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Beginning in 1969 the U.5. Federal Highway Administration and the
Drreccion Nacional de Vialidad of Argentina, have carried on a cocperative
prograin for the development of an efficient “itwral 7T wghway Planning
System.” This series of manuals are a result of that work.

Upon completion of the FHWA Mission in Argenting, this “Loural High-
way Plonning System” was almost ecompleted and in the Spanish language.
It wag, therefore, decided this “planning syslem” had the potential of being
of great value for use in other countries, ecspecially Spanish-spealing coun-
tries. Therefore, the Federal! Highway Administration has reworked the
manuls and computer programs to make them more adaptable and published
the manuals in both Inglish and Spanish.

This project is indebted to the members of the FHWA Division who
worked in Argentina and the engineers of the Vialidad Nacional who coop-
erated with the development of this work. Particular eredit must be given
to Leon E, Litz and John D. Cutrell who were responsible for the final revi-
sions and publication of these manuals.
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An effective highway transportation planning process is the basis for,
and 1s a necessary continuous part of efficient highway transportation man-
agement. This series of manuals and accompanying compuler programs
were develaped to provide guidelines for establishing a system and the basic
data colleclion programs and analysis that are a necessary beginning for
accomphishing such a planning process. This series of manuals includes:

1. Gutline of the Highway Transportation Planning Process
2. Guide for a Manual of Instructions for Road Inventory
3. Guide for a Manual of Instructions for Traflic HSurveys

=N

. Guide for a Functional Classification of ITighways

Guide for a Manual for Highway Adequacy Rating

Tt

. Measuring Highway Improvement Needs and Priority Analysis

= @

Computer Program User’s Manual

It should be acknowledged that many of the procedures as desceribed in
these manuals have been taken from, or patterned after numerous published
sotrees.  Ineluded in these sources are publications of the U.S. Federal
Iighway Administration, State Highway Departments and the U.S. National
Assoclation of County Engineers,

This manual describes in detail the process for inventorying the use of
highways. Inecluded in the inventory s the volume, distribution of type, and
weight characterstics of the traflic nsing the highways. This information
is needed during the process of planning, designing, and operation of an
efficient highway program.
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- THE TRAFFIC INVENTORY

A. INTRODUCTION

The planning of a highway improvement
program should start with a foundation of
knowledge about the physical nature and use
of the existing highway system. This infor-
mation is collected during the inventory pro-
cess. 'This includes the inventory of the
physical features and eondition of the high-
ways, as well ag the use to which each section
of highway is put. The inventory of the
physical features and conditions are subjects
of other manuals. This manual will outline
the procedures to inventory highway use. The
manual will be in three parts as follows:

1. Mechonical Oounting—This section in-
eludes instructions for msking traffic volume
counts.

2. Classification Counting—This section in-
cludes instructions for making the necessary
counts to determine the distribution of motor
vehicles by type using the highways.

3. Truck Weighing—This section includes
instructions for undertaking a truck weighing
program to determine the weight character-
istics of the different types of motor vehicles
using the highways.

The inventory programs as described above
will provide the minimum basic information
nesded to plan and operate an efficient high-
way transportation program.

B. METHOD

This manual will not make recommendations
regarding the organization that will be needed
to undertake the detailed operational proce-
dures for accomplishing a trafic Inventory.
These are normally problems that have to
consider local conditions and organizational

practices for solution. It is the objective of
this manual to assist in determining the num-
ber and location of counting or weighing sta-
tions that will be needed, and the length of
time that each should be cccupied. Also, in-
cluded are examples of field forms upon which
the traffic data should be recorded, and the
instructions for completing these forms. These
formats must be used in order to utilize the
package of computer programs that have been
developed to analyze the data. See the “Users
Manual for Computer Programs” {for examples
of the outputs that will be produced by these
programs,

The traffic surveys as described in this
manual are comprehensive in scope and are
recommended when a new territory or country
is being studied for the first time. BSuch an
extensive program may also be comsidered, if
a resurvey is being made after 'a lapse of
counting for several years, or because of a
major change in economic conditions, ete.
After the comprehensive traffic survey has
been underway for three or four years, under
normal conditions, it can be substantially
reduced,

The Highway Planning Department should
continually evaluate the costs of eollecting and
analyzing different types of data. These costs
should then be compared to the value of the
uses to which the data are put. If the costs
of collecting a certain type of data exceeds
the value of its use, one of the following solu-
tions should probably be considered.

1. The program should be reduced in pro-
portion to its need, and or,

2. A cheaper method for collecting the in-

formation should be explored, using latest
technological advances.



. MECHANICAL COUNTING

A, INTRODUCTION

The volume of trafic that is using each sec-
tion of highway is basic information that is
needed in the planning, design, maintenance,
traffic contrel, programming, and general ad-
ministration of a highway program. There-
fore, the objective of a mechanical traffic
counting program 18 to cbtain, at a minimum
of cost, the data that is needed fo make esti
mates of trafic volumes which are within ac-
ceplable tolerances of accuracy.

Absolute aceuracy in measuring trafiic vol-
umes on every section of highway would re-
guire counting vehicles continucusly on those
sections. Such & program would be pro-
hibitively expensive. With the recurring pat-
tern of traffic flows, daily, weekly, and
seasonally, it is possible to utilize recognized
statistical techniques which will provide vol-
ume figures for a minimum expenditure of
manpower and money with the desired degree
of sccuracy.

Estimates of traflic volumes utilizing these
techniques can be made by correlation of in-
formation obtained at selected locations repre-
sentative of many kilometers of highways
where traffic is counted. The three types of
mochanical traffic counts are:

1. Jontinuouws Jouniés—These counts are ob-
tained, as the name implies, at locations where
an auntomatic vehicle detector or sensor, re-
corder, and sometimes memory device are in-
stalled to count and record the number of
vehicles passing a location during each hour
{or some lesser period if desired} for each day
throughout the vear and normally over & num-
ber of years.

2. Seasonal (ounts—These counts are made
on sections of highways to determine which
seasonal trafiic pallern or group the section
belongs to. Nermally, after the determination
has been established, the count is discontinued.

These counts are made using automatic iraffic
detectors and recorders, usually for seven con-
secutive days and repeated on a predetermined
schedule of giz, or twelve times each year.

8. Coverage Counts — These counts are
needed at each location that an estimate of
ADT is desived. Traffic volume information
18 needed at sufficient locations to be repre-
sentative ol each significant section of each
systemn of highways. Automatic traffic de-
tectors and recorders may also be used at these
Jocations, installed for a period of 24 or 48
consecutive hours, usually once each year. It
should be noted, however, that the smaller,
accumulative {non-recording) type mechanical
counters are usually used to muake coverage
counts of short duration. These accumulative
counters are much cheaper, casier to haul, and
require less time to put into operation and to
pick up. The disadvantage is that the counts
are not mechanically recorded at periodic
intervals. It is, therefore, more difficult to get
counts of exactly 24 or 48 hours. Tt is also
more difficult. to detect if there has been an
error in the eount.

The number of counting locations that any
country will need for comprehensive coverage
will depend primarily upon the diversity of
travel pafterns within the country. An ef-
ficient and accurate method for determining
the traflic patterns and guidance on the num-
ber and location of count stations are described
in the “Guide for Trafic Volume Counting
Manuval” This guide which was prepared by
the U.5. Federal Highway Administration,
includes detailed guidelines on procedures to
follow for developing an efficient mechanical
trafic counting program.

B. METHOD

A copy of the “Guide for Traflic Volume
Counting Manual” is included as Appendix C.
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A, INTRODUCTION

In order to be able to plan, design, construct,
and operate an efficient system of highways,
it is important to have accurate estimates of
the present and future traffic demand on this
system.  This needed traffic information in-
cludes traffic volumes, physical charaeteristics,
and  woight characteristics of the highway
travel,  This section of the traffic inventory
manual concerng determining the distribulion
of wvehicles by type that are using each sec-
tion of highway.

Vehicles of different sizes and weights have
different operating characteristics which must
be considered in highway design. Besides
being heavier, trucks generally are slower and
ceeupy more road space; and consequently,
nupose a greater traffic load on the highway
than do passenger vehicles. The overall effect
on traffic operations of one truck is often
equivalent to several passenger vehicles. Thus,
the larger proportion of trucks in a traffic
steamn, the greater the traffic load, and the
more highway capacity is vequired, There-
fore, this information i1s of particular lm-
portance when determining the geometric and
structural design of the highway facility and
in determining its economic values. It is also
to the determination of ton-miles of
commodity movement by highway, and is
necessary information for the solution of most
all highway economie and design problems.

hasic

B. METHOGD

At the present time the primary method
used for motor vehicle classification is by ob-
servation. Manually counting the distribution
of vehicles iz generally considered expensive,
and more efficient machine methods have been
developed.  ITowever, most existing elassifica-
tion counting programs are still being accom-
plished uging manual methods.

CLASSIFICATION COUNTING

The program outlined below may be consid-
ered as a maximum practical scope. It is
recommended only when a new ferritory or
country is being studied for the first time.
The recommended number of stations and
duration of counts for a comprehensive pro-
gram are as Tollows:

1. At continuous count and seasonal control
stations located on roads having an average
volume of 2,000 or more vehicles per day, 24-
hour counts on two weekdays; cne Saturday,
and one Sunday, are made four times a year
seasonally spaced. This would total 16 full
days count cach year.

2. At the remaining continuous count sta-
tions, 16-hour, ordinarily at 6 a.m. to 10 p.m.,
counts should be made on one weekday, one
Saturday and one Sunday, four times during
the veur, seasonally spaced.

3. At the remaining seasonal control sta-
tiong, 8-hour counts, ordinarily 10 aum. fo §
p.n., should be made on one weckday four
times during the year, seasonally spaced.

4, Classification data may also be collected
for special requirements as needs of the high-
way department.  Such special studies are
usually to provide information on a one-time
bagis rather than continuing basis.

5. Vehicle classification counts should, also,
be made in conjunection with the truck weight
study.  As a minimum, classification counts
should be made during the same period as the
weighing operations. It is degirable, however,
that the classification counts should be made
for a 24-hour period encompassing the period
in which weighing operations ave conducted.

6. After 2 or 3 years data are available
using the above schedule 1t should be statisti-
cally analyzed to determine how much the
program may be reduced wilhout significantly
reducing the accuracy of the data,



The data collected for this stndy should be
coded on Form CVT 1. See Appendiz A for
a copy of this form. (Sec page 13} The in-
structions for completing this form follow.

C. FORM CVT 1 CLASBIFICATION OF
MOTOR VEHICLES

Form GVT 1 is the field form upon which

motor vehicle clagsification count data are
coded. Detailed instructions for completing

this form follow.

Nore: Code a zere under auny column where a
nunmher iy not needed.

CARD TYPE—COLUMNS 1 & 2:

The code 40 will be preprinted on the forms.
It identifies the type of card to be unsed for
recording motor vehicle classification data.
DATE—COLUMNS 3 THEOUGIT 8: The
day, month and year that the clagsification
counts are taken are shown in these colummns.
DAY OF TIHE WERK—COLUMN ¢: This
column 1s to show the day of the week that
the survey is made uging the following code:

Monday =1 Friday =V
Tuesday 3 Saturday =5

S
Wednesday =W Sunday =1
Thursday =J

DURATION OF TIE COUNT IN DAYS—

COLUMN 10: This ecolumn is to show the

nuinber of consecutive days thav the classifica-

tion count is taken. For example, 1f the count
is made for only one day, or fraction thereot,

g L would he coded, if a count is made for two

consecutive days, or fractions thereof, a 2

would be coded, cte,

DISTRICT—COIOMNS 11 & 192: Knter the
Distriet or State Code:

Fuample
0l Buenos Aives 14 San Fas
(North Zone) 15 Misiones
02 Cordoba 16 Santiago del
03 Tucuman Katero
04 Mendors, 17 Eutre Bios
05 Salta 18 Chasco

19 Buenos Alres
{Roeuth Zone)

36 Jujuy
07 Santa Te

08 Ta Rioja 20 Rio Negro
09 San Juan 21 La Pampa
10 Corrientes 22 Wormoss,
11 Catamarca 23 Santa Cruz
12 Neuquen 24 Tierra del IFwego
13 Chubut
STATION NUMBER-COLUMNS 13

TIHIROUGH 15: After the vehicle classifica-
tion program has been developed, the location
of each station is usually plotted upon a map
and given a number. The station number is
then coded under these columns.
JURISDICTION-—COLUMN 16: Jurisdic-
tion (or level of government which has re-
spongibility for the read) is coded in this
colnmn.

