR73 ,UNIT=3400-6 ,VOL=SER=23194 , 
II DCB= (LRECL=80 , BLKSIZE=16000,RECFM=FB,DEN=4) ,DISP= (OLD,KEEP ) ,  
I I  LABEL= (6 ,SL , , IN )  
IIGO. FT14F010 DD DSN=FWT .YR72 ,UNIT=3400-6,VOL=SER=23194, 
I I  DCB= (LRECL=80 , BLKSIZE=16000,RECFM=FB,DEN=4) ,DISP= (OLD,KEEP ) ,  
/1 LABEL= ( 5 , SL , , IN)  
/IGO. FT14F011 DD DSN=FWT . YR71 ,UNIT=3400-6 ,VOL=SER=23194, 
II DCB= (LRECL=80 , BLKSIZE=16000 ,RECFM=FB,DEN=4) ,DISP= (OLD ,KEEP ) ,  
II LABEL= (4 ,SL , , IN )  
IIGO. FT14F012 DD DSN=FWT . YR70 , UNIT=3400-6 ,VOL=SER=23194, 
II DCB= (LRECL=80 , BLKSIZE=16000 ,RECFM=FB ,DEN=4) ,DISP= (OLD ,KEEP) ,  
I I  LABEL = ( 3 ,SL, , IN)  
IIGO. FT14F013 DD DSN=FWT . YR69 ,UNIT=3400-6 ,VOL=SER=23194, 
II DCB= (LRECL=80 , BLKSIZE=16000 , RECFM=FB,DEN=4) ,DISP= (OLD ,KEEP ) ,  
II LABEL= ( 2 , SL , , IN )  
/IGO. FT15F001 DD DSN=CLASSUM .YR1984,UNIT=3400-6 ,VOL=SER=23235 , 
I I  DCB= (LRECL=80 , BLKSIZE=16000 ,RECFM=FB,DEN=4) ,DISP= (OLD ,KEEP) ,  
II LABEL= ( 30 , SL , , IN) 
I/GO. FT16F001 DD DSN=MEAN. STDDEV. YR84,UNIT=3400-6,VOL=SER=23195 , 
I I  DCB= (LRECL=40 , BLKSIZE=16000,RECFM=FB,DEN=4) ,DISP= (NEW,KEEP ) , 
II LABEL= (16 , SL , , IN )  
IIGO . FT16F002 DD DSN=MEAN. STDDEV. YR83 ,UNIT=3400-6 ,VOL=SER=23195,  
II DCB= (LRECL=40 , BLKSIZE=16000,RECFM=FB,DEN=4 ) ,DISP= (OLD ,KEEP ) ,  
II  LABEL= (15 , SL , , IN )  
/IGO. FT16F003 DD DSN=MEAN . STDDEV.YR8 2 , UNIT=3400-6 ,VOL=SER=23195 , 

Figure E-7 . Example of JCL for EALCAL 
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II DCB= ( LRECL=40 , BLKSIZE=16000 , RECFM=FB,DEN=4) ,DISP= ( OLD,KEEP) , 
II LABEL= ( 1 4 , SL , , IN)  
/IGO . FT16F004 DD DSN=MEAN . STDDEV . YR81 , UNIT=3400-6 ,VOL=SER=2319 5 ,  
II DCB= (LRECL=40, BLKSIZE=16000 , RECFM=FB ,DEN=4) ,DISP= (OLD , KEEP ) ,  
II LABEL= (13 , SL , , IN )  
/IGO . FT16F005 DD DSN=MEAN . STDDEV. YR80 , UNIT=3400-6 , VOL=SER=2319 5 ,  
II DCB= ( LRECL=40 , BLKSIZE=16000,RECFM=FB ,DEN=4) ,DISP= (OLD ,KEEP) ,  
II LABEL= (12 , SL , , IN )  
IIGO. FT16F006 DD DSN=MEAN . STDDEV. YR79 , UNIT=3400-6,VOL=SER=2319 5 ,  
I I  DCB= ( LRECL=40 , BLKSIZE=1600 0 , RECFM=FB ,DEN=4) ,DISP= (OLD ,KEEP) ,  
II LABEL= (ll , SL , , IN )  
//GO . FT16F007 DD DSN=MEAN . STDDEV. YR78 , UNIT=3400- 6 , VOL=SER=2319 5 ,  
./1 DCB = ( LRECL=40 , BLKSIZE=16000 , RECFM=FB , DEN=4) ,DISP= (OLD ,KEEP) ,  
II LABEL= (lO , SL , , IN )  
/IGO . FT16F008 DD DSN=MEAN. STDDEV. YR77 , UNIT=3400-6 , VOL=SER=2319 5 ,  
II DCB= (LRECL=40 , BLKSIZE=1600 0 , RECFM=FB ,DEN=4) ,DISP= (OLD ,KEEP) ,  
II LABEL= ( 9 , SL , , IN )  
/IGO. FT16F009 DD DSN=MEAN. STDDEV. YR76 , UNIT=3400-6 , VOL=SER=23195 ,  
I I  DCB= ( LRECL=40 , BLKSIZE=16000 , RECFM=FB , DEN=4) ,DISP= (OLD ,KEEP) ,  
II LABEL = ( 8 , SL , , IN)  
//GO. FT16F010 DD DSN=MEAN . STDDEV. YR75 , UNIT=3400-6 , VOL=SER=2319 5 ,  
I I  DCB= ( LRECL=40 , BLKSIZE=16000 , RECFM=FB , DEN=4) ,DISP= (OLD ,KEEP ) , 
/I LABEL = ( 7 , SL ,  , IN )  
IIGO . FT16F011 DD DSN=MEAN . STDDEV. YR74 , UNIT=3400-6 , VOL=SER=2319 5 ,  
I I  DCB= ( LRECL=40 , BLKSIZE=16000 , RECFM=FB ,DEN=4) ,DISP= (OLD ,KEEP ) , 
II LABEL = ( 6 , SL , , IN )  
//GO . FT16F012 DD DSN=MEAN . STDDEV. YR73 , UNIT=3400-6 , VOL=SER=2319 5 ,  
// DCB = ( LRECL=40 , BLKSIZE=1600 0 , RECFM=FB ,DEN=4) ,DISP= (OLD , KEEP) ,  
// LABEL= ( 5 , SL , , IN )  
/IGO. FT16F013 DD DSN=MEAN . STDDEV. YR72 , UNIT=3400-6 ,VOL=SER=23195 , 
II DCB= (LRECL=40 , BLKSIZE=1600 0 , RECFM=FB,DEN=4) ,DISP= ( OLD , KEEP) ,  
II LABEL= ( 4 , SL , , IN )  
/IGO. FT16F014 DD DSN=MEAN . STDDEV. YR71 , UNIT=3400-6 , VOL=SER=23195 , 
II DCB= ( LRECL=40 , BLKSIZE=16000 , RECFM=FB,DEN=4) ,DISP= ( OLD,KEEP) ,  
II LABEL = ( 3 ,SL , , IN)  
//GO . FT16F015 DD DSN=MEAN . STDDEV. YR70 ,UNIT=3400-6 , VOL=SER=23195 , 
II DCB= ( LRECL=40 , BLKSIZE=16000 , RECFM=FB ,DEN=4 ) ,DISP= ( OLD , KEEP ) , 
I I  LABEL= ( 2 , SL , , IN )  
//GO . FT16F016 DD DSN=MEAN . STDDEV. YR69 , UNIT=3400-6 , VOL=SER=23195 , 
II DCB = ( LRECL=40 , BLKSIZE=16000 , RECFM=FB ,DEN=4) ,DISP= (NEW,KEEP ) ,  
II LABEL= ( l , SL , , IN )  
I* 
//MAP EXEC TAPEMAP ,TAPE=23195 
I* 

Figure E-7 .  ( cont inued) 
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/*CLASS A 
//SMOOTH JOB ( 5035-51219 ) , 'TR ' ,REGION=400K 
. .  INCLUDE 51219 PASSWORD 
/*JOBPARM P=R , T= ( 0 , 25 ) , L=4 , LINECT=66 
/*SETUP TAPE = ( 23195)  
//SMOOTH EXEC PGM=SMOOTH 
//STEPLIB DD DSN=UKU. @KTR0 5 . TRAF1,DISP=SHR 
//FT06F001 DD SYSOUT=A 
//FT07F001 DD SYSOUT=B 
//GO. FT15F001 DD UNIT=3400-5 , VOL=SER=2319 5 , LABEL= ( 2 , SL , , IN ) , 
II DISP= ( OLD , KEEP) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16000 ) ,  
II DSN=MEAN. STDDEV. YR70 
//GO . FT15F002 DD UNIT=3400-5 , VOL=SER=2319 5 , LABEL= ( 3 , SL , , IN) , 
11 DISP= ( OLD ,KEEP ) ,DCB= (RECFM=FB, LRECL=4o , BLKSIZE=16ooo ) , 
II DSN=MEAN . STDDEV . YR71 
//GO . FT15F003 DD UNIT=3400- 5 , VOL=SER=23195 , LABEL= ( 4 , SL , , IN) , 
11 orsP= ( OLD,KEEP ) ,DCB= (RECFM=FB , LRECL=4o , BLKSIZE=16ooo ) ,  
II DSN=MEAN . STDDEV . YR72 
//GO . FT15F004 DD UNIT=3400- 5 , VOL=SER=23195 , LABEL= ( 5 , SL , , IN ) , 
jj DISP= ( OLD , KEEP) ,DCB= ( RECFM=FB , LRECL=40 , BLKSIZE=16000 ) ,  
II DSN=MEAN . STDDEV. YR73 
//GO . FT15F005 DD UNIT=340 0 - 5 , VOL=SER=2319 5 , LABEL= ( 6 , SL , , IN) , 
j/ DISP= (OLD , KEEP) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16000 ) , 
II DSN=MEAN . STDDEV.YR74 
//GO . FT15F006 DD UNIT=3400- 5 , VOL=SER=23195 , LABEL = ( 7  , SL ,  , IN) , 
II DISP= ( OLD , KEEP ) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16000 ) , 
II DSN=MEAN . STDDEV.YR75 
]/GO . FT15F007 DD UNIT=340 0 - 5 , VOL=SER=23195 , LABEL= ( 8 , SL , , IN) , 
]/ DISP= ( OLD , KEEP) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16000 ) ,  
II DSN=MEAN . STDDEV. YR76 
j/GO. FT15F008 DD UNIT=3400 - 5 , VOL=SER=23195 , LABEL= ( 9 , SL , , IN) , 
11 DISP= ( OLD , KEEP) ,DCB= (RECFM=FB, LRECL=40 , BLKSIZE=16ooo ) ,  
IJ DSN=MEAN . STDDEV . YR77 
/IGO . FT15F009 DD UNIT=3400 - 5 , VOL=SER=23195 , LABEL = ( 1 0 , SL , , IN) , 
II DISP= ( OLD , KEEP ) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16ooo ) , 
II DSN=MEAN . STDDEV . YR78 
//GO . FT15F010 DD UNIT=340 0 - 5 , VOL=SER=23195 , LABEL= (11 , SL , , IN) , 
II DISP= ( OLD ,KEEP ) ,DCB= (RECFM=FB , LRECL=40, BLKSIZE=16ooo ) ,  
II DSN=MEAN . STDDEV. YR79 
/IGO . FT15F011 DD UNIT=3400- 5 ,VOL=SER=23195 , LABEL= (12 , SL , , IN) , 
II DISP= ( OLD ,KEEP) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16000 ) ,  
II DSN=MEAN . STDDEV.YR80 
I/GO. FT15F012 DD UNIT=3400 - 5 , VOL=SER=23195 , LABEL= (13 , SL , , IN) , 
II DISP= ( OLD ,KEEP ) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16000 ) ,  
II DSN=MEAN . STDDEV . YR81 
//GO. FT15F013 DD UNIT=3400 - 5 , VOL=SER=23195 , LABEL = ( 1 4 , SL , , IN) , 
II DISP= ( OLD ,KEEP) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16000 ) , 
II DSN=MEAN . STDDEV . YR82 
//GO . FT15F014 DD UNIT=3400 - 5 , VOL=SER=23195 , LABEL = ( 1 5 , SL , ,IN) , 
11 DISP= ( OLD ,KEEP ) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16ooo ) ,  
II DSN=MEAN . STDDEV . YR83 
//GO . FT15F015 DD UNIT=3400 - 5 , VOL=SER=23195 , LABEL= (16 , SL , , IN) , 
11 DISP= ( OLD , KEEP ) ,DCB= (RECFM=FB , LRECL=40 , BLKSIZE=16ooo ) ,  
I I  DSN=MEAN . STDDEV. YR84 
I* 

Figure E-8 . Example of JCL for SMOOTH 
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LOCAL 
COND I T I ON NO OF 
FA VOL GA STAS . 

1 1 1 0 .  
1 1 2 0 .  
1 1 3 0 .  

1 1 4 0 .  

1 2 1 0 .  
1 2 2 1 .  

1 2 3 1 0 . 

1 2 4 0 .  

2 1 1 3 .  
2 1 2 1 0 . 

2 1 3 7 .  

2 1 4 2 .  
2 2 1 3 .  

2 2 2 1 0 . 

2 2 3 9 .  
2 2 4 0 .  
3 1 1 4 .  

3 1 2 4 .  
3 1 3 1 1 .  
3 1 4 4 .  

3 2 1 0 .  

3 2 2 1 .  

3 2 3 3 7 . 
3 2 4 0 .  
4 1 1 3 .  
4 1 2 5 .  
4 1 3 1 3 .  

4 1 4 1 0 .  
4 2 1 0 .  
4 2 2 0 .  

4 2 3 4 .  
4 2 4 1 .  
5 1 1 2 .  
5 1 2 1 5 . 

5 1 3 2 2 . 
5 1 4 2 0 . 

5 2 1 0 .  
5 2 2 0 .  
5 2 3 1 .  

5 2 4 0 .  

LOCAL 
COND I T I O N  N O  O F  

V O L  C T  STAS . 
1 1 7 .  

1 2 1 4 . 
1 3 2 5 . 
2 1 8 .  
2 2 5 .  
2 3 9 .  

ANNUA L AVERAGE D A I L Y  T R A F F IC 

NON-COA L - HA U L I NG ROADS 
STD 
DEV AVERAGE VALUE 

84 84 83 82 81 80 7 9  78 7 7  7 6  7 5  7 4  7 3  7 2  71 70 
0 . *************************************************************** 3 9 7 9 . *********************************** 
0 . ********************************************************************************************************* 
0 . ************************************************************************************************** 2 1 2 5 . 
0 . ******************************************************** 4 8 6 0 . **************************** 3 1 8 0 . 4 8 6 8 . 
0 . ************** 1 0 2 2 6 .  7 3 8 9 . 5 3 1 7 . ******* 9 8 2 4 . ******* 6 9 1 4 . ****************************************** 
0 .  1 9 5 8 3 . 1 9 2 6 8 .  1 8 9 3 0 . 2 1 6 0 3 . 1 9 0 0 7 . 2 0 0 6 4 . 1 9 5 6 4 . 1 8 4 2 0 . 1 7 5 2 0 . 1 7 1 9 2 . ******* 1 3 6 8 6 . 1 4 5 9 2 . 1 2 6 5 9 . 1 5 2 8 5 . 

2 3 6 3 6 . 3 3 1 7 3 .  4 8 6 8 8 .  2 9 8 1 9 . 2 1 6 9 7 . 3 5 0 8 0 . 2 3 1 6 5 . 3 7 1 5 2 . 1 7 9 5 9 . 2 9 7 2 3 . 2 4 46 4 . ******* 1 5 6 6 8 .  1 8 5 4 1 . 2 1 9 1 8 . 2 0 5 4 4 . 
0 . ******* 6 0 8 9 . 1 5 0 5 2 . 7 2 0 7 . 1 2 5 9 7 . 1 5 1 4 6 . 1 3 0 6 3 . 1 3 1 8 4 .  9 8 2 9 . 1 1 8 5 6 . ************** 8 7 8 4 .  7 4 7 3 . 9 0 5 1 .  

1 0 8 9 . 3 6 1 6 .  2 7 8 3 . 2 2 9 4 . 2 5 2 1 .  2 5 1 1 .  2 7 6 2 . 2 8 7 7 . 2 7 7 0 . 3 3 3 8 . 2 3 2 1 . ******* 3 8 2 0 . 2 8 7 5 . 2 6 9 3 . 2 6 1 3 . 
1 2 3 8 . 2 5 3 8 . 2 2 2 5 . 2 6 2 5 . 2 6 47 . 2 4 1 9 . 2 9 4 6 . 2 8 8 7 . 2 6 2 5 . 2 8 3 5 . 2 6 2 2 . ******* 2 9 8 1 .  2 8 6 7 . 2 6 6 4 . 2 0 7 3 . 
1 1 7 0 . 2 6 9 4 . 3 5 9 3 . 3 45 7 .  3 3 9 2 . 2 7 9 5 . 3 8 7 4 .  2 3 8 2 . 2 1 3 8 . 3 0 47 . 3 2 5 6 . ******* 2 1 3 5 . 2 0 6 2 . 2 6 1 5 . 2 9 0 2 . 

7 3 5 . 2 1 7 7 . 2 2 1 2 . 2 2 1 6 . 2 3 8 6 . 1 4 7 5 . 2 2 5 8 . 2 6 5 4 . 2 5 8 5 . 2 0 46 . 2 3 7 3 . ******* 2 7 3 7 .  2 3 8 7 . 2 9 4 6 . 1 9 40 . 
1 3 7 2 .  6 45 8 . 9 0 5 5 . 1 0 9 2 3 .  9 0 4 9 . 6 9 44 . 1 3 6 2 0 . 7 6 5 3 . 6 5 8 1 .  6 47 1 .  1 0 1 5 0 . ******* 1 0 3 2 0 . 1 47 2 0 .  7 4 8 2 . 1 0 7 7 6 .  
6 0 7 4 . 1 1 6 4 1 . 9 8 49 . 7 7 9 3 . 9 9 1 1 . 9 0 0 6 . 1 1 9 45 . 8 3 6 8 .  1 2 4 5 0 . 1 7 1 1 7 . 5 1 3 6 . ******* 1 0 2 7 4 .  7 1 25 . 8 4 49 . 1 3 2 4 9 . 
4 0 2 7 . 1 0 3 1 2 . 1 3 7 5 9 . 1 4 3 8 2 . 1 3 0 0 9 . 1 9 8 9 0 . 1 2 2 6 3 . 1 5 1 53 . 1 8 8 7 7 . 9 9 3 1 .  1 0 6 2 4 . ******* 7 1 7 5 . 1 6 4 8 1 . 1 0 9 8 8 . 9 8 1 4 .  

