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“purpose of this study. .

- ' “ - . VI
CLASSIFICATION OF PROVINCIAL HIGHWAYS -IN CANADA,
* ACCORDING TO ROAD USE GHARACTERISTICS

e o A'S.Narasimha Murthy

An improved method of road classification is suggested for use ’by
provincial or state l'ughwa} agencies.” The proposed cla551f1cat10n is
based on temporal volume varlatlons ard road usecharacteristics, such
ag trlp purpose, and trip’length distributioh. The primary highway

‘'system of the province of Alberta, éanada, is investigated for the

- 11‘ . - . \
The pmmsed method 1s more object:we, ccmprehenswe, and statis-

tlca.lly credible ‘than the existing methods It mvolves the application

of such standard conputational and statistical techniques .as (i) Hier-

L3 £ -
archial Grouping, amd (ii) Scheffe'’'s S-Method of multiple group campa-

.risions. The analysis presented in this study is expected to, provide

}ughway age.nc:.es a better urﬁerstandmg of individual routes in their

L]

mad network Systems. | The: proposed method has :unphcatlons for a stan-—

-

-

)
dard classification of roads on a provmc1al and national basis. Such

a class:LflcatJ.on can lead to an overall consmtengy in plann:.ng and

design of roads .for both econcmy and safety purposes
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o CHAPTER-T N

< INTRODUCTICN

Fram past traffic counting experience it is known that volume at a ‘ /
given roadway location varies fram hour to hour, .day to day, and month to -
: [ .
month throughout theyear ‘These variations of traffic volure are cyclidg

cal in nature and reflect the hourly, daily, and seascnal trip-making

’
4

pattems of rovad users. The basic presumption made in this analysis to

T 8 . ' L ’ .
classify roads is that the differences in temporal flow patterns observed at
road sites result fram different mixes of trip characteristics, such as

trip purpose, and trip length distributian.

Road classification is important for administration , plamning, design,
and operation of the facilities. Systems for classifying roads are numerous,
’and the class de'finitior;s vary d’epend:i.ng on the purpose of classification.
ﬁxamples of various ciassificatioﬁ systems used~in Canada are: (i) accgrciing :
té j\l'zrisﬁdicti\m and ﬁun;iing, - federal, provincial, and municipal. xoads; and
(1i) according to type of road function - freeways and expressways, a'rteroial's,
collectorg, and local roads. Several of the camon élassification»systen’s‘; _—
are pms(ented in the Institute of Transportation Engineers };andbook (ITE, 1976) ‘
and Roads and Transportation Association of Canada puialications (RTAC, 1965,

’ s

1982).

a

The provﬁ'ncial or state highway agencies also classify roads according
to the type of road uses. Under this system, the most distinctive critera -

of classification are: (i) ‘temporal variations in traffic volumes; (ii) average

G4




. annual daily traffic (AADI‘) ; and (111) trip purpose .and trip length character-
‘istics of road users. Sare examples of dJ.ffemnt road uses are - "urban and/or
rcamuter” ,- "rural long distance”, "non-recreational low flow", partially recre-
ational”, and “"highly recreaticnal” (Bellamy,1978; ITE, 19 76). Conventidnally,
such type of claasificatim is frequently used for the purposes of (i) trafch ’
, volume surveys; e:g., for estimating AADT fram sanple counts, -and (ii) th?
design hourly voﬁme (HV) considerations for a new road facility.
It is recognized within the transportation commmity (RTAC, 1982; Western
‘ Association of Canadian Highway Officials (WA(IIO) , 1980) that, in any of thes
above road classification oontexts; there exists a diversity of iiefi.nitions.,‘
systems and prooaduxes which are in evidence across Capada. Consequently, a
< omsiderable :anut of subjective jtﬂgenenF is used in Various planm'.ng’ and
» ' " design activities péx;taining to'.differant types of roads

1’

Although a. single classification system satlsfactory for all purposes

_ would be advantageous but has not been found practical.’ The main objective
T . of this ‘study is to offer a inproved method foE'class:Lfymg rural road sites
" according to type o;f uses. The proposed method utilizes same standard campu-
tatlcnal and statisticel techniques, and therefore it is expected to yield a
more objectlve and statlstlcally credible gr.oupmgs of road sites as campared

to the enstmg methaods.

n
This study first presents a brief review of classification of road sites
« ' as used by the provincial agencies in Canada. ‘Then, ét\:dy data and the proposed

method including results of analysis are described. 'I:tme thesis concludes with
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ssified by vehicle type, these are undertaken for less than a day. '

CHAPTER II ®

Cw

4
STATE! OF THE ART :

Before presenting the new method of approach for road classification,
it is necessary to review the various procedures which are currently used in
Canada axd abroad. The following briefly describes matters that are inter-

related to classification of road sites. . N
\

2.1 Traffic Monitoring and Classification of Road Sites

4 z,‘.J

The average armuai'{ﬁaily traffic moving over a particular highway,
« "‘/

camonly called the AADT, is a measure of service of that highway to its

' IS

users. As mentioned earlier, the traffic volumes {rafy from hour to hour, day
to’ day, and month to month, but it is primarily the AADT and certain other
traffic peaking characteristics, such as peak-hour factor, that are used in

planning and designing of roadway facilities. y

Several traffic counting programs are undertaken by provincial and local

égéncies to obtain values of AADT on road sites. The most cammonly used

. programs are (a) Continious counting by Permanent traffic counters (PICs);
(b) Seasonal counting by Portable counters (STCs), in which counts are taken
few times a year for periods frédm 48 hours to 2 weeks in length; and (¢) Manual

classified counts (MCCs), in which manual counts of traffic are taken and cla-

Only PICs provide the true values of AADT under perfect operating conditi- .