Feample :

1 National 6 Mational Park

2 Provincial 7 Porl Authority

3 Departmental 8 Alrport” Authority
4 Municipal # Gther

y Malitary

ROUTE—COLUMNS 17 THROUGIL 20:
Enter the route number. Use the route codes
which have heen developed for the road in-
ventory.

REFERENCE POINT — COLUMNS 21
THROUGH 24: Becord in these columns the
reference point or milepoint at which the
classification count station is located. When
it is determined in the field of the exact loca-

tion that a count will be made, the reference
or milepoint of this location can be determined
by measuring its distance from the nearest
fixed reference which was located during the
field inventory.

DIRECTION—COLUMN 25: This column
will show the direction of travel of the traffic. .
When codes 1 and 2 are used, two Forms CVE
1 are completed, one for each direction of
{ravel. When code 3 is used only ome Form
OVT 1 ig used. Code one of the following:

1. Thistribution of vehicles for one direction

r

The general diree-
£

only {ascending mileage
tion used when making the road inventory).



2. Distribution of vehicles for one direction
only (descending mileage—The opposite gen-
eral direction used when making the field in-
ventory).

3. Distribution of wvehicles for both direc-
tions of travel

HOUR—COLUMNS 26 & 27: Under these
columns are coded the hours of the day. There-
fore, the number of vehicles that passed the
station between midnight and 1 a.m. will be
recorded on the first line. The wvehicles that
passed between 1 aam. and 2 aan. will be re-
corded on the socond line, ete.

PASSENGER CARS—COLUMXNS 28
THROUGH 31: The number of passenger

cars are coded under these columns.

PANELS, PICKUPS & LIGHT TRUCK
{(4-TIRIS)—COLUMNS 32 TIHHROUGII 35:
The number of panels, pickups and light
trucks (4-tired) are coded under these columns.
BUSES—COLUMNS 36 THROUGII 39:
The number of buses are coded under these
columns.

(2 AXLE 6 TIRE)}—COLUMNS 40 THRU
49: 'The number of 2 axle & tire trucks are
coded under these columns.

(3 AXLE SINGLE UNIT TRUCK)—COL-
UMNS 43 TIIROUGH 45: The number of
3 axle single unit trucks are coded under these
columns.

(2 AXLE TRUCK—2 AXLE TRATLER—
COLUMNKS 46 TITROUGIT 48: The nummber
of 2 axle trucks pulling 2 axle trailers are
coded under these columns (2-2}.

(2 AXLE TRUCK—3 AXIE TRAILER—
COLUMXNE 49 THROUGH 51: The number
of 2axle trucks pulling 3 axle trailers are
coded under these columns (2-3).

(3 AXLE TRUCK—2 AXLE TRAILER—
COLUMNS 52 TTIROUGH 54: The number
of 4 axle trucks pulling 2 axle trailers are
coded under these columns {3-2).

(3 AXLE TRUCKS--3 AXLE TRAILER—
COLUMNS 55 THROUGH 57: The number
of 3 axle trucks pulling 8 axle trailers arc
coded under these columns (3-3).

(2 AXLE TRACTOR PULLING 1 AXLE
TRAILER—COLUMNS 58 TIIROUGH 60:
The number of 2 axle tractors pulling 1 axle
trailers are coded under these columns (281).

(2 AXLIE TRACTOR PULLING 2 AXLE
TRAILER—COLUMNS 61 THROUGIH 63:
The number of 2 axle tractors pulling 2 axle
tratlors are coded under these columns (282).
(8 AXLE TRACTOR PULLING 2 AXLE
TRAILER)—COLUMNS 64 THROUGIT 66:
'The number of 3 axle tractors pulling 2 axle
trailers are coded under these columns (352).

OTHER VEHICLE TYPES—COLUMNS
67 & 68: The other types of vehicles that can-
not be coded under any of the previous columns
should be coded under these colummns.
CLIMATIC CONDITION—COLUMN 69:
The elimatic condition that exists during each
hour of counting operation sheuld be coded
as follows:

a

1 Good 4 Snow
2 Cloudy H Fog
3 Rain
COMMENTS
Describe under comments anything that

may effect or be significant to consider when
evaluating the counts. For example, an acci-
dent or a nearby section of the road under
construction may aflect the distribution or
volume of vehicles and should be noted.



i, TRUCK WEIGHING

A. INTRODUCTION

As previously indicated, accurate estimates
of present and future traffic demand is basie
information that is needed to properly admin-
ister & highway program. Such an adminis-
tration  requires malking decisions on such
matters as design criteria, equitable tax bases,
regulation of vehicle operation, and the de-
termination of the relative position of high-
way transportation in the nabional economy.
Vital information that is needed during the
eveluation of these decisions is to lnow the
intensities and frequencies of loads being ap-
plied to the highways, the dimensions of the
vehicle, and the commodities carried.

Truck weight studies provide basic infor-
mation necded for estimating ton-miles of
eargo hawvled via highway, vear to year
changes in axle and gross weight frequencies,
and comparison of the characteristics of actual
usage with administrative policies. These
policies include allocations of highway costs
and revenue, size and weight cvaluations, es-
tablishment of geometric design criteria as re-
lated to the size and weight of vehicles., The
collection of weight data over time, also, pro-
vides important indications of changing pat-
terns in transportation by highway in ecom-
parison to other modes of transportation.

B. METHOD

The two general metheds that are currently
used for obtaining weight data are permancnt
platform scales and portable scales. In coun-
tries which are initiating truck weighing
programs it is probable that light weight port-
able scales will be initially used for their truck
welghing program for planning purposes.
Portable scales may be easily hauled in pickup
trucks or other light vehicles. They can be
easily moved and require only one man to

operate each scale. Most portable scales can
only weigh one end of an axle. In order to
weigh both ends of an axle, or all axles of 2
truck or truck combination simultaneously,
twe or more portable scales must be used in
combination. Secales generally may be placed
on the roadway or shoulder, and the truck
wheels are positioned on the scale platform.
For best results, scale sites should be prepared
so that scale platforms are lovel with the road-
way.

Platform scales are generally used at perma-
nent locations and primarily for the purpose
of enforcing weight and revenue laws. These
permancnt stations are generally located at
points selected to intercept the greatest per-
centage of truck traffic. These scales may
have platforms large enough to weigh the full
truck at ome time or just single or tandem
axics. If these scales are used to collect plan-
ning data then cnforcement of the weight
laws should be discontinued during this pericd
of weighing for planning purposes. This is
to ensure obtaining an unbiased sample of the
loading practices of trucks using the highway.

1. Locating Truck Weight Stations

Selecting a suitable site and proper in-
stallation of & truck scale arc erucial factors
in obtaining reliable truck weight data. For
all types of instsllations, permanent and
temporary there are certain basic require-
ments for obtaining true weights.

The weighing site should be located on a
generally straight and level section of road
to provide the safety and casc of operation
that is necessary. The site chould be per-
fectly level for a minimum of 75 feet up-
stream and downstream from the center of
the scale. This will enable most all vehicles
to be on a level plane when being weighed.
The centerline of the approaches entering
and leaving the seale must also be straight



for at leagt the same distance to assure
straight alignment of the longer vehicles
while erossing the scale.

Locating weight stations at the end of a
long downgrade should be discouraged in
order to avoid excessive braking to stop.
Brakes will sometimes catch fire on a heavy
vehicle that is required to stop near the
bottom of a long steep downgrade. Placing
the weight stations at the crest of a vertical
curve may be satisfactory if proper sight
distance, alignment, and level approaches
can be provided. The design and placement
of prepared sites should be consistent with
traffic engineering practices based on traffic
volume and speed.

Normally truck weight data for planning
purposes is obtained by operating portable
scales at varicus locations for short periods
of time during each year. Portable truck
weight stations should be located so as to
provide data representative of different
classes or systems of highways. Other con-
siderations in sclecting station locations
include trafiic volumes, geographic distribu-
tion, functional classification of highways,
adjacent land wuse, and distances between
stations. Stations should be located so as to
minimize bias due to high truck velumes or
due to specislized usage or other causes, and
should represent different vehicle type mizxes
within a system to the extent practicable.
Care should be taken to locate stations so it
is difficult to bypass the stations.

2. Number of Weighing Stations Needed for
Planwing Purposes and Operating Schedule

The following may be used as a guide in
determining the minimum number of rural
stations requirved to provide sufficient weight
data for planning purposes.

Clussification of Kilometers Ng. of
Highway {Rural) Stations
Principal Arterial Under 800 3
800-2,000 5
over 2,000 7
Primary Arterial Under 2,000 3
2,000-8,000 5
over 8,000 7

Classiﬁcaﬁm of Kilometers No. of

Highway (Rural) Stations
Secondary Arterial  Under 4,000 3
4,000-10,000 5

over 10,000 7
Collectors Under 8,060 3
8,000-20,000 5
over 20,000 7

Additional stations may be added where it
is believed the above stations are not suflicient
to provide data representative of the loading
practices on the different classes or systems of
rural roads.

3. Station Layout

The following activities should be consid-
ered when laying out a truck weight station
for planning purposes both permanent and
portable:

a—Sampling of trucks
b—Interviewing the truck drivers
e—Measuring activities
d—Weighing activities

Vehicle classification counting is generally
accomplished independently of the other
truck weighing activities.

When weighing trucks at night, ¢ <s abso-
lutely essential to hawe adeguate Bghting.
This is necessary to enable the station per-
sonnel to obtain and record the data cor-
rectly and efliciently, as well as for the
safety of the entire operation.

Roadside signing is important for both
permanent and temporary weighing stations.
The signing should indicate that the weigh-
ing is for planning purposes only and that
all trucks are subject to weighing, not just
the heavier trincks and no penalties will be
levied. As a minimum, signs should instract
truckers to reduce speed, advise that weigh-
ing operations for planning purposes only
are in progress, and indicate turnoff poinis.

A flagman will be needed to divect traffie.
Signs should be appropriaiely spaced for
the operating speed of the highway.

4. Period of Operation

If there has been no previous comprehen-
sive weighing program for planning pur-



poses, the following
followed :

guideline should be

&

a. Kach stetion should be oporated 16
hours, 8 hours during the peried 6 a.n. to
& pan., and 8 hours during the period § pan.
to 6 aam., four times a vear seasonally spaced
on a weekday, except that the night opera-
tions may be Hinited to those roads carrying
an important amount of commercial trafiic
during the night hours. Additional weigh-
ing may alse bo made on BSaturday and
Sunday if it is believed that the loading
characteristics of trucks are substantially
different on weeckends than on weekdays.

b, After 2 or 3 years data have been eol-
lected wsing the above schedule, it should
be statistically anslyzed to determine if
there is a significant difference in foading
practices betwoon hours of the day, seasons
of the year, and road systems. If there is
not & significant variation in the loading
practices the above schedule of operation
can be substantially reduced.

5. Weighing Proce

A properly installed and adjusted plat-
form scale is probably the most accuvate
and dependable methed for obtaining static
weights of trucks, Prior fo commencing
weighing operations the welghman should
check the zero lead balance with no load on
the platform; this check should alzo be made
frequently during weighing operations. The
total vehicle weight and weights for each
axle shonld be obtainad, It is important to
obtain weights of each axle of o tandem
pair.  Research has shown thal the total
welght carried by a tandem pair is not
evenly distributed between the ftwo axles.
Weights for individual axles of a tandem
pair arve obtained by splitting the tandem
weighing the truck with one axle of the
tanden: on tho scale and one off. For large
combinations, this procedurs will require

pogitioning the truck several times on the
scale and taking seale readings for each
position.  Drakes should be released before
taking a weight reading.