0 . ******* 8 42 8 . 7 3 5 5 . 7 0 1 7 . 9 9 1 8 .  8 5 7 1 .  1 0 3 7 2 . 8 1 4 3 . 7 1 46 . 1 2 9 0 0 . ******* 5 8 9 6 . 1 0 8 9 8 .  7 2 7 7 . 8 40 5 .  
1 8 7 7 . 2 1 7 9 . 1 6 4 3 . 2 3 5 5 . 2 4 6 2 . 2 5 9 1 . 1 9 3 3 . ******* 2 1 1 1 . ******* 2 0 4 2 . ******* 2 9 1 8 . 4 1 5 8 .  1 1 7 7 .  2 1 1 9 . 

9 9 1 . 3 3 7 4 . 2 1 7 4 . 1 8 5 1 . 2 8 7 4 .  1 9 0 2 . 2 2 7 4 . 4 7 3 4 . ******* 1 5 8 1 . 1 0 6 6 . ******* 3 7 6 7 . 3 5 0 7 . 1 0 4 6 . 2 5 5 3 .  
1 5 2 1 .  25 8 5 . 2 2 6 7 . 2 6 7 7 . 2 1 1 1 . 1 7 8 6 . 2 4 9 4 . 465 . ******* 2 40 9 .  2 3 6 6 . ******* 2 0 3 2 . 3 4 0 4 . 2 7 4 5 . 3 3 6 5 .  
1 8 5 4 .  2 1 6 7 . 2 2 0 0 . 2 5 2 0 . 1 3 6 6 . 1 7 1 9 . 1 4 9 2 . ************** 1 8 7 0 . 4 1 3 5 . ************** 3 0 0 4 . 1 5 9 5 . ******* 

0 . ******* 7 6 5 9 . 8 6 6 0 . 9 6 3 2 . ******* 1 1 9 1 4 . ******* 2 5 9 5 7 . ********************* 7 6 8 9 . 7 1 3 7 . ************** 
0 .  1 1 4 3 6 . 1 0 0 3 2 .  8 5 8 8 . 9 2 9 8 . 1 1 1 4 1 . 8 7 4 4 . 1 0 5 5 7 . 7 9 3 5 . 9 1 6 3 . 5 8 7 0  · ******* 9 0 8 5 . 7 3 3 0 . 9 5 7 3 . 7 9 9 7 . 

7 5 2 1 .  1 3 4 9 7 . 1 1 1 4 0 . 1 4 0 9 6 . 1 0 3 7 9 .  1 4 8 9 7 . 1 3 9 6 4 . 1 2 9 5 3 . 1 3 7 2 8 . 1 6 1 0 7 . 1 0 2 7 0  · ******* 1 4 3 6 5 . 1 3 5 5 1 . 1 2 2 5 4 . 9 2 6 6 . 
0 . ******* 7 47 1 .  9 3 7 4 . 6 8 0 4 . ******* 7 3 4 7 . ************** 5 40 8 . 6 5 8 2 . ************** 7 9 4 6 . 9 6 1 8 . 6 4 1 0 . 

5 2 2 . 1 7 9 5 . 1 8 7 3 . 3 3 9 4 . 1 3 2 5 . 1 3 3 1 . 2 1 4 1 .  1 5 2 1 . 1 7 1 1 . 1 5 1 1 . 1 45 7 . ******* 2 0 8 4 .  1 4 4 8 . 1 2 5 7 . 1 2 0 3 . 
1 3 6 4 .  1 9 3 0 .  1 9 9 5 . 2 3 3 0 . 1 6 6 7 . 1 43 9 .  1 6 3 0 .  1 7 4 6 . 1 5 4 6 . 1 5 4 8 . 1 1 4 0 . ******* 1 0 8 7 . 1 3 9 6 . 1 4 7 3 . 1 2 0 6 . 
1 4 5 7 . 1 6 9 3 .  2 4 0 2 . 2 1 6 2 . 2 3 2 1 .  3 42 1 .  2 1 4 5 . 1 7 4 3 . 1 8 8 5 . 1 7 4 8 .  1 9 6 7 . ******* 1 1 0 1 . 1 4 5 3 . 1 9 6 6 . 2 2 6 3 . 

1 0 9 7 . 1 1 6 7 .  8 6 3 . 6 1 6 .  8 0 0 . 1 3 9 7 . 1 8 7 1 . 1 5 7 3 .  1 3 6 5 . 1 4 9 4 . 9 0 1 . ******* 1 3 3 6 . 2 5 1 7 . 1 3 5 2 . 9 6 3 . 
0 . ********************* 5 5 8 6 . 7 0 1 5 . 5 9 1 8 . 6 6 5 5 . ******* 5 6 7 9 .  8 443 . ******* 5 9 9 9 . 7 42 8 . ************** 

0 . ********************* 7 1 8 5 . 5 3 7 4 . ******* 6 46 1 . ******* 8 2 4 0 . 6 7 3 4 . ********************* 7 69 4 . ******* 
4 9 7 5 . 1 2 8 5 7 .  9 7 0 0 .  7 8 9 0 . 5 6 7 9  · ******* 6 52 5 .  5 5 3 1 .  7 8 7 3 . 6 447 . 6 4 6 2  · ******* 7 6 7 9 . 5 5 9 5 .  8 66 5 .  7 1 7 2 .  

0 .  1 5 0 0 0 . **************************** 8 87 6 .  5 9 8 6 . 7 6 0 0 . 5 0 1 3 . 5 1 0 2 . ******* 6 9 8 5 . 8 1 6 0 . 6 2 5 7 . ******* 
3 0 3 . 8 4 7 . 5 5 3 . 3 3 2 . 3 2 4 .  3 1 8 .  8 9 2 . 1 5 0 5 . 8 8 9 . 4 8 6 . 3 6 6 . ******* 1 1 3 5 . 1 3 5 8 .  6 4 7 . 9 0 8 . 
2 49 . 4 0 9 . 1 0 7 0 . 6 1 0 . 5 8 3 . 9 3 5 . 7 7 8 .  1 0 3 7 . 6 9 0 . 7 3 4 . 3 1 3 . ******* 9 7 6 . 17 0 1 .  8 1 4 . 4 2 9 . 

1 1 7 1 .  1 0 5 0 . 6 6 9 . 1 0 6 6 . 1 8 1 8 . 1 2 1 2 . 8 5 0 . 5 5 5 . 6 7 5 . 7 1 8 .  1 0 7 7 . ******* 6 9 1 .  1 2 7 0 . 6 0 5 . 1 1 9 1 . 
5 6 9 . 5 7 9 . 1 9 1 2 . 7 0 5 . 7 0 3 . 6 2 0 .  1 5 1 3 . 1 0 3 2 . 9 8 9 . 1 1 6 7 . 5 5 8  · ******* 1 2 0 9 . 1 6 0 1 .  9 1 3 . 1 0 2 5 . 

0 . ****************************************** 5 47 1 . *********************************** 1 3 2 8 9 . ************** 
0 . ******* 5 1 1 5 . ************************************************* 1 5 0 7 4 . ************** 8 0 9 3 . ************** 
0 .  8 7 0 0 . 5 8 3 7 . *********************************** 9 4 5 0 . 1 6 4 6 9 . 8 0 1 8 . ************** 1 0 0 8 6 . ******* 8 3 2 5 . 
0 . ******* 8 49 1 .  7 2 2 6 . 6 8 6 5 . **************************** 6 5 0 4 . 1 0 5 8 4 . ******* 5 3 0 0 .  9 1 2 8 . 6 5 5 8 .  1 0 1 3 8 .  

STD 
D E V  

8 4  8 4  8 3  
8 5 4 .  2 1 1 6 . 2 0 1 2 . 

1 5 7 2 . 1 7 4 3 . 2 3 0 1 .  
1 2 6 7 . 1 8 8 1 .  2 4 4 1 . 
9 2 5 2 . 1 2 6 2 6 .  1 2 2 8 1 .  
4 4 8 5 . 8 7 7 2 .  9 3 6 5 . 
4 8 8 9 . 1 1 43 3 .  9 0 3 9 .  

8 2  8 1  
1 8 7 4 . 1 9 4 0 . 
1 9 5 7 . 2 5 2 3 . 
2 3 2 3 . 2 3 4 0 . 

1 4 6 0 3 . 1 5 2 1 3 . 
1 5 5 5 0 . 1 3 7 5 5 . 

8 2 5 2 .  1 0 9 6 5 . 

COAL-HAULING ROADS 

AVERAGE VALUE 
80 7 9  78 77 7 6  75 74 7 3  7 2  7 1  70 
2 3 7 7 . ********************************************************************** 
2 6 5 8 . ********************************************************************** 
2 0 5 1 . ********************************************************************** 

1 2 7 1 4 . ********************************************************************** 
8 9 17 . ********************************************************************** 
6 0 12 . ********************************************************************** 

Figure F-l Cross-Tabulation Matrix with Average Values for 
Annual Average Daily Traff ic 



LOCAL 
COND I T I O N  
FA VOL GA 

1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 2 1 
1 2 2 
1 2 3 
1 2 4 
2 1 1 
2 1 2 
2 1 3 
2 1 4 
2 2 1 
2 2 2 
2 2 3 
2 2 4 
3 1 1 
3 1 2 
3 1 3 
3 1 4 
3 2 1 
3 2 2 
3 2 3 
3 2 4 
4 1 1 
4 1 2 
4 1 3 
4 1 4 
4 2 1 
4 2 2 
4 2 3 
4 2 4 
5 1 1 
5 1 2 
5 1 3 
5 1 4 
5 2 1 
5 2 2 
5 2 3 
5 2 4 

LOCAL 
COND I T I O N  

VOL C T  
1 1 
1 2 
1 3 
2 1 
2 2 
2 3 

NO OF 
STAS . 

0 .  
0 .  
0 .  
0 .  
0 .  
1 .  

1 0 . 
0 .  
3 .  

1 0 ' 
7 .  
2 .  
3 .  

1 0 . 
9 .  
0 .  
4 .  
4 .  

1 1 .  
4 .  
0 .  
1 .  

3 7 . 
0 .  
3 .  
5 .  

1 3 ' 
1 0 . 

0 .  
0 .  
4 .  
1 .  
2 .  

1 5 . 
2 2 .  
2 0 . 

0 .  
0 .  
1 .  
0 .  

N O  OF 
STAS . 

7 .  
1 4 . 
2 5 . 

8 .  
5 .  
9 .  

PERCENT TRUCKS 

NON-COAL-HAUL ING ROADS 
STD 
DEV AVERAGE VALUE 

84 84 83 82 81 80 7 9  78 7 7  7 6  7 5  7 4  73 72 7 1  7 0  
0 . 0  *************************************************************** 1 1 . 3 6 4*********************************** 
0 . 0  ********************************************************************************************************* 
0 . 0  ************************************************************************************************** 1 4 . 2 6 5  
0 . 0  ******************************************************** 1 6 . 7 5 6 **************************** 1 3 . 44 0  2 1 . 0 0 0  
0 . 0  ************** 3 6 . 9 3 3  2 2 . 1 5 6  2 5 . 32 9******* 3 3 . 6 1 1******* 8 . 33 7****************************************** 
0 . 0  3 4 . 0 4 7  3 1 . 9 7 1  2 9 . 6 8 4  2 7 . 5 2 9  3 0 . 6 6 7  2 8 . 8 8 2  2 9 . 7 8 5  3 2 . 9 9 8  3 0 . 2 2 9  2 5 . 49 9******* 2 4 . 3 2 3  3 0 . 5 1 9  2 2 . 49 1  1 7 . 6 47 

1 1 . 0 2 0  1 5 . 45 7  1 9 . 5 1 1  2 0 . 3 9 3  2 8 . 5 4 8  2 2 . 3 6 4  2 4 . 3 6 2  1 9 . 7 0 0  2 4 . 9 6 4  2 1 . 7 8 2  1 8 . 5 45******* 2 1 . 2 44 1 7 . 1 0 9  1 7 . 9 8 2  1 7 . 8 1 2  
0 . 0 ******* 2 7 . 42 4  2 4 . 0 1 9  2 3 . 2 0 4  2 6 . 9 5 0  2 8 . 3 3 5  2 4 . 8 8 4  2 5 . 47 3  2 3 . 9 2 6  1 9 . 7 5 3 ************** 2 0 . 3 7 7  1 8 . 5 9 1  1 5 . 3 5 2  
5 . 4 1 0  1 2 . 7 1 5  1 0 . 7 2 6  1 1 . 9 8 5  1 2 . 2 4 7  16 . 2 5 8  15 . 1 6 3  1 5 . 44 8  1 6 . 5 3 0  1 6 . 1 1 1  15 . 3 9 2******* 2 0 . 1 3 5  9 . 5 8 1  1 4 . 9 0 8  1 3 . 7 9 9  

1 4 . 9 5 9  1 4 . 3 5 8  1 1 . 5 2 9  1 0 . 5 6 9  1 0 . 9 4 1  1 3 . 0 8 1  1 3 . 2 9 4  1 1 . 5 1 0  1 4 . 8 7 5  1 1 . 42 1  1 1 . 1 7 2******* 1 2 . 7 5 7  1 0 . 5 2 3  1 2 . 8 1 5  1 3 . 1 0 6  
3 . 0 5 3  8 . 5 9 9  5 . 8 5 7  7 . 6 9 7  6 . 6 42 6 . 3 0 3  8 . 9 49 9 . 43 2  9 . 5 5 8  8 . 7 5 3  9 . 0 8 3******* 5 . 8 8 3  1 3 . 5 5 9  9 . 49 7  1 0 . 5 7 7  
3 . 22 6  1 4 . 7 5 0  6 . 3 1 9  4 . 7 5 2  1 2 . 7 1 6  1 8 . 2 3 9  1 2 . 446 1 2 . 5 1 1  1 3 . 5 0 9  1 1 . 3 3 5  1 5 . 0 9 9******* 1 1 . 4 8 9  8 . 8 0 0  1 2 . 2 8 3  1 3 . 1 2 2  
3 . 5 69 5 . 9 7 2  7 . 5 0 8  7 . 8 7 1  6 . 2 1 5  1 7 . 3 9 1  9 . 9 9 6  1 4 . 7 4 2  1 7 . 0 1 6  1 0 . 2 0 1  1 4 . 2 9 0******* 4 . 2 8 4  3 . 5 9 4  1 3 . 0 3 7  1 5 . 4 8 9  
1 . 6 95 5 . 6 2 5  7 . 1 7 2  8 . 49 6  6 . 5 5 2  5 . 7 5 2  7 . 1 5 5  8 . 3 6 6  8 . 0 7 9  3 . 2 8 9  1 1 . 9 8 3******* 5 . 7 44 7 . 6 0 2  6 . 9 7 2  9 . 1 1 6  
3 . 5 2 0  6 . 8 9 4  4 . 9 5 6  6 . 1 0 4  6 . 2 8 0  4 . 7 1 9  8 . 2 2 8  7 . 9 0 5  1 1 . 0 4 1  9 . 2 6 5  7 . 6 7 3******* 1 2 . 42 4  9 . 0 1 8  8 . 5 0 1  7 . 1 7 8  
0 . 0  ******* 6 . 6 8 4  1 . 7 2 9  8 . 6 9 9  1 1 . 4 1 5  1 5 . 5 9 1  1 5 . 0 1 3  1 6 . 8 9 7  1 4 . 6 3 8  7 . 7 1 9******* 1 2 . 0 2 8  7 . 9 8 6  2 0 . 0 2 9  7 . 444 
2 . 425 3 . 3 2 2  3 . 0 2 3  4 . 0 9 8  3 . 9 47 1 6 . 3 0 5  6 . 7 8 6******* 1 1 . 44 6******* 4 . 1 6 4******* 1 . 43 9  4 . 43 6  2 . 8 1 0  9 . 7 3 0  
1 . 3 95 3 . 2 76 4 . 2 0 3  5 . 5 1 8  3 . 3 8 6  4 . 44 8  6 . 2 42 5 . 6 4 8******* 8 . 8 5 1  8 . 8 1 9******* 4 . 7 2 3  8 . 7 2 8  1 0 . 6 0 8  1 5 . 8 4 5  
1 . 7 8 5  3 . 3 96 3 . 5 8 8  2 . 8 2 4  3 . 5 9 3  2 . 4 1 7  2 . 44 1  5 . 0 1 4******* 9 . 45 4  2 0 . 7 9 7******* 3 . 8 2 6  2 2 . 7 5 4  9 . 7 2 5  8 . 40 8  
1 . 3 8 1  2 . 5 5 4  2 . 0 5 9  1 . 9 8 5  2 . 2 9 5  4 . 43 5  5 . 3 5 7************** 1 . 9 5 2  2 . 0 1 6************** 5 . 1 7 2  8 . 9 6 4******* 
0 . 0  ******* 2 . 6 2 2  5 . 5 6 4  3 . 2 8 4******* 4 . 2 6 9******* 4 . 8 9 2 ********************* 6 . 44 0  3 . 8 6 9 ************** 
0 . 0  1 . 9 1 2  3 . 5 42 5 . 0 2 3  4 . 0 2 9  3 . 5 5 5  7 . 8 5 4  3 . 2 4 0  5 . 6 5 1  3 . 1 6 5  2 9 . 6 1 2******* 5 . 1 8 9  5 . 6 8 3  2 . 3 2 3  5 . 445 
2 . 7 1 0  4 . 0 3 1  4 . 7 0 4  3 . 9 1 0  4 . 2 1 4  4 . 2 0 9  5 . 6 3 2  5 . 7 7 9  6 . 1 8 3  3 . 5 2 0  5 . 0 1 1******* 4 . 7 1 2  2 . 85 3  5 . 2 9 6  5 . 0 7 0  
0 . 0  ******* 1 . 8 1 2  2 . 65 2  3 . 8 2 3******* 6 . 8 0 6************** 1 6 . 40 1  1 0 . 6 2 2************** 1 . 9 0 9  6 . 37 4  6 . 0 8 0  
5 . 3 3 9  1 0 . 7 7 0  8 . 0 9 1  5 . 6 5 5  5 . 6 0 9  8 . 8 6 0  9 . 8 3 8  1 0 . 6 8 2  9 . 0 4 0  8 . 8 1 5  8 . 9 5 4******* 3 . 9 0 9  6 . 3 8 5  7 . 8 3 7  1 0 . 8 1 9  
2 . 2 2 9  5 . 9 5 1  7 . 3 8 2  4 . 6 8 9  9 . 1 6 3  7 . 5 5 2  1 0 . 0 2 7  9 . 4 1 0  1 1 . 8 2 2  9 . 1 8 5  1 0 . 0 7 8 ******* 7 . 5 7 5  8 . 6 7 1  1 0 . 2 0 9  9 . 8 1 4  
4 . 5 2 4  7 . 2 8 8  5 . 7 8 2  5 . 4 8 5  6 . 9 3 7  4 . 9 0 2  8 . 1 2 5  7 . 33 0  1 0 . 02 5  8 . 3 9 7  8 . 45 6 ******* 7 . 5 7 3  6 . 42 0  6 . 8 8 9  7 . 6 9 0  
2 . 3 5 4  4 . 3 5 0  6 . 0 6 5  7 . 7 44 5 . 6 2 3  8 . 8 9 6  9 . 6 5 0  1 5 . 2 7 6  1 3 . 2 0 5  1 0 . 3 2 3  1 1 . 5 9 7******* 6 . 3 3 8  7 . 6 5 2  1 0 . 40 0  1 0 . 2 2 4  
0 . 0  ********************* 8 . 8 9 2  1 1 . 42 3  1 0 . 9 9 0  1 3 . 2 9 6******* 6 . 3 1 0  3 . 7 8 1 ******* 2 . 6 0 8  5 . 1 44************** 
0 . 0  ********************* 6 . 2 2 1  6 . 5 6 2******* 5 . 8 9 2******* 7 . 3 42 7 . 8 6 1********************* 7 . 2 8 2******* 
1 . 1 0 3  4 . 0 7 8  1 1 . 446 2 . 9 6 6  5 . 7 0 0******* 1 0 . 2 2 5  5 . 8 4 9  3 . 6 0 3  4 . 6 3 3  3 . 9 3 5 ******* 6 . 7 9 9  4 . 6 46 8 . 1 6 5  5 . 7 3 0  
0 . 0  3 . 5 6 0 **************************** 7 . 6 5 3  1 4 . 9 5 1  5 . 1 0 4  1 4 . 7 42 4 . 5 6 7******* 5 . 9 8 0  6 . 0 8 0  8 . 8 2 9******* 
1 . 3 6 2  2 . 4 3 2  6 . 3 9 3  6 . 0 0 6  3 . 7 9 5  7 . 0 0 9  4 . 42 5  7 . 1 2 3  5 . 8 0 5  3 . 7 7 4  5 . 3 7 6******* 4 . 7 7 6  6 . 6 6 1  6 . 7 6 1  8 . 2 1 7  
6 . 0 0 6  8 . 3 0 0  6 . 2 8 2  4 . 6 0 8  7 . 9 5 6  7 . 1 8 3  7 . 6 46 6 . 1 2 5  8 . 1 6 7  6 . 8 6 1  6 . 0 8 6******* 4 . 7 7 7  4 . 2 6 4  8 . 7 0 7  9 . 9 4 1  
2 . 6 45 3 . 8 4 6  4 . 9 6 8  5 . 40 7  5 . 6 0 0  8 . 5 0 0  6 . 0 9 6  6 . 0 9 9  8 . 0 6 8  7 . 8 1 9  5 . 2 1 6******* 6 . 3 9 3  4 . 8 0 3  9 . 2 4 8  4 . 1 0 3  
4 . 5 2 9  5 . 1 0 4  4 . 0 5 7  5 . 1 6 7  9 . 5 0 3  9 . 46 5  8 . 5 6 0  1 1 . 8 2 4  1 1 . 1 3 8  6 . 8 0 3  9 . 7 8 8******* 8 . 3 7 9  3 . 6 3 8  8 . 8 6 6  1 4 . 7 1 6  
0 . 0  ****************************************** 5 . 3 6 9*********************************** 3 . 2 7 6 ************** 
0 . 0  ******* 2 . 2 0 3************************************************* 2 4 . 7 8 3************** 4 . 7 8 2************** 
0 . 0  1 . 5 3 2  9 . 0 9 5 *********************************** 6 . 1 5 2  1 0 . 8 6 5  4 . 2 9 6************** 1 . 1 8 7******* 1 . 5 1 9  
0 . 0  ******* 2 . 0 0 2  3 . 35 3  1 . 6 5 1 **************************** 2 . 5 1 9  5 . 5 4 1******* 2 . 6 2 6  3 . 8 4 6  6 . 9 0 1  7 . 5 4 3  