ons, However, installing and maintaining PICs on every section of roadway would

e e

be prohibitively expensive. For this reason, the idea of a sample




"traffic count into an estimate of AADI‘\‘yhas ‘been univerally accepted and

_ used by the roadway authorities. o

The usual method for estimating AADT frem sample counts (e.g., STCs
dnd MCs) is that advocated by the U.S.Bureau of Public Roads (BPR, 1965).
In general BPR method involves (a) grouping toghether the PIC sites into
similar patterns of Anthly traffic variations, (b) determining average
expansion factors] for each groups; (c) assigning road.sections that do not
have’ PTCs to one of these groups, and (d) applying the appropriate average

expansion factor to sample count to produce an estimate of AADT.

The grouping of PTCs (or road sites where PICs are located) constitutes

a major step in the development of the pmpdsed system of road classification.

The most commonly used method of grouping PTCs is that recommended by
BPR (1965). In this method, the counters are grouped on the basis of monthly
traffic factors which are defmed as the ratio of AADT to the average weekday

traffic of t.he month.

The BPR method wtilizes a manual ranking system in which the PICs are
listed in ascending order of the monthly factors. For each month; a group
of counter is detennin;ad so that the difference between the smallest and the
largest factor does not exceed the range of 0.20 in the values of factprs..
In otherwords, the criteric;n‘ of grouping is a subjective and arbitrarily chosen
valve of plus or minus 0.10 from the assamed mean. The final grouping of
counters in this method is supposed to be such that all or ‘as many as possible

of the same counters would fall into the same group for each of the months.

K

%
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M , 'I‘he‘ provincial highway agencies. in Canada utilize a variety of methods
for grouping their PTC sites. Following is a brief descfi n of such
methods based on the 1980 WACHO conference and personal' comunications with

the province of Ontario and Quebec
" »

) ) British Columbia - The province of British Columbia maintains approx-
imately 35 PICs, whose patterné are classified by usi.ﬁq a factor: 30th high-
est hourly volume/AADT. The officials of this province identify the .result-

PR

ing groups as follows:

L} . "Urban" counters are reliably identified by factors of 0.1 or so,
: while "Rural" (highly recreational) sites may reach 0.3 or higher,

"Mixed" locations exhibit a factor in the neyhbourhood of 0.2.

Classification is also done by seasonal variation using both the

temporal location of the anmual peak and its size relative to the
"off-season" flows. .

-
i

Alberta - Alberta Transportation has 73 PICs :Lnlts annualpmgramofl
traffic volume studiesv. There existed no specific classificatior: ‘of the
\ ' _ PICs  sites pr‘:iorlto the initiation of the present study,. The seasonal,
| 5, daily, and hourly patterns were used to be visually inspected and recogn-
ized in a subjective manner wlthscme consideration to the ASDT, (anmal ‘

“summer dails traffici factors. ' ; "

" Saskatidhewan - Saskatchewan Highways and' Transportation employs 31 PICs
¢ yhich are i

way; (b} Resort Higtways; (e} Urban Highways; (@) Sub-Urban’ fiighwgays; and (e)

dexr 600; (b} 600 to 1500; (c) 1500 to 2000; and (d) over 2000. :

7

/

ep‘léuélly grouped into following classes: (a) Trans-Canada High-"

Rural Highways. The counters are also grouped into four AADT ra.r)g&s (@ un~ %

v -
teug




Manitoba < The province of Manitoba carries out continious-counting at

~ | 31 pennanént stations. The grouping of these permanent é&fnting stations
- o . o vy
is done on the basis of weekday average factors which are 5ef:‘med for every
week fram N‘iay- to Octobe.r as t{je‘ratio of ANDT to the averaée Morxiay—Thﬁrsday
y ’ ' traffic volume. & 'The general criterion of groupmg PICs in fanitoba is that
/ ¢ the week day a_v‘erago factor of any member of the droup should be within.k 0-.i5

. ‘ . of the group average In sane cdses,.however, the precedure allows counter

to be out of the * 0.15 criterion and still'inc-ludes it in the group.

Ontario - Ministry of TrafSportation and Commnications (MIC) studied -
. the trafflc patterns of its 21 PTCsites in 1975. An approach similar to

that cof the BPR method was used in the :mvestlgatlon (Miller, 1975) The

c.rlter:\,a of. such cla551f1cat10n were 24 fortnighly ttaffic factors and the

2 ~ pemussnble grouping error in the range of * 0. 10 fram the mean value/ Based

(1) low varlatlon, or ocmmuter traffic;
s (ii)  intermediate variation, consisting of a blerd of a_ll
’ types of traffic; and |
(iii)  high variation, including recreatlonal and tourist
. " traffic distinguished by weekend to weekday relatmn—

ship.
- ’ These patterns are further subdivided into a total of 14 categories on
M ' the basis of” DHV Expreésed as a, percentage of AADT. .Table 1 lists.all such

catagories.’
) - 3

Quebec— ¥ Ministere des Transports uses. over 150 PIC locatlons for contin-

% L.

ous cx:urfti‘.ng. No specific classification ‘of - t}uese counter sites has been

£

O carried out by this province.

on that study following seasonal patter;ns are identified in Ontario (MIC, 1979):
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 one of. the methods desc:r:xbed before. . T

* . red to as "knee-of-curve" concept.