Weighing trucks with portable seales pre-
sents a number of problems not encountered

in platform seale operations.  There are
several variations in portable scale set-ups
that could affeet accuracy due fo weight
transfer cven though all factors ave favor-
able. The different methods of setting up
portable scales are:

a. Two scales seb in a pit so the platform
of each scale is level with the approaches.
The pit extends the full width of the road-
way lane or approach and the scales are so
placed that the outside wheels of an axle
when resting on the scale platforms will
carry the enlive weight bearing on that axle.
By adding the weight rveadings for each
scale the total weight of the axle is obtained.
cach axle of a truck or combination is
welghed separalely and when added {ogether
will give the tolal weight of the truck or
combination,

b. Two scales set on a hard level surface
with short ramps on esch side of ench scale.
When a truck or combination is weighed on
this set-up, each axle while being weighed
would be elevated several inches sbove the
other axles. OUhbwiously there would be an
undesirable weight transfer, especially wilh
liguid or fiuid loads.

e. Two seales set on a hard level surface
with long ramped planks on each side of
each scale se that both axles of tandems
would be at the same clevation while eacli is
being weighed., This method is an improve-
ment over method “b” but there may still
he considerable weight transfer as each axle
is moved. There are many types of springs,
rubber bumpers and axle suspensions that
further complieate cofforts to securve frue
weights on scale set-ups using planks or
short ramps.

d. The preferred methed is to have four
or more scales, one for each wheel, set on a
hard, level surface with planks and ramps
to keep all axles level and on the same plane
while all axles are heoing weighed stimul-
taneouslty.  Of all the planked set-ups (b, ¢,
or d} this method Is probably the moest ae-
curate.

The rvehability and usefulness of truck
welght data depend on the care with which



vehicles are weighed. Available data show
that for the greatést consistency all wheels
of the truck or combination should be on the
same horizontal plane with brakes released
at the time of weighing. If brakes must be
set when weighing with portable seales, they
should be released after the vehicle has been
stopped on the scales and then reset. To
provide reliable data for all axles, the weight
of each axle of a tandem axle group should
be determined separately since available de-
sign and weight information indicate that
a large proportion of these agsemblies places
an appreciably greater load on one of the
two axles,

Normally only one welghman is required
on a platform scale. With portable scales,
one man is required for each scale. Al-
though two men can handle four scales, this
practice is not recommended due to the in-
efficient and slow operation that results.

6. Measurements

The distance between axles for each truck
weighed should be measured to permit more
accurate calculation of pavement and bridge
loadings. Axle spacings should be measured
with the vehicle components drawn out in
a straight line.

7. Sampling the traffic stream,

It is important that s vepresentative
sample of each vehicle type be weighed at
each station. The distributions of axle and
gross weights by weight intervals and the
percentages of loaded vehicles of each type
are determined solely from the sample of
vehicles selected for weighing. If possible
all trucks should be weighed.

A procedure which has been used success-
fully to assure unbiased probability sam-
pling at locations where volumes are so
great that all passing trucks cannot be
weighed is suggested. Using this proeedure,
cach shift of operation iz subdivided into
short. intervals. Intervals of 10 or 15 min-
utes have been used. The frequently oc-
curring vehicles are assigmed one or niore
intervals each hour on a systematic prob-
ability sampling basis. During the assigned
period every passing vehicle of the desig-

nated type is stopped and weighed. Vehicle
types for which periods have been designated
are not stopped during undesignated periods.
Jsually the infrequent vehicle types are
stopped and weighed during all periods so
that 100 percent samples of these types are
obtained. Sampling rates which have been
practicable at typical locations provide for
weighing of 2-axle, 4-tire trucks (both
panels and pickup trucks and other 4-tire)
during every fourth interval; 2-axle, 6-tire
trucks every third interval; weighing of
tractor semi-trailer or truck and trailer
combinations during three intervals out of
every four; and weighing of all other ve-
hicle types during all intervals. Thus, more
than one of the vehicle type categories des-
ignated for sampling may be designated
for a given interval. At lower volume loca-
tions it may be desirable to sample 100 per-
cent of all semi-trailer or truck and trailer
combinations, Where volumes are extremely
high it may be necessary to reduce sampling
rates. When a single vehicle or a flect of
similar trucks passes a station several times
a day no vehicle need be weighed more than
twice, once loaded and once empty, and a
sample of three empty and three loaded
truck weighings is adequate for the fleet.
All passing vehicles should be counted.

When weighing both directions of a high-
way, three alternate procedures are available.
The preferred method is to weigh cach di-
rection independently of the other in sepa-
rate operations; ie., one or more 8-hour
shifts in one direction and one or more §-
hour shifts in the other direction. This
procedure is normally used on divided high-
ways. For example, on Monday trucks may
be weighed from 6 aum. to 2 p.m. in one
direction. This same operation would be
repeated on Tuesday for traffic in the oppo-
On - Wednesday weighing
operations may continue in this original
direction from 6 p.n. to 2 a.an. This opera-
tion would be repeated on Thursday for the
opposing trafiic. Therefore, a 18 hour
weekday sample would be obtained for cach
dircction of travel.

site  direction.



The second method is to weigh two hours
in one direction, then weigh two hours in
the other direction, ete., until the 8-hour
shift is complete. When using this method
it is desirable to have two sets of equipment
available to minimize change-over time.

The third method is to weigh both direc-
tions of traffic at*the same time using scales
located on one side of the road. Tf this
method s wused, extreme care must be taken
to provide adequate safety to the traffic.
This will require adequale signing and flag-
men. 'This method can be used only on
undivided two-lane highways.

8. Vehicle Classification Counts at Weight
Stations

Manual vehicle classification counts should
be made at all truck weighing stations for
planning purposes. Counts should be made
for both directions of travel and at least
during the period that weighing operations
are underway. Part IT of this manual out-
lines the procedures and forms to be used
for making these manual counts.

C. FIELD FORM AND INSTRUCTIONS
FOR CODING

The data collected for this study should be
coded on Form PC-1. (See Appendix “B”
for a copy of this form.) Instructions for
completion of this form follow:

PARTY CHIEF:
party chief.

SHEET __ OF _ SHEETS FOR THE
HOUR: A new sheet is started when the
weighing operations begin for each shift, and,
also, for each hour. The sheets are then num-
bered to show the number of sheets upon

Write the name of the

which data are recorded for each hour.
the end of each hour the total number of
sheets that have been used during the hour can
be recorded on each sheet.

CARD TYPE—COLUMN 1: This informa-
tion will be preprinted on the forms. It iden-
tifies that it is the card type that is used upon
which truck weight data for planning pur-
poses will be coded.

At

10

DATE—COLUMN 2 THROUGH 6: These
columns are used to record the date of the
survey. Where a number is not needed in any
box, a zero should be recorded rather than
leaving 1t blank.

HOUR—COLUMKS 7 AND 8: These col-
umns are used to record the hour during which
the data were collected. Again during the first
9 hours of the day a zero will be recorded in
column 7 rather than leaving it blank.
DISTRICT-—COLUMNS 9 AND 10: Enter
the District Code.

Example :

01 Bs. As. (north 14 San Luis
zone) 15 Misiones

02 Cordoba 16 Santiago del

03 Tucuman Estero

04 Mendoza 17 Entre Rios

05 Salta 18 Chaco

06 Jujuy 19 Bs. As. (south -

07 Santa Fe zone)

08 La Rioja 20 Rio Negro

09 San Juan 21 La Pampa

10 Corrientes 22 Formosa

11 Catamarca 23 Santa Cruz

12 Neuquen 24 Tierra del Fuego

18 Chubut

JURISDICTION—COLUMN 11: Enter the

route jurisdiction code.

Fwample:

1 National

2 Provincial

3 Departmental

4 Municipal

5 Military
ROUTE—COLUMNS 12 THROUGH 15:

Enter the route number. Use the route codes
which have been developed for the road inven-

6 National Park

7 Port Authority

8 Airport Authority
@ Other

tory. 'The route code is the same as the one

usged for road inventory.

MILE POINT—COLUMNS 16 THHROUGH
19: These columns are used to record the loca-
tion of the weighing station. The location
can be determined by using table 9 of the in-
This table shows the mile
point for all primary reference points. The
location of the weighing station can be deter-

ventory outputs.



mined by measuring its distance from the
nearest reference point.

VEIIICLE TYPE—COLUMN 20: The ve-
hicle type should be coded in these columns
using the following codes:

Code Vehicle Type
0 Automobiles and jeeps
1 Panels and pickup (4-tire)
2 Single unit truck (2-axle)
3 Single unit truck (3-axle)
4 Single unit truck plus trailer
5 Tractor with serni-trailer
4] Other types of trucks
7 Buses

BODY TYPE—COLUMNS 21 AND

22

These columns are used to record the type of
body. The following codes should be used:

Code

Body Type

11 Panel—A fully enclosed body of limited

12

13

capacity which includes drivers ecom-
partment.

Pickup—A small open box or express
hox.

Light wtility—A body designed to carry
readily accessible tools, equipment, and
supplies in integrally constructed com-
partments, with or without other cargo
spaces.

Carryall or Mintbus—An enclosed util-
ity body with side windows and one or
more removable seats designed for trans-
porting either passengers, light cargo,
or both., (Station wagons are consid-
ered to be passenger cars and are not
included in this category.}

GENERAL TRUOK AND SEMI-TRAILER
21 Platform, Flat, or Stake—A body hav-

22

23

ing a floor without sides or roof.

Lowbed Trailer—A truck trailer with
a platform body constructed to provide
o low loading height and designed for
the transportation of extremely heavy
or bulky property.

Rack—A body with fixed slatted sides
and headboard.

11

32

33

34

41

91

99

Livestock Rack—A rack body with or
without roof designed primarily for
transportation of livestock.

Open Top Box or Ven—A body with
high closed sides and ends and a mov-
able top, which usually is a tarpaulin
COVEF,

Grain—A low side open box, designed
primarily to transport grains or other
dry fluid commodities in bulk.
Dump—A. low side open box, designed
primarily to transport dry fluid com-
modities in bulk, which can be tilted to
discharge its load.

Hopper—A body which is capable of
discharging its load by gravity or me-
chanical power through means other
than tilting and usvally loaded from
the top.

Van—A fally enclosed body designed
primarily for transportation of pack-
aged commodities, household goods, ete.
Fank—A body designed to haul bulk
liquid commodities.

Bus—A body designed for carrying
passengers.

Other—All vehicles which are weighed
and the body type cannot be coded using
one of the above codes may be coded
other.

PLACE OF REGISTRATION—COLUMNS
23 AND 24: The province or State where the
vehicle was registered should be coded in this

column.

Epample :
01 Bs. As. (north 14 San Luis

zone) 15 Misiones

02 Cordoba 16 Santiago del
08 Tucuman Kstero
04 Mendoza 17 Entre Rios
05 Salta 18 Chaco
06 Jujuy 19 Bs. As. (south
07 Santa Fe Zone)
08 La Rioja 20 Rio Negro
08 San Juan 21 La Pampa
10 Corrientes 22 Formosa
11 Catamarca 23 Santa Cruz
12 Neuquen 24 Tierra del Fuego
13 Chubut



FUEL TYPE—~COLUMN 25: The type of
fuel that the engine uses should be coded un-
der this cclumn using one of the following
codes:

Jode Ingine Type
1 Gas
2 Diesel
3 Other

AGE—COLUMKNS 26 AND 27: Record the
age of the vehicle to the nearest year.
EMPTY WEIGHT—COLUMNS 28 THRU
30: Record the registered empty welght of the
truck. This will usually include the weight
of the body. 'The weight is coded in tons and
tenths thereof,

Koample:
Kilograms Cade
1,080 010
3,240 032
11,310 118
TYPE OF COMMODBITY CARRIED—

COLUMNS 31 THROUGIT 33: The type of
commodity being carried should be written in
the space provided, The code for this com-
modity will then be entered in the office.
FORM OF CARGO-—-COLUMNS 384 AND
88: Code the form in which the cargo is being
carried under these columns.

