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INTRODUCTION 

A s  an a i d  t o  r e l i a b l e  long-term planning and t o  provide information 
needed f o r  design, S t a t e  highway departments measure various charac- 
t e r i s t i c s  of  highway usage. The measures include vehic le  volume 
counts, vehic le  c l a s s i f i c a t i o n  counts, and veh ic le  axle weights. 
These do not make up t h e  sum of  t h e  measurements. Because of t h e  
s i z e s  of t h e  phenomena, measurements must be samples. The values 
o f  any of these  measurements m a y  be r e l a t i v e l y  s i m i l e t s  a t  many 
loca t ions  where samples may be taken but  d i f f e r  markedly from t h e  
values at o ther  poss ib le  sampling points .  The points  with r e l a t i v e l y  
s i m i l a r  measure of a c h a r a c t e r i s t i c  form a group. To get  m a x i m  
benef i t  from funds and e f f o r t s  expended, it i s  important n e i t h e r  t o  
oversample nor t o  undersample any group. But f i r s t  t h e  exis tence  
of  d i s t i n c t  grs B must be determined. 



Many S t a t e s  use a procedure recommended by t h e  Federal  Highway 
Administration f o r  grouping ATR's on t h e  b a s i s  of s i m i l a r i t y  of 
monthly f a c t o r  var ia t ion .  This procedure cannot be applied t o  
o the r  types o f  measurement, f o r  example grouping of t r u c k  weight 
s t a t i o n s .  R e a l i s t i c  assignment of t r u c k  weight s t ~ t i o n s  t o  groups 
might i n d i c a t e  t h a t  some groups were being oversanpled and o thers  
undersanpled insofa r  as weight da ta  were concerned. 

This r epor t  presents  two appl ica t ions  of a computerized procedure 
t h a t  can be used f o r  grouping ATR's, t ruck  weight s t a t i o n s ,  o r  
any o the r  highway r e l a t e d  va r i ab le  f o r  which numerical measurements 
are ava i l ab le ,  An e a r l i e r  appl ica t ion  of t h e  procedure appesred i n  
a repor t  by Professor F. J. Wegmann and M r .  S. K. Pant,  both then 
with West Virgin ia  University. 

The r epor t  presented a 2-step procedure f o r  assigning t ruck  weight 
s t a t i o n s  t o  s i m i l a r  groups. The f i r s t  s t ep  a1los~l; tes  n s t a t i o n s  
t o  groups by means of (n- l )  r e p e t i t i o n s  of the  a l loca t ion  procedure. 
A c r i t e r i o n  i s  suggested f o r  deciding which r e p e t i t i o n  l e v e l  y i e l d s  
optimum o r  near  optimum groupings. The second s t e p  y i e l d s  for each 
group a mathematical fxmction e n t i t l e d  a l i n e a r  discriminant  function 
f o r  t h a t  group. The l i n e a r  discriminant  functions serve  two purposes. 
The f i r s t  is t o  check whether t h e  f i r s t - s t e p  groupings a r e  optimum. 
If they a r e  no t ,  t h e  functions ind ica te  necessary changes i n  assign- 
ment. The second purpose i s  to provide a, means f o r  deciding t o  which 
group a new member of t h e  population should be assigned. 

I n  t h e i r  r epor t ,  Wegmann and Pant used c l a s s i f i c a t i o n  count da ta  for  
grouping weight s t a t i o n s .  This r e p o r t  presents  an app l i ca t ion  of 
t h e  2-step grouping procedure t o  weight da ta  m d  to t ruck  loading 
d a t a  obtained a t  29 s t a t i o n s  i n  Texas during 1969, and a l s o  t o  monthly 
values ca lcu la ted  by Maryland f o r  37 ATR s t a t i o n s  durinsz 1969. 

GENERAL APPROACH 

The f i r s t  s t e p  of t h e  procedure determines an i n i t i a l  s e t  of groupings. 
Br ie f ly ,  t h e  procedure cons i s t s  of  t h e  following. 

1/ "Mult ivariate S t a t i s t i c a l  Techniques f o r  Grouping Loadometer - 
Sta t ions  and Development of a Computer Algorithm f o r  Routing 
Trucks i n  West v i rg in ia ."  