STD 
DEV 

8 4  8 4  8 3  8 2  8 1  
5 . 46 1  9 . 5 1 4  7 . 2 9 9  7 . 1 5 3  9 . 5 9 0  
4 . 7 1 8  7 . 8 7 3  9 . 1 8 3  8 . 5 0 5  9 . 7 8 3  

1 1 . 9 8 2  1 8 . 1 9 4  1 5 . 7 0 7  1 9 . 2 8 8  1 5 . 3 7 2  
1 2 . 40 2  15 . 8 0 6  1 0 . 5 6 3  1 2 . 49 7  1 1 . 42 1  

8 . 1 1 1  1 1 . 2 7 9  1 0 . 2 0 9  1 0 . 49 3  1 2 . 5 1 7  
1 1 . 1 0 0  1 4 . 8 6 0  1 3 . 8 2 5  1 5 . 9 7 8  1 3 . 6 0 2  

COAL-HAULING ROADS 

AVERAGE VALUE 
80 79 78 77 76 75 74 73 7 2  71 7 0  

1 1 . 9 3 8********************************************************************** 
1 2 . 2 8 0********************************************************************** 
1 8 . 3 0 2********************************************************************** 
1 7 . 47 2********************************************************************** 
1 0 . 40 9********************************************************************** 
2 6 . 5 8 9********************************************************************** 

Figure F-2 . Cross-Tabulation Matrix with Average Values for Percent Trucks 



LOCA L 
CONDITION 
FA VOL GA 

1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 2 1 
1 2 2 
1 2 3 
1 2 4 
2 1 1 
2 1 2 
2 1 3 
2 1 4 
2 2 1 
2 2 2 
2 2 3 
2 2 4 
3 1 1 
3 1 2 
3 1 3 
3 1 4 
3 2 1 
3 2 2 
3 2 3 
3 2 4 
4 1 1 
4 1 2 
4 1 3 
4 1 4 
4 2 1 
4 2 2 
4 2 3 
4 2 4 
5 1 1 
5 1 2 
5 1 3 
5 1 4 
5 2 1 
5 2 2 
5 2 3 
5 2 4 

LOCAL 
CONDITION 

VOL CT 
1 1 
1 2 
1 3 
2 1 
2 2 
2 3 

NO O F  
STAS . 

0 .  
0 .  
0 .  
0 .  
0 .  
1 .  

1 0 .  
0 .  
3 .  

1 0 .  
7 .  
2 .  
3 .  

1 0 . 
9 .  
0 .  
4 .  
4 .  

1 1 .  
4 .  
0 .  
1 .  

3 7 . 
0 .  
3 .  
5 .  

1 3 . 
1 0 .  

0 .  
0 .  
4 .  
1 .  
2 .  

1 5 . 
2 2 .  
2 0 . 

0 .  
0 .  
1 .  
0 .  

NO OF 
STAS . 

7 .  
1 4 . 
2 5 . 

8 .  
5 .  
9 .  

PERCENT O F  TRUCKS HAULING C O A L  

NON-COAL-HAULING R OADS 
STD 
DEV AVERAGE VALUE 

8 4  84 83 82 8 1  8 0  7 9  7 8  7 7  76 75 74 7 3  7 2  71 7 0  
0 . 0  ********************************************************************************************************* 
0 . 0  ********************************************************************************************************* 
0 . 0  ********************************************************************************************************* 
0 . 0  ********************************************************************************************************* 
0 . 0  ************** 0 . 8 8 1  0 . 0  0 . 0  ********************************************************************** 
0 . 0  0 . 1 4 5  0 . 0  0 . 0  0 . 0 2 0  0 . 0 1 6********************************************************************** 
0 . 1 1 8  0 . 0 7 8  0 . 1 2 7  0 . 2 0 3  0 . 43 5  0 . 43 9********************************************************************** 
0 . 0  ******* 0 . 9 7 0  0 . 5 7 6  0 . 2 4 6  0 . 8 2 1********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0 6 9  0 . 0  0 . 0  ********************************************************************** 
0 . 1 9 7  0 . 0 7 8  0 . 0 3 2  0 . 0  0 . 0 46 0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0 7 2  0 . 0 8 2  0 . 1 0 7  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 1 49 0 . 0  0 . 0  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 2 8 5  0 . 0  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 1 1 7  0 . 0  0 . 05 3  0 . 1 6 4********************************************************************** 
0 . 0 8 4  0 . 0 2 8  0 . 05 5  0 . 0  0 . 2 2 0  0 . 3 3 6********************************************************************** 
0 . 0 ******* 0 . 3 3 5 0 . 0 0 . 0 0 . 0 ********************************************************************** 
0 . 0  0 . 0  0 . 0 2 2  0 . 0  0 . 0  0 . 1 49********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0 3 6  0 . 0  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 8 4********************************************************************** 
0 . 0  ******* 0 . 0  0 . 0 5 1  0 . 42 2***************************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  ********************************************************************** 
0 . 0 5 0  0 . 0 1 2  0 . 0 5 7  0 . 0  0 . 0 1 9  0 . 1 6 5********************************************************************** 
0 . 0  ******* 0 . 0  0 . 2 5 6  0 . 0  ***************************************************************************** 
0 . 2 8 9  0 . 1 6 7  0 . 0 7 5  0 . 0  0 . 0  0 . 0 1 8********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 7 5  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0 3 2  0 . 1 2 8  0 . 0 4 8  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  ********************************************************************** 
0 . 0  ********************* 0 . 0  0 . 0  ********************************************************************** 
0 . 0  ********************* 0 . 1 2 8  0 . 2 6 4********************************************************************** 
0 . 0 6 1  0 . 0 3 0  0 . 0  0 . 0  0 . 0  ***************************************************************************** 
0 . 0  0 . 5 64************************************************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  ********************************************************************** 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  ********************************************************************** 
0 . 0  ********************************************************************************************************* 
0 . 0  ******* 0 . 0  ******************************************************************************************* 
0 . 0  0 . 0  0 . 0  ******************************************************************************************* 
0 . 0  ******* 0 . 9 5 2  0 . 0  0 . 0  ***************************************************************************** 

STD 
DEV 

84 84 83 82 8 1  
1 .  0 6 8  2 . 5 6 1  2 . 7 6 1  3 . 42 6  2 .  3 7 7  
3 . 8 5 2  1 1 . 7 5 5  1 0 . 0 6 4  1 0 . 3 46 1 3 . 1 0 7  

1 9 . 7 9 0  45 . 7 2 0  49 . 2 0 2  47 . 9 9 9  44 . 0 6 7  
1 .  5 4 4  2 . 45 3  2 . 0 4 8  2 . 1 4 0  2 .  5 1 7  
5 . 35 0  1 2 . 0 1 8  1 2 . 6 6 1  1 2 . 47 0  1 2 . 3 2 9  

1 2 . 82 5  3 8 . 4 9 2  3 4 . 8 4 3  3 4 . 3 2 1  3 5 . 1 2 8  

COAL-HAULING ROADS 

AVERAGE VALUE 
80 7 9  78 7 7  7 6  7 5  7 4  7 3  7 2  71 7 0  
2 . 4 1 5********************************************************************** 
9 . 8 2 4********************************************************************** 

4 0 . 9 7 8********************************************************************** 
2 . 2 7 2********************************************************************** 

1 1 . 3 5 0********************************************************************** 
3 4 . 0 7 1********************************************************************** 

Figure F-3 . Cross-Tabulation Matrix with Average Values for Percent of 
Trucks Hauling Coal 



"' 
-P-

LOCAL 
COND I T I O N  
F A  V O L  GA 

1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 2 1 
1 2 2 
1 2 3 
1 2 4 
2 1 1 
2 1 2 
2 1 3 
2 1 4 
2 2 1 
2 2 2 
2 2 3 
2 2 4 
3 1 1 
3 1 2 
3 1 3 
3 1 4 
3 2 1 
3 2 2 
3 2 3 
3 2 4 
4 1 1 
4 1 2 
4 1 3 
4 1 4 
4 2 1 
4 2 2 
4 2 3 
4 2 4 
5 1 1 
5 1 2 
5 1 3 
5 1 4 
5 2 1 
5 2 2 
5 2 3 
5 2 4 

LOCAL 
COND I T I O N  

VOL C T  
1 1 
1 2 
1 3 
2 1 
2 2 
2 3 

NO OF 
STAS . 

0 .  
0 .  
0 .  
0 .  
0 .  
1 .  

1 0 . 
0 .  
3 .  

1 0 . 
7 .  
2 .  
3 .  

1 0 .  
9 .  
0 .  
4 .  
4 .  

1 1 .  
4 .  
0 .  
1 .  

3 7 . 
0 .  
3 .  
5 .  

1 3 . 
1 0 . 

0 .  
0 .  
4 .  
1 .  
2 .  

15 . 
2 2 . 
2 0 . 

0 .  
0 .  
1 .  
0 .  

N O  OF 
STAS . 

7 .  
1 4 . 
2 5 . 

8 .  
5 .  
9 .  

A X L E S  P E R  TRUCK ( NON-COAL-HAU L I NG ) 

NON-COA L -HAUL ING ROADS 
STD 
DEV AVERAGE VALUE 

84 84 83 82 81 80 7 9  78 7 7  7 6  7 5  7 4  73 72 7 1  7 0  
0 . 0  *************************************************************** 3 . 7 3 9*********************************** 
0 . 0  ********************************************************************************************************* 
0 . 0  ************************************************************************************************** 3 . 3 0 7  
0 . 0  ******************************************************** 4 . 3 5 5**************************** 3 . 0 9 3  3 . 8 7 2  
0 . 0  ************** 4 . 49 2  4 . 49 0  4 . 3 5 3******* 4 . 5 5 0******* 3 . 49 0****************************************** 
0 . 0  4 . 5 0 2  4 . 5 3 9  4 . 5 1 7  4 . 43 5  4 . 43 3  4 . 4 1 6  4 . 444 4 . 4 8 7  4 . 3 8 9  4 . 3 5 0******* 4 . 46 3  4 . 25 8  4 . 2 9 6  4 . 1 6 3  
0 . 5 12 4 . 0 0 1  4 . 2 0 0  4 . 2 2 5  4 . 3 3 7  4 . 1 7 1  4 . 3 6 7  4 . 1 0 3  4 . 2 7 3  4 . 2 9 9  4 . 2 3 3******* 4 . 1 9 8  4 . 2 1 2  4 . 0 4 0  4 . 0 4 2  
0 . 0  ******* 4 . 40 1  4 . 3 3 0  4 . 3 8 3  4 . 3 2 9  4 . 3 5 4  4 . 2 4 4  4 . 2 5 1  4 . 2 4 8  4 . 1 9 6************** 4 . 1 3 7  4 . 1 1 1  3 . 9 7 2  
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0 . 2 1 2  2 . 442 2 . 8 1 4  2 . 6 1 6  2 . 6 8 7  2 . 5 5 9  2 . 7 1 0  2 . 6 43 2 . 6 6 9  2 . 5 1 9  2 . 6 2 1******* 2 . 3 6 5  2 . 40 7  2 . 4 8 9  2 . 5 5 5  
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0 . 5 2 9  2 . 0 9 8  2 . 2 45 2 . 7 43 2 . 45 5  2 . 5 9 8  2 . 2 6 2  2 . 3 2 6  2 . 3 43 2 . 2 5 7  2 . 3 7 6******* 2 . 2 8 6  2 . 3 2 8  2 . 2 4 8  2 . 0 2 7  
0 . 8 5 3  2 . 1 7 2  2 . 4 8 6  2 . 5 2 2  2 . 5 4 0  2 . 7 1 2  2 . 5 6 3  2 . 7 6 1  2 . 6 0 8  2 . 6 3 1  2 . 2 9 2******* 2 . 5 0 7  2 . 2 0 8  2 . 44 8  2 . 3 6 8  
0 . 0  ****************************************** 2 . 9 0 0*********************************** 2 . 8 2 3************** 
0 . 0  ******* 2 . 3 8 3************************************************* 4 . 2 8 8************** 2 . 6 2 5 ************** 
0 . 0  2 . 1 2 8  2 . 6 3 7*********************************** 2 . 4 8 8  3 . 2 4 0  2 . 6 5 4************** 2 . 147******* 2 . 0 3 2  
0 . 0  ******* 2 . 0 9 8  2 . 3 7 6  2 . 1 4 1 **************************** 2 . 9 5 6  2 . 7 1 0******* 2 . 1 9 9  2 . 46 7  2 . 3 5 9  2 . 7 6 6  

STD 
DEV 

8 4  8 4  8 3  
0 . 3 8 8  2 . 9 0 5  2 . 6 6 5  
0 . 4 1 8  2 . 6 2 7  2 . 9 1 0  
0 . 49 6  2 . 8 0 1  3 . 2 0 3  
0 . 9 8 5  3 . 6 3 3  3 . 3 6 9  
0 . 4 1 9  3 . 3 9 7  3 . 3 3 9  
0 . 6 6 6  3 . 44 1  3 . 1 8 0  

8 2  8 1  
2 . 7 1 8  2 . 8 9 0  
2 .  7 1 6  2 . 8 4 6  
3 . 1 9 7  3 . 0 4 0  
3 . 6 8 5  3 . 3 9 7  
3 . 2 7 9  3 . 6 8 2  
3 . 2 5 7  3 . 0 8 5  

COAL-HAULING R OADS 

AVERAGE VALUE 
80 7 9  78 7 7  7 6  7 5  7 4  7 3  7 2  71 7 0  
3 . 0 8 4********************************************************************** 
2 . 9 5 9********************************************************************** 
3 . 33 0********************************************************************** 
3 . 7 1 4********************************************************************** 
3 . 2 1 6********************************************************************** 
3 . 63 9********************************************************************** 

Figure F-4 .  Cross-Tabulation Matrix with Average Values for Axles p er 
Truck (Non-Coal-Haul ing) 
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LOCAL 
COND I T I O N  
FA VOL GA 

1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 2 1 
1 2 2 
1 2 3 
1 2 4 
2 1 1 
2 1 2 
2 1 3 
2 1 4 
2 2 1 
2 2 2 
2 2 3 
2 2 4 
3 1 1 
3 1 2 
3 1 3 
3 1 4 
3 2 1 
3 2 2 
3 2 3 
3 2 4 
4 1 1 
4 1 2 
4 1 3 
4 1 4 
4 2 1 
4 2 2 
4 2 3 
4 2 4 
5 1 1 
5 1 2 
5 1 3 
5 1 4 
5 2 1 
5 2 2 
5 2 3 
5 2 4 

LOCAL 
COND I T I O N  

VOL C T  
1 1 
1 2 
1 3 
2 1 
2 2 
2 3 

NO OF 
STAS . 