Ewample :
0L Bulk
02 Boxes of Cartons
03 Bottles
04 Barrels or Drums
05 Sacks or Bags
06 Bundied, Banded, Baled, elc.
07 Coiled
08 Ilanks, Layers, ete.
39 Blocks
10 Tanks
00 Other not specified above

ORIGIN OF CARGO—COLUMNS 36
THROUGH 88: The origin of the carge
should be specified. Thig origin, province, and
city, or {State and city} should be written in
the space provided. 'The code for this place
will be entered in the office.

DESTINATION OF CARGC—COLUMNKS
40 THROUGIL 43: The destination of the

12

cargo should be specified. The destination,
province, and ¢ity or (State and City) should
be written in the space provided. The code
for this place will be entered in the office.

Nore: If the origin and destination of the cargo
has many locations, such as a local delivery, freight
truck, it should he s0 noted,

WEIGHT OF AXLES-COLUMXNS 44
THROUGH 61: The weight of each axle
should be recorded in the respective columns.
The weight should be recorded in thousands
of kilograms, expressed to the first decimal.

Eeomple
Hilograms Code
Axle Weight .. 470 005
Axle Weight ... 1270 018
Axle Welght ____________ 11,480 115
HEIGHTCOLUMNS 62 AND 63: The

height of the truck or leoad. whichever is
higher, the coding should be recorded in
meters and tenths.

Erample:
Meters Code
Measured Height is ____._____ 2.6 26
Measured Helght 18 e 3.14 31
Measured Height is o ___ 4.87 44

DISTANCE BETWEEKNK AXLES-CCL-
UMNS 64 THROUGH 77: These columns are
used to record the distance hetween axles.
These columns should be recorded in meters
and coded to the nearest tenth of & meter.

Eromple:

Meters Code
Measured Length 13 _________ 2.52 024
Measured Length is _._____._ 87% 067
Measured Length 18 ocvmeo 14,80 143

TOTAL LENGTH OF VEHICLE—CQL-
UMNS 78 THROUGH 80: The total length
of the vchicle should be shown in these col-
winns.  Measurements should be made from
the extremities on cach end of the vehicle or
combination.

Faample

Meters Ceode
Measured Length is _________ 5.00 050
Measured Length is _______._ 2.83 088
Measured Length is .. 18.78 187
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Glessary of Terms

VPD—(Vehicles per day). Number of vehicles that pass a particular point
on the read during a period of 24 consecutive hours,

ADT—{Annual average daily traffic). Annual average number of vehicles
during 24 consecutive hours that pass a particular point on the road over
the period of 365 days.

Amnnusal average dally traffic is caleulated by averaging the average daily
trafic for each of the 12 months. The average daily traffic for the month is
caleulated using the equation:

5 Av. Weekday+ Av. Saturday-+Av. Sunday
7

Average day of month=

Av. Baturdey=saverage daily volume for all Saturdays of month
Av. Sunday =saverage daily volume for all Sundays of month
This procedure is considered the simplest feasible method for providing
comparable values when counts for certain days are unusable.

Vehicle miles—Normally obtained by multiplying the ADT by 865 and by
multiplying the mileage of road to which the ADT is applicable.

Error of estimate—The difference between the estimated valve and the true
value. The true value is generally unknown.

Estimate of ADT=vy. This is an estimate produced by any estimating
procedure.

True ADT=Y, This is known exactly at points where machine counts are
made continuously all during the year.

Best estimate of true ADT=Y". This is the estimate that ig obtained at
points that are counted for repeated but intermittent periods of time dur-
ing the year.

Error of estimate=y,—Y or v;—¥". This is the difference between the
estimated value of ADT based upon one observation and the “true” value.
The “true” value either is known or the best combination estimate based
upon several periods of chservation.

Relative error=

LQY) 100=x, or Q’%} 100=x,
Number of estimates of ADT=n
n
Average velative error of estimates of ADT=x= i:1Xi {Studies indicate
. n
that, in a large sample of relative differences, the value of x is sufficiently
close to zero as to be treated as a negligible quantity.)

18



n 2

Standard deviation=e= | z (ix;—i« IX) (This is the ordinary statisti-

n—1 :
cal formuls for the standard deviation applicable to any random sample
of observations. When the observations are relative errors of estimates
of ADT and x is cquated to zero the formula can be simplified as follows:

n 2
o= ’%J Ei(:xll)
n-—1

If & zero value is adopted =¢ is approximately equal to %4 of the area
under the normal distribution curve which is the familiar bell shaped curve.)

Standard error of estimate=8E= ¢ {(Since x; is & percent, both ¢ and
SE are in percent) Vi
Z=the sum of the quantities within the expression.

Continuous count station—A place along a road where a traffic counting
machine is installed for the purpose of counting and recording by periods
not, longer than one hour, the number of vehicles passing this location for
continuous Jong periods of time, usnally several years.

Seasonal control station-—A place along a road where a traffic counting ma-
chine is installed for the purpose of counting and recording (usually by
the hour) the number of vehicles passing this location for repeated inter-
mittent periods of time. These periods, usually of consecutive seven days
duration, are repeated on a predetermined schedule which divides the year
into four, six or twelve equal periods.

Coverage count station—A place along a road where a trafiic counting ma-
chine is installed for the purpose of counting the number of vehicles pass-
ing this location usually during a period of consceutive 48 or 24 hours.
Sometimes coverage counts are extended to 5 consecutive weekdays or 7
consecutive days on primary highways under 2000 ADT. Manual counts
are also used for coverage count purposes.

Random selection—¥very combination of samples of a given size from &
population, no matter how small or how large, has an equal chance of
being selected.

68 percent confidence limit—In a non-technical sense, it is meant that the
mean value of a particular sample has a chance of being one of 68 in a
hundred of being different from the population mean by not more than
the value of one standard deviation. A more technical description is as
follows:

The purpose for sampling is to estimate some value, (parameter), of the
population. A sample mean is an estimate of the mean of the population.
As such, it differs from the population value by some unknown amount,
which may be as small as zero or very large. Using the sample data, and
on the basis of statistical theory, an interval can be calculated around the
sample estimate, in which the unknewn population value lies. The truth or
falsity of that statement for any given sample is unknown. However, theory
indicates that if this process is repeated many times, then a definite propor-
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tion of the interval statements will be true. The confidence that we have in
the statement for any one sample is the confidence we have in the propertion
resulting from the process. An interval caleulated by a process that would
yield interval statements that were true 68 percent of the time is a 68 percent
confidence interval. The upper and lower hounds of a confidence interval
are the confidence limits. The size of the interval is & function of the stand-
ard error of estimate caleulated from the sample data.
Weekday trafic—The number of vehicles that passes a given point on the
road during a consecutive 24-hour period from Monday te Hriday inclusive.
Road or highway section—A section of road or highway between two inter-
sections or junctions with other roads or highways. The section may in-
clude all lanes for treffic in both directions or the lanes assigned to traflic
going in only one direction.
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Chapter 1.—INTRODUCTION

The purpose of this guide is to provide
efficient procedures for making accurate esti-
mates of annual average daily trafic (ADT)
volumes based on sample counts.

ADT is a fundamental traffic measurement
for the determination of vehicle-miles of
travel on the varicus categeries of rural and
urban highway systems. ADT values for
specific road sections provide the highway
engineer, planner, and administrator with es-
sential information needed for the determina-
tion of design standards, the systematic
classification of highways, and the develop-
ment of programs for improvement and main-
tenance.
for the development of highway financing and
taxation schedules, the appraisal of safety
programs, and as a measure of the service
provided by highway transportation. To
realize the full benefits of the efforts involved
in obtaining and analyzing traffic data, they
must be summarized and promptly made
available for widespread use. Only in this
way can informed decisions be made so that
highway transportation will make its maxi-
mum contribution to the economic growth of
the State and Nation.

Statistical analysis and experiences in the
application of statistically controlled proce-
dures in over 30 States form the foundation
upon which this guide has been developed.
Measurements of the error of estimate made
in these States have indicated that the proce-
dures they had been using, as a rule, resulted
n errors as great or greater than those deber-
mined by the procedure set forth in this guide.
In the majority of these States, the cost of
obtaining traffic volumes by using the proce-
dure presented in this guide was less than by
the use of their earlier traffic counting meth-
ods, particularly when the old procedure in-

Vehicle-mile values are important’
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volved the use of extensive seasonal machine
counts for control purposes,

This guide sets forth methods which can be
used to produce trafiic volume estimates with
the accnracy indicated necessary for design
purposes and economic analyses at a minimum
of cost and effort.

Only at continuous count stations and under
perfect conditions can true ADT be deter-
mined with absclute accuracy, assuming no,
mechanical failures and correct vehicle classi-
fication dats are available when axle counts
must be converted to vehicles. Any count of
less than one-year duration must be regarded
as a sample. The sample then can be inter-
preted to bear a certain relation te the ADT
or to some other needed measore, and adjust-
ments can be made accordingly.

When a sample is adijusted to represent the
ADT, it becomes an estimate of ADT. The
measure of accuracy of the estimate is the
difference between the estimate and the true
average volume of trafic, if known. This dif-
ference is the error of estimate.

At coverage stations the true ADT is never
known. However by simulating sample cov-
erage counts at continuous count stations
where the true ADT is known, the error of
estimate of ADT at coverage stations can be
approximated by the application of statistical
methods. Ordinarily there are no means of
knowing the accuracy of an individual esti-
mate. But by using certain statistical prin-
ciples, the accuracy of a large number of
estimates can be determined in terms of preb-
ability of frequency of errors of specific mag-
nitude. These magnitudes of errors
attributable to the method of sampling and
estimating. Errors due to any imperfections
or malfunctioning of traffic counting equip-
ment are not considered in these guidelines.

are



The effect of these errors remains the same
irrespective of the methods used in estimating.
Thus, there are objective means of establishing
the superiority of one method of estimating
over another as far ss accuracy of sample
estimates of traffic volume is concerned.

Every State has its own problems concern-
ing traffic velume information. There is no
single procedure that would solve all these
problems.  There is, however, a method of
attack which, when properly applied, will
preduce appropriate answers to guestions as
to the number of stations, length and fre-
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of counts, and the accuracy of the
results. A working knowledge of basic sta-
tistical principles and formulas is necessary
to develop the most efficient procedures and
to extract the maxbmum accuracy from the
data.

guency

Observations indicate that there ave sub-
stantial differences in the urban and rursl
variations of traffic volume within specified
time periods, Therefore, it is necesssry fo
consider separately counting and estimaling
of traffic volumes on rural roads and on urban
roads and streets.



Chapter IL

A, Highways with ADT Volumes Greafer
Than 500

The trafic counting procedure established
as a part of the original statewide highway
planning surveys, and later modified by the
various States te suit individual necds, in-
variably have produced useful results, In the
more than 30 States where the errors of esti-
mates of the ADT have been measured, it was
found that the standard deviations of these
errors were usually in the =12 to =17 percent
range for roads carrying approximately 500
ADT or more., As a result of theorefical
study, research, and extensive field applica-
tions, a basic procedure has been developed
which generally reduces the standard devia-
tion of the errors of estimate to 10 percent
for these higher volume roads, always at a
reduced cost as compared with previous meth-
ods. The procedure that is presented for high
volume roads can be divided into three major
steps:

1. Grouping continuocus count stations into
similar patterns of monthly traffic volume
variation,

2. Assigning road scctions to groups of

similar patterns of monthly wvariation,
and

3. Locating and operating traffic counting
stations.

These three steps in succession are discussed
in this section.

1. Grouping Continvous Count Stations Into
Sémilar Patterns of Monthly Traffic Volume
Variation

The major premise of the suggested pro-
cedure for high-volume roads is that it is
possible to establish a series of consecutive
road sections having similar patterns of

RURAL HIGHWAYS

monthly traffic volume variation. Route
sections displaying similar patterns may be
concentrated in a particular area of a State;
other patterns may be found statewide.
Road sections which are determined to have
similar patterns of monthly traffic velume
variation provide the basis for the adjust-
ment of coverage counts made al points
within these routes. These coverage counts
are adjusted to ADT by means of a group
mean factor determined for all the road
sections within the group.