1. For each s t a t i o n ,  determine t h e  numerical value of  t h e  
c h a r a c t e r i s t i c s  which have been se lec ted  t o  be used i n  t h e  
assignment t o  groups, These c h a r a c t e r i s t i c s  f o r  a t ruck  weight 
s t a t i o n  might be t h e  average 18-kip equivalent  f o r  each of 
seve ra l  spec i f i ed  vehic le  types and t h e  percent  loaded of  eaeh 
vehic le  type, For ATR's, t h e  c h a r a c t e r i s t i c s  might be t h e  
monthly f a c t o r s  a t  each s t a t i o n ,  

2. Standardize t h e  values. This cons i s t s  of ca lcu la t ing  
the  mean and standard devia t ion  of  t h e  values f o r  a c h a r a c t e r i s t i c ,  
sub t rac t ing  t h e  m e a n  from each value, and d iv id ing t h e  d i f ference  
by t h e  standard deviation. The ca lcu la t ion  converts each measurement 
t o  dinensionless u n i t s  of about t h e  same order of magnitude. A 
measurement with a l a r g e  number, such as ADT f o r  example, i s  thus  
prevented from carrying excessive weight i n  t h e  ca lcu la t ions  when 
compared with a measurement such as t h e  percent of t h e  vehic les  
of a given type passing a s t a t i o n ,  

3. For each poss ib le  p a i r  of s t a t i o n s ,  ca lcu la te  t h e  sum of 
t h e  squared d i f ferences  of t h e  standardized values of t h e  s t a t i o n  
c h a r a c t e r i s t i c s ,  For example, assume t h a t  t h e  average 18-kip 
equivalent  f o r  3S2 combinations and t h e  percent  loaded f o r  those  
vehic les  were t h e  only two c h a r a c t e r i s t i c s  being used f o r  grouping 
t ruck  weight s t a t i o n s  and t h a t  t h e  measurements of  t h e  two eharac- 
t e r f s t i s s  f o r  eaeh s t a t i o n  had been converted t o  s tandard units. 
The d i f ference  between t h e  18-kip values f o r  s t a t i o n  A and s t a t i o n  
B would be squared* Then t h e  d i f fe rence  f o r  t h e  percent  loaded 
would be ca lcula ted  and squared. The two squared values would then 
be added, 

4. The pair with t h e  smallest  sum forms a 2-stat ion group. 

5. Calculate the  weighted mean of each c h a r a c t e r i s t i c  f o r  those 
two s t a t i o n s  eusd assign those  averages t o  one s t a t i o n  i n  t h e  group, 
Remove t h e  other  s t a t i o n  from f u r t h e r  considerat ion but  keep a 
record of i t s  groGp assignment. 

6 .  Repeat s t eps  3, 4, and 5 u n t i l  a l l  s t a t i o n s  a r e  assigned 
t o  a s i n g l e  group. 

Associated with each i t e r a t i o n  i s  a value of t h e  sum of squared 
differences.  This sum increases  from i t e r a t i o n  t o  i t e r a t i o n .  A 
convenient point  a t  which t o  accept t h e  groups already formed and 
t o  r e j e c t  any l a t e r  groupings may be where t h e  cont r ibut ion  of t h e  
sum of squared d i f ferences  f o r  a p a i r  increases by a r e l a t i v e l y  
l a r g e  amount when compared with previous pai r ings .  I n  addi t ion ,  
t h e  contr ibutions of each pa i r ing  a f t e r  t h a t  point  i s  as l a r g e  o r  
l a r g e r  than t h e  value a t  t h e  decision point .  



The groups determined by t h e  suggested cut-off c r i t e r i o n  should 
approximate an optimum s e t .  However, t h a t  c r i t e r i o n  need not be 
adopted. Judgment may be used t o  determine t h e  point  a t  which t o  
r e j e c t  any add i t iona l  pa i r ing .  