0 .  
0 .  
0 .  
0 .  
0 .  
1 .  

1 0 . 
0 .  
3 .  

1 0 . 
7 .  
2 .  
3 .  

1 0 . 
8 .  
0 .  
4 .  
4 .  

1 1 .  
4 .  
0 .  
1 .  

3 7 .  
0 .  
3 .  
5 .  

1 3 . 
1 0 . 

0 .  
0 .  
4 .  
1 .  
2 .  

1 5 . 
2 2 . 
2 0 . 

0 .  
0 .  
1 .  
0 .  

NO O F  
STAS . 

7 .  
1 4 . 
2 5 . 

8 .  
5 .  
9 .  

EA L ' S  P E R  TRUCK AXLE ( NON-COAL-HAU L I NG ) 

NON-COA L - HA U L I NG R OADS 
STD 
DEV AVERAGE VALUE 

84 84 83 82 81 80 79 7 8  77 76 7 5  74 7 3  7 2  71 70 
0 . 0  *************************************************************** 0 . 1 3 4*********************************** 
0 . 0  ********************************************************************************************************* 
0 . 0  ************************************************************************************************** 0 . 1 2 5  
0 . 0  ******************************************************** 0 . 1 3 8**************************** 0 . 1 2 6  0 . 1 2 2  
0 . 0  ************** 0 . 1 4 2  0 . 1 5 3  0 . 1 5 5******* 0 . 1 3 8 ******* 0 . 1 4 6****************************************** 
0 . 0  0 . 1 6 3  0 . 1 4 3  0 . 1 42 0 . 1 5 3  0 . 1 5 4  0 . 1 3 9  0 . 1 3 8  0 . 1 3 7  0 . 1 3 9  0 . 1 3 4******* 0 . 1 2 7  0 . 1 2 6  0 . 1 2 5  0 . 1 2 6  
0 . 0  0 . 1 6 1  0 . 1 4 4  0 . 1 43 0 . 1 5 6  0 . 1 5 3  0 . 1 3 8  0 . 1 3 9  0 . 1 3 8  0 . 1 3 9  0 . 1 3 3******* 0 . 1 2 7  0 . 1 2 4  0 . 1 2 5  0 . 1 2 5  
0 . 0  ******* 0 . 1 4 2  0 . 1 4 0  0 . 1 5 4  0 . 1 5 2  0 . 1 3 8  0 . 1 3 6  0 . 1 3 7  0 . 1 3 7  0 . 1 3 1************** 0 . 1 2 2  0 . 1 2 5  0 . 1 2 4  
0 . 0  0 . 1 6 2  0 . 145 0 . 147 0 . 1 6 0  0 . 1 5 8  0 . 1 3 7  0 . 1 3 6  0 . 1 4 1  0 . 143 0 . 1 3 1******* 0 . 1 2 7  0 . 1 2 2  0 . 1 2 4  0 . 1 2 5  
0 . 0  0 . 1 6 6  0 . 1 4 9  0 . 1 5 2  0 . 1 5 9  0 . 1 5 6  0 . 1 4 1  0 . 1 3 9  0 . 1 4 5  0 . 1 5 1  0 . 1 3 1******* 0 . 1 2 5  0 . 1 1 7  0 . 1 2 8  0 . 1 2 5  
0 . 0  0 . 1 6 5  0 . 1 5 9  0 . 1 5 1  0 . 1 5 8  0 . 1 46 0 . 1 4 4  0 . 1 3 5  0 . 1 5 2  0 . 1 5 2  0 . 1 3 0******* 0 . 1 3 1  0 . 1 1 8  0 . 1 2 5  0 . 1 2 1  
0 . 0 42 0 . 1 6 7  0 . 144 0 . 146 0 . 1 5 8  0 . 1 5 3  0 . 1 3 7  0 . 1 3 7  0 . 1 4 6  0 . 1 4 6  0 . 1 2 4******* 0 . 1 2 2  0 . 1 1 8  0 . 1 2 2  0 . 1 2 7  
0 . 0  0 . 1 8 3  0 . 1 5 6  0 . 1 5 1  0 . 1 6 1  0 . 1 6 2  0 . 1 3 4  0 . 1 3 5  0 . 1 3 9  0 . 144 0 . 1 3 0******* 0 . 1 2 5  0 . 1 2 6  0 . 1 2 1  0 . 1 2 3  
0 . 0  0 . 1 6 9  0 . 147 0 . 1 5 1  0 . 1 6 2  0 . 1 6 7  0 . 1 5 7  0 . 1 3 6  0 . 1 4 7  0 . 1 5 2  0 . 1 2 9******* 0 . 1 2 3  0 . 1 1 8  0 . 1 2 5  0 . 1 2 3  
0 . 0  0 . 1 6 7  0 . 1 6 4  0 . 1 6 0  0 . 1 6 6  0 . 2 0 5  0 . 1 4 4  0 . 1 4 8  0 . 1 4 7  0 . 1 5 9  0 . 1 2 8******* 0 . 1 2 8  0 . 1 2 0  0 . 145 0 . 1 3 1  
0 . 0  ******* 0 . 1 4 9  0 . 1 7 2  0 . 1 6 4  0 . 1 6 0  0 . 1 3 7  0 . 1 3 4  0 . 1 3 8  0 . 1 3 6  0 . 1 2 4******* 0 . 1 2 7  0 . 1 19 0 . 1 2 4  0 . 1 2 2  
0 . 0 3 2  0 . 1 7 6  0 . 1 7 4  0 . 1 6 8  0 . 1 6 9  0 . 1 6 5  0 . 1 40******* 0 . 1 5 1******* 0 . 1 3 2******* 0 . 1 2 2  0 . 1 2 5  0 . 1 2 0  0 . 1 2 9  
0 . 0  0 . 1 9 5  0 . 1 6 5  0 . 1 6 6  0 . 1 7 7  0 . 2 0 2  0 . 2 0 2  0 . 1 0 5******* 0 . 1 5 3  0 . 1 3 2******* 0 . 1 2 1  0 . 1 1 3  0 . 1 2 3  0 . 1 3 6  
0 . 0  0 . 1 8 8  0 . 1 7 7  0 . 1 5 6  0 . 1 8 3  0 . 1 8 7  0 . 1 5 5  0 . 1 3 9******* 0 . 1 4 8  0 . 0 9 4******* 0 . 1 3 6  0 . 1 1 7  0 . 1 2 1  0 . 1 2 9  
0 . 0  0 . 1 9 4  0 . 1 6 6  0 . 1 6 5  0 . 1 8 5  0 . 2 1 7  0 . 1 7 1 ************** 0 . 1 6 7  0 . 1 3 3************** 0 . 144 0 . 1 2 6******* 
0 . 0  ******* 0 . 1 7 5  0 . 1 6 9  0 . 1 6 4******* 0 . 1 43******* 0 . 1 4 1 ********************* 0 . 1 2 5  0 . 1 2 1************** 
0 . 0  0 . 1 7 0  0 . 1 5 2  0 . 1 6 2  0 . 1 7 0  0 . 1 8 5  0 . 1 5 8  0 . 1 2 4  0 . 1 6 1  0 . 1 6 9  0 . 1 3 1******* 0 . 1 2 4  0 . 1 2 2  0 . 1 4 6  0 . 1 2 5  
0 . 0  0 . 1 8 6  0 . 1 7 3  0 . 1 5 2  0 . 1 8 1  0 . 1 6 0  0 . 1 3 1  0 . 1 3 2  0 . 1 7 9  0 . 1 6 1  0 . 1 2 5******* 0 . 1 3 4  0 . 1 2 6  0 . 1 4 8  0 . 1 2 7  
0 . 0  ******* 0 . 1 7 2  0 . 1 6 3  0 . 1 7 9******* 0 . 1 35 ************** 0 . 0 8 7  0 . 1 2 4************** 0 . 1 2 0  0 . 1 3 0  0 . 1 4 7  
0 . 0  0 . 1 6 0  0 . 1 5 5  0 . 149 0 . 1 5 9  0 . 1 6 3  0 . 1 3 1  0 . 1 3 3  0 . 1 5 1  0 . 1 5 0  0 . 1 3 2******* 0 . 1 2 3  0 . 1 1 8  0 . 1 2 7  0 . 1 3 1  
0 . 0  0 . 1 7 2  0 . 1 5 9  0 . 1 6 6  0 . 1 6 7  0 . 1 6 0  0 . 1 5 8  0 . 1 42 0 . 1 5 5  0 . 1 6 0  0 . 1 3 2******* 0 . 1 2 2  0 . 1 2 1  0 . 1 2 5  0 . 1 2 5  
0 . 0  0 . 1 7 1  0 . 1 5 4  0 . 1 4 1  0 . 1 6 9  0 . 1 7 6  0 . 1 3 1  0 . 140 0 . 1 7 8  0 . 1 5 7  0 . 1 2 5******* 0 . 1 2 9  0 . 1 1 8  0 . 1 3 3  0 . 1 2 5  
0 . 0 5 7  0 . 1 5 5  0 . 1 5 7  0 . 1 6 7  0 . 1 6 5  0 . 1 6 0  0 . 1 3 4  0 . 1 3 2  0 . 1 4 8  0 . 149 0 . 1 2 9******* 0 . 1 2 4  0 . 1 2 4  0 . 1 2 9  0 . 1 2 4  
0 . 0  ********************* 0 . 1 6 5  0 . 1 5 8  0 . 1 3 8  0 . 1 3 4******* 0 . 1 4 4  0 . 1 3 3******* 0 . 1 2 2  0 . 1 2 6************** 
0 . 0  ********************* 0 . 1 6 1  0 . 1 5 7******* 0 . 1 3 8******* 0 . 1 5 1  0 . 1 2 9 ********************* 0 . 1 2 3******* 
0 . 0  0 . 1 7 6  0 . 1 49 0 . 1 3 9  0 . 1 7 2******* 0 . 1 1 3  0 . 1 3 3  0 . 1 5 6  0 . 1 6 2  0 . 1 3 9******* 0 . 1 4 8  0 . 1 19 0 . 1 2 3  0 . 1 1 9  
0 . 0  0 . 1 8 2**************************** 0 . 1 2 9  0 . 1 3 5  0 . 142 0 . 1 2 0  0 . 1 2 8******* 0 . 1 2 7  0 . 1 16 0 . 12 4******* 
0 . 0  0 . 1 9 4  0 . 1 8 5  0 . 1 7 3  0 . 1 3 1  0 . 1 7 3  0 . 1 3 7  0 . 1 3 5  0 . 1 5 9  0 . 1 7 3  0 . 1 2 6******* 0 . 1 2 4  0 . 1 1 8  0 . 1 2 9  0 . 1 2 3  
0 . 0  0 . 1 8 5  0 . 1 6 1  0 . 1 5 5  0 . 1 7 6  0 . 1 8 1  0 . 1 3 9  0 . 1 47 0 . 1 5 0  0 . 1 6 6  0 . 1 2 4******* 0 . 1 2 5  0 . 1 1 4  0 . 1 2 3  0 . 1 3 0  
0 . 0 5 3  0 . 1 8 3  0 . 1 7 1  0 . 1 6 5  0 . 1 8 8  0 . 1 5 8  0 . 1 5 6  0 . 1 5 5  0 . 1 8 7  0 . 1 6 2  0 . 1 5 1******* 0 . 1 2 3  0 . 1 1 1  0 . 1 3 6  0 . 1 1 5  
0 . 0 6 6  0 . 1 64 0 . 2 0 0  0 . 1 7 7  0 . 1 9 1  0 . 2 0 6  0 . 1 3 4  0 . 1 3 5  0 . 1 5 5  0 . 1 5 9  0 . 1 1 6******* 0 . 1 3 8  0 . 1 3 2  0 . 1 3 1  0 . 1 2 9  
0 . 0  ****************************************** 0 . 1 3 7*********************************** 0 . 1 2 1************** 
0 . 0  ******* 0 . 1 9 1************************************************* 0 . 1 3 4************** 0 . 1 2 9 ************** 
0 . 0  0 . 2 1 8  0 . 1 7 0*********************************** 0 . 2 2 4  0 . 14 4  0 . 1 3 4************** 0 . 1 1 8 ******* 0 . 1 2 0  
0 . 0  ******* 0 . 1 5 2  0 . 1 6 3  0 . 1 6 0**************************** 0 . 14 1  0 . 1 2 4******* 0 . 1 2 3  0 . 1 2 0  0 . 1 3 0  0 . 1 3 0  

STD 
DEV 

8 4  8 4  8 3  
0 . 0  0 . 1 7 0  0 . 1 7 0  
0 . 0  0 . 1 7 0  0 . 1 5 6  
0 . 0 49 0 . 1 8 7  0 . 1 6 1  
0 . 0  0 . 1 6 8  0 . 1 5 2  
0 . 0  0 . 1 6 3  0 . 1 5 1  
0 . 0  0 . 1 6 6  0 . 1 6 0  

8 2  8 1  
0 . 1 6 7  0 . 1 6 4  
0 . 1 6 7  0 . 1 7 0  
0 . 1 6 9  0 . 1 6 7  
0 . 1 4 8  0 . 1 5 9  
0 . 1 5 0  0 . 1 5 4  
0 . 1 5 5  0 . 1 6 7  

COAL-HAULING ROADS 

AVERAGE VALUE 
80 7 9  7 8  7 7  7 6  7 5  74 73 72 7 1  70 
0 . 1 6 5********************************************************************** 
0 . 1 6 4********************************************************************** 
0 . 1 5 4********************************************************************** 
0 . 1 6 0********************************************************************** 
0 . 1 5 7********************************************************************** 
0 . 1 5 1********************************************************************** 

Figure F-6 . Cross-Tabulation Matrix with Average Values f o r  EAL ' s  per 
Truck Axle (Non-Coal-Haul ing) 
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

N * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

�::::��:������:�#����������#:��#�##:���� 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

M * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

�:�:�::������:���:���� ��:��:�::� :::#::::: 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
w � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
w m * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
w * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
> * * * * * � � O * * * * * N M * � * * oo * * M H OO * * * * � * * * * * * * * * *  
� * * * * * oo m M * * * * * � w * � * * M * * � * w * * * * � * * * * * * * * * *  

O * * * * * � � � * * * * * � � * � * * � * * ID * M * * * * q * * * * * * * * * *  
� * * * * *  " * * * * *  . • *  " * *  • * *  • *  • * * * *  • * * * * * * * * * *  

* * * * * � � � * * * * * � � * N * * o * * � * o * * * * N * * * * * * * * * *  
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APPENDIX G 

C ROSS-TABULATION MATRICES OF TRAFFIC PARAMETERS 

P RODUCED FROM THE LINEAR SMOOTHING PROCEDURE 
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f-' 0 f-' 

VAR IA B L E S  AND CODES D E F I NE D  

NON-COA L - HA U L I NG ROADS 
COAL TRUCKS COMPR I SE LESS THAN 1 . 0% OF THE T R UC K  VOLUME 

FA - F ED E R A L  AID CODES 
1 - INTER STATE 
2 - FEDERAL A ID P R IMARY 
3 - FEDERAL A ID URBAN 
4 - FEDERAL A ID SECONDARY 
5 - NON-FEDERAL A ID 

GA - GEOGRAPHIC A R E A  CODES 
1 - WE S T  ( H IGHWAY D I S T R ICTS 1 , 2 )  
2 - SOUTH-CENTRAL ( H IGHWAY D I ST R ICTS 3 , 4 , 8 )  
3 - NORTH-CENTRAL ( H IGHWAY D I ST R ICTS 5 , 6 , 7 )  
4 - EAST ( HI G HWAY DISTR ICTS 9 , 1 0 , 1 1 , 1 2 )  

VOL - VOLUME CODES 
1 - LESS THAN 5 0 0 0  AADT 
2 - 5 0 0 0  OR MOR E  AADT 

COAL-HAULING ROADS 
COAL TRUCKS COMP R I S E  1 . 0% OR MOR E  OF THE T R UC K  VOLUME 

CT - COAL-HAULING R OAD CODES 
1 - COAL TRUCKS COMP R I S E  1 . 0 -4 . 9 9 %  OF THE TRUCK VOLUME 
2 - COAL TRUCKS COMP R I S E  5 . 0 - 2 0 . 0 0 %  OF THE TRUCK VOLUME 
3 - COAL TRUCKS COMP R I S E  MORE THAN 2 0 . 0% O F  THE TRUCK VOLUME 

VOL - VOLUME CODE S 
1 - L E S S  THAN 5 0 0 0  AADT 
2 - 5 0 0 0  OR MORE AADT 

INDIVIDUAL CLAS S I F ICATION STATIONS 

D I R  
O P R  -DIR E C T I ONAL O PE R A T I ON CODES 

1 - ONE -WAY O P E RATION 
2 - TWO-WAY O P E RATION 

F ED 
A I D  - F ED E R A L  A I D  CODES 

1 - INTER STATE 
2 - FEDERAL A ID P R IMARY 
3 - FEDERAL A ID URBAN 
4 - FEDERAL A I D  SECONDARY 
5 - NON-FEDERAL AID 



f-' 0 N 

LOCAL 
COND I T I O N  
FA VOL GA 

1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 2 1 
1 2 2 
1 2 3 
1 2 4 
1 AVERAGE 
2 1 1 
2 1 2 
2 1 3 
2 1 4 
2 2 1 
2 2 2 
2 2 3 
2 2 4 
2 AVERAGE 
3 1 1 
3 1 2 
3 1 3 
3 1 4 
3 2 1 
3 2 2 
3 2 3 
3 2 4 
3 AVERAGE 
4 1 1 
4 1 2 
4 1 3 
4 1 4 
4 2 1 
4 2 2 
4 2 3 
4 2 4 
4 AVERAGE 
5 1 1 
5 1 2 
5 1 3 
5 1 4 
5 2 1 
5 2 2 
5 2 3 
5 2 4 
5 AVERAGE 

LOCAL 
COND I T I O N  

VOL CT 
1 1 
1 2 
1 3 
2 1 
2 2 
2 3 

ANNUAL 
CHANGE 
( % ) 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
1 . 8 8 7  
2 . 2 8 2  
4 . 7 4 3  
0 . 6 44 
5 . 1 0 1  

- 0 . 8 9 2  
- 1 .  8 4 5  

2 . 7 8 8  
- 1 . 3 0 0  
- 0 . 3 7 7  
- 0 . 49 2  
- 0 . 1 3 9  
- 1 . 6 5 1  

2 . 6 1 8  
- 6 . 3 8 2  
- 4 . 3 2 8  

0 . 8 7 5  
1 . 3 47 

- 4 . 3 5 1  
1 . 6 3 7  

- 1 . 9 0 1  
0 . 5 1 6  

- 6 . 2 1 1  
2 . 7 43 
3 . 0 0 0  
3 . 0 63 

- 3 . 1 59 
- 1 . 9 8 8  
- 0 . 8 7 4  

1 . 8 3 2  
0 . 2 62 
2 . 0 41 

- 7 . 8 2 1  
- 0 . 47 2  
- 0 . 5 6 4  
- 0 . 0 1 6  

0 . 0 0 0  
- 6 . 5 4 4  
- 6 . 9 7 8  
- 0 . 7 44 
- 5 . 3 3 2  

ANNUAL 
CHANGE 
( % ) 

- 2 . 9 0 3  
- 1 . 7 6 1  

2 . 7 26 
- 5 . 2 7 3  
- 9 . 25 0  
- 2 . 1 5 4  

ANNUAL AVERAGE D A I L Y  T R A F F I C  
NON-COAL-HAUL ING R OADS 

AVERAGE VALUE 
84 8 3  8 2  81 80 79 7 8  77 7 6  7 5  7 4  7 3  7 2  71 7 0  

*************************************************************** 3 9 7 9 . *********************************** 
********************************************************************************************************* 
************************************************************************************************** 2 1 25 . 
******************************************************** 4 8 6 0 . **************************** 3 1 8 0 . 4 8 6 8 . 