A simple way of searching for continuous
traffic counting stations with similar pat-
terns of monthly traffic volume variation is
the “array method” and is described and
illustrated as follows:*

a. In Table 1, the monthly adjustment
factors (that is, the ratio of ADT to the
average weekday traffic of the menth), are
shown assuming 12 permanent. locations of
automatic traffic recorders for stations A
through I, which represent road sections
carrying ADT of 500 vechicles or meore.
These permanent continuous counting sta-
tions are not listed in any particular order.

b. Arrange the factors by months in as-
cending order, as shown on Table 2.

¢. For each month determine a group of
stations such that the difference between
the smallest and the largest monthly fac-
tor does not exceed the range of 0.20 in
the wvalues of factors. This is based on

'In the illustrative example, coverage counts are
made only during the -period of April through No-
vember, Therefore, adjustment factors for coverage
counts are needed for these eight months and only
for that period. The similarity of patterns of adjust-
ment factors for a full vear is required for grouping
of road sections if factors for 12 months are usged.



the eriterion of 010 from the assumed
mean. There are several possible group-
ings in each menth. Determine for each
month that group having the largest num-
ber of stations within this 0.20 range and
designate the separvation of these stations
by horizontal lines, as shown on Table &.
For instance, for April a group from 1.00
through 1.19 includes 10 stations; whereas,
if the groupings were made from 1.19
through 1.38, only three stations would
have been included. (Stations outside the
horizontal lines often form independent
groups with a smaller number of com-
ponents, )

d. The final grouping shouid be such that
all or as many as possible of the same
stations would fall into the same group
for each of the months. With this pre-
reguisite in mind, it is found that althengh
stations C, I}, and ¥ are within the (.20
range, between 1.00 and 1.19 in April, they
de mnot fall into the group defined for
some other months. For instance, station
E with 0.98 is outside the limits of the
range 0.64-0.76 in August; also, it is out-
side the range in July. (Table 8 illns-
trates the groups finally defined.)

It should be noted that in November sta-
tion L has & factor 1.36 which is outside of
the range 1.10-1.30. Investigation disclossd
that in November therve was construction
which cansed a reduction of traffic volume
at station L. Alse, it was found that in the
previous year the factor was 1.19 which
would have kept station L well within the
range of this group. For these reascns
station L was included in group L

It is also noted that in group I for the
month of June the range is 0.21 which indi-
cates that strictly speaking, either station
IT or station J is outside the range. How-
ever, investigation of field records and data

*This ®£.10 value should not be confused with the
design standard deviation of =10 percent in the
error of estimate of ADT. The eriterion of =010
is designed to produce a part of the standard devia-
tion of =410 percent. The remaining part of this
standard deviation of =10 percent is atiributable to
the sampling error.

from previcus years did not disclose any
abnormalities of the counts at these two sta-
tions. Sinee the excess over the 0.20 eri-
terion is only .01, obviously it could not
have any significant cffect on the group
mean factor. Therefore, it was decided to
leep both stations H and J in group L.

e. For each group compule the average
of the factors for each month to arrive at
the month group mean factor as shown in
Table 4.2

The reasons why station L was included
have been previously discussed. Ilowever,
because of the highly localized nature of
the construction work which affected the
November factor at station “L.” the value of
1.36 was not included in the computation of
the mean factor of 116 for November for
group I. For the month of June all geven
values were uged computing the group mean
factor of 0.88. The exclusion of either sta-
tion IT or station J would have affected the
value of the mean only by 0.01 which 1s
negligible,

In esceptional cases such as noted in sta-
tiong IL, J, and I, of the cxample, the .20
range may be slightly deviated from if the
condition warrants.

When & computer is available, groupings
may be done separately for every month
during which vehicle coverage count sta-
tions are operated. This would mean that
the number of groups would most likely
vary from month to month. For instance,
from Table 2 it can be seen that there would
be only one group in October:; only two
groups in April, May, June, September, and
November: and by rearranging the group-
ing procedure, July and August can also be
placed into two groups.

Tt should he noted that adjustment factors are in
terms of average weekday traffic. Coverage counts
are usually made on weekdays; when Saturday and
Sunday are included, only the weekday counts should
be used for estimating ADT. As 2 rule, the varia-
tions of Saturday and Sunday volumes within a
month are greater than that of the weekdays, thus
the ADT estimates based on counts which include
weekends tend to be less accurate than those based
on weekdays.



2. Assigning Road Sections to Groups of
Similar Patterns of Monthly Variation

Assign a certain eolor to each group and
mark on a map the location of each con-
tinuous count station with the appropriate
color for its gromp. This is illustrated on
Figure 1. Stations of the same group
usually fall along a continuous route or
routes. Conmoect the road sections on these
continuous routes designating them by the
color of the stations which fall upon it.
When grouping is done separately for cach
month, there should be a map for each
month on which the groupings are thus
designated.

The number of continnous count record-
ers is not ordinarily suflicient to assign to
pattern groups all road sections in the State
with an ADT volume greater than 500. In
the majority of the States there are seasonal
control stations. These ave stations at which
traffic counts are made at equally spaced
intervals of time during the year. Some
road sections which ecannot be grouped by
continuous count recorders may be classified
by seasonal control stations. This is accom-
plished in the following manner:

a. For each seasonal control station, com-
pute the ratios of the ADT to the average
weekday of the month, excluding all holi-
days during which the count was made.
(This ig illustrated in Table 5. Note that
this is exactly the same procedure illus-
trated in Table 1 for continuons count
stations.)

b. The stations are then arrayed as shown
in Table 6. (This is the same procedure
itlustrated in Table 2 for continuous count,
stations. )

¢. Compare each of the resulting ratios
with the corresponding mean determined
from continuous count stations. Using
the eriterion of .15 difference from the
mean ratio of continuous count stations,
allocate all seasonal control stationg to the

' Bince seasonal control stations are samples rather
than complete months, the group may he extended to
the range of =.15 rather than =+.10 used for the
continuous count stations.

groups determined by the analysis of con-
tinuous count. stations. The resulting al-
location is shown in Table 7. An example
of assigning a seasonal control station to
a, group follows:

Station 5 is shown in group I in Table
7. By reference to Table 5 the ratio for
the month of April is .97. As shown in
Table 4 the mean April factor for group
T is 1.11. Thus the difference between the
factors is .14. This same procedure was
followed for the remaining months and
the difference between the factors for sta-
tion 5 and the mean factors for the cor-
responding months for group 1 were not
greater than .15, Therefore, station
could belong to group L

A more objective method of allocating
a seasonal control station to a group may
be used. 'This method is based on the
principlie of “least squares.” (See Table
8, page 48.)

d. Indicate on the map the location of
cach seasonal control station, wusing the
color of the group to which the station
belongs. Many of the seasonal control
stations will fall into patterns which were
determined by continuous count stations
and thus verify the allocation of these
road sections. Others may provide infor-
mation to allocate the road sections for
which no information is available from
the continuous count stations. The pat-
terns for some seasonal control stations
may not fall into any predetermined
group as noted in Table 7.

e. If the State does not have seasonal con-
trol stations to make necessary assign-
ments of road sections to groups, it is
important to establish seasomal control
stations for one year to make these assign-
ments. Best results will be obtained by
counting seven consecutive days in each
month, Stations counted less frequently
than once each month may be difficult to
assign to groups.

The seasonal control stations that do not
fall into any predetermined group should
be carefully examined. For example, it may



be found that the majority of the months
agree with a previously determined pattern.
In such cases records for several preceding
years should be examined and compared in
order to determine if the disagreement in
some of the months is a matter of repetition
rather than being peculiar to one particular
year. This was illustrated by the study of
the records for stations L. and H.

If records are available, the process of
grouping continuous count stations and, if
necessary, seasonal control stations as de-
seribed above should be repeated for two or
thres preceding years. Because of the per-
sistence of the monthly ratios over a period
of years, it may be expected that the great
majority of the road sections will fall inte
the same monthly pattern groups year after
vesr. In ome State, after studying four
vears counts, it was found that about 94
percent of the road sections retained their
groupings and only about 6 percent needed
to be changed. It is recommended that
groupings of continuous recorders and sca-
sonal control stations be checked cvery year.

Ordinarily the changes in the group pat-
terns can be visually determined when the
control stations have been ploited on a map
by means of the color-coded group symbols.
However, there may be situations when the
exact point of change is not easily ascer-
tained. This may occur near urban areas.
In such situations it is desirable to establish
additional control to define this point of
change. An illustration of this condition
in 8 rural arvea is shown at the bottom of
Figure 1. This route was assigned tc group
I, based on the data from continucus count
stations B and G. However, there was no
certainty that all of the sections of this
route so assigned actually belong to that
group. In the long-range program of as-
signment of road sections to a group, it is
necessary to verify the assumed road section
designation by establishing necessary sea-
sonal control stations.
pashed in this instance by establishing
seasonal control stations 82, 33, 84, 87, and
39, which substantiated the original assump-

This was accom-

tion that all sections between msajor inter-
sections on this route belong to group L
Fixperience substantiates the applicability
of the theory of configurations which indi-
cate that in the majority of cases the sea-
sonal control stations fall into the groups
previously determined by the continuous

“ecount station data.

For the purpose of illustration, another
example of where a change in grouping is
indicated is shown on Figure 1 for seasonal
control stations 19 and 21. There are two
questions arising from this situation. One
s the assignment of the road sections be-
tween Richardsville and Frazer, and the
other is the assignment of the road west of
Richardsville as indicated by the pattern of
station 19. The data from station 31 indi-
cate that previous assignment of the voad
between Richardsville and Frazer to group
T was correct. On the other hand, it is ob-
served from the data obtained at stations
i6, 17, and 18 that the road sections west of
Richardsville belong to the same group as
station 18,

After accomplishing the above deseribed
procedures, the wungrouped road sections
with an ADT exceeding 500 as noted on
Figure 1, are road sections with unusual or
extreme patterns of monthly variations of
traffic volume. Normally these are roads
leading into resort or recreational areas.
The road sections exhibiting such patterns
usually are limited in extent and a single
continuous or suitable seasonal control count
station is ordinmarily sufficient to obtain the
necessary adjustment factors for each such
seetion.

The planning of traffic volume measure-
ment 1s based on two fundamental charac-
teristics which have been established by
many studies.” These characteristics are:

(1} The pattern of monthly variations of

trafic volume persists over long stretches

of highway.

(2) The pattern of monthly variations of

trafic volume persists over long periods

of time.

! Refer {0 hibliography items 1 and 2.



It can be expected that at intermediate
points along each rural route, the monthly
variations will be similar to those established
by the continuoug count stations along the
route of its group. Therefore, each group
mean factor should be applied to the cover-
age count stations which are located on road
sections of this group. For example, in
Figure 1 all coverage count stations oper-
ated during May on road sections of group
T would use a factor of 0.7 {see Table 4}.
This method should result in estimates of
ADT with a standard deviation of estimates
not exceeding --10 percent.

8. Locating and Operating Traffic Counting
Stations :

a. Continuous Traffic Counters

After all road sections have been allo-
cated to groups of similar monthly pat-
terns of traffic variation, it may be possible
to eliminate or relocate some of the con-
tinuous count stations. This decision,
however, should be made only after care-
ful determination of all purposes served
by these stations. These considerations
should include:

(1) Continuous count stations, in addi-
tion to providing adjustment factors for
expansion of coverage counts, may be
needed for long-range determination of
traflic trends at a particular point.

(2) It may be desirable to determine
accurate peak hour counts at a particu-
lar station.

{8) Other local information may be
used.

(4} The road sections for which records
are not available should be studies.
Either permanent or seasonal control
stations should be located on these sec-
tions in future years so as to enable the
proper classification of these road sec-
tions by groups. If scasonal count sta-
tions are operated, each count should be
for one-week duration.