The second s t e p  of t h e  procedure is  t o  compute a s e t  of l i n e a r  
functions,  one function f o r  each group, using the  a c t u a l  values 
not t h e  standardized values of t h e  c h a r a c t e r i s t i c s  of each s t a t i o n  
i n  each group, These functions serve as indices  f o r  d iscr iminat ing  
among items by c l a s s i f y i n g  any item i n t o  one of seve ra l  poss ib le  . 
groups. Each l i n e a r  function may be considered as a plane i n  multi- 
dimensional space which maximizes t h e  r a t i o  of between group v a r i a t i o n  
t o  within group var ia t ion .  

After  t h e  functions have been computed, an item i s  assigned t o  t h a t  
group whose equation y i e l d s  t h e  l a r g e s t  r e s u l t  when t h e  numerical 
values of t h e  c h a r a c t e r i s t i c s  f o r  t h a t  item a r e  s u b s t i t u t e d  i n  t h e  
equation, This evaluat ion procedure may show t h a t  one o r  more of 
t h e  items have been incor rec t ly  grouped i n  t h e  f i r s t  s tep.  I n  t h a t  
case, t h e  items a r e  reassigned, and t h e  functions a r e  reca lcula ted ,  
and item by item determination of group assignment i s  made. This 
i t e r a t i v e  procedure i s  continued u n t i l  no more reassignments a r e  
required,  Generally no more than one o r  two i t e r a t i o n s  are necessary. 

Calculat ion of t h e  discriminant  function has two purposes. The f i r s t  
is t o  check and amend i f  necessary assignment of  t h e  group components 
determined i n  t h e  f i r s t  s tep.  The second purpose i s  t o  assign any 
new item, a s  a newly es tab l i shed  t ruck  weight s t a t i o n ,  t o  an e x i s t i n g  
group, This ,  of  course, assumes t h a t  t h e  groups already formed com- 
p r i s e  a l l  t h e  poss ib le  groupings i n t o  which t h e  population would have 
been c l a s s i f i e d  had t h e  e n t i r e  population been under considerat ion.  

The r epor t  by Messrs. Wegmann and Pant included a c o ~ p u t e r  program 
t o  accomplish t h e  f i rs t  s t e p  of  t h e  procedure, This program was 
modified t o  p r i n t  not only t h e  cont r ibut ion  of each pa i r ing  t o  t h e  
sum of squared d i f ferences  but  a l s o  t h e  components of t h e  items i n  
each pai r ing .  ( s e e  t a b l e s  2 and 3 . )  A s e t  of t h e  program cards 
w i l l  be made ava i l ab le  t o  any S t a t e  des i r ing  t o  t r y  t h e  procedure. 

The mul t ip le  l i n e a r  discriminant  functions may be computed with t h e  
a id  of t h r e e  programs i n  IBM's S c i e n t i f i c  Subroutine Package. These 
t h r e e  a r e  DMATX  atsi six), MINV ( ~ a t r i x  inver se ) ,  and DISCR  is- 
c r iminmt  funct ions) .  Since some p o t e n t i a l  users  might not  have 
these  programs read i ly  ava i l ab le ,  they have been combined a s  a 
s i n g l e  program, A copy of t h e  program cards w i l l  be made ava i l ab le  
t o  m y  S t a t e  des i r ing  t o  t r y  t h e  grouping procedures. The program 
output consist4 o f  t h e  following: 



1. A s e t  of equation c o e f f i c i e n t s  f o r  each group, 

2. The value y ie lded by each equation f o r  each i 
a l l  the  groups. 

2 3. The value of  Mahalanobis D s t a t i s t i c  which rn 
used t o  t e s t  t h e  hypothesis t h a t  t h e  mem v a l  
t h e  same i n  a l l  K groups. 

APPLICATION OF PROCEDURE 

A. Truck weight s t a t i o n s  

Texas co l l ec ted  t ruck  weight da ta  f o r  planning pu 
loca t ions  during 1968. Five var iables  were used f o r  
t h e  sample w a s  s u f f i c i e n t l y  l a r g e  a t  each s t a t i o n  t o  
values and because t h e  va r i ab les  a r e  important both f 
design and f o r  measuring highway se rv ice  t o  t h e  econo 
va r i ab les  were r ead i ly  ava i l ab le  t o  t e s t  t h e  procedur 
may use those var iables  it considers  most appropriate 

These were: 

The average 18-kip equivalents  f o r  252 vehic les  a t  ea 
The average 18-kip equivalents  f o r  3S2 vehic les  a t  ea 
The percent  of  2 D  vehic les  t h a t  were loaded. 
The percent  of  2S2 vehic les  t h a t  were loaded. 
The p e ~ c e n t  of 352 vehic les  t h a t  were loaded. 