(8

. | . | .

Other Canadian Provinces and Territories - It is believed. that the

other highway agencies utilize classification methods generally simllar to

[y
-

It is worthwhile to mention here a study by 'I‘ransport and Road Research
Laboratory, in vﬁiich Bellamy (1978) used a cluster analys;s technique in an,
attenpt to class:.fy tenporal variations in traffic flows at the 50-point PIC

sites in Britain. Fran the results of the cluster analysis, the study found

that it was difficult to decide what . type of grouping of the sites was most

appropriate. Becaduse the cluster analysis groupmg oould not be regarded as
ocorclusive, the sttdy reconcilea with a ‘largely subjective nethod that was —
very similar to the BPR method. Four descriptive claeses of the road eites,
as suggested in that stuéy were (1) Urbah/earmuter, (2) fnon—rec’reational low

flow, (3) rural long distance, and (4) recreational.

2.2 DWV oonsiderations and Classification of Road Sites

»

’I.‘he DHV 'is the volune of traffic durmg one hour of the year that is
used ‘as an awefptable operat;mg condltlon for des;Lgn pur';oses. The basic '
pu:emlse is that fa0111t1es should be des:Lgned to prov1de a specified level
of service durn.ng most of the hours it is being used The 30th highest
hourly volume is cammonly used by a number of agenc;es as the DHV for rural
roads. The basis %or such pfactice is that when hotrly volumes are ranked
and plotteé for "a year, the volume changes rapidly for\the high'est'30\\ :pou;s,
but changes much-more gradually after the highest 50 hours. This 1s refer-

%

Y
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Highway authorities have recognized mportanoe of road use in deter-

mining the DHV for a new facility or upgrading an existing facility. In

. this regard, ITE Handbook identifies different highway routes by such types

, "Urban through routes", "Partially recreational route“, and “ﬁighiy
feoreational route".,  Figure 1, aappted fram ITE Handbook shows convential
presentation of hit_;ﬁest hourly volumes for different types of highway routes.
Hiéhway planners and design enginéers know that the distinction among 'route
classes, such as in Figure 1, is arbitrary, and dlfference of opmlon exists,

- as to the preclse signatures of "Highest.hourly: volumes" for various road

 Gses (Whol and Martin, 1967).

@ - -t
'

"2:3 * Limitations of. the Existing Methods of élassification

It is apparent that the existing methods of g.‘roupmg P'le or road
sites are generally arbltraxy ard, consequently op:mlons differ on the num~
be.r and best defJ.nltJ.on of classes. A oonsmderable mput of subjectlve judge—
ment is used not only in fectoring a sample count to estimate AADT 'hut ‘also
in various planm.ngand desiatl activities pertaining to different types of
mads; As a result of thlS, SLgmflcant dlfferences exlst between Canad;an
provinces in the way they cany out oert:am transportation functlons. An
exmpleofthls 1stheuseofover150PTCsbythe provmceof Q.lebecas
“ qaupa:ed to only 21 P'ICs by Ontario.

The oregomg suggests that more effort is needed to uwestlgate the -
classificatlon of road sites on a more objectwe ba51s. The central theme’

of this research is to develop a systematic and ObJECt;iVE method of road

Y
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PARTIALLY RECREATIONAL ROUTE

SECONDARY. RURAL ROUTE
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. \_/URBAN THROUGH ROUTE -
5 1 T — -~ . ‘
"% 4 0. 120 160 260\ 240 \ ‘
HIGHEST HOURS OF THE YEAR N \
‘ ' ‘x
'1‘ \
Flgure 1. \\Hourlv volumes on various types of'rouéés‘ - x\

as found: during. hours of hlghest volune on
thgée routes.

g [Source: . ITE, 1976)
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classification aooording to road use characteristics. The analysis carried

. . ) Y .
out in this study includes considerati of temporal variations in flows

at given roadway locations and such information to explain these variations

. .
3
k
as trip-purpose and trip-length distribution, .
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. CHPPTER III

v

STUDY APPROACH

The primary highway system of the province of Alberta is mvestlgated J

~fcr the purpose of this stidy. Alberta Transportatlon employs approximately

50 PICs throughout its province. All PICs , with the exception of one are
10cated on the primary highways. The one exception is located on a secondary

or regional road. -

“ -

. Oonsmermg the rellablllty of the avilable Alberta PICs data, a total
of 45 oounter sites were seleéted for this analysis. The data for the ana-

lysis were taken fram the years 1977 and 1978. All the necessary data for

. analysis were avilable for these two years.

. . % ~
From past origin—destination surveys conducted by Alberta Transportation,

tnp—p\:lrpose and ]ourney—length information were avilable corresponding to
of ‘the counters under uxvestlgatlon This type of -information is used

to ratlonallze the proposed method for classification of the road sites.

-

3.1 Description of Proposed Method and Results

The description of the proposed method and its results have been divided

into'three steps: The first step deals with the Hierarchical Grouping of the

study sites on the basis of theg_r seasonal traffic patterns, the second step

with the analys:Ls of daily and murly variations in traffic flows, and the
final step deals with the consideration of trip characteristics and classifi-

cation of road sites.
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3.1.1 Step l: Hierarchical G:voupirg of the Roads Accord:.ng to Seasonal
Traffic Patterns k

The basic objective of this step is to classify rbad_ siteg into an
optimm mmber of seasonal traffic patterns. The patterns resulting in this
step are used as %rgglt ot the subsequent steps in the methad.