8 3 2 6 . 8 1 6 9 . 8 0 1 2 . 7 8 5 5 . 7 6 9 8 . 7 5 4 1 . 7 3 8 4 .  7 2 2 7 . 7 0 6 9 . 6 9 1 2 .  6 7 5 5 . **************************** 
2 1 49 1 .  2 1 0 0 1 . 2 0 5 1 0 . 2 0 02 0 .  1 9 5 2 9 . 1 9 0 3 9 . 1 8 5 4 8 . 1 8 0 5 8 . 1 7 5 6 8 .  1 7 0 7 7 . 1 6 5 8 7 . 1 6 0 9 6 . 1 5 6 0 6 . 1 5 1 1 5 . 1 4 6 2 5 . 
4 0 6 5 0 . 3 8 7 2 2 . 3 6 7 9 4 . 3 4 8 6 6 . 3 2 9 3 8 . 3 1 0 1 0 . 2 9 0 8 1 .  2 7 1 5 3 . 2 5 2 2 5 . 2 3 2 9 7 . 2 1 3 6 9 . 1 9 4 4 1 . 1 7 5 1 3 . 1 5 5 8 5 . 1 3 6 5 7 . 
1 2 0 6 1 .  1 1 9 8 4 .  1 1 9 0 6 . 1 1 82 9 .  1 1 7 5 1 .  1 1 6 7 3 . 1 1 5 9 6 . 1 1 5 1 8 . 1 1 44 0 . 1 1 3 6 3 .  1 1 2 8 5 . 1 1 2 0 8 . 1 1 1 3 0 . 1 1 0 5 2 . 1 0 9 7 5 . 
3 1 2 8 7 . 2 9 6 9 1 .  2 8 0 9 5 . 2 6 4 9 9 . 2 4 9 0 3 . 2 3 3 0 7 . 2 1 7 1 1 .  2 0 1 1 5 . 1 8 5 1 9 . 1 6 9 2 3 . 1 5 3 2 7 .  1 3 7 3 1 . 1 2 1 3 5 . 1 0 5 3 8 . 8 9 4 2 . 

2 5 8 6 . 2 6 0 9 . 2 6 3 2 . 2 6 5 6 . 2 6 7 9 . 2 7 0 2 . 2 7 2 5 . 2 7 4 8 . 2 7 7 1 .  2 7 9 4 . 2 8 1 7 . 2 8 40 . 2 8 6 3 . 2 8 8 6  2 9 0 9 . 
2 3 7 7 . 2 42 0 .  2 46 4 .  2 5 0 8 .  2 5 5 2 .  2 5 9 6 .  2 6 4 0 . 2 6 8 4 .  2 7 2 7 . 2 7 7 1 . 2 8 1 5 . 2 8 5 9 . 2 9 0 3 . 2 9 4 7 . 2 9 9 0 . 
3 5 8 4 .  3 4 8 4 .  3 3 8 4 .  3 2 8 4 .  3 1 8 4 .  3 0 8 4 .  2 9 8 4 .  2 8 8 4 .  2 7 8 5 . 2 6 8 5 . 2 5 8 5 . 2 4 8 5 . 2 3 8 5 . 2 2 8 5 . 2 1 8 5 . 
2 1 9 1 . 2 2 1 9 . 2 2 4 8 . 2 2 7 6 . 2 3 0 5 . 2 3 3 3 . 2 3 6 2 . 2 3 9 0 .  2 4 1 9 . 2 447 . 2 4 7 6 . 2 5 0 4 . 2 5 3 3 . 2 5 6 1 . 2 5 9 0 . 
9 6 1 8 . 9 6 5 4 .  9 6 9 1 .  9 7 2 7 . 9 7 6 3 . 9 7 9 9 . 9 8 3 6 . 9 8 7 2 . 9 9 0 8 . 9 9 4 5 . 9 9 8 1 . 1 0 0 1 7 . 1 0 0 5 4 . 1 0 0 9 0 . 1 0 1 2 6 . 
9 6 9 1 .  9 7 3 8 .  9 7 8 6 .  9 8 3 4 .  9 8 8 1 . 9 9 2 9 . 9 9 7 7 . 1 0 0 2 5 .  1 0 0 7 2 . 1 0 1 2 0 . 1 0 1 6 8 . 1 0 2 1 5 . 1 0 2 6 3 . 1 0 3 1 1 . 1 0 3 5 8 . 

1 3 8 3 9 . 1 3 8 5 8 .  1 3 8 7 8 .  1 3 8 9 7 . 1 3 9 1 6 . 1 3 9 3 6 . 1 3 9 5 5 . 1 3 9 7 4 . 1 3 9 9 3 .  1 4 0 1 3 . 1 4 0 3 2 . 1 40 5 1 . 1 4 0 7 0 . 1 4 0 9 0 . 1 4 1 0 9 . 
8 1 4 7 . 8 2 8 1 . 8 4 1 6 .  8 5 5 0 . 8 6 8 5 . 8 8 1 9 . 8 9 5 4 . 9 0 8 9 . 9 2 2 3 .  9 3 5 8 .  9 49 2 .  9 6 2 7 . 9 7 6 1 . 9 8 9 6 . 1 0 0 3 0 . 
7 1 3 1 .  6 9 4 4 .  6 7 5 7 . 6 5 7 1 .  6 3 8 4 .  6 1 9 7 . 6 0 1 1 . 5 8 2 4 .  5 6 3 7 .  5 45 1 .  5 2 6 4 . 5 0 7 7 . 4 8 9 1 .  4 7 0 4  4 5 1 8 . 
1 6 7 0 .  1 7 7 6 .  1 8 8 3 . 1 9 8 9 . 2 0 9 6 . 2 2 0 2 . 2 3 0 9 . 2 4 1 6 . 2 5 2 2 . 2 6 2 9 . 2 7 3 5 .  2 8 42 . 2 9 4 8 . 3 0 5 5 . 3 1 6 1 . 
2 0 4 5 . 2 1 3 3 . 2 2 2 2 . 2 3 1 0 . 2 3 9 9 .  2 4 8 7 . 2 5 7 6  . .  2 6 6 4 . 2 7 5 3 .  2 8 4 1 . 2 9 3 0 . 3 0 1 8 . 3 1 0 7 . 3 1 9 5 .  3 2 8 4 . 
2 2 6 8 . 2 2 4 8 .  2 2 2 8 . 2 2 0 8 .  2 1 8 8 .  2 1 6 8 .  2 1 4 9 . 2 1 2 9 .  2 1 0 9 . 2 0 8 9 . 2 0 6 9 . 2 0 4 9 . 2 0 3 0 . 2 0 1 0 . 1 9 9 0 . 
2 1 0 9 . 2 0 8 0 . 2 0 5 2 . 2 0 2 3 . 1 9 9 5 .  1 9 6 7 . 1 9 3 8 . 1 9 1 0 .  1 8 8 1 .  1 8 5 3 . 1 8 2 5 . 1 7 9 6 . 1 7 6 8 . 1 7 3 9 . 1 7 1 1 . 
8 0 1 4 . 8 3 6 2 .  8 7 1 1 .  9 0 6 0 . 9 40 8 .  9 7 5 7 .  1 0 1 0 6 . 1 0 4 5 4 . 1 0 8 0 3 . 1 1 1 5 2 . 1 1 5 0 1 .  1 1 8 49 . 1 2 1 9 8 . 1 2 5 4 7 . 1 2 8 9 5 . 
9 7 1 2 . 9 5 5 3 .  9 3 9 4 . 9 2 3 5 . 9 0 7 6 . 8 9 1 8 .  8 7 5 9 . 8 6 0 0 . 8 4 4 1 . 8 2 8 2 . 8 1 2 3 . 7 9 6 4 . 7 8 0 5 . 7 6 4 6 . 7 4 8 7 . 

1 1 2 2 4 . 1 1 43 7 .  1 1 6 5 1 . 1 1 8 6 4 .  1 2 0 7 7 . 1 2 2 9 1 .  1 2 5 0 4 . 1 2 7 1 8 .  1 2 9 3 1 . 1 3 1 4 4 . 1 3 3 5 8 . 1 3 5 7 1 . 1 3 7 8 5 . 1 3 9 9 8 . 1 42 1 1 . 
7 6 6 6 . 7 6 2 6 . 7 5 8 7 . 7 5 47 . 7 5 0 8 .  7 46 8 .  7 42 8 .  7 3 8 9 .  7 3 4 9 . 7 3 1 0 . 7 2 7 0 . 7 2 3 1 . 7 1 9 1 . 7 1 5 1 . 7 1 1 2 . 
4 5 0 7 . 47 8 7 . 5 0 6 7 . 5 3 4 7 . 5 6 2 7 . 5 9 0 7 . 6 1 8 7 . 6 4 6 7 . 6 7 4 7 . 7 0 2 7 . 7 3 0 7 . 7 5 8 7 . 7 8 6 7 . 8 1 4 7 . 8 4 2 7 . 
1 9 8 0 . 1 9 2 6 . 1 8 7 2 . 1 8 1 7 . 1 7 6 3 . 1 7 0 9 . 1 6 5 5 . 1 6 0 0 . 1 5 4 6 . 1 4 9 2 . 1 43 7 .  1 3 8 3 . 1 3 2 9 . 1 2 7 4 .  1 2 2 0 . 
1 9 2 3 . 1 8 6 6 . 1 8 0 8 . 1 7 5 0 . 1 6 9 3 . 1 6 3 5 . 1 5 7 7 . 1 5 2 0 . 1 4 6 2 . 1 4 0 4 . 1 3 4 6 . 1 2 8 9 . 1 2 3 1 . 1 1 7 3 . 1 1 1 6 . 
2 4 3 4 . 2 3 6 0 . 2 2 8 5 . 2 2 1 1 . 2 1 3 6 . 2 0 6 1 . 1 9 8 7 .  1 9 1 2 . 1 8 3 8 . 1 7 6 3 . 1 6 8 9 . 1 6 1 4 .  1 5 4 0 . 1 4 6 5 . 1 3 9 0 . 
1 1 1 4 . 1 1 49 . 1 1 8 5 . 1 2 2 0 . 1 2 5 5 . 1 2 9 0 . 1 3 2 5 . 1 3 6 1 . 1 3 9 6 . 1 43 1 . 1 4 6 6 . 15 0 1 . 1 5 3 7 . 1 5 7 2 .  1 6 0 7 . 

******* 5 9 40 . 6 0 5 9 . 6 1 7 7 . 6 2 9 5 . 6 4 1 3 . 6 5 3 1 . 6 6 4 9 . 6 7 6 7 . 6 8 8 5 . 7 0 0 3 .  7 1 2 2 . 7 2 4 0 . 7 3 5 8 . 7 4 7 6 . 
******* 6 3 6 2 . 6 4 1 8 . 6 4 7 4 . 6 5 2 9 . 6 5 8 5 . 6 6 4 0 . 6 6 9 6 . 6 7 5 2 .  6 8 0 7 . 6 8 6 3 . 6 9 1 8 . 6 9 7 4 . 7 0 3 0 . 7 0 8 5 . 

7 5 6 1 . 7 42 2 .  7 2 8 4 .  7 1 4 5 . 7 0 0 7 . 6 8 6 8 . 6 7 3 0 . 6 5 9 1 . 6 4 5 3 . 6 3 1 4 . 6 1 7 6 . 6 0 3 7 . 5 8 9 9 . 5 7 6 0 . 5 6 2 2 . 
********************* 7 2 7 7 . 7 2 5 7 . 7 2 3 8 . 7 2 1 9 . 7 2 0 0 . 7 1 8 1 .  7 1 6 2 . 7 1 43 . 7 1 2 4 .  7 1 0 5 . 7 0 8 6 . 7 0 6 7 . 

2 2 8 4 .  2 2 3 7 .  2 1 9 1 . 2 1 4 4 . 2 0 9 8 . 2 0 5 1 . 2 0 0 4 . 1 9 5 8 . 1 9 1 1 . 1 8 6 4 .  1 8 1 8 . 1 7 7 1 .  1 7 2 5 . 1 6 7 8 . 1 6 3 1 .  
5 3 2 . 5 7 4 .  6 1 5 . 6 5 7 . 6 9 9 . 7 4 0 . 7 8 2 . 8 2 3 . 8 6 5 . 9 0 7 . 9 4 8 . 9 9 0 . 1 0 3 1 . 1 0 7 3 . 1 1 1 5 . 
7 1 5 . 7 1 9 . 7 2 2 . 7 2 6 . 7 2 9 . 7 3 2 . 7 3 6 . 7 3 9 . 7 4 2 . 7 46 . 7 4 9 . 7 5 3 . 7 5 6 . 7 5 9 . 7 6 3 . 
8 3 0 . 8 3 5 . 8 4 0 . 8 4 4 . 8 4 9 . 8 5 4 . 8 5 8 .  8 6 3 . 8 6 8 .  8 7 2 . 8 7 7 . 8 8 2 . 8 8 6 . 8 9 1 .  8 9 6 . 

1 0 3 8 . 1 0 3 8 . 1 0 3 8 . 1 0 3 8 . 1 0 3 9 . 1 0 3 9 . 1 0 3 9 . 1 0 3 9 . 1 0 3 9 . 1 0 3 9 . 1 0 4 0 . 1 0 4 0 . 1 0 4 0 . 1 0 40 . 1 0 40 . 
****************************************** 5 47 1 . *********************************** 1 3 2 8 9 . ************** 

5 3 1 2 . 5 6 6 0 . 6 0 0 7 . 6 3 5 5 . 6 7 0 3 . 7 0 5 0 . 7 3 9 8 . 7 7 4 6 . 8 0 9 3 . 8 4 4 1 . 8 7 8 8 . 9 1 3 6 . 9 4 8 4 . 9 8 3 1 . 1 0 17 9 .  
5 8 49 . 6 2 5 7 . 6 6 6 5 . 7 0 7 4 . 7 4 8 2 . 7 8 9 0 . 8 2 9 8 . 8 7 0 6 . 9 1 1 4 .  9 5 2 3 . 9 93 1 .  1 0 3 3 9 . 1 0 7 4 7 . 1 1 1 5 5 . 1 1 5 6 3 . 
7 9 2 2 . 7 9 8 0 . 8 0 3 9 . 8 0 9 8 .  8 1 5 7 . 8 2 1 6 .  8 27 5 .  8 3 3 4 . 8 39 3 .  8 45 2 .  8 5 1 1 . 8 5 7 0 . 8 6 2 9 . 8 6 8 8 . 8 7 4 7 . 

9 4 7 . 9 9 8 . 1 0 4 8 . 1 0 9 9 .  1 1 4 9 . 1 2 0 0 . 1 25 0 .  1 30 1 .  1 3 5 1 .  1 4 0 2 . 1 45 2 .  1 5 0 3 . 1 5 5 3 . 1 6 0 4 . 1 6 5 4 . 

8 4  
1 9 3 7 . 
2 2 1 6 . 
2 4 7 3 . 

1 2 3 0 4 . 
1 0 4 9 3 . 

8 8 44 . 

8 3  
1 9 9 3 . 
2 2 5 5 . 
2 4 0 5 . 

1 2 9 5 3 . 
1 1 46 4 .  

9 0 3 4 . 

8 2  
2 0 4 9 . 
2 29 4 .  
2 3 3 8 .  

1 3 6 0 2 . 
1 2 43 4 .  

9 2 2 5 . 

8 1  
2 10 5 . 
2 3 3 4 .  
2 2 7 0 . 

142 5 1 . 
1 3 40 5 . 

9 4 1 5 . 

COAL-HAULING R OADS 

AVERAGE VALUE 
8 0  7 9  

2 1 6 2 .  2 2 1 8 .  
2 3 7 3 . 2 4 1 2 . 
2 2 0 3 .  2 1 3 6 .  

149 0 0 . 1 5 5 4 8 .  
1 4 3 7 6 . 1 5 3 4 6 . 

9 6 0 6 . 9 7 9 6 .  