The 18-kip equivalents  and t h e  percent loaded f o r  eac 
a t  each s t a t i o n  were determined by running t h e  Texas 
t h e  FHWA weight-frequency program t o  produce Table W- 
highway system designations had t o  be assigned t o  ge t  
ins t ead  of highway system output. 

Table 1 i d e n t i f i e s  t h e  s t a t i o n s  i n  t h e  sequence they 
and t h e  da ta  f o r  each s t a t i o n .  The e n t r i e s  i n  column 
were converted t o  s tandardized values. The sum of sq 
ferences of t h e  standardized values were used i n  de te  

The modified program of Messrs. Wegmann and P 
and 3. The column headings a r e  not par t  of t h e  outpu 
of Table 2 i s  a l e v e l  indica ted  i n  Table 3, Thus t h e  
first  l i n e  of Table 2 y i e l d  Level 1 i n  Table 3; t h e  d 
second l i n e  y i e l d  l e v e l  2,  e t c .  

em i n  

Y be 
es a r e  

poses a t  21  
rouping because 
rovide r e l i a b l e  
r pavement 
y. These . A S t a t e  
f o r  i t s  needs. 

h s t a t i o n .  
h s t a t ion .  

vehic le  type 
a t a  through . A r t i f i c i a l  
s t e t i o n  output 

ere  ordered 
3 through 7 

ared d i f -  
mining pa i r ings .  

ced t a b l e s  2 . Each l i n e  
data on t h e  
t a  on t h e  



Table 1: - Texas1 t r u c k  c h a r a c t e r i s t i c s  da ta  c l a s s i f i e d  by s t a t i o n  sequence, 

--- - 

Sta t ion  
sequence 

S t a t i o n  
number 

3 
4 
7 
16 
2 0 
42 
72 
81 
88 

101 
102 
145 
147 
149 
201 
202 
203 
301 
351 
371 
452 

s t a t i o n  number, and highway system 

r t ion  1 
2S2 

-632 
,524 
,667 
.675 
.580 
,600 
,639 
.593 
.5OO 
.824 
,694 
,683 
,500 
,688 
.709 
.673 
.TO6 
.694 
.6k4 
,537 
-740 

Hi ghway 
system 

Urban 

Urban 
03 
03 

03 
03 
0 3 
0 3 

03 
31 
31 
03 
0 3 
0 3 
0 1 
31 
01  
01 
31 
31. 
01 

Source: Values i n  c o l m s  3 through 7 were produced by FHWA weight-frequency program 
applied t o  Texas data f o r  1968 after highway systerr. was modified t o  make 
possible output of s t a t i o n  values rather than values f o r  a highway system. 





Table 3: - Texan truck weight stations grouped at  each level (pairing) by sum of least  squared differences 



Figure 1 presents a p lo t  of t he  data  i n  columns 1 and 4 of Table 2. 
The p lo t  shows a steep jump when seven station groups were con- 
sidered for  pairing. Thereafter t he  slope grsws more steep with 
minor reversabs, The decision was made t o  r e j ec t  pairings a t  t h a t  
point and a t  subsequent points. The f i n a l  acceptable point is  
shown as  l eve l  1 4  i n  Table 3. 

The cut-off point a t  t he  fourteenth l eve l  yielded four groups 
cotaining 18 s ta t ions  and th ree  ungrouped s ta t ions  as indicated 
i n  Table 4. Data f o r  Table 4 are  taken from Table 3. 

Table 4: - Grouping of Texas t ruck weight s ta t ions  a f t e r  
t he  fourteenth pair ing 

Sequence Stat ion Highway 
Group number number system 

3 Urban 
371 31 
102 31 
2 02 31 

Ungrouped Urban 
0 3 
01 

The appropriate parameters and data  fo r  t h e  four groups were then 
used i n  conjunction with the  consolidated program based on the  IBM 
package t o  produce the  coeff ic ients  f o r  the  following four equations 
and the  values shown i n  Table 5 when the  data  fo r  each of the  18 
s ta t ions  were subst i tu ted i n  each of t h e  four equations. 