} P

e

The Hierarchical Groupmg method is used in, behavioral research The
purpose of this method is to compare a set of N objects (e.g., 45 road sites:
in this study) each of which measured on K different variables (e.g., 12
» monthly traffie factors), and group them in such a manner that groups are.

. sinﬁlar in ttteir values of, the K variables.  The seasonal traffic pattern in
this analysisf_was &gfined by the 12 monthly factors w}uch are the ratios of -

~ the average daily traffic in a month to the AADT for a given roadway location. .

'lﬁﬁere'are several sources of infonnadon avilable on hierarchical grouping
procedure and particular reference} are made to Veldman (1967) and Ward(1963) ..
Hence, it is not attempted in this thesis to explain in full detail the hierar-
chical grouping method. Instead, the pasic premise apnd the main criteria
. for this method are described with reference to the classification o.f roads.
Th’e prpcedure carried gagt in ﬂlis step for grouping of the sample road sites
\is adopted from * Inproved Method of Gréuping Province-Wide Permanent Traffic
Oounters" (Sharma and/Werner, 1981). 'Ihe following briefly describes the use

of Sharma and Werner method 'in the context of the road class1f1cat10n
)

The h.:.e.rarclucal grouping. of the road sites is based on the premise that
the_ maximum amount of information is avilable when the N-sites are ungrouped.

4
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Hence the grouping process begins by defining each of the N sites as a

"group”. The first step in grouping reduces by one the number of groups by

- selecting two groups which produce the least amqunt of "within-group" error.

The remaining N-1 groups are then reduced in number by a series of step-
de01510ns until all the sites are put in a s:mgle group.  Each step of the

process systema}:lcally reduces the number of groups by one.

The basis of hierarchical grouping process is a matrix of 'potenltial error

terms for each~ possible pair of road sites. . This .error temm is defined as
follows:
| . ol K — | e )
E(,i7) = z. ' (V) - (V) .}2/2 B
. . j'i j'i
J-1. i -
Where,

Al

E(i,i’) = Potential error associated with the groupn_ng
of sites i and i

(Vj)i = wvalue of 5th monthly traffic factor for site i

'
Lo

/(Vj)i‘ = +value of jth monthly traffic factor for site i~

K = number of monthly trafflc factors :anluded in
v the analysis. -

The pair dif sites with minimm E(i,i” ) fonns a smgle group reducelng

. the nunber of groups to N—-l The subscquent stages of the process use the

error function (equation 1) and weighted mean average error of cambining two

" individual groups in such a way (Veldman, 1967) that within-group errors are

maintained and minimized in the process.

- —

'The errors associated with successive stages of the grouping process
o ! s . .

.



indicatethemarginal\"iost“ of reducing the mmber of groups by one. The
enorataparticularstageofgmxpmgisgreaterﬂ)anorequaltotheenor

associated with the previous stage of grmpmg (Appendix—T)

It has to be anphasized here that this method is pr:lmarlly descriptlve
an:l does not indicate spec1flca11y what the optinmum number of groups is for |
the study objectives. = However, the errors assocmted with the- successme
stages of the group:.ng pmcess w111 usually reveal a range of grouping stages
that is espec1ally worthy of study By applying the above ptrooedure and
plotting the results, Flgure 2, shows:-the errors assoc;ated w1th the group-
ings_of the 45 road 51tes in the present case study. It appears frcm this
'f:Lgune that the opt:umm mumber of road groups lies somewhere between 10 and
6 because a substantlally large increase in error is observed in thls range

3.1.2 . Optimm Number .of Road Groups According to Seasonal Traffic Variation

The optimum number of road groups could be determined by carrying out
standard statistical tests for camparing the mean monthly factors of grcups

resulting fram the hierarchical grouping. In this study, Scheffe's S-method -

of muI_Ltiple canpafisions of grpup'means (Scheffe, 1964) was used for the

murber of groups ranging from 6 to 10.

The study sites were assumed to have been selected a£ rardam fram the
point of view of statistical theory. Such an assumption has been considered

reasonable by other studies (Bellamy, 1978; Petroff, 1956) in analyzing traf- - |

- fic data.

(2]
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: Figure3shqnsthe hierarchical gmupin; atﬂlreestagescsf theproce—
ss: at Ng=— 9, at Ng= 8, and at Ng = 7, where Ng is the munber of groups at
any stage. Each road group in the fiqure is represented by a c&.rcle enclos-
ing a certain number,of dots, which are equal to the mmber of sites inithat
group; e.g., group 1 (Gl) contains six sites. It can be Seen that Gla and
G3b are conbined to form G3 when the grouping process reduces the mx?\be.r of

-1

groups giram nine to eight and G4 and G5 are grouped to G4a in the next redu-

ction stage of the hierarchical grouping.

The mlxltip}e group tamparisons were performed only for those groups

th.ch contajned more than two sample sites. Following is a sumary of

results obtained fram the analysis:

1. At Ng = 9, G3a and G3b were not significantly different from one
another at the 95% confldence level. |

2. At Ng — 8, there were significant differences among all the major |
groups (Gl, G2, G3, and G4) at a 95% confidence level. ot '
| 3. At Ng = 7, the within~group error for G4a was significantly higher
in comparision with G4. This resulted fram the inciusién of G5 (sii:e C36)

with G4 sites.