7 8  7 7  7 6  7 5  7 4 7 3  7 2  7 1  7 0  
2 2 7 4 . ******************************************************** 
2 45 1 . ******************************************************** 
2 0 6 8 . ******************************************************** 

1 6 1 9 7 . ******************************************************** 
1 6 3 1 7 . ******************************************************** 

9 9 8 7 . ******************************************************** 

Figure G-1 . Cross-Tabulation Matrix with Resul ts of L inear Smoothing 
for Annual Average Daily Traf f i c  
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LOCAL 
COND I T I O N  
FA VOL GA 

1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 2 1 
1 2 2 
1 2 3 
1 2 4 
1 AVERAGE 
2 1 1 
2 1 2 
2 1 3 
2 1 4 
2 2 1 
2 2 2 
2 2 3 
2 2 4 
2 AVERAGE 
3 1 1 
3 1 2 
3 1 3 
3 1 4 
3 2 1 
3 2 2 
3 2 3 
3 2 4 
3 AVERAGE 
4 1 1 
4 1 2 
4 1 3 
4 1 4 
4 2 1 
4 2 2 
4 2 3 
4 2 4 
4 AVERAGE 
5 1 1 
5 1 2 
5 1 3 
5 1 4 
5 2 1 
5 2 2 
5 2 3 
5 2 4 
5 AVERAGE 

LOCAL 
COND I T I O N  

V O L  CT 
1 1 
1 2 
1 3 
2 1 
2 2 
2 3 

ANNUAL 
CHANGE 
( % ) 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
7 . 7 3 8  
1 .  5 47 
0 . 5 3 0  
2 . 3 6 3  
1 . 2 6 4  

- 4 . 1 2 0  
- 0 . 8 8 9  
- 6 . 4 1 5  
- 4 . 456 
- 7 . 9 9 1  
- 0 . 0 0 3  
- 9 . 3 4 5  
- 6 . 742 
- 5 . 7 0 3  

- 1 4 . 5 8 3  
- 7 . 242 

- 12 . 8 2 7  
- 2 4 . 4 8 4  

- 8 . 743 
- 8 . 7 1 1  
- 0 . 643 

- 3 6 . 1 6 7  
- 9 . 9 42 
- 0 . 7 5 6  
- 2 . 4 8 8  
- 2 . 4 6 8  
- 2 . 9 33 

6 . 1 17 
- 3 . 0 8 4  

3 . 8 2 5  
5 . 1 5 1  

- 2 . 2 5 0  
0 . 5 6 0  
0 . 5 2 0  

- 2 . 9 6 4  
- 2 . 9 8 6  

0 . 0 0 0  
- 1 5 . 7 5 1  

5 . 5 4 1  
- 1 3 . 42 8  

- 1 . 5 8 4  

ANNUAL 
CHANGE 
( % ) 

- 1 6 . 7 5 5  
- 3 . 9 4 5  
- 2 . 8 3 9  

- 1 0 . 6 5 7  
- 4 . 2 5 6  
- 6 . 6 3 9  

PERCENT T R UCKS 
NON-COAL - H A U L I NG R OADS 

AVERAGE VALUE 
84 83 82 81 80 79 78 77 76 75 7 4  7 3  7 2  71 7 0  

*************************************************************** 1 1 . 3 6 4*********************************** 
********************************************************************************************************* 
************************************************************************************************** 1 4 . 2 6 5  
******************************************************** 1 6 . 7 5 6**************************** 1 3 . 44 0  2 1 . 0 0 0  

3 4 . 1 7 1  3 1 . 5 2 7  2 8 . 8 8 2  2 6 . 2 3 8  2 3 . 5 9 4  2 0 . 9 5 0  1 8 . 3 0 6  1 5 . 6 6 2  1 3 . 0 1 8  1 0 . 3 7 4  7 . 7 3 0**************************** 
3 1 . 9 6 0  3 1 . 46 6  3 0 . 9 7 1  3 0 . 47 7  2 9 . 9 8 3  2 9 . 4 8 9  2 8 . 9 9 4  2 8 . 5 0 0  2 8 . 0 0 6  2 7 . 5 1 1  2 7 . 0 1 7  2 6 . 5 2 3  2 6 . 0 2 9  2 5 . 5 3 4  2 5 . 0 4 0  
2 1 . 8 2 7  2 1 . 7 1 1  2 1 . 5 9 5  2 1 . 4 8 0  2 1 . 3 6 4  2 1 . 2 4 8  2 1 . 1 3 3  2 1 . 0 1 7  2 0 . 9 0 1  2 0 . 7 8 6 2 0 . 6 7 0  2 0 . 5 5 4  2 0 . 43 9  2 0 . 3 2 3  2 0 . 2 0 7  
2 8 . 4 1 7  2 7 . 745 2 7 . 0 7 3  2 6 . 40 2  2 5 . 7 3 0  2 5 . 0 5 9  2 4 . 3 8 7  2 3 . 7 1 5  2 3 . 0 4 4  2 2 . 37 2  2 1 . 7 0 0  2 1 . 0 2 9  2 0 . 3 5 7  1 9 . 6 8 6  1 9 . 0 1 4  
2 5 . 1 2 2  2 4 . 8 0 4  2 4 . 4 8 7  2 4 . 1 6 9  2 3 . 8 5 2  2 3 . 5 3 4  2 3 . 2 1 7  2 2 . 8 9 9  2 2 . 5 8 1  2 2 . 2 6 4  2 1 . 9 46 2 1 . 6 2 9  2 1 . 3 1 1  2 0 . 9 9 4  2 0 . 6 7 6  
1 1 . 5 5 9  1 2 . 0 3 6  1 2 . 5 1 2  1 2 . 9 8 8  1 3 . 46 4  1 3 . 9 4 0  1 4 . 4 1 7  1 4 . 8 9 3  1 5 . 36 9  1 5 . 8 4 5  1 6 . 3 2 1  1 6 . 7 9 8  1 7 . 2 7 4  1 7 . 7 5 0  1 8 . 2 2 6  
1 1 . 4 44 1 1 . 5 46 1 1 . 6 4 8  1 1 . 7 49 1 1 . 8 5 1  1 1 . 9 5 3  1 2 . 0 5 4  1 2 . 1 5 6  1 2 . 2 5 8  1 2 . 3 6 0  1 2 . 46 1  1 2 . 5 6 3  1 2 . 6 6 5  1 2 . 7 6 6  1 2 . 8 6 8  

6 . 1 0 9  6 . 5 0 1  6 . 8 9 3  7 . 2 8 5  7 . 6 7 7  8 . 0 6 9  8 . 46 0  8 . 8 5 2  9 . 24 4  9 . 6 3 6  1 0 . 0 2 8  1 0 . 42 0  1 0 . 8 1 2  1 1 . 2 0 4  1 1 . 5 9 6  
9 . 49 3  9 . 9 16 1 0 . 3 3 9  1 0 . 7 6 2  1 1 . 1 8 5  1 1 . 6 0 8  1 2 . 0 3 1  1 2 . 4 5 4  12 . 8 7 7  13 . 3 0 0  1 3 . 7 2 3  1 4 . 1 4 6  1 4 . 5 6 9  1 4  9 9 2  1 5 . 4 1 5  
7 . 4 1 7  8 . 0 1 0  8 . 6 0 2  9 . 1 9 5  9 . 7 8 8  1 0 . 3 8 0  1 0 . 9 7 3  1 1 . 5 6 6  1 2 . 1 5 8  1 2 . 7 5 1  13 . 3 4 4  13 . 9 3 7  1 4 . 5 2 9  15 . 1 2 2  15 . 7 1 5  
7 . 1 9 1  7 . 1 9 2  7 . 1 92 7 . 1 9 2  7 . 1 9 2  7 . 1 9 3  7 . 1 9 3  7 . 1 9 3  7 . 1 9 3  7 . 1 9 3  7 . 1 9 4  7 . 1 9 4  7 . 1 9 4  7 . 1 9 4  7 . 1 9 5  
5 . 0 0 4  5 . 47 1  5 . 9 3 9  6 . 40 6  6 . 8 7 4  7 . 3 42 7 . 8 0 9  8 . 2 7 7  8 . 7 44 9 . 2 1 2  9 . 6 8 0  1 0 . 1 4 7  1 0 . 6 1 5  1 1 . 0 8 2  1 1 . 5 5 0  
8 . 9 7 3  9 . 57 8  1 0 . 1 8 3  1 0 . 7 8 8  1 1 . 3 9 3  1 1 . 9 9 8  1 2 . 60 3  1 3 . 2 0 8  1 3 . 8 1 3  1 4 . 4 1 8  1 5 . 0 2 3  15 . 6 2 8  1 6 . 2 3 3  1 6 . 8 3 8  1 7 . 443 
8 . 1 5 7  8 . 6 2 2  9 . 0 8 7  9 . 5 5 2  1 0 . 0 1 8  1 0 . 4 8 3  1 0 . 94 8  1 1 . 4 13 1 1 . 8 7 8  1 2 . 3 44 1 2 . 8 0 9  1 3 . 2 7 4  1 3 . 7 3 9  1 4 . 2 0 5  1 4 . 6 7 0  
3 . 0 3 2  3 . 47 4  3 . 9 1 6  4 . 3 5 8  4 . 80 0  5 . 2 4 2  5 . 6 8 4  6 . 1 2 6  6 . 5 6 9  7 . 0 1 1  7 . 45 3  7 . 8 9 5  8 . 3 3 7  8 . 7 7 9  9 . 2 2 1  
3 . 9 6 1  4 . 24 8  4 . 5 3 5  4 . 8 2 2  5 . 1 0 9  5 . 3 9 6  5 . 6 8 3  5 . 9 7 0  6 . 2 5 7  6 . 5 44 6 . 8 3 0  7 . 1 1 7  7 . 40 4  7 . 6 9 1  7 . 9 7 8  
3 . 1 2 7  3 . 5 2 8  3 . 9 2 9  4 . 33 0  4 . 7 3 1  5 . 1 3 2  5 . 53 3  5 . 9 3 4  6 . 3 3 6  6 . 7 3 7  7 . 1 3 8  7 . 5 3 9  7 . 9 4 0  8 . 3 4 1  8 . 7 42 
1 . 6 77 2 . 0 8 7  2 . 49 8  2 . 9 0 8  3 . 3 1 9  3 . 7 2 9  4 . 1 4 0  4 . 5 5 0  4 . 9 6 1  5 . 3 7 2  5 . 7 8 2  6 . 1 9 3  6 . 6 0 3  7 . 0 1 4  7 . 42 4  
2 . 9 4 0  3 . 1 9 8  3 . 45 5  3 . 7 1 2  3 . 9 6 9  4 . 2 2 6  4 . 4 8 3  4 . 7 4 0  4 . 9 9 7  5 . 2 5 4  5 . 5 1 1  5 . 7 6 8  6 . 0 2 5  6 . 2 8 3  6 . 5 4 0  
3 . 7 7 0  4 . 0 9 8  4 . 42 7  4 . 75 5  5 . 0 8 4  5 . 4 1 2  5 . 7 4 0  6 . 0 6 9  6 . 3 9 7  6 . 7 2 6  7 . 0 5 4  7 . 3 8 2  7 . 7 1 1  8 . 0 3 9  8 . 3 6 8  
4 . 5 2 4  4 . 5 5 3  4 . 5 8 2  4 . 6 1 1  4 . 6 4 0  4 . 6 6 9  4 . 69 8  4 . 7 2 7  4 . 7 5 6  4 . 7 8 5  4 . 8 1 4  4 . 8 4 4  4 . 8 7 3  4 . 9 0 2  4 . 9 3 1  
1 . 9 0 1  2 . 5 8 9  3 . 2 7 7  3 . 9 6 4  4 . 6 5 2  5 . 3 4 0  6 . 0 2 7  6 . 7 1 5  7 . 40 3  8 . 0 9 1  8 . 7 7 8  9 . 46 6  1 0 . 1 5 4  1 0 . 8 4 1  1 1 . 5 2 9  
3 . 2 9 8  3 . 6 2 6  3 . 9 5 4  4 . 2 8 2  4 . 6 0 9  4 . 9 3 7  5 . 2 6 5  5 . 5 9 3  5 . 9 2 1  6 . 2 49 6 . 5 7 7  6 . 9 0 5  7 . 2 3 3  7 . 5 6 0  7 . 8 8 8  
8 . 45 6  8 . 5 2 0  8 . 5 8 4  8 . 6 4 8  8 . 7 1 2  8 . 7 7 6  8 . 8 4 0  8 . 9 0 4  8 . 9 6 8  9 . 0 3 2  9 . 0 9 6  9 . 1 6 0  9 . 2 2 4  9 . 2 8 8  9 . 3 5 2  
8 . 0 1 7  8 . 2 1 6  8 . 4 1 6  8 . 6 1 5  8 . 8 1 4  9 . 0 1 4  9 . 2 1 3  9 . 4 1 3  9 . 6 1 2  9 . 8 1 1  1 0 . 0 1 1  1 0 . 2 1 0  1 0 . 4 1 0  1 0 . 6 0 9  1 0 . 8 0 9  
6 . 4 8 9  6 . 6 49 6 . 8 0 9  6 . 9 6 9  7 . 1 2 9  7 . 2 8 9  7 . 449 7 . 6 1 0  7 . 7 7 0  7 . 9 3 0  8 . 0 9 0  8 . 2 5 0  8 . 4 1 0  8 . 5 7 0  8 . 7 3 0  
8 . 7 8 2  9 . 0 4 0  9 . 2 9 8  9 . 5 5 5  9 . 8 1 3  1 0 . 0 7 0  1 0 . 3 2 8  1 0 . 5 8 5  1 0 . 8 4 3  1 1 . 1 0 0  1 1 . 3 5 8  1 1 . 6 1 6  1 1 . 8 7 3  1 2 . 1 3 1  1 2 . 3 8 8  

******* 1 3 . 9 0 4  1 3 . 0 5 3  1 2 . 2 0 3  1 1 . 3 5 2  1 0 . 5 0 2  9 . 6 5 1  8 . 8 0 1  7 . 9 5 0  7 . 1 0 0  6 . 2 49 5 . 3 9 9  4 . 5 4 8  3 . 6 9 7  2 . 8 4 7  
******* 5 . 7 6 1  5 . 9 3 8  6 . 1 1 6  6 . 2 9 4  6 . 47 1  6 . 6 49 6 . 8 2 7  7 . 0 0 4  7 . 1 8 2  7 . 3 6 0  7 . 5 3 7  7 . 7 1 5  7 . 8 9 3  8 . 0 7 1  

8 . 6 8 5  8 . 3 5 3  8 . 0 2 0  7 . 6 8 8  7 . 3 5 6  7 . 0 2 4  6 . 6 9 2  6 . 3 5 9  6 . 0 2 7  5 . 6 9 5  5 . 3 6 3  5 . 0 3 1  4 . 6 9 8  4 . 3 6 6  4 . 0 3 4  
********************* 1 2 . 5 9 5  1 1 . 9 46 1 1 . 2 9 8  1 0 . 6 49 1 0 . 0 0 0  9 . 3 5 1  8 . 7 0 3  8 . 0 5 4  7 . 40 5  6 . 7 5 6  6 . 1 0 8  5 . 45 9  

7 . 9 6 9  8 . 149 8 . 3 2 8  8 . 5 0 7  8 . 6 8 7  8 . 8 6 6  9 . 0 45 9 . 2 2 5  9 . 40 4  9 . 5 8 3  9 . 7 6 3  9 . 9 42 1 0 . 1 2 1  1 0 . 3 0 1  1 0 . 4 8 0  
6 . 0 8 0  6 . 0 4 6  6 . 0 1 2  5 . 9 7 8  5 . 9 44 5 . 9 1 0  5 . 8 7 6  5 . 8 4 2  5 . 8 0 8  5 . 7 7 4  5 . 7 4 0  5 . 7 0 5  5 . 6 7 1  5 . 6 3 7  5 . 6 0 3  
6 . 9 4 0  6 . 9 0 4  6 . 8 6 8  6 . 8 3 2  6 . 7 9 6  6 . 7 5 9  6 . 7 2 3  6 . 6 8 7  6 . 6 5 1  6 . 6 1 5  6 . 5 7 9  6 . 5 43 6 . 5 0 7  6 . 4 7 1  6 . 4 35 
5 . 2 2 3  5 . 3 7 8  5 . 5 3 3  5 . 6 8 8  5 . 8 4 2  5 . 9 9 7  6 . 1 5 2  6 . 3 0 7  6 . 46 2  6 . 6 1 6  6 . 7 7 1  6 . 9 2 6  7 . 0 8 1  7 . 2 3 6  7 . 3 9 0  
7 . 2 6 4  7 . 4 8 1  7 . 6 9 8  7 . 9 1 5  8 . 1 3 1  8 . 3 4 8  8 . 5 6 5  8 . 7 8 2  8 . 9 9 9  9 . 2 1 6  9 . 43 3  9 . 6 5 0  9 . 8 6 7  1 0 . 0 8 3  1 0 . 3 0 0  

****************************************** 5 . 3 6 9 *********************************** 3 . 2 7 6************** 
2 . 9 42 3 . 4 0 5  3 . 8 6 8  4 . 3 3 2  4 . 7 9 5  5 . 2 5 8  5 . 7 2 2  6 . 1 8 5  6 . 6 4 8  7 . 1 1 2  7 . 5 7 5  8 . 0 3 9  8 . 5 0 2  8 . 9 6 5  9 . 42 9  
9 5 40 9 . 0 1 1  8 . 4 8 2  7 . 9 5 4  7 . 42 5  6 . 8 9 7  6 . 3 6 8  5 . 8 4 0  5 . 3 1 1  4 . 7 8 3  4 . 2 5 4  3 . 7 2 5  3 . 1 97 2 . 6 6 8  2 . 1 4 0  
1 . 9 0 8  2 . 1 6 4  2 . 42 0  2 . 6 7 6  2 . 9 3 2  3 . 1 8 9  3 . 445 3 . 7 0 1  3 . 9 5 7  4 . 2 1 3  4 . 46 9  4 . 7 2 6  4 . 9 8 2  5 . 2 3 8  5 . 49 4  
6 . 3 1 8  6 . 4 1 9  6 . 5 1 9  6 . 6 1 9  6 . 7 1 9  6 . 8 1 9  6 . 9 1 9  7 . 0 1 9  7 . 1 1 9  7 . 2 1 9  7 . 3 1 9  7 . 4 1 9  7 . 52 0  7 . 62 0  7 . 7 2 0  

8 4  8 3  8 2  8 1  
6 . 5 2 2  7 . 6 1 4 8 . 7 0 7  9 . 8 0 0  
8 . 7 9 6  9 . 143 9 . 49 0  9 . 8 3 7  

1 5 . 9 3 9  1 6 . 3 9 2  1 6 . 8 4 4  1 7 . 2 9 7  
9 . 9 7 4  1 1 . 0 3 7  1 2 . 1 0 0  1 3 . 1 6 3  

1 0 . 0 3 0  1 0 . 45 7  1 0 . 8 8 4  1 1 . 3 1 1  
1 3 . 40 1  1 4 . 2 9 0  1 5 . 1 8 0  1 6 . 0 7 0  

COA L - H A U L I NG R OADS 

AVERAGE VALUE 
8 0  7 9  

1 0 . 8 9 2  1 1 . 9 8 5  
1 0 . 1 8 4  1 0 . 5 3 1  
1 7 . 7 4 9  1 8 . 2 0 2  
1 4 . 2 2 6  1 5 . 2 8 9  
1 1 . 7 3 8 1 2 . 1 6 5  
1 6 . 9 5 9  1 7 . 8 4 9  

7 8  7 7  7 6  7 5  7 4  7 3  7 2  7 1  7 0  
1 3 . 0 7 8******************************************************** 
1 0 . 8 7 8******************************************************** 
1 8 . 6 5 4******************************************************** 
1 6 . 3 5 2******************************************************** 
1 2 . 5 9 2******************************************************** 
1 8 . 7 3 9******************************************************** 