(5) It may be desirable to retain con-
tinuous count station locations to deter-
mine the rates of change or travel.

(6) In general, a minimum of six con-
tinuous counting stations should be lo-
cated in each group of road sectioms
with an independent set of monthly
factors.
b. Seasonal Control Stations
After all road sections have been
grouped as described above, the number
of seasonal control stations can be signifi-
cantly reduced. When there is reason to
believe that a seasonal pattern on a par-
ticular road section is changing or has
changed, seasonal control or continuous
count stations should be used to determine
this change.
c. Coverage Count Stations
(1} The bulk of the ADT data comes
from coverage count stations since they
are located wherever specific traffic vol-
ume information is desired. In a com-
prehensive traffic volume survey, infor-
mation is needed for each section of
road between intersections. To achieve
this it is theoretically necessary to have
traffic counts at every other intersection.
Iowever, data collected at coverage
count stations represent samples in
time. Kstimates of ADT based on these
samples are subject to sufficient sam-
pling error as to justify the following
rule:

“Locate coverage count stations at
alternate intersections. However, it
may not be necessary to locate a cover-
age count station at alternafe intersec-
tions providing the traffic volumes do
not vary by more than 10 percent be-
tween road sections under consideration,
Also coverage stations may be omitted
when changes of traffic volume are
evenly distributed over a series of con-
secutive voad intersections. Traffic vol-
umes for the intervening sections can
be estimated by prorating the volumes
at the end sections.”

(2) The following may be used as a
guide to determine the coverage count
stations that are needed:

{a) Make coverage counts at overy

other intersection or as needed as de-



scribed above. 'This coverage count-
ing program may be made in one
yesr or in several year cycles up to
five years. A maximum cycle of three
years is recommended. Assuming a
three-year cycle, one-third of the cov-
erage counts would be made each
year.

(b) If only vehicle mileage informa-
tion is needed then a much smaller
coverage than described under (a)
would be required. For example, the
rural vehicle mileage by counties was
needed within § percent standard
error of the mean. This was accom-
plished by locating coverage count
stations at an average of 10 miles
gpart.

(c) Tn general, approximately 25 cov-
erage count stations will be reguired
for each 100 miles of rural roads.
Depending on the topography and the
pattern of Jocation of roads, varia-
tions from this coverage may be en-
countered in some of the States.

B. Highways with ADT Veolumes Between
25 and 500

Roads carrying less than 500 ADT must be
treated differently than roads with higher
traffic volumes, since past studies have shown
that the standard error of estimate increases
at a much greater rate than the trafic volume
is less than 500 ADT. 'This relation can be
illustrated graphically by the following figure.

1. Jontrol Station Operctions

¥t has been determined from past experi-
ence that all rural road sections regardless
of the administrative systern with volumes
between 25 and 500 ADT can generally be
represented by one group, for the purpose
of computing monthly adjustment factors
to obtain estimates of ADT.Y On this basis,
the following steps should be undertaken :

a. Continuous count station locations on
lower volume roads may be chosen arbi-
trarily to provide adeguate geographical
representation. Analysis of one or two
vear’s date will help determine if any of

! Refer to bibliography item No. 3.
* Refer to bibliography item No. 4.
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the locations should be changed, or if ad-
ditional stations are required. Five or six
such stations will be adequate in most
States to compute the average adjustment
factors for estimating the ADT at the
coverage count stations.

b. Seasonal control stations mav be used
instead of continuous counting stations.
If continuous count stations are used, a
minimum of & or 6 iz required. If
seasonal control stations are wsed and a
count is taken in every month, § or 6
seasonal control stations are also sufficient.
Tf counts are taken every other month at
seasonal control stationg, then the number
of stations should be doubled. Therefore,
10 or 12 stations may be required. More-
over, the schedule should be so arranged
that an equal number of counts are taken
in cach month, statewide, Similarly, if
counts are taken every third month, 3
times the number of continuous counts are
required.

Providing a State has a sufficient number
of existing confinuous count stations on
State highways carrying less than 500 ADT
or on low-volume roads on other adminis-
trative svstems, these stations could be used
to provide the necessary average adjustment
factors tor low-volume roads.

Continuous count stations and seasonal
control stations normally should not be lo-
cated on roads carrying less than 100 ADT.
The factors obtained on sections having 100
to 500 ADT can bo applied to all roads
earrying ADT of 25-500.

2. Coverage Oount Stations

Procedures for locating coverage count
stations on reads carrying in excess of 500
ADT also apply to low-volume roads. An
exception to this policy is that coverage
count stations are not usually located om
roads carrying an ADT of 25 or less. Lo-
cate coverage count stations at allernate
intersections. However, it may not be neces-
sary to locate a coverage count station at
alternate intersections providing the traffic
volumes do not vary by more than 25 per-
cent between road sections under considera-
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tion. Note the similarity to the procedure
for roads carrying an ADT of 500 or more.
(Chapter II, A-3 (C) page 27.)

When the adjustment factors obtained
from these control stations are applied to
coverage count stations on & low-volume
systerm, it may be expected that 68 percent,
of the estimates of ADT will have an error
within 20-25 percent. More precise esti-
mates may be expected for the higher vol-
ume roads within this traffic volume range.

{. Roads with ADT Velumes Less Than 25

Other sources of information shonld be used
for the estimation of traflic volumes on the
extremely low-volume roads. Such sources
may Inclnde culture, previous records, and the
application of the overall rate of change in
traffic volume over a period of years. How-
ever, thers may be roads within a State or an
area that have such economic importance that
fewer than 25 vehicles may represent an ap-
preciable measure of service and that service
should be more accurately measured. In such
cases, traffic counts of longer than 48-hour
duration are usually necessary to achieve any
practical degree of accuracy, and five- or
seven-day counts may be necessary. The con-
trol stations which were used for the compu-
tation of the average adjustment factors
needed to compute ADT voluimes for roads in
the 25-500 ADT group can be utilized to de-
termine ADT for reads with ADT volumes
less than 235. When greater accuracy is de-
sired, a repeat coverage count may be justified.
Tn some cases a continuous count recorder may
be necessary to produce the desired degree of
accuracy.

. Adjustment Factors

1. The group mean ratio of the ADT to the
average weekday traffic volumes of the
month 1s an adjustment factor that would
be applicable to samples of 24-hour averages
of 48-hour counts on weekdays, and 24-hour
averages of five consecutive weekdays.

If computers are used then weekly adjust-
ment factors may be applied. These factors
are the group mean ratios of ADT fo the



average weekday of the week during which
the coverage counts are made. Kven factors
for mdividual weekdays of the year can be
uged. However, these individual weekday
factors in a few States where they have been
used, do not produce a significant increase
in the accuracy of AT cstimates.

For all coverage counts taken on voad
sections that have been assigned to groups
of similar monthly variations, a group mean
factor should be applied. These group mean
adiustment factors are computed separately
for each group from continuous count or
control count station data. This procedure
has been discussed previously, (either
monthly or weelkly). For example, the nsge
of a monthly factor would be as follows:

A coverage count of 48-hour duration
on weekdays was made on a road section
of group I in September, the count showed
4,286 vehicles. The 24-hour mean, there-
fore, equals 2,148 vehicles. From Table 4
the adjustment factor is 0.89. The esti-
mate of ADYE for this coverage station is
2,143 x 0.89 1,807,

2. When coverage counts arc made for a
period of seven consecutive days a suitable
adjustment factor must be applied. If
hourly recording counters ave used, the fac
tor should be representative of the average
weekday of the month or week. When
cumulative counters arc used the faclors
must be represenfative of the average day
of the month or week. A major considera-
tion in selecting a coverage count period is
the strong possibility of lost data when rub-
ber tube detectors are left in place for ex-
tended periods. Little, if any, accuracy can
be gained by including Saturdays and Sun-
days in the coverage period.

There is & period of about four weeks in
the spring and another in the fall when the
24-hour weekday rural traffic volume differs
{from the ADT for that same station by a
standard deviation of less than =10 percent.
Therefore, this count could be considered an

fRefer to bibliography item No. 8 for the effect on

ADT estimate accuracy of varying the coverage count
duration.
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estimate of the ADT without any further
treatment. However, it is considered -
practical to recruit sufficient help only for
these short periods of time. If this proce-
dure is used, caution should be exercised in
the selection of these 4-week periods as the
representative traffic volumes vary somewhat
from year to year and from station to sta-
tion. The usual practice ig to conduet traific
coverage counting for a period of seven or
more consecutive months and in some States
the year-round.

Adjustment factors determined from con-
trol stations in rural areas should be applied
to all rural reads. For the suburban sec-
tions, it is desirable to determine the adjust-
ment factors from data obtained either from
continuous count recorders or from a few
seasonal count stations located in these areas.
Until data are available from these record-
ers, it is usually adequate to average the
factors obtained in the rural aress with
those in the particular city and apply these
average values to suburban areas. Gener-
ally, the monthly variations of trafiic vol-
umes in suburban areas approach those of
the cities. It has also been observed that
monthly trafic volume fluctuations in the
cities are much smaller than they are on the
rural road sections, so that the wrban factors
tend to approach unity for each month, This
implies that the monthly variations in the
suburban areas are ususlly smaller than
those observed in the rural sections of the
same route,

Analysis
1. Editing
2. Manual Editing
Every field report must be carefuily
examined in the office and all notatiens
thereon must be carefully read. This will
eliminate all counts that are obviously un-
satisfactory. All counts for which thers
are indications that they were taken under
abnormal circumstances should not be
uwsed. Iach count should be compared
with the record of the same station for
the previous year. If the two differ by



30 percent or more for roads carrying
greater than 500 ADT, such counts should
ordinarily not be used unless justified by
known changes in the area. Counts which
differ by more than 20 but less than 80
percent may be used, but all sections in
this range must be subjected to very care-
ful scrutiny.

On roads carrying less than 500 ADT,
the counts differing by 60 percent or more
from the previous year should ordinarily
not be used. However, 1f the difference
is between 20 and 60 percent, such counts
may be used with eaution upon evidence
that they may be satisfactory.

b. Machine Fditing

In States where computers and qualified
personnel trained in statistical methods
are available, machine editing procedures
can be used. The principle of this edit-
ing procedure is as follows:

(1) Using available historical data of
traffic counts at a particular location,
compute a relationship between ADT
and the year by means of linear regres-
sion techniques. Five to ten years of
historical data are desirable for the
purpose.

(2} Extend the function of the year
of the current count and determine the
difference between the value yielded by
the function and the current value.

(3) If this difference is smaller than
twice the standard error of estimate
about the regression line, the count can
be accepted without further investiga-
tion. If the difference is larger than
twice the standard error of estimate
about the regression line, then the cur-
rent count is subject to investigation.
Tts final acceptance or rejection will be
made upon the results of this investi-
gation,

. The first two steps outlined above can
be accomplished by wuse of computers.
The only phase of the procedure outlined
under (3) above that cannot be accom-

*Refer to bibliography item No. 5.
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plished by the use of a computer is the
analysis of the wrejected count. This
analysis may require both field and office
checking, either a recount or an investi-
gation, to determine the cause of the
exceptional change in traffic volume
counts.

9. Mechanical Data Processing

The use of electronic dats processing
equipmoent 1s most desirable for further
analysis subsequent to editing. The selee-
tion of the adjustment factor and the
factoring of the field count can be accom-
plished by using this equipment. Computers
may also be used to improve somewhat the
accuracy of the results—instead of using
monthly adjustment factors, weekly or daily
adjustment factors can be produced without
appreciable additional costs.

3. Smoothing Out

After all the coverage counts have been
converted into estimates of ADT, it may be
expected that about 68 percent of the esti-
mates will have errors not greater than 10
percent for the high-volume roads and not
greater than 20 percent for the low-volume
roads.