4. At Ng = 6, the groupn.ngprocessoanbmedGlarﬂGZ whlchhada]_ready‘

been found 51gn1f1cantly ‘different fram one another. :

-

‘ Thereductlmmmmberofroadgroups frann:meto/eightmthe
hierarchichal pmcess appears to be desirable , since G3a and G3b are not
significantly different fram each other. It is also apparent that the rmumber




3
’
e
’
‘
:
\
‘
Py
.
.
ue
~

A

3.
.

.
.
. L .
»
3
.
JRS
. :
.
.
v
r
-
.
.
. d
: i
, .
. .
L.
.
.
on
'd Ay
- L
. -
.
-
.
,.n’ . r
.
.
.o,
, .
k]
.
3 © . B ’
! - Figure 3.
-
o '
» ‘_
»

. . ? - : ¢ !
) - :
| . @GT ,’Gair‘ ®
N ‘Ge@ ‘

.

Pictorialization of the hierarchical
grouping at a number of groups ranging
from 'nine to seven. )

- , N .U

L)
M



»
.
. ~ 3
a I Lot -
[ . R .
“
‘ . .
Lo s ) . t
4] . '
- N \ A
B .
. v .
@ L

I

(\ : !

\6fgrmxpss}mldmtbestallertlaneightbecausemyred}ntimbeyorﬂthis

stage results in either an unacceptably high within-group ‘error or.a group--

N

m;ofdlss:mu.larsn:es Thus, themstappmprlatemmberofgroupsmthe

3

\presentcasea;pearstobeelght. T Lo )

It shmldpeaddedlrerethatﬂxeagmflcangeofdlff enceaknorx;the

gmup means was established on t-he basis of group canparisons for each month .

of the year. The various group- contrasts differed signlficantly frtm each

other for a number of months at the 95% oonflﬂence 1evel ‘for example, the ’

N . .

group contrast Gl—G2 dlffe.red for 4 out of 12 mnttm . o ’
The number ‘of months that showed a mgmflcant dlfference for the other ' "

contrasts were 7 for Gl—G3 8 for Gl—G4 4 far G2—G3 7 for G2-G4, :and 4 for

-G4 . All the groups were found to have equal mean monthly factors for the

nmth\if May P ‘- . , S N

-

Thege is a need to exercise caution,that’is the F—tests ccmputed for .

the S—method in canparmg the meam non{hly factors can be artificially and ;
/ 3

mrel:.ably signlficant. The expe.rienoe gained in thls st\hy }ﬁicates that '

e

the road groups should be* oon51dered dlfferent lf the F-tests are significant é’»"

for three or more nths at a 95% confldence level , .

/ . R * . ., ‘ -a .

'J.'ne average monthly factors of the eight hlerarchical gmups are? deplc-
tedelgurell._ 'Ihefourmajorgmups i.e. groupsGl G2 G3y and G4,

"+ vhich acoount for .nearly 90% of the study sxtes are included in Figure 4(a) . ' V,f;

- .For the sake of simpllcity of pmesentatlon, the ranamnxg groups, oontammg
: meortmsites,aresmmseperatelyintheflgure _

2} o
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In the sybsequent discdssiqn, these groups resulting from the above
hierarchical grouping and statistical anaiysis of seasonal &affic variation

are simply refereed to as "groupl ", " group 2 ", etc.l,.

3.1.3 Analysis of Daily and Hourly Variations in Traffic Flows

7 The different road groups that resulted fram the hierarchical
i;rouping and statistical camparisons of mean monthly traffic factors were
further analyzed systematically in terms of their ability to rgpresent'a,mre
specific Zzategorization of the provincial road syStem in Alberta. The study
sites’assigned to a part_lcular group in Figure 4 exhibited discrenible and

A3

consistent patterns of daily and hourly variations in traffic flows. It

Ve

_became evident fram this that the temporal variation patterns could be objec-

tively and systematically re&ated to different types of road uses.

daily and hourly charcteristics were exsmined for the months of May

to t, inclusive. There were mainly two reasons for this: (a) because most

LY

stable values of traffic¢ volume are expected during this perlod (Morris, 1950;

Phillips, 1980) and (b) because most of the data collection programs (e.q.,

Origin-Destinatian surveys, STCs and MOCs) that would be helpful in the present

[N

study are undertaken in Canada during these months.

)

The relative magnitudes of daily traffic volume, such as shown in Figure 5,

e Me e Bt 2 s e vy

can be used to distingliish various types of 'roads according to their predominent
use. It should be noted that the plots in this figure include the daily traffic

patterns of typical sites fram each of the four major groups, i.e.,Gl, G2,I G3,

N



RATIO OF AVERAGE DAILY TO AVERAGE ANNUAL DAILY TRAFFIC

1.5

'

COM ( SITE C 9)

P

CcH (SITE C 93)

COMMUTER TYPE

COM -
CR. — COMMUTER - RECREATIONAL !
t CRT - FOMMUTER = RECREATIONAL - TOURIST
TOUR = TOURIST - '
HREC ~— HIGHLY RECREATIONAL
0.5 T T T % T R
SUN MON TUE  WED THU FRI SAT
. ' ' -~ !
DAYS .IN JULY

Figure 5. Average daily traffic patterns

corresponding to various road-uses.

.
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and G4, and site 114 from group G6. For the sake of s:.mpllcn:y of present—
at.mn, the daily patterns of group G5, G7 and G8 are excluded fmn thlS flgure
since their similarity to the dally patterns of the groups a.lready shown in
fiqure. Also note that the month of July is consuiered here, because, it is
July (61: August) in Canada when most of the mportant road uses, such as
work-#msiness trips and social-recreational trips, are present in the’ traffig.
Following daily traffic pattems, according to predominent road uses during

the sumer months, are evident fram figure 5:

Camuter Type (COM) - Site C9Ea'ssociated with the idw seasonal varia-

tion of group Gl has lower weekend traffic, and therefore it répresents' a

’

camuter type of daily pattern.