2 4 6 8 10 12 14 16 18 20 22 

NUMBER OF STATIONS AND STATION GROUPS 

FIGURE I: - THE SUM OF SQUARED DIFFERENCES 
CONTRIBUTED BY EACH SU'CCESSIVE PAIRING 
VERSUS THE NUMBER OF STATIONS AND 
STATION GROUPS CONSIDERED FOR POSSIBLE 
PAIRING-TEXAS TRUCK WEIGHT STATIONS 
(DATA FROM FIRST AND FOURTH COLUMNS 
OF TABLE 2) 



Group 

Table 5: - Values yielded by the four discriminant functions 
applicable to Texast truck weight stations 

Station 
sequence 
number 

Values from 
equation I 

291.825 

247.937 

241.909 

269.813 

229.845 

272.666 

210.958 

248.900 

242.029 

257.370 

211,341 

337 . 479 
339.146 

341.381 

310.254 

355 * 888 

272.419 

232 2x9 

Values from 
equation I1 

Values from 
equation 111 

Values from 
equation IV 

280.404 

237 * 703 

235.819 

266.154 

217.005 

261.690 

220,988 

253.944 

251.375 

266.805 

218.673 

341,065 

338.176 

353.557 

311 226 

367.276 

281,788 

254.121 



The values of t he  variables,  xlthrough x correspond with t he  items 
5' 

indicated i n  columns 3 through 7 of Tsble 1 and not t he  standardized 
values. 

Exsmination of Table 5 shows t h a t  t he  s t a t i on  with sequence number 19 
should have been assigned t o  group 4 ra ther  than group 2 since equation 
I V  yielded a higher value than equation I1 f o r  t ha t  s ta t ion ,  Accordingly, 
the  s h i f t  was made, t he  program parameters were changed appropriately and 
t he  program was rerun* A new s e t  of coefTicients fo r  four equations w a s  
produced and a new s e t  of values f o r  each s ta t ion.  The new se t  of values 
did not indicate  the  need f o r  any fur ther  s t a t i on  s h i f t  between groups. 
The new equations follow, 

In  addition t o  t he  coeff ic ients  f o r  the  equations and t o  t h e  values 
f o r  each s t a t i on  from each equation, t h e  program produces a s t a t i s t i c  
known as t he  Generalized Mahalanobis D*. This can be used i n  con- 
junction with the  tabulated values f o r  t he  Chi Square d i s t r ibu t ion  t o  
t e s t  t he  hypothesis t h a t  t he  mean values a re  t he  same i n  a l l  groups. 
The degrees of freedom equals t he  number of variables times one l e s s  
then the  number of groups. I n  the  preceding investigation there  were 
f ive  times th ree  or  15 degrees of freedom f o r  the  t e s t .  The value of 
D2 was highly s ign i f ican t  which indicated t h a t  t he  hypothesis should 
be regeeted, 

Two addit ional investigations were carr ied out with truck weight s t a t i on  
data, In  the  first, t he  three  remaining s ta t ions  were t r ea t ed  as a 
f i f t h  group. Five equations were produced as  follows: 



Group 2 = -Z?03.409+82. 028x1+49.943x +210.645.. +276.239xk+52 e451x 2 3 5 

This shows t h a t  a l i nea r  discriminant function can be produced 
with any s e t s  of data; each s e t  must contain two or  more components. 
For t h e  functions t o  be meaningful, t h e  components of each s e t  must 
be f a i r l y  homogeneous on t h e  bas i s  of recognized c r i t e r i a  or  
measurements, 

I n  t he  second invest igat ion,  t h e  percentages of e ight  c lasses  of 
vehicles passing t he  21  loadometer s t a t i ons  were used fo r  grouping. 
This was undertaken because t h e  repor t  of Messrs. Wegmann and Pant 
was based upon vehicle c l a s s i f i c a t i on  data  r ~ t h e r  than t ruck weight 
data, The l a t t e r  data  were not avai lable  fo r  individual  s t a t i ons  
i n  West Virginia, On page 65 of t h e i r  repor t ,  it is  s t a t ed ,  "Such 
average values as  shown above could be used as a sca le  f o r  iden- 
t i f y i n g  t ruck weight charac te r i s t i cs ,  i f  a corre la t ion could be 
made between truck t r a f f i c  mix and average weight character is t ics ,"  
The e ight  c lasses  of vehicles were: 