After 21l ADT volumes have been esti-
mated, a smoothing out process will usually
be necessary for adjacent road sections.
This process can be accomplished as follows:

a. Post all ADT estimates on a map.

b. Fach successive road section should
now be studied in comparison with the
adjacent road sections, keeping in mind
the inflnence of trafic from the location
of the cities and intersecting roads.

c. If the difference between traffic vol-
umes on two successive sections of road
appear to be too large to be justified by
the circumstances, the traffic volumes
should be adjusted to give a more logical
distribution based on the evidence. This
is accomplished by increasing or decrcas-
ing the volume at one or both stations.

d. This smoothing out process can also
be guided by the traffic volumes on road



sections beyond the section immediately

under study.

This smeothing process tends to increase
the accuracy of the estimates of ADT. In
the fingl evaluation of the errors involved,
1t is believed by those concerned with high-
way traffic that %4 of the final estimates will
usually not be greater than § percent in
error for high-volume roads and not greater
than 10 percent in error for low-volume
roads; and that 95 percent of the estimates
will not be more than 10 percent in error
for high-volume roads and not more than
20 percent in error for low-volume roads.
Some of the reasoning which supports this
opinion is as follows:

(1} In the examination of successive
road sections a sudden large unexplain-
able change in traffic volume is ecasily
observed and chiminated.

(2) Comparison with historical data
may indicate an unexplainable large
change in traffic volume which 1s easily
observed and sliminated.

{8} The elimination of the cbviously
large errors of estimate will, by itself,
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reduce the average error of the remain-
ing estimate,

4. Improvement in decuracy

A greater degree of accuracy in estimat-

ing ADT can be accomplished as follows:

a. Using weekly factors instead of
monthly factors. This procedure is pre-
sented on page 31, under “Mechanical
Data Processing.”

b. Use of repest counts as noted on page
29, under “Roads with ADT Volumes
Less Than 25.7

c. Taking five- or seven-day coverage
counts as noted on page 29, under “Roads
with ADT Volumes of Less Than 257
See also biblography item No. 8.

The above are procedures in which im-
provement in accuracy in the cstimate of
ADT can be obtained. However, when
considering methods to improve accuracy
the cost should be kept in mind. A fairly
accurate rule that can be used in attempt-
ing to improve precision by increasing the
sample size is that “to reduce the error by
one-half uging the same sampling proce-
dures would require increasing the effort
and probably the cost by four times.”



Chapter L

A. Urban Planning Process Relationships

Prior to the formalization of the compre-
hensive urban planning process in 1962, most
urban areas did net have adequate traffic
counting programs.  As the emphasis on urban
comprchensive planning inereased, however,
an understanding was gained concerning the
use and value of good urban traffic counts and
more formally structured programs evelved.
These programs have been tailored to the needs
of the urban planning process and are typically
considered in two frames of references.

First, traffic counts are needed in those
phases of the urban planning process which
deal with the verification and/or development
of transportation models. For this purpose,
traffic counts are collected at the same time the
data input for mode! development are collected
to insure that the origin-destination data are
truly representative of existing {raffic condi-
tions. Because the fransportation models are
erucial to the development and realization of
a future year transportation plan, they must
be calibrated with base year data and reeval-
nated at least once every five years to deter-
mine their applicability for continued use.
Traflic connts which yield independent esti-
mates of travel patterns and growth are used
to evaluate the ability of the entire travel
forscasting process to simulate actual travel.
Because of the importance of the reevaluation
phase in the continuing urban transportation
planning process, traffic estimates for all ar-
terial links on the transportation network are
required.

The second frame of reference iz with re-
spect to those years between the model devel-
opment and/or reevaluation phases. In these
intermediste years, there is a need to moniter
change. The surveillance of traflic volumes
allows one to identify changes in travel growth
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trends for the total as well as subareas. Tf the
identified changes in travel patterns and
growth differ significantly from the simulated
travel developed by the transportation plan-
ning process, the reevaluation phase referred
to earlier will begin before the maximum
B-year interval. Since s base of traffic esti-
mates was developed under the first frame of
reforence, the number of counts needed for
surveillance will be considerably fewer than
for the modeling and reevaluation phases. A
comprehensive counting program should be
designed to satisfy the needs of both frames
of reference.

In some urban areas, a large number of
counts already exist which provide useful
traffic information. These existing traffic esti-
mates, however, should be analyzed to deter-
mine their adequacy as a data base. An
analysis of the existing counts may result in
the selection of new stations and continuation
of old stations of the various types nceded for
producing the desired traffic estimates. Urban
transportation planning studies are coopera-
tive eofforts involving several jurisdictions.
State highway departments should insure that
an adequate traffic counting program is con-
ducted.

B. Considerations for Urban Counting
The need to develop the capability for esti-
mating annual average traffic on urban streets
has increased concnrrently with the increased
emphasis on urban transportation planning.
This need is being satisfied by the establish-
ment of traflic counting programs that can be
used to help identify the traflic growth as well
as to verify the continued use of transporta-
tion models. For estimating annual average
traffic, the urban traffic counting program is



usually designed with the following consid-
erations:

(1) A sufficient number of continuous,
scasonal, and coverasge counts should be
taken to make necessary estimates of the
average daily traffic (ADT) and vehicle-
miles of travel (VMT). The traffic counts
should be located on a representative portion
of each functional system by geographic
area. Aveas that exhibit rapid growth rates
should receive & proportionally greater
number of traffic counts than areas that have
stabilized. The placement of count locations
according to functional system will enable
VMT to be tabulated by functional system
both for the total areas and subarcas. An
analysis of the counts on & subarea basis
should provide the means for measuring the
relative travel growth within and through
the subareas.

2, Hstimates of the ADT at each cordon
Iine and screenline crossing should be pro-
vided by the program. Since the screenline
and cordon count data were used to verify
the validity of the original survey data, it
i3 reasonable to maintain an apnual sur-
veillance of survey control lines. All screen-
line and cordon crossings should have as 2
minimuim one coverage count per year. Cer-
tain crossings may be considered for seasonal
conttrol locations while others could be con-
sidered for continuous counter locations.

3. In many urban areas, estimates of di-
rectional peak hour traflic are of consider-
able value. Peak hour traffic volumes can
be used to help calibrate peak hour modeis
and to aid the traffic analyst in determining
the proper relationships between peak hour
volumes, design volumes, and the ADT.
Such counts, if sopplemented with manual
clagsification counts at selected points on the
functional systems, will provide the neces-
sary data for traffic engineering analyses at
intersections under study.

4. The counting program should result in
traflic volume estimates on the arterial street
network which rveflect the criterion of =5
percent error on the 68 percent confidence

limit and VMY estimates of =+5 percent at
95 percent confidence hmit.

A traffic counting program which incor-
porates these considerations should result in
an adequate number of traflic volume cstimates
for transportation planning purposes. VMT
and ADT estimates based on the more exten-
sive counting schedule required for the devel-
opment and yerification phases would become
updated bases on which to build.

C. ADT Estimating Procedures

Trafic counting programs cover continuous,
seasonal coverage, turning movement, and
classification counts. Continueus and seasonal
counts are taken to determine patterns of
seasonal, daily, and hourly variations in trafiic
volumes which are typical of roads and streets
in the study area. Adjustment factors devel-
oped from these coumnts are then applied to
short term counts to obtain estimates of aver-
age daily velumes. Coverage counts are taken
to obtain information at sufficient locations to
be representative of each section of city streets
on the transportalion study traffic assignment
network. IMowever, in order to provide an
estimate of total travel, it will alse be neces-
sary to collect traffic counts on a sample of
those streets not on the traffic assignment net-
work. When required in the planning process,
classification and directional distribution data
should be collected at a sufficient number of
volume counting stations to be representative
of all significant variations within the study
ares. When it is necessary to determine turn-
ing meovements and classification of traffic by
vehicle type during the peak hour, 2- to 4-hour
counts which include the peak period may be
made.

Before the planning process gained full im-
petus, the majority of cities were satisfied
with ADT estimates having an error of about
10 percent at the 68 percent confidence limit,
To test the need for contreol stations for ad-
justment, observations were made concerning
24-hour coverage counts on high volume streets
in 13 cities which are located in three States?

! Refer to bibliography item No. 6.



These counts were taken on weekdays spread
throughout the year. A subsequent analysis
which deleted those traffic counts taken in in-
clerzent weather or other days with extremely
abnormal trafiic conditions indicated that the
normal traffic volumes on weekdays could be
~ considered the same as the ADT without the
application. of adjustment factors. Since the
accuracy of these counts were within the ac-
ceptable =10 percent standard error of esti-
mate, it was not essential {o have control
stations for further adjustment.

It is possible, however, to reduce the error
of estimate of ADT from a 10 pereent to a 7
percent standard error of estimate by appli-
cation of monthly adjustment factors based
upon the data obtained at control stations.
This determination was based upon an analysis
of traflic data gathered in 11 cities Jocated in
one State. From a large number of continnous
count stations distributed throughout the 11
cities of this State, 9 stations were selected at
random. From the dats obtained at these
continuous count stations, the monthly adjust-
ment factors were computed and applied to
all coverage counts made in these cities. Such
a procedure is considered applicable fo cities
of over 2,000 population and streets carrying
over 500 ADT.

No refinements of accuracy are usually re-
quired for lower volume strests (strects with
an ADT of less than 500). If ne adjustment
factors are applied to coverage counts, the
percentage errors of estimate of ADT would
be expected to be in excess of =10 percent but
less than =20 percent. If mean monthly ad-

justment factors obtained from the continuous.

count stations located on high velume streets
weTe applied to coverage counts on low volume
strests, the standard deviation may be expected
to be about =10 percent.

Regardiess of the ADT estimating proce-
dures used, s few urban routes may require
special treatment and investigation, particu-
larly if a greater degree of accuracy is re-
guired. Among these are streets serving
resort and recreational facilities or other areas
of high seasonal concentration of traffic.

An urban traffic counting program could
utilize the grouping procedure described in

chapter TI. This procedure should produce
annual average traffic estimates with standard
deviation of +5 percent. However, it is quite
Likely that data from a suflicient pumber of
continuous recorders and scasonal control sta-
tions will not be available to produce veliable
group mean factors or to assign the roads and
streets to groups. Lacking previous control
data, locations for continuous recorders should
be selected subjectively to be representative
of geographical location, functional classifica-
tion of streets, and jurisdictional responsibil-
ity. Stations may be selected according to the
following :

1. Geographic Location—Central business
district, fringe area, outlying business dis-
triet, and residential area as defined on page
19 of the Highway Capacity Manual (1968).

9. Functional Clossification—Principal ax-
terials, minor arterials, collectors, and locals
as described in the 1968 National Ilighway
Funetional Classification Study Manual by
the Bureau of Public Roads, April 1969,

3. Jurisdictional Responsibility — State
highway or non-State highway.

Station locations selected in this manner
should net be considered permanent. After
one year's operation, analysis of the data and
grouping of the stations will show which sta-
tions should be continued on a permanent basis
and which should be moved. The analysis will
also indicate where additional control data are
Necessary.

It is difficult to provide a rule-of-thurmb for
determining the desirable number of continu-
ous recorders and seasonal control stations to
be operated in an urban area. However, cur-
rent experience indicates that a total of 8 to
12 locations or 4-6 locations per pattern group,
including seasonal control stations should be
sifficient.  In beginning a new program, it
might be wise to collect more seasonal counts
during the first period; that is, at least until
the final count locations are determined.

0. Types of Traffic Counts

Sinee s continuous and seasonal counts were
discussed in sufficlent detail in the rural sec-



tion, a detailed discussion of coverage counts
only will be presented in this section.

Faor the development and verification of the
transportation models;, the number of traffic
count stations will vary according to the num-
ber of miles of all roads and streets that are
included in the traffic assignment network.
When an urban study makes VKT estimates
for the entire street system, including collec-
tors and locals, a larger number of coverage
counts will have to be taken ntilizing sampling
techniques on these remaining streets.

In the intevmediale years or surveillance
period, fewer counts will he necessary. In
these intermediate groups, estimates can be
made using the broad group of traffic counts
as a base. As the planning process continues,
this base of traffic counts will be reestablished
at the same interval the models are reevalu-
ated. Variations from these guidelines may
be found in some cities depending on the gen-
eral plan of the city street layouts, length of
the city blocks, and topography.