Camuter-Recreational (CR) - Site C93 belongs to group G2 and has high

. weekend volume. - Its weekday patterns are smular/ to that of C9. Rpad sites

such as C93 carry la.r_gély camuter traffic during the weekdays and they also

i .

serve as weekend~recreational routes.

Commuter-Recreational-Tourist (CRT) - Site C39 represents seaschal vari-

ation of group G3. This road site serves recreational trips at weekends and
significant amount of tourist (or summer holiday) traffic throughout the week.

\

Regional cammter is also a camponent of traffic at this site.

Tourist (TOUR)- In the case of site C18, tﬁe'weekday volunes are gene-—.

’rally equal to or even higher than the weekend volumes. Site C18 can be
identified as tourist-recreational, = This site is associated with the high

seasonal variation of group G4. . 1

Ao it s e n
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Highly Recreational (HREC) - The pattern of site C114 represents highly

recreational road use during the summer months. Such routes have very high

magnitudes of both weekend-recreational and tourist-recreational activities.

Site C114 is an example of group G6.

4

The groups G5 and G7 showed daily patterns sifnilar to Cl14 and were

identified as highly recreatitonal sites.

The study sites contained in the group G8\are special cases whose chara-

cteristics are briefly mentioned later. -

The distributions of traffic volume by hour of the day often describes

and afternoon peak hour periods on weekdays' ;epresént hame-to-work and work-
to~-hame trips, respectively. The consideration of such peaks during the

weekdays could help to better understand the classification of roads.

Figure 6 shows three typical patterns of hourly volumes as identified
in this study for the summer weekdays. These patterns are: (a) commter
pattern, where the morning and afternoon peaks are very clearly-visible; (b)
partially cammter pattern, where only moderate increse in traffic is expéri—
enced during the peaks; and (c) non-camuter pattern, where the morning and

afternoon peaks are not visible.

v

The analysxs of hourly variations also revealed that Gl (having lowest -~

seasonal variation) actually included two dlfferent types of routes- 1) sub-
urban or local commuter routes (e.g., site €9) which were recognized by the

mornlng and afternoon peaks; and (2) low volume (AADT less than 1500) rural

the peak demands for service by the transportation facilities. The morning .

4
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roads, e.g., site C144, which exhibited non-cammiter hourly pattern as shown
{ ' .

.inEigure 6.

The study sites contained in group G2 also exhibited a commuter type of
hourly pattern. Partially cammter patterns were noted for the sites of’

group G3. All the remaining road sites showed non-camuter hourly patterns.

Iil: is also mr&;\dﬁle to briefly consider the " Highest hourly volume”
characteristics of different types of roads. The highest thJurly volume
curves are the percen;:ages of AADT plotted in decfeasing order of magnitude
'against hours of the year, as shown in Figure 7. . Traditionally, design
hourly volumes are often selected fram a consideration of these highest
I'Durly‘volune curves for the year. A brief examination of the highest hour-

1y ;lolunes of the different PICs under consideration is carried out here in the

l context of the functional qlassification of roads.

Fram past experience,,_itis-s&znceptually known that, in general, the
road use charcteristics of a given route affect the size of the highest hourly
vélﬁres expressed in terms of the percentage of AADT. This generalization
appeared to be suﬁported‘ by the higpest hourly pétte.rns for various types
of roads observed in this study. For example, the high demands for travel’
on recreational sites (e.g., C36, Cl14) during only a few perlods of the year
accounted for a large proportion of the total annual traffic, but on predo-'
minately coammter sites (e.g., C9, C93) the total annual volumes were more
evenly distributed throughout the hours of the year

.
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The volume of traffic also affects the highest hourly characteristics

" (Whol and Ma.ftin, 1967). 1In fact, a camparison of highest hourly plots in
'this study indicated that, for a given class of road sites, the roads with
‘hlghe.r volunes of traffic expe.rience lower peaking than the roads with lesser

volure The experle.nqe gained fram the present J.mrestlgation suggests that,

even thoﬁgh, the highest hourly pa;terns’ may be helpful in identifying various
road uses, they cannot be used as a single criterion to objectiveiy ‘group - the
routes according to road uses. .

‘3.1,.4 Step 3: Consideration of Trip Characterlstlcs ard Classification.

- ofRoads

The basic presumption made in the ‘preceeding anélysis was that the diff-
rence in overall flow‘ observed at road si£e5 resulted fram different mixes of
t":ip dﬁractgristics, As mentioned‘earlier, trip parpose and journey length
information was av;ailable from the past Origin-Destination surveys by the
Alberta Transportatiqn for a limited number of study g;ites only. Trip purpose
data was used to verify the classification of roads as suggested in steps 1 |
amd 2, and trip-length dist.éibﬁtim information was used to detemmine whether
the road uses were mainly local, regional, or provincial/interprovincial in

nature.

"The various trip purposes were groumd into two broad categories: Work-
Bus:f:ness trlps, where the mumber of trips is not considered to vary much thro-
uwhout the year; and Social-Recreational trips, where the ‘amount of travel

obviously increases during certain seasons of the year, such as the sumer

-4
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nmths Table 2 J‘.nclud$ the avilable data in percentages of work-business

land social-recreational trips for a limited mmber of study sites of different

seasonal groups and road uses durirny the sumer weekdays.