Figure G-2 . Cross-Tabulation Matrix with Resul ts of Linear Smoothing 
for Percent Trucks 
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LOCAL 
COND I T I ON 
FA VOL GA 

1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 2 1 
1 2 2 

ANNUAL 
CHANGE 
( % ) 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

- 0 . 0 0 5  

P E R C E N T  TRUCKS H A U L I NG COAL 
NON-COA L - HA U L I NG R OADS 

AVERAGE VALUE 
84 83 82 8 1  80 79 78 77 76 7 5  7 4  7 3  7 2  71 7 0  

********************************************************************************************************* 
********************************************************************************************************* 
********************************************************************************************************* 
********************************************************************************************************* 
************** 0 . 8 8 1  0 . 0 0 0  0 . 0 0 0********************************************************************** 

1 2 3 - 1 1 0 . 6 2 2  
0 . 0 0 0  0 . 0 0 3  0 . 0 0 8  0 . 0 1 3  0 . 0 1 8  0 . 0 2 3  0 . 0 2 8******************************************************** 
0 . 0 7 8  0 . 1 6 5  0 . 2 5 2  0 . 3 3 8  0 . 42 5  0 . 5 1 1  0 . 5 9 8******************************************************** 
0 . 8 7 2  0 . 8 0 1  0 . 7 3 0  0 . 6 5 9  0 . 5 8 8  0 . 5 1 7  0 . 446******************************************************** 
0 . 2 2 5  0 . 2 3 1  0 . 2 3 7  0 . 2 43 0 . 2 49 0 . 2 5 4  0 . 2 6 0******************************************************** 
0 . 0 1 5  0 . 0 1 5  0 . 0 1 5  0 . 0 1 5  0 . 0 1 5  0 . 0 1 5  0 . 0 1 5******************************************************** 
0 . 0 3 2  0 . 0 2 7  0 . 0 2 2  0 . 0 1 7  0 . 0 1 2  0 . 0 0 7  0 . 0 0 2******************************************************** 
0 . 0 7 1  0 . 0 7 7  0 . 0 8 2  0 . 0 8 8  0 . 0 9 3  0 . 0 9 9  0 . 1 0 4******************************************************** 
0 . 1 5 6  0 . 1 0 8  0 . 0 6 1  0 . 0 1 3  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0******************************************************** 
0 . 1 3 0  0 . 0 9 9  0 . 0 6 7  0 . 0 3 5  0 . 0 0 3  0 . 0 0 0  0 . 0 0 0******************************************************** 
0 . 1 0 9  0 . 0 9 9  0 . 0 8 8  0 . 0 7 7  0 . 0 6 7  0 . 0 5 6  0 . 0 45******************************************************** 
0 . 0 2 1  0 . 0 6 1  0 . 1 0 1  0 . 1 42 0 . 1 8 2  0 . 2 2 2  0 . 2 6 2******************************************************** 
0 . 3 5 5  0 . 2 5 5  0 . 1 5 5  0 . 0 5 4  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0******************************************************** 
0 . 0 8 3  0 . 0 7 1  0 . 0 5 9  0 . 0 46 0 . 0 3 4  0 . 0 2 2  0 . 0 1 0******************************************************** 
0 . 0 2 0  0 . 0 2 0  0 . 0 1 9  0 . 0 1 9  0 . 0 1 8  0 . 0 1 7  0 . 0 1 7******************************************************** 
0 . 0 0 9  0 . 0 0 9  0 . 0 1 0  0 . 0 1 0  0 . 0 1 0  0 . 0 1 0  0 . 0 1 0******************************************************** 
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 ******************************************************** 
0 . 0 0 0  0 . 0 0 1  0 . 0 2 3  0 . 0 46 0 . 0 6 8  0 . 0 9 1  0 . 1 1 4******************************************************** 
0 . 0 0 0  0 . 0 44 0 . 1 2 6  0 . 2 0 9  0 . 2 9 2  0 . 3 7 5*************************************************************** 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0******************************************************** 
0 . 0 5 5  0 . 0 46 0 . 0 3 7  0 . 0 2 8  0 . 0 1 9  0 . 0 1 0  0 . 0 0 1 ******************************************************** 
0 . 0 1 6  0 . 0 4 0  0 . 0 6 4  0 . 0 8 8  0 . 1 1 2  0 . 1 3 6*************************************************************** 
0 . 0 1 4  0 . 0 1 8  0 . 0 2 1  0 . 0 2 4  0 . 0 2 7  0 . 0 3 0  0 . 0 3 3******************************************************** 
0 . 0 7 3  0 . 0 5 8  0 . 0 42 0 . 0 2 6  0 . 0 1 0  0 . 0 0 0  0 . 0 0 0 ******************************************************** 
0 . 0 1 3  0 . 0 1 8  0 . 0 2 3  0 . 0 2 8  0 . 0 3 3  0 . 0 3 8  0 . 0 42******************************************************** 
0 . 0 44 0 . 0 49 0 . 0 5 5  0 . 0 6 1  0 . 0 6 6  0 . 0 7 2  0 . 0 7 8******************************************************** 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0******************************************************** 

1 2 4 8 . 1 4 8  
1 AVERAGE - 2 . 6 0 2  
2 1 1 0 . 0 0 0  
2 1 2 1 5 . 5 8 9  
2 1 3 - 7 . 7 5 6  
2 1 4 3 0 . 5 1 4  
2 2 1 2 4 . 3 40 
2 2 2 9 . 7 8 4  
2 2 3 - 1 8 8 . 2 5 7  
2 2 4 2 8 . 2 6 7  
2 AVERAGE 1 4 . 7 6 5  
3 1 1 3 . 0 5 8  
3 1 2 - 1 . 49 2  
3 1 3 0 . 0 0 0  
3 1 4 - 0 . 0 2 3  
3 2 1 - 0 . 0 8 3  
3 2 2 0 . 0 0 0  
3 2 3 1 6 . 2 3 4  
3 2 4 - 1 45 . 4 5 0  
3 AVERAGE 
4 1 1 
4 1 2 
4 1 3 
4 1 4 
4 2 1 
4 2 2 
4 2 3 
4 2 4 
4 AVERAGE 
5 1 1 
5 1 2 
5 1 3 
5 1 4 
5 2 1 
5 2 2 
5 2 3 
5 2 4 
5 AVERAGE 

LOCAL 
COND I T I O N  

V O L  CT 
1 1 
1 2 
1 3 
2 1 
2 2 
2 3 

Figure 

- 2 1 . 5 7 3  
2 1 . 5 3 5  

- 3 5 . 6 2 9  
- 1 2 . 9 8 3  

0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

- 2 . 7 1 6  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

3 6 . 3 63 
3 4 . 3 6 5  

ANNUAL 

********************* 0 . 0 0 0  0 . 0 0 0********************************************************************** 
********************* 0 . 1 2 8  0 . 2 6 4********************************************************************** 

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0*************************************************************** 
********************************************************************************************************* 

0 . 0 3 0  0 . 0 3 1  0 . 0 3 2  0 . 0 3 3  0 . 0 3 4  0 . 0 3 4  0 . 03 5******************************************************** 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0******************************************************** 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0******************************************************** 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0******************************************************** 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0******************************************************** 

********************************************************************************************************* 
0 . 0 0 0  0 . 0 0 0******************************************************************************************* 
0 . 0 0 0  0 . 0 0 0******************************************************************************************* 
1 . 0 47 0 . 6 6 6  0 . 2 8 6  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0*************************************************************** 
0 . 0 2 6  0 . 0 1 7  0 . 0 0 8  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0******************************************************** 

COAL-HAULING ROADS 

CHANGE AVERAGE VALUE 
( % ) 84 83 82 8 1  80 7 9  78 7 7  7 6  7 5  7 4  7 3  7 2  71 7 0  
3 . 2 1 6  2 . 9 1 0  2 . 8 1 6  2 . 72 3  2 . 6 2 9  2 . 5 3 6  2 . 442 2 . 3 49******************************************************** 

- 4 . 9 3 2  9 . 8 7 4  1 0 . 3 6 1  1 0 . 8 4 8  1 1 . 3 3 5  1 1 . 8 2 2  1 2 . 3 0 9  1 2 . 7 9 6******************************************************** 
3 . 7 0 6  5 0 . 2 7 4  4 8 . 4 1 0  46 . 547 44 . 6 8 4  42 . 8 2 1  4 0 . 9 5 7  3 9 . 0 9 4******************************************************** 

- 5 . 6 6 0  2 . 0 0 7  2 . 1 2 0  2 . 2 3 4  2 . 3 47 2 . 46 1  2 . 5 7 4  2 . 6 8 8******************************************************** 
1 . 7 8 5  1 2 . 8 3 0  1 2 . 6 0 1  1 2 . 3 7 2  1 2 . 1 4 3  1 1 . 9 1 4  1 1 . 6 8 5  1 1 . 45 6******************************************************** 
0 . 0 7 7  3 4 . 7 7 8  3 4 . 7 5 1  3 4 . 7 2 5  3 4 . 6 9 8  3 4 . 6 7 1  3 4 . 6 4 4  3 4 . 6 1 8******************************************************** 

G-3 .  Cross-Tabulation Matrix with Results of L inear Smoothing 
for Percent Trucks Hauling Coal 
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1 1 1 
1 1 2 
1 1 3 
1 1 4 
1 2 1 
1 2 2 
1 2 3 
1 2 4 
1 AVERAGE 
2 1 1 
2 1 2 
2 1 3 
2 1 4 
2 2 1 
2 2 2 
2 2 3 
2 2 4 
2 AVERAGE 
3 1 1 
3 1 2 
3 1 3 
3 1 4 
3 2 1 
3 2 2 
3 2 3 
3 2 4 
3 AVERAGE 
4 1 1 
4 1 2 
4 1 3 
4 1 4 
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4 2 2 
4 2 3 
4 2 4 
4 AVERAGE 
5 1 1 
5 1 2 
5 1 3 
5 1 4 
5 2 1 
5 2 2 
5 2 3 
5 2 4 
5 AVERAGE 

LOCAL 
COND I T I ON 

VOL CT 
1 1 
1 2 
1 3 
2 1 
2 2 
2 3 

ANNUAL 
CHANGE 
( % ) 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
3 . 0 8 9  
0 . 3 8 8  
0 . 0 7 4  
0 . 5 3 8  
0 . 40 6  
0 . 0 1 3  
0 . 6 7 2  

- 0 . 2 5 4  
- 0 . 3 5 7  
- 1 . 6 5 2  

1 . 1 8 4  
- 1 . 5 7 7  
- 2 . 0 9 5  
- 0 . 3 6 7  
- 1 . 2 9 6  

0 . 2 6 0  
- 0 . 5 5 9  
- 0 . 0 2 4  
- 1 . 4 8 1  
- 0 . 1 2 6  
- 0 . 46 8  
-2 . 3 1 9  
- 0 . 9 2 4  

0 . 0 92 
0 . 8 3 0  
1 . 0 4 8  

- 0 . 1 0 4  
1 .  6 3 4  

- 0 . 3 5 4  
1 . 8 6 9  
1 .  5 0 7  
0 . 5 23 
0 . 6 0 1  
0 . 9 0 2  
0 . 1 7 0  
0 . 465 
0 . 0 0 0  

- 1 . 6 7 8  
0 . 4 13 

- 1 . 5 55 
0 . 2 6 8  

ANNUAL 
CHANGE 
( % ) 

- 3 . 9 1 9  
0 . 7 9 1  
0 . 3 2 1  

- 1 . 7 6 0  
- 1 . 2 4 2  
- 0 . 5 0 9  

A X L E S  P E R  TRUCK ( NON-COAL-HAU L I NG ) 
NON-COA L-HAULING R OADS 

AVERAGE VALUE 
84 83 82 81 80 79 7 8  77 76 7 5  7 4  7 3  7 2  71 7 0  

*************************************************************** 3 . 7 3 9*********************************** 
********************************************************************************************************* 
************************************************************************************************** 3 . 3 0 7  
******************************************************** 4 . 3 5 5**************************** 3 . 0 9 3  3 . 8 7 2  
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3 . 29 8  3 . 2 7 6  3 . 2 5 4  3 . 23 2  3 . 2 1 0  3 . 1 8 7  3 . 1 6 5  3 . 1 4 3  3 . 1 2 1  3 . 0 9 9  3 . 0 7 7  3 . 0 5 4  3 . 0 3 2  3 . 0 1 0  2 . 9 8 8  
2 . 8 43 2 . 8 5 1  2 . 8 5 8  2 . 8 6 5  2 . 8 7 2  2 . 8 7 9  2 . 8 8 7  2 . 8 9 4  2 . 9 0 1  2 . 9 0 8  2 . 9 1 5  2 . 9 2 3  2 . 9 3 0  2 . 9 3 7  2 . 9 44 
2 . 9 2 8  2 . 9 3 8  2 . 9 49 2 . 9 5 9  2 . 9 69 2 . 9 8 0  2 . 9 9 0  3 . 0 0 1  3 . 0 1 1  3 . 0 2 2  3 . 0 3 2  3 . 0 4 2  3 . 0 5 3  3 . 0 6 3  3 . 0 7 4  
3 . 1 2 6  3 . 1 7 8  3 . 2 3 0  3 . 2 8 1  3 . 3 3 3  3 . 3 8 4  3 . 43 6  3 . 4 8 8  3 . 5 3 9  3 . 5 9 1  3 . 6 43 3 . 6 9 4  3 . 7 46 3 . 7 9 8  3 . 8 4 9  
3 . 1 3 5  3 . 0 9 8  3 . 0 6 1  3 . 0 2 4  2 . 9 8 7  2 . 9 5 0  2 . 9 1 3  2 . 8 7 6  2 . 8 3 9  2 . 8 0 1  2 . 7 6 4  2 . 7 2 7  2 . 6 9 0  2 . 6 5 3  2 . 6 1 6  
2 . 7 6 8  2 . 8 1 1  2 . 8 5 5  2 . 8 9 9  2 . 9 42 2 . 9 8 6  3 . 0 3 0  3 . 0 7 3  3 . 1 1 7  3 . 1 6 1  3 . 2 0 4  3 . 2 4 8  3 . 2 9 2  3 . 3 3 5  3 . 3 7 9  
2 . 8 9 5  2 . 9 5 5  3 . 0 1 6  3 . 0 7 7  3 . 1 3 7  3 . 1 9 8  3 . 2 5 9  3 . 3 1 9  3 . 3 8 0  3 . 44 1  3 . 5 0 1  3 . 5 6 2  3 . 6 2 2  3 . 6 8 3  3 . 7 44 
3 . 0 7 7  3 . 0 8 8  3 . 1 0 0  3 . 1 1 1  3 . 1 2 2  3 . 1 3 4  3 . 145 3 . 1 56 3 . 1 6 7  3 . 1 7 9  3 . 1 9 0  3 . 2 0 1  3 . 2 1 3  3 . 2 2 4  3 . 2 3 5  
2 . 3 2 3  2 . 3 5 3  2 . 3 8 3  2 . 4 1 3  2 . 44 4  2 . 47 4  2 . 5 0 4  2 . 5 3 4  2 . 5 6 4  2 . 5 9 4  2 . 6 2 4  2 . 6 5 4  2 . 6 8 4  2 . 7 1 4  2 . 7 45 
2 . 5 3 6  2 . 5 3 0  2 . 5 23 2 . 5 1 6  2 . 5 1 0  2 . 5 0 3  2 . 49 7  2 . 49 0  2 . 4 8 4  2 . 47 7  2 . 4 7 0  2 . 46 4  2 . 45 7  2 . 45 1  2 . 444 
2 . 40 5  2 . 4 1 8  2 . 43 2  2 . 445 2 . 45 9  2 . 47 2  2 . 4 8 6  2 . 49 9  2 . 5 1 3  2 . 5 2 6  2 . 5 3 9  2 . 5 5 3  2 . 5 6 6  2 . 5 8 0  2 . 5 9 3  
2 . 3 45 2 . 3 45 2 . 3 46 2 . 3 46 2 . 3 47 2 . 3 47 2 . 3 4 8  2 . 3 49 2 . 3 49 2 . 3 5 0  2 . 3 5 0  2 . 3 5 1  2 . 3 5 1  2 . 3 5 2  2 . 3 5 3  
2 . 5 46 2 . 5 8 4  2 . 6 2 2  2 . 6 5 9  2 . 6 9 7  2 . 7 3 5  2 . 7 7 2  2 . 8 1 0  2 . 8 4 8  2 . 8 8 6  2 . 9 2 3  2 . 9 6 1  2 . 9 9 9  3 . 0 3 6  3 . 0 7 4  
2 . 6 7 5  2 . 6 7 8  2 . 6 8 1  2 . 6 8 5  2 . 6 8 8  2 . 6 9 1  2 . 6 9 5  2 . 6 9 8  2 . 7 0 2  2 . 7 0 5  2 . 7 0 8  2 . 7 1 2  2 . 7 1 5  2 . 7 1 8  2 . 7 2 2  
2 . 5 5 8  2 . 5 7 0  2 . 5 8 2  2 . 5 9 4  2 . 6 0 6  2 . 6 1 8  2 . 6 3 0  2 . 6 42 2 . 6 5 4  2 . 6 6 6  2 . 6 7 8  2 . 6 9 0  2 . 7 0 2  2 . 7 1 4  2 . 7 2 6  
2 . 3 5 2  2 . 40 7  2 . 4 6 1  2 . 5 1 6  2 . 5 7 0  2 . 6 2 5  2 . 6 7 9  2 . 7 3 4  2 . 7 8 9  2 . 8 43 2 . 8 9 8  2 . 9 5 2  3 . 0 0 7  3 . 0 6 1  3 . 1 1 6  
2 . 43 1  2 . 45 3  2 . 47 6  2 . 49 8  2 . 5 2 1  2 . 5 43 2 . 5 6 6  2 . 5 8 8  2 . 6 1 1  2 . 6 3 3  2 . 6 5 5  2 . 6 7 8  2 . 7 0 0  2 . 7 2 3  2 . 7 45 
2 . 8 3 6  2 . 8 3 4  2 . 8 3 1  2 . 8 2 8  2 . 8 2 6  2 . 8 2 3  2 . 8 2 1  2 . 8 1 8  2 . 8 1 5  2 . 8 1 3  2 . 8 1 0  2 . 8 0 8  2 . 8 0 5  2 . 8 0 2  2 . 8 0 0  
2 . 7 6 3  2 . 7 4 0  2 . 7 1 7  2 . 6 9 4  2 . 6 7 2  2 . 6 49 2 . 6 2 6  2 . 6 0 3  2 . 5 8 0  2 . 5 5 7  2 . 5 3 4  2 . 5 1 1  2 . 4 8 8  2 . 46 5  2 . 442 
2 . 7 7 0  2 . 7 4 1  2 . 7 1 2  2 . 6 8 3  2 . 6 5 4  2 . 6 2 5  2 . 5 9 6  2 . 5 6 7  2 . 5 3 8  2 . 5 0 9  2 . 4 8 0  2 . 45 1  2 . 4 2 2  2 . 3 9 3  2 . 3 6 4  
2 . 6 8 9  2 . 6 9 2  2 . 6 9 5  2 . 6 9 8  2 . 7 0 1  2 . 7 0 3  2 . 7 0 6  2 . 7 0 9  2 . 7 1 2  2 . 7 1 5  2 . 7 1 7  2 . 7 2 0  2 . 7 2 3  2 . 7 2 6  2 . 7 2 9  