2-axle, &ti re  t rucks  

3-axle, s ingle  un i t  t rucks  

2S1 t r a c t o r ,  semi-trai ler  

Tractor t r a i n s  

Truck t r a i l e r s  



Comparison of the  en t r i e s  i n  t ab les  6 and 7 with t he  corresponding 
en t r i e s  i n  tables  2 and 3 shows t h a t  c lass i f ica t ion  data do not 
y ie ld  the  same groupings a s  t ruck weight data. The groupings 
may be acceptable i n  terms of c lass i f ica t ion  count data, but 
should not be used for  determining s imi la r i ty  of truck weight 
character is t ics .  

B. ATR s ta t ions  

Maryland's repor t ,  "Traffic Trends - 1969," shows 37 ATR 
s ta t ions  c l a s s i f i ed  i n t o  four groups. Table 8 presents Maryland's 
grouping and the  fac tor  fo r  each month fo r  each s ta t ion.  With some 
exceptions, t he  fac tors  f o r  any month within a group f a l l  within 
t h e  0.20 range c r i t e r ion  recommended i n  the  "Guide for  Traff ic  
Volume Counting ~ a n u a l , "  Deviations from t h a t  c r i t e r ion  are  
probably j u s t i f i ed  by knowledge of unusual conditions and values 
f o r  previous years. The 2-step grouping procedure was applied t o  
t h e  s ing le  year's data shown i n  Table 8. 

Tables 9 and 10 present t h e  output f o r  t he  ATR data corresponding 
t o  t h e  truck weight s t a t i on  output shown i n  tab les  2 a d  3. Station 
sequence numbers 1 through 33 are  a l so  Maryland's ATR s t a t i on  
numbers. Sequence numbers 34 through 37 represent Maryland's ATR 
atat ions  35 through 38. Maryland's report  showed no data  fo r  
s t a t i on  34. 

Figure 2 presents a p lo t  of the  data i n  columns 1 and 4 of Table 9. 
The p lo t  shows a slope t h a t  increases rapidly a f t e r  seven s t a t i on  
groups were considered f o r  pairing,  The decision was made t o  
accept groupings determined a t  t h a t  point. That f i n a l  acceptable 
point is  shown as  l eve l  31 i n  Table 10. 

The resu l t ing  grouping a re  shown i n  Table 11. Table 11 also  compares 
t he  r e s u l t s  of grouping by sum of l ea s t  squared differences with t he  
groupings in Table 8. The few disagreements may i n  par t  be accounted 
fo r  by discrepancies from the  0.20 range i n  Maryland's groups. 

It was decided t o  t r e a t  s ta t ions  17, 21, and 35 as a fourth group 
fo r  input t o  t he  l i nea r  discriminant function program, That program 
yielded the  following four equations: 



Table 6: - Texas t ruck  weight s t a t i o n s  pa i red  by sum of least squared d i f ferences  
based on vehicle c l a s s i f i c a t i o n  count da ta  

Number o f  s t a t i o n s  
o r  s t a t i o n  groups \ considered f o r  

i 1 pa i r ing  

i 
I 
1 

21 
I 20 

i 
19 

8 1 8  
17 

$ 
t 16 

15 
r 
S 

1 4  
i 13 

I-J 
Ln 12 

T 11 

I 10 

d 9 
1 8 
I 
I 7 

6 
5 

1 4 
I a 3 
I 2 

i 
F 1 

Lowest sequence 
number of t h e  

two s t a t i o n s  o r  
groups pai red  

- -  - 

Sequence number 
of t h e  o the r  

s t a t i o n  o r  
group pai red  

Sum of squared 
d i f ferences  

Accumulated 
sum of squared 

d i f ferences  



Table 7: - Texss truck weight stations grouped 8% each level (pairing) using classification count data 