The seasonal Vafiat:i’.on in traffic volumes, as shown in Figure‘ 4{ can

easily be explained by the corresporriing var:.at:.on of the trip purposes in.

" Table 2. Thelowestseasonalvarn.atlm Jnthecaseofgmqulisdueto

¥

the very high proport:.on of work-business tnps for this group. The progr-
esswely high seasonal variation for the road sites of other groups can be
attrx.buted to the mcreasmgly high proportlon of soc:.al—recreatlonal trips

for those groups., . ‘ , , - ,

The road uses, tha‘t were suggested in step 2 by coné‘idering the dail‘y

" and hourly characte.rlstlcs, can easily be related to the observed trip pur-
p?ses in Table 2. Whlle relatmg the noad uses to trlp purposes, one should,
however, note. that the trip-purpose dlstrlhm}on for Gl ard G2 roads is
generally similar because both groups serve mainly cammter traffic du:.iing

o

The cunmulative trlp 1ength dlstrll:utlon prov1ded further 1n51ght into

' the classification of roads. Figure B illustrates same typlcal patterns

which may be used to describe the trip length characteristics of road sites.

" 'These pé\tte.rns_can be grouped into three broad types: (a) iocal/regimal road

sites, (e.g., C9), (b) regional/provincial road sités, (e.q., 639), amd (c)

' provincial/interprovincial road sites, (e.é., C18) L A great majority of
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- Table 2. Trip purpose information at some study
- sites during summer weekdays
Y " i
Seasonal Daily 3 Trip Purpose, %
Road Variation Variation |
Siée‘ Groupl Group? Hork— Sociale
Business Recreat-
ional
c9 el coM 83 17
C66 Gl coM 80 20
C75 Gl COM 82 18,
cl44 Gl comt | 81 - 19
| c147 6l com* 78 - 22
c12. G2 CR 75 25
C72 . G2 . CR 81 19
93 G2 CR 72 28
1117 G2 CR 79 ‘21
€120 G2 CR 78 22.
c138 . G2 CR 77 23
cls 63 CRT 62 38
C60. G3 CRT - 64 36
Cl32 G3 CRT 58 42
Ccl8 - G4 TOUR 37 63
C¥%__ | G5 - HREC 39 61
Cll4 G6 HREC 36 64

based on seasonal traffic variations as shown in Figure 4

2hased on daily patterns as shown in Figure 5 ,
*1ow volume rural roads which also exhibit commuter type of daily

variation

LI
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. the claesificatié'n of road sites in perspective.
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local/regional trips are smaller than 60 minutes of travel time. The provi-

ncial and interorivincial patterns exhibit longer trip-length distribution.

Based on the foregoing description of the proposed method, Table 3 shows -

The final classification of

" study sites .as listed in this table, is based on the temporal volume distri-

butlons and road use characterlstlcs. The groups G5, G6, and G7, each cont-

a:Lru.ng only one study site, i.e., C36, Cl14, and C165 are put in a single road

: class— hJ.ghly recreational. The difference in the seasonal traffic peak.mg

of these s:.tes is largely due to the dlfference in their AADI‘ values. . Site
C36 is locatedonTrans—-Canada east of Banff Na%al Park, and has an AADT -
value of 8120,  Sit CL14, with an ARDT of 1930, is located on Yellowhead

highway at the east entrance of Jasper National park. Site C165 is located

on highway 11 west of Red Deer and sérves tourist-recreational traffic to o

both Banff and Jasper parks. The AADT value at C165 is only 650.

In ade.tJ.on to the road classes llsted J.n Table 3, there may be same
special routes serving needs of a specxfn,c cammnity. Sites C156 and C162 .

included -in the seasonal group G8 (Figure, 4) are o ex&ryles of such class

"J.n*theprovmce of Alberta. 'I‘l'xereareseeninglytwoyearlypeaksof travel -

in the cases of sites FlSG and C162. Site C156 is located on Highway 35

north of ngh Level and represents traffic to and fmn Nort.h—West Territories. ‘
It appears that trafflc during the sprn.ng season is decreased in this case |
because of such factors as ice meJ‘t.mg and thawing of winter roads in these
reg:.ons The winter traffic peaking of site Cl62 is caused by the .winter
recreatlcnal activitle’s in the Kananask:.s area. ‘

v i
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CQ‘KIUSIQ\IS AND m&mmxms

‘ 'me oonclus:.ons that relate to the proposed classn.flcatlon of roads

acocording to road uses, its merits and applicatlons are sumarized below:

The existing methods of road classification according to type of use
are subjective in nature, and there exist a diversity of definitioﬁs, sys-
tems, and procedures which are in evidence across-Canada. Consequently, .

é considerable inp;1t of subjective judgenemi/i“s likely to be used in vari-

. ous planning and design activities pertaining to different types of roads.

'I‘he proposed method of grouping road sites on the bas:Ls of temporal
varlations and rbad use characterlstlcs is more objcective and comprehen-
sive than -the oonvent.lonal methods It can enable highway age.ncxes to

group roads into distinct classes that are: signiflcantly different” frcm
each other Here it is to be mentloned that the. six categories of road
51tes in Table 3 are significantly different fram each other at least. din
one variable. )

The analysis and classifi’oation' of road sites into different cate—
gories, as suggested’in this stutly, should provide a bette.r frame work for

ratlmallzing the dlfferent data oollectlon programs, such as the oontmous

' traffic counting by PICs, the seasfnal’ counting by portable counters, and

the short—perlod mamial counting program.