******* 3 . 6 0 8  3 . 5 49 3 . 49 0  3 . 43 1  3 . 3 7 2  3 . 3 1 3  3 . 2 5 4  3 . 1 9 5  3 . 1 3 6  3 . 0 7 7  3 . 0 1 8  2 . 9 5 9  2 . 9 0 0  2 . 8 4 1  
******* 2 . 7 7 1  2 . 7 8 1  2 . 7 9 1  2 . 8 0 1  2 . 8 1 1  2 . 8 2 0  2 . 8 3 0  2 . 8 4 0  2 . 8 5 0  2 . 8 6 0  2 . 8 6 9  2 . 8 7 9  2 . 8 8 9  2 . 8 9 9  

3 . 1 9 7  3 . 1 3 7  3 . 0 7 8  3 . 0 1 8  2 . 9 5 8  2 . 8 9 8  2 . 8 3 9  2 . 7 7 9  2 . 7 1 9  2 . 6 5 9  2 . 6 0 0  2 . 5 4 0  2 . 4 8 0  2 . 42 0  2 . 3 6 1  
********************* 3 . 2 1 5  3 . 1 6 6  3 . 1 1 8  3 . 0 7 0  3 . 0 2 1  2 . 9 7 3  2 . 9 2 4  2 . 8 7 6  2 . 8 2 7  2 . 7 7 9  2 . 7 3 0  2 . 6 8 2  

2 . 7 8 9  2 . 7 7 5  2 . 7 6 0  2 . 7 46 2 . 7 3 1  2 . 7 1 6  2 . 7 0 2  2 . 6 8 7  2 . 6 7 3  2 . 6 5 8  2 . 6 43 2 . 6 2 9  2 . 6 14 2 . 6 0 0  2 . 5 8 5  
2 . 47 6  2 . 46 1  2 . 446 2 . 43 1  2 . 4 1 6  2 . 40 1  2 . 3 8 6  2 . 3 7 2  2 . 3 5 7  2 . 3 42 2 . 3 2 7  2 . 3 1 2  2 . 29 7  2 . 2 8 2  2 . 2 6 7  
2 . 3 5 7  2 . 3 3 6  2 . 3 1 5  2 . 2 9 4  2 . 2 7 2  2 . 2 5 1  2 . 2 3 0  2 . 2 0 9  2 . 1 8 7  2 . 1 6 6  2 . 145 2 . 1 2 4  2 . 1 0 2  2 . 0 8 1  2 . 0 6 0  
2 . 3 6 3  2 . 3 5 9  2 . 3 5 4  2 . 3 5 0  2 . 3 46 2 . 3 42 2 . 3 3 8  2 . 3 3 4  2 . 3 3 0  2 . 3 2 6  2 . 3 2 2  2 . 3 1 8  2 . 3 1 4  2 . 3 1 0  2 . 3 0 6  
2 . 6 0 6  2 . 5 9 4  2 . 5 8 2  2 . 5 7 0  2 . 5 5 8  2 . 5 46 2 . 5 3 4  2 . 5 2 1  2 . 5 0 9  2 . 49 7  2 . 4 8 5  2 . 47 3  2 . 46 1  2 . 449 2 . 43 7  

****************************************** 2 . 9 0 0*********************************** 2 . 8 2 3************** 
2 . 444 2 . 4 8 5  2 . 5 2 6  2 . 5 6 7  2 . 6 0 8  2 . 6 49 2 . 6 9 0  2 . 7 3 1  2 . 7 7 2  2 . 8 1 3  2 . 8 5 4  2 . 8 9 5  2 . 9 3 6  2 . 9 7 7  3 . 0 1 8  
2 . 6 6 9  2 . 6 5 8  2 . 6 47 2 . 6 3 6  2 . 6 2 5  2 . 6 1 4  2 . 6 0 3  2 . 5 9 2  2 . 5 8 1  2 . 5 6 9  2 . 5 5 8  2 . 5 47 2 . 5 3 6  2 . 5 2 5  2 . 5 1 4  
2 . 1 7 2  2 . 2 0 6  2 . 2 3 9  2 . 2 7 3  2 . 3 0 7  2 . 3 4 1  2 . 37 5  2 . 40 8  2 . 442 2 . 47 6  2 . 5 1 0  2 . 5 43 2 . 5 7 7  2 . 6 1 1  2 . 6 45 
2 . 42 3  2 . 4 1 6  2 . 4 1 0  2 . 40 3  2 . 3 9 7  2 . 3 9 0  2 . 3 8 4  2 . 3 7 7  2 . 3 7 1  2 . 3 6 4  2 . 3 5 8  2 . 3 5 1  2 . 3 45 2 . 3 3 8  2 . 3 3 2  

8 4  
2 . 6 0 3  
2 . 8 8 9  
3 . 1 9 0  
3 . 3 5 9  
3 . 3 0 5  
3 . 1 6 7  

8 3  
2 . 7 0 5  
2 . 8 6 6  
3 . 1 8 0  
3 . 4 1 8  
3 . 3 4 7  
3 . 1 8 3  

8 2  
2 . 8 0 7  
2 . 8 4 3  
3 . 1 6 9  
3 .  477 
3 . 3 8 8  
3 . 1 9 9  

8 1  
2 . 9 0 9  
2 . 8 2 0  
3 . 1 5 9  
3 . 5 3 6  
3 . 42 9  
3 . 2 1 5  

COAL-HAULING ROADS 

AVERAGE VALUE 
8 0  7 9  

3 . 0 1 1  3 . 1 1 3  
2 . 7 9 7  2 . 7 7 4  
3 . 149 3 . 1 3 9  
3 . 5 9 5  3 . 6 5 5  
3 . 47 0  3 . 5 1 1  
3 . 2 3 2  3 . 2 4 8  

7 8  7 7  7 6  7 5  7 4  7 3  7 2  7 1  7 0  
3 . 2 1 5******************************************************** 
2 . 7 5 2******************************************************** 
3 . 1 2 8******************************************************** 
3 . 7 1 4******************************************************** 
3 . 5 5 2******************************************************** 
3 . 2 6 4******************************************************** 

Figure G-4 . Cross-Tabulation Matrix with Results of  Linear Smoothing 
for Axles per Truck (Non-Coal-Hauling) 
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LOCAL ANNUAL 
COND I T I O N  CHANGE 
FA VOL GA ( % ) 

1 1 1 0 . 0 0 0  
1 1 2 0 . 0 0 0  
1 1 3 0 . 0 0 0  
1 1 4 0 . 0 0 0  
1 2 1 0 . 6 8 1  
1 2 2 1 .  5 7 7  
1 2 3 1 . 4 1 8  
1 2 4 1 . 3 8 8  
1 AVERAGE 1 . 44 1  
2 1 1 1 . 5 9 2  
2 1 2 1 . 5 5 1  
2 1 3 2 . 1 9 5  
2 1 4 1 .  7 1 1  
2 2 1 2 . 46 5  
2 2 2 1 . 4 49 
2 2 3 2 . 2 6 8  
2 2 4 2 . 2 7 3  
2 AVERAGE 1 . 9 9 3  
3 1 1 3 . 2 6 1  
3 1 2 1 . 9 9 7  
3 1 3 2 . 5 0 1  
3 1 4 0 .  7 7 2  
3 2 1 3 . 3 5 3  
3 2 2 1 . 5 2 8  
3 2 3 2 . 42 6  
3 2 4 3 . 3 0 1  
3 AVERAGE 2 . 49 4  
4 1 1 1 .  7 9 2  
4 1 2 2 . 1 8 3  
4 1 3 1 . 6 9 3  
4 1 4 1 . 9 0 9  
4 2 1 2 . 42 3  
4 2 2 2 . 9 0 1  
4 2 3 1 .  8 7 7  
4 2 4 1 . 3 4 0  
4 AVERAGE 1 . 9 44 
5 1 1 3 . 0 9 7  
5 1 2 2 . 6 3 7  
5 1 3 2 . 0 8 0  
5 1 4 3 . 1 1 5  
5 2 1 0 . 0 0 0  
5 2 2 2 . 9 8 5  
5 2 3 2 . 3 0 6  
5 2 4 2 . 0 6 6  
5 AVERAGE 2 . 7 3 1  

LOCAL ANNUAL 
COND I T I O N  CHANGE 

VDL CT ( % ) 
1 1 2 . 6 0 4  
1 2 - 0 . 2 7 8  
1 3 0 . 9 0 7  
2 1 0 . 8 3 8  
2 2 1 . 5 12 
2 3 2 . 2 7 9  

E A L ' S  P E R  TRUCK A X L E  ( NON-COAL-HAU L I N G )  
NON-COAL-HAULING ROADS 

AVERAGE VALUE 
84 83 8 2  81 80 7 9  78 7 7  7 6  7 5  7 4  73 7 2  7 1  7 0  
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0 . 1 7 7  0 . 1 7 6  0 . 1 7 4  0 . 1 7 3  0 . 17 2  0 . 1 7 0  0 . 1 6 9  0 . 1 6 8  0 . 1 6 6  0 . 1 65 0 . 1 6 3  0 . 1 6 2  0 . 1 6 1  0 . 1 5 9  0 . 1 5 8  
0 . 1 8 3  0 . 17 7  0 . 1 7 1  0 . 1 6 5  0 . 15 9  0 . 1 5 2  0 . 1 46 0 . 1 4 0  0 . 1 3 4  0 . 12 8  0 . 1 2 2  0 . 1 1 6  0 . 1 0 9  0 . 1 0 3  0 . 0 9 7  
0 . 1 6 8  0 . 1 6 6  0 . 1 6 3  0 . 1 6 1  0 . 1 5 8  0 . 1 5 5  0 . 1 5 3  0 . 1 5 0  0 . 1 4 8  0 . 1 45 0 . 1 4 3  0 . 1 4 0  0 . 1 3 7  0 . 1 3 5  0 . 1 3 2  
0 . 1 8 1  0 . 1 7 6  0 . 1 7 2  0 . 1 6 8  0 . 1 6 3  0 . 1 5 9  0 . 1 5 5  0 . 1 5 0  0 . 1 46 0 . 1 4 1  0 . 1 3 7  0 . 1 3 3  0 . 1 2 8  0 . 1 2 4  0 . 1 1 9  
0 . 1 8 0  0 . 1 7 4  0 . 1 6 8  0 . 1 6 2  0 . 1 5 7  0 . 1 5 1  0 . 145 0 . 1 3 9  0 . 1 3 3  0 . 1 2 7  0 . 1 2 1  0 . 1 1 5  0 . 1 0 9  0 . 1 0 3  0 . 0 9 7  
0 . 1 8 2  0 . 1 7 8  0 . 1 7 3  0 . 1 6 9  0 . 1 6 4  0 . 1 6 0  0 . 1 5 5  0 . 1 5 1  0 . 1 4 6  0 . 1 4 1  0 . 1 3 7  0 . 1 3 2  0 . 1 2 8  0 . 1 2 3  0 . 1 1 9  
0 . 1 6 3  0 . 1 6 0  0 . 1 5 7  0 . 1 5 4  0 . 1 5 1  0 . 1 4 8  0 . 1 45 0 . 1 4 2  0 . 1 3 9  0 . 1 3 6  0 . 1 3 4  0 . 1 3 1  0 . 1 2 8  0 . 1 2 5  0 . 1 22 
0 . 1 7 5  0 . 1 7 1  0 . 1 6 7  0 . 1 6 3  0 . 1 6 0  0 . 1 5 6  0 . 1 5 2  0 . 1 4 8  0 . 1 4 4  0 . 1 4 1  0 . 1 3 7  0 . 1 3 3  0 . 1 2 9  0 . 1 2 5  0 . 1 2 1  
0 . 1 6 5  0 . 1 6 2  0 . 1 5 9  0 . 1 5 6  0 . 1 5 3  0 . 1 5 1  0 . 1 4 8  0 . 1 45 0 . 1 4 2  0 . 1 4 0  0 . 1 3 7  0 . 1 3 4  0 . 1 3 1  0 . 1 2 8  0 . 1 2 6  
0 . 1 6 4  0 . 16 1  0 . 1 5 8  0 . 15 4  0 . 1 5 1  0 . 1 4 8  0 . 1 45 0 . 1 42 0 . 1 3 9  0 . 13 6  0 . 1 3 3  0 . 1 2 9  0 . 12 6  0 . 1 2 3  0 . 1 2 0  
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0 . 1 5 9  0 . 1 5 6  0 . 1 5 3  0 . 1 5 0  0 . 1 47 0 . 1 44 0 . 1 4 1  0 . 1 3 8  0 . 1 3 5  0 . 1 3 2  0 . 1 2 9  0 . 1 2 6  0 . 1 2 3  0 . 1 2 0  0 . 1 1 7  
********************* 0 . 1 3 7  0 . 1 3 6  0 . 1 3 4  0 . 1 3 2  0 . 1 3 0  0 . 1 2 8  0 . 1 2 6  0 . 1 2 4  0 . 1 2 3  0 . 1 2 1  0 . 1 1 9  0 . 1 17 

0 . 1 6 7  0 . 1 6 4  0 . 1 6 0  0 . 1 5 7  0 . 1 5 4  0 . 1 5 1  0 . 147 0 . 1 4 4  0 . 1 4 1  0 . 1 3 8  0 . 1 3 4  0 . 1 3 1  0 . 1 2 8  0 . 1 2 5  0 . 12 1  
0 . 1 8 3  0 . 1 7 7  0 . 1 7 1  0 . 1 6 6  0 . 1 6 0  0 . 1 5 4  0 . 149 0 . 1 43 0 . 13 8  0 . 13 2  0 . 1 2 6  0 . 1 2 1  0 . 1 1 5  0 . 1 0 9  0 . 1 0 4  
0 . 1 8 0  0 . 1 7 5  0 . 1 7 0  0 . 1 6 6  0 . 1 6 1  0 . 1 5 6  0 . 1 5 1  0 . 1 47 0 . 1 4 2  0 . 1 3 7  0 . 1 3 2  0 . 1 2 8  0 . 1 23 0 . 1 1 8  0 . 1 1 3  
0 . 1 8 3  0 . 1 7 9  0 . 1 7 5  0 . 1 7 1  0 . 1 6 8  0 . 1 6 4  0 . 1 6 0  0 . 1 5 6  0 . 1 5 2  0 . 1 49 0 . 1 4 5  0 . 1 4 1  0 . 1 3 7  0 . 1 3 3  0 . 1 3 0  
0 . 1 9 4  0 . 1 8 8  0 . 1 8 2  0 . 1 7 6  0 . 1 7 0  0 . 1 6 3  0 . 1 5 7  0 . 1 5 1  0 . 145 0 . 1 3 9  0 . 1 3 3  0 . 1 2 7  0 . 1 2 1  0 . 1 1 5  0 . 1 0 9  

****************************************** 0 . 1 3 7*********************************** 0 . 1 2 1 ************** 
0 . 1 9 7  0 . 1 9 2  0 . 1 8 6  0 . 1 8 0  0 . 1 7 4  0 . 1 6 8  0 . 1 6 2  0 . 1 5 6  0 . 1 5 0  0 . 144 0 . 1 3 9  0 . 1 3 3  0 . 1 2 7  0 . 1 2 1  0 . 1 15 
0 . 1 8 1  0 . 1 7 7  0 . 1 7 3  0 . 1 6 9  0 . 1 6 5  0 . 1 6 1  0 . 1 5 6  0 . 1 5 2  0 . 1 4 8  0 . 1 44 0 . 1 4 0  0 . 1 3 5  0 . 1 3 1  0 127 0 . 1 2 3  
0 . 1 6 3  0 . 1 6 0  0 . 1 5 6  0 . 1 5 3  0 . 1 5 0  0 . 1 46 0 . 1 4 3  0 . 1 4 0  0 . 1 3 6  0 . 1 3 3  0 . 1 2 9  0 . 1 2 6  0 . 1 2 3  0 . 1 1 9  0 . 1 16 
0 . 1 8 4  0 . 1 7 9  0 . 1 7 4  0 . 1 6 9  0 . 1 6 4  0 . 1 5 9  0 . 1 5 4  0 . 1 49 0 . 144 0 . 1 3 9  0 . 1 3 4  0 . 1 2 9  0 . 1 2 4  0 . 1 1 9  0 . 1 1 4  

8 4  
0 . 1 7 9  
0 . 1 6 4  
0 . 1 6 8  
0 . 1 6 0  
0 . 1 5 9  
0 . 1 7 0  

8 3  
0 . 1 7 5  
0 . 1 6 5  
0 . 1 6 7  
0 . 1 5 8  
0 . 1 5 7  
0 . 1 6 6  

8 2  
0 . 1 7 0  
0 . 1 6 5  
0 . 1 6 5  
0 . 1 5 7  
0 . 1 5 4  
0 . 1 6 2  

8 1  
0 . 1 6 5  
0 . 1 6 6  
0 . 1 6 4  
0 . 1 5 6  
0 . 1 5 2  
0 . 15 8  

COAL-HAUL ING R OADS 

AVERAGE VA LUE 
8 0  7 9  

0 . 1 6 1  0 . 1 5 6  
0 . 1 6 6  0 . 1 6 7  
0 . 1 6 2  0 . 1 6 1  
0 . 1 5 4  0 . 1 5 3  
0 . 1 49 0 . 1 47 
0 . 1 5 4  0 . 1 5 0  

7 8  7 7  7 6  7 5  7 4 7 3  7 2  7 1  7 0  
0 . 1 5 1******************************************************** 
0 . 1 6 7******************************************************** 
0 . 1 5 9******************************************************** 
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Figure G-6 . Cross-Tabulation Matrix with Results of Linear Smoothing 
for EAL ' s  per Truck Axle (Non-Coal-Hauling ) 
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Figure G-7 .  Cross-Tabulation Matrix with Results of Linear Smoothing 
for EAL ' s  p er Truck Axle ( Coal-Haul ing) 
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