- - - - -- -- 



Table 8: - Maryland ATR stations grouped by the criterion of an 0.20 
range for the monthly factors 

GROUP 1 - Roads with consistent yearly traff ic  
and a moderate seasonal traff ic  peak 

STA 0 

10. - APR . - 
1.15 
0.99 
0.96 
0.96 
0.97 
0.96 
0.95 
1.00 
0.95 
0.97 
1.02 
0.96 
1.00 
1.03 
0.96 
0.99 
0.99 
1.04 

MAY 
I 

0.93 
1.02 
0.96 
0 97 
0.95 
0.96 
0 97 
0.96 
0.94 
0.95 
0.94 
1.02 
1.06 
1.00 
1.04 
0.96 
1.01 
1.01 
0.94 
1.10 
0.96 

J U L Y  - 
0.95 
0.97 
1.10 
0.96 
0.91 
0.94 
0.89 
0.91 
0.96 
0.92 
0.92 
0 .95 
0.95 
1.04 
0.96 
0.92 
0.92 
0.92 
0 .9O 
0.94 
0.87 

AUG . - 
0.93 
0.98 
1.05 
0.96 
0.89 
0.97 
0.90 
0.92 
0 w93 
0.89 
0.86 
0.92 
0.92 
1.13 
0.89 
0.91 
0.85 
0.86 
0.86 
0.87 
0.84 

SEPT . - 
0.94 
1.05 
1.03 
0.98 
0.95 
0.86 
0.99 
Ow93 
0.92 
0.95 
0.93 
0.98 
0.97 
1.00 
0.99 
0.94 
0.96 
0 . 95 
0.92 
0.95 
0.93 

mov . - 
0.97 
1 01 
1 . 01 
1.06 
1.05 
1.03 
0.98 
1.01 
1.01 
0.93 
1.06 
0*99 
0.91 
1.06 
1.14 
1.02 
1.10 
1.08 
1.09 
1.02 
1.03 

DEC. - AVG . - 



Table 8: - continued 

STA 
NO. JU. - - 
16 1.51 
17 2012 
35 1.76 
36 1. 53 

(GROUPS OF STATLOAS WIm -20 W G l 3 )  
GROUP II - Roads with cansistent yearly traff'ic 

GROUP 111 

MAR. E. - 
1.24 1.07 
1.12 0.98 
1.21 1.04 
1.19 1.04 
2.59 2.41 
1.34 1.22 
1.24 1.13 
1.13 0.99 
1.24 1.10 

- Roads with inappreciable conaiatent yearly 
traffic and a moderate seasonal traffic peak 
MAY JUNE JULY SEPT. O_CTr a* - - - 
1.14 0.96 0.85 0.78 0.88 1.21 1.16 
0.92 0.92 0.93 0.92 0.98 1.30 1.36 
1.00 0.98 0.84 0.85 1.03 1.26 1.22 
0.99 0*98 0.86 0.94 O*94 1.09 1.19 
2.18 1.66 1.77 1.72 1.79 0.28 0.36 
1-09 0.85 0.78 0.74 1-02 1.26 1.22 
1.03 0.89 0.83 0.81 1.00 1.19 1.20 
l.00 0.95 0.90 0.84 0.95 loll 1.17 
1.07 0.96 0.75 0.83 1.03 1.07 1.08 

GROUP IV - Roads with inapprecisble consistent yearly 
traffic and a high seascmaJ traff ic  peak 

DEC - 
0.88 
0.99 
1.04 

0.9t 

DEC . - 
1.19 
1.36 
1.26 
1.26 
2.52 
1.26 
1.28 
1.24 
1.05 

1*38 

DEC -* 
1.44 
2.01 
1.53 
1.43 

1,60 

AVG . - 
0.94 
0.95 
0.96 

Q.95 

AVG . - 
1.10 
1.11 
1.12 
1.12 
1.90 
1.14 
1.10 
1.07 
1.06 

1.19 

AVG - 
1-19 
1.41 
1 0  32 
1.16 

1.27 



Table 9 :  - Maryland ATR s t a t i o n s  pa i red  by sum of l e a s t  squared d i f ferences  