-
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The proposed method has hrplicétions for a standard ‘clqssificatién of
roads on a rational basis . and provincial basis. Such a clssification can
be expected to lead to an overall consistency in planning, design, and ope-
ration of road facilities for both safety and econamy purposes.

i

another application of this method is in the area of policy develop-
ment. Further research into the area of highest hourly volume characteri~
stics for different classes of roads can help the agencies to develop their -

‘osn policies regarding the DHV and upgrading of two lane roads.

Even though, Alberta’s primary highway system is. investigated for the
purpose of this study, it is recommended -that many other provincial highway
agencies could benefit fram tlsing this method of analysis for classifying
their ro‘ad, sites. Since a majority of thése agencies have the same data

as used in this analysis avilable to them.

A

As fu.rther work, the present study is useful in conducting cost analysis

-

on the élgssified roads to determine the'changes in cost of construction, travel

, time costs, roaduser costs, and gross total cost of operation. Such a study

will help in understanding the different costs that may occur due to different

. road use characterigtics. P

3
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APPENDIX

HTERARCHICAL GROUPING COF THE COUNTERS -

The application of this procedure to the grouping of counters can per-
haps be most easily explained by considering a simple example in which the
objects are four permanent counters Vdescribed by their traffic volumes as

a percentage of AADT over a period of three months:

Volume 1. Volumne 2 Volume 3
Counter (June) (July) — {(August)
—_— —_— | 4 |
" A 110 - 111 ~ 110
B 109 112 108
C 114 115 - 112
» D 115 117 - 110

3

To begin with we have four groups, that is’'each one of them fomming indi-
vidual groups by themselves. Herce the error within group is zero. The

first stage of the process is to campute a matrix of potential error terms

for each pair of counters. This error term is defined by the following

eqx;atioﬁ:
" K ' (1)
E i%) = T ). - . 2/ 0 seess
1i7) 5= “{(}Ij)l (VJ)J:} /2 ‘
Where, '
E(i,i") = Potential error associated w1th the groupi
‘ . of sites i and i s
i | | AR _ . ,
\ - 73"L = value of jth monthly traffic factor for site i

: (Vj)i, = value of jth monthly traffic factor fof site i~
- ' K = mmber of monthly traffic factors included in
the analysis.

\

N
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By using equation 1, we obtain the ptentlal error matrix for our exa—
mple as follows:

Counter A ‘B - C D
. - 0 3.0 18.0 30.5
B 0 25.0 32,5
C 0 4‘5
R , D . ‘ 0

éince E(A B) is a mlmmum, we will fom a single :group fram oounters
A and B, now leaving a ‘total of three g:r:oups instead of the original four.
. Let the_new group be called X. The group X will retam the error measure
E(A,B) 3.0 since it is witrﬁn-gmp exror, which will be moved to its dia-
gonal elenent in the error matr:.x The other elements reflecting potential
‘error for cambination with X must now be modified also. The weighted mean

average error of ccmbiru.ng two individual groups can be examplified for one
A D ,
cell (X} by the following relation:

EXC = [ER,C) NaN) E(B,C) Np E(R/B) My 1) - A8 ()
E(B,B) (Np) - E(C,C) ()] /(¢ NN
or

. EX.C = {18.0(2) ¥ 25.0(2) + 3.0(2)~ 0(1)-0(1)-’-0(,1)}/(,1*1*1) = 30.67

Here E represents an estimate of potential error for cambining: two- gro-—
’upsandNrepresentsthemmberofcases mg:cmxp

After the first pairing of A and B into a single group X and using the

;o
N
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above calculation to estimate potential error for combining two groups, we

obtain the following error terms matrix:

Counter group X o

D
. X ‘ 3.0 30.67 4.4
—C o ' 0 4.5

D ; 0 . .

It smuld be clarified here that the decision as to which two groups '
s}mldbecanbmedatanystage is alwaysmadebydetenninin;thecell in )
. the error matrix that, when its correspondmg dlagonal-cell values have
been' subtracted, yields the smallest value. '

éorémple,mmgabovecaseofgmxpingAamamgmum, it vas .
E(A,B) -E, - E,(3.0 -0-0=3.0).. Similarly t.he\enor of grouping C and
Dtoghether:.sm:inmalinthemodifiedmatrixas (45-0-0-45) Therefore
thepmcessw:.llwttoghethercountersCaxﬂD.'

{

Hencethe error matrix will change agambecauseof the latest grouping,
ie., group:i_ngofCarxiD. Thenawermrmatr:x, whichisalsomrfinal

oneformrecample, is shown below. 'I'hegroupofcamte.rsCardDiscalled .

bmethismatrix Anerrorof4925(5675-30-45)results,1rﬁi-
catirx;the"oost" ofmuapshgtrxepnpairs X ard Y} intoasingle

group of four counters.




Counter Group. X Y
x 3 56.75
Y " 4.5

It has to be emphasized at this point that this method is primarily

descriptive and does not indicate spécificaily the optjmum mmber of groups -

that should be taken for the study objective However, the errbrs associ-

ated with the successive stages of grouping process will usually reveal a

range of grouping stages. By applying the above method and plotti'ng the

resultshelpsmc}nosmgtheoptmunmmberofcountergroups Fordec:.ding

theexa.ctnmberofgm:psonehastousetheScheffesS—Metmdofmltlple

Group Oanpar:.s:.ons.
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