Num'oer of 
s t a t i o n s  

o r  s t a t i o n  
groups 

considered 
f o r  pa i r ing  

Lowest sequence 
number of t h e  

two s t a t i o n s  o r  
groups pai red  

Sequence number 
of t h e  o ther  

s t a t i o n  or 
group paired 

Sum of 
squared 

differences 

Accumulated 
sum of squared 

differences 



Table 10: - Maryland ATR stations grouped at each level (psiring) by num of Least s q w s d  aiifersncea 



NUMBER OF STATIONS AND STATION GROUPS 

FIGURE 2:-THE SUM OF SQUARED DIFFERENCES CONTRIBUTED BY EACH 
SUCCESSIVE PAIRING VERSUS THE NUMBER OF STATIONS AND 
STATION GROUPS CONSIDERED FOR POSSIBLE PAIRING - 
MARYLAND ATR STATIONS 

(DATA FROM FIRST AND FOURTH COLUMNS OF TABLE 9) 
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Table 12: - Values yielded by the four discriminant functions 

Group 
S t a t i o n  
number 

applicable t o  Maryland's ATR s t a t i o n s  

Values from 
equat ion  I 

049.384 
894.686 
834.252 
857.164 
875.415 
849 587 
844.870 
838.217 
799.257 
820 959 
758.236 
768.140 
739.222 
7540 7-78 
706.531 
729 752 
740 . 407 
661,728 
702.084 
770 753 
813.949 
816,587 
819.468 
848.844 
785 * 539 
014.662 
803.769 
753.638 
842,515 
748.545 
929 920 
784,025 
10 46.188 
991.335 

~157.649 
1169.875 
1136.653 

Values from 
equation I1 

839 -154 
892.855 
822.647 
845.055 
859.284 
843,435 
833.890 
829.773 
811.277 
831 rn 907 
775.938 
776.772 
747 * 510 
765 292 
715,863 
737 098 
753,615 
676.274 
720.062 
773.822 
826.231 
824.106 
826.003 
854,277 
l'91(. 830 
820.668 
807,116 
760.986 
8~2.579 
765 572 
743.029 
794,938 

1023.155 
971. 717 

1097.156 
1112.321 
1081.972 

Values from 
equation 111 

825.541 
871.724 
809.514 
831,096 
855.549 
831.425 
820.498 
810.500 
778 623 
782.628 
713,885 
729,925 
702,547 
713.657 
662.405 
689.910 
'701.687 
619 990 
662.819 
747.656 
776.156 
793.084 
782.159 
813.161 
754.431 
786.319 
774.806 
719.395 
820,783 
714.785 
689.276 
758.677 

1078.278 
1004.682 
1190.723 
1201. goo 
1170.039 

Values from 
equation J V  



The four  equations y ie lded t h e  values shown i n  Table 12 f o r  each 
s t a t i o n ,  These values i n d i c a t e  t h a t  a l l  s t a t i o n s  a r e  grouped 
appropriately.  Some of t h e  discriminant  values a r e  s o  c lose  as 
t o  ind ica te  poss ib le  need f o r  t e s t i n g  s t a b i l i t y  of grouping over 
a per iod  of  s e v e r a l  years ,  

Once groupings have been f irmly es t ab l i shed ,  the  equations can be 
used t o  ass ign  a new loca t ion  t o  a group. 

CONCLUSIONS 

1, The 2-step grouping procedure provides an objec t ive  methodology 
which y i e l d s  acceptable r e s u l t s .  

2. The first s t e p ,  grouping by sum of l e a s t  square d i f ferences  can 
y i e l d  near  optimum groupings provided good judgment i s  exercised 
a s  t o  t h e  cut-off point .  



3. Eighteen of the 21 t r u c k  we igh t  stations i n  Texas formed fou r  
f a i r l y  homogeneous groups i n  1968 as d i d  34 of t h e  31 kTR 
s t a t i o n s  i n  Maryland during 1969. 

4, A f i n a l  determinat ion of groupings should be based on 
consis tency o f  a l l o c a t i o n  over s e v e r a l  years--possibly three 
yea r s ,  

5. C l a s s i f i c a t i o n  count d a t a  are not s u i t a b l e  by themselves f o r  
grouping t r u c k  weight s t a t i o n s .  