1. Mackine Coumis—In an urban traffic
counting program, machine counts should
be of 24- to 48-hour duralion on weekdays.
If it is operationally convenient, traflic
counting machines could be located on each
leg of an intersection. It is not necessary
to make counts on cach leg at each and
every intersection since the volume of each
leg of an uncounted interssction can be de-
termined from an adjacent intersesction.
Tiven ecounting traffic at every other inter-
section may not be necessary.

For ezample, on long strects carrying
large volumes of trafiic, considerable savings
can acerue by locating stations only at points
where there is a significant break in traffic
volume. Since the design of the traffic
counting procedure for a transportation
study is based on the crilerion of 8 per-
cent error on the 68 percent confidence limit,
stations may be omitted when the differences
between the traffic volumes af succossive
stations are cxpected to be -=5 percenf or
even as much as 10 percent,  In such cases,
the traffic volumes between counting stations
can be interpolated to wprovide estimates

without actually counting traffic on all sec-
tions of streets.

2, Manual Counis—Cften special condi-
tions in cities make machine counts imprac-
tical. For example, the mechanical efficiency
of a machine may be seriously affected by
the stop and go traffic of a congested inter-
section, by multiple lanes, by parking cars,
or by tampering with the counters.®* Where
such conditions exist, it is necessary to count
traflic manually.

In central business districts, traffic counts
can often be conducted economically by
taling very short manual counts at consecu-
tive intersections?® 'These short counts
should not be used on streets carrying less
than 2,000 ADT. Short counts should be a
minimum of 6-minute duration and should
be repeated overy hour for 8 hours. At
each short count station, traffic should be
racorded for each leg of the intersection if
possible.  After the G-minute count is com-
pleted, the enumerator should maove to the
next station along the street of the major
traffic movement.

If o man can move in four minutes from
one station to another, he can count six sta-
tions in an hour which alsc mean six stations
na day. Assuming four streets intersecting
at each station, it means that he can provide
trafiic data for 24 street sectioms. It is ad-
vantageous to arrange the counting schedule
so that the man can return to the first sta-
tien upon finishing the count at the last
station of the ecircuit of six. This cannat
be done, of course, unless there arc stations
on adjacent streets running parallel to the
major traffic movement.

To estimate the total volume of traffic
during the 8-hour period of count, the trafic
volume for the sight 6-minute pericds
should be added and the sum multiplied by
10, To estimate the 24-hour
traffic, it is mecessary to have one 24-hour

volume of

*Many times childrven tamper with counters and
spoil the count record. It is suggested that machine
counts not be scheduled near school or other places
whers children gather.

* Refer to bibliography item No. 7.



machine count located along the route where
G-minute counts are taken. Ratios of the
24-hour traflic volume to the 8-hour traffic
volume during which the very short counts
were taken are obtained from the 24-hour
control station counts. 'Fhe appropriate
ratio is applied to the 8-hour traffic volume
and an estimate of the 24-hour traffic volume
is ealculated.

Estimates of 24-hour ADT volume ob-
tained by this procedure can be expected to
have an error of =12 percent on a 68 per-
cent confidence level. Since greater accuracy
is usually required, monthly adjustment
factors shouid be applied. Additional ac-
curacy may also be obtained by extending
the period of count to more than § minutes
or by taking more than 8 hours for the
period of count or hoth.

E. Twrning Movement and Classification
Counts Combined with ADT Estimates

When it is necessary to determine turning
movement and classification of traflic by ve-
hicle type and at the same time provide a
suficiently large sample of estimating AT,
4-hour continnous manual traffic counts should
be used. These 4-hour counts should be sched-
uled so that they include either the morning
or afternoon hour of peak volume. When
such 4-hour manual counts arc made, it is
necessary te get a 24-hour machine count
somewhere in the vicinity of the street sections
so that the ratios of the 24 hour volume of
traflic to the counted volumes can be obtained.

™

The 24-hour estimates of the volume of
traffic obtained by this procedure are not quite
as accurate as those derived from short counts
taken every.hour for eight hours. This pro-
cedure can be expected on the basis of experi-
ence to produce estimates that will have an
error of about 13 or 14 percent on the 68 per-
cent. confidence limit.

F. Traffic Counting in Small Urban Areas

In the small urban areas, many of the fore-
going procedures can be used. In many of
these areas, consideraticns necessary for com-
prehenstve urban planning, such as assignment
networks and models, will not be a major
factor in determining the magnitude of the
traffic counting program. Consequently, the
number of counts and degree of coverage will
not be as great: Tt is likely that ADT esti-
mates having a =210 percent error on the 6§
percent confidence limit will be satisfactory.
Estimates of VMT with a =5 percent crror
at the 95 percent confidence limit should still
be obtainable.

G. Office Procedures

Tt is a good practice to post all traffic vol-
wme estimates on a city map reconciling the
traffic volume estimates on adjacent sections
along the same route. The “smocothing out”
procedure which was discussed on page 31 will
produce final estimates of ADT that can be
expected to be more accurate than the original
traffic estimates, '



Chapter 1V.-—-GENERAL NOTE

The greater the familiarity with local con-
ditions the better judgment can be excrcised
in the final decisions in estimating traffic
volumes. The probability principles built inte
the procedures suggested in this guide will
eliminate major errors of judgment and re-
duce the errors to chance alone. Further re-
search ean somewhat improve and refine the
procedures. Ilowever, because the inherent
properties of chance variations have already
been accounted for in this guide only minor or
primarily local improvements can be expected.

When making an estimate of traflic volumes
all available information should be utilized
including counts for special purposes. These
may include special counts for such purposes
EER

Manual classification counts
Capacity counts
Ramp and turning movement counts
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Special counts for construction, ete.
Sereenline counts

There are severs! methods under investiga-
tion whereby the data collected by the traffic
counting mechanisms are automatically trans-
ferred into the central headquarters. Also
under consideration is complete avtomation of
most office analyses, including editing of field
data, preparation of arrays (such as shown in
Tables 2 and 6) and grouping of continuous
count and seasonal control stations (as shown
in Tables 3 and 7); as well as statistical tests
of significance of differences, analysis of vari-
ance, chi square tests, and others as needed.
Jomputers may be utilized for such routine
mass operations as factoring coverage counts
into estimates of ADT and regrouping control
stations separately for each month. However,
regardless of the sutomation that is used ex-
pert judgment must always be applied.
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Table 1.-- ADT « Average weekday traffic volume

of the month at continuous count stations

CLation | ppril | May | June | July | August | September | October | November
(A) 1.08 | 0.99 | 0.91 | 0.73 0.71 0.86 1.00 1.13
(B) 1.19 | 1.03 .90 .66 N .90 1.09 1.15
{C) 1.00 .93 .91 .83 .85 .99 1.05 1.02
(D) 1.03 .92 .88 .86 .86 .89 .95 1.10
(%) 1.07 »90 .T9 .90 .03 1.00 1.08 1.15
(%) 1,05 | .98 | .91 | .68 67 .92 1.03 1.10
(3) 1.16 .97 .83 .70 <Th .81 1.04 1.22
(1) 1.09 .87 .76 .69 .72 .85 .95 1.18
(1) 1.44 | 1,15 .90 .57 .51 .75 1.15 1.32
(7) 1.0k .95 .97 7T .75 .95 1.07 1.16
(x) 1.38 | 1.1k .98 .70 .65 .82 .98 1.07
(L) 1.19 .99 .85 T .76 .97 1.00 1.36




Table 2.«~ The array of factors for
continuous count stations
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Table 3.~~ Groups of stations within .20 range
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Table 4.-- Monthly group mesn factors

T

Group ; April | May June | July | August September October November
Group L 1.11 1 0.97 | 0.88 | 0.71 0.TL 0.89 1.03 1.16
Group IT Lkl 1.1k .Gk 6L .58 .78 1.06 1.20
Group ITT 1.03 .98 .86 .86 .88 .96 1.03 1.09
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Table Se-- ADT o average weekday traffic volume of the
month at seagonal contrel stations

;;i; zgn April | May June | July | August September | Cctober | November
1 1.25 | 1.29 | 1.09 .78 .60 67 1.00 1.20
2 1.19 | 1.06 .90 .91 .83 .82 .99 1.23
3 1.03 .96 .80 .80 .88 .92 1.02 1.18
i 1.31 | 1.27 | 1.00 .78 65 .58 .88 1.30
5 .97 .89 .88 .71 .69 .T6 1.00 1.12
6 1.08 .91 87 .73 .69 .81 .99 1.11
T .99 .82 .80 LR .70 .79 .98 1.15
8 1.12 .93 .79 .80 .73 1.00 1.10 1.1k
9 1.20 | 1.10 .76 .79 .78 .93 1.03 1.21

10 L96 .88 8T .69 .72 .83 1.05 1.20
1L 1.60 | 1.39 T .50 .36 .3k 1.00 1.63
12 1.13 § 1.11 .99 .68 .68 .76 1.11 1.18
13 1.15 § 1.09 | 1.02 .69 .68 .86 1.16 1.156
14 1.00 .82 .G0 BT .73 .90 .95 1.17
15 1.20 | 1.08 | 1.00 .59 <79 1.01 1.07 1.09
1 1.16 87 .72 75 .80 1.00 1.04 1.20
1 .99 .7 .75 .76 .90 1.03 1.09 1.09
18 .98 .80 87 | 1.00 1..00 .90 .90 1.00
19 1.03 | 1.03 .91 .82 1.00 .98 1.17 1.00
20 1.25 | 1.02 .99 .69 .61 .81 1.05 1.08
21 1.22 ] 1.03 .98 .68 .63 .79 1.03 1.05
20 1.07 | 1.00 | 1.01 .70 .68 .92 1.09 1.11
23 14T | 1.16 .95 .50 .55 .59 1.00 1.33
24 1.13 97 .75 .58 .61 .9l 1.02 1.21
25 1.09 .85 .78 .66 .71 .89 1.01 1.09
26 1.18 97 | 1.00 .84 .69 .95 1.06 1.17
27 1.05 .85 .87 .81 .72 .79 1.00 1.23
28 1.0L | 1.00 .92 .85 1.01 .89 .89 .89
29 3.07 | 3.07 .29 .38 .29 2.00 2.50 2.8
30 1.12 | 1.00 .86 8L .90 .95 9L .99
31 1.19 .99 .92 .68 LTh 1.05 1.06 1.20
32 1.0k .Gk .89 .78 .6h 1.0L 1.09 1.01
33 1.26 | 1.00 75 .55 .55 1.05 1.10 1.30
34 1.10 .98 .88 67 .70 .98 1.02 1.25
35 1.53 | 1.1k .93 .50 .hg .01 1.20 1.09
36 L.kg | 1.02 .80 .63 .57 .92 1.10 1.07
37 1.19 | 1.05 .90 .60 .75 .90 1.09 1.24
38 1.00 | 1.11 | 1.00 LPR .80 .89 1.00 1.20
39 | 1.26 .95 L Th .59 65 1.03 1.11 1.30
l
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Table 6.~~ The array of factors for seasonsl

control statlions

Sheet 1 of 2

October

April May June July August September November
Sta- Fac- | Sta- Fac~ Sta- | Fac- Sta= Fac=- Sta- Fac- Sta~ Fac~ St Fac=- Stae= Ha.cwm=
tion tor tion tor tion tor tion tor tion tor tion tor tion tor ticn tor

10 .96 17 .78 | 29 .28 29 .38 29 .29 11 J3h i ) 28 Rile)
5 .97 18 .80 11 g 11 .50 11 .36 b .58 | 28 89 1 30 .99
18 .98 7 .82 16 .72 23 .50 35 Rite} 23 .59 18 g0 18 1.00
7 .99 1k .82 39 Rrett 35 .50 23 .55 1 BT 30 .Gk 19 1.00
17 -99 25 .85 17 .75 33 <55 33 55 5 .76 1k .95 32 1.01
1k 1.00 27 .85 2L .75 2k .58 36 5T 12 .76 7 .98 21 1.05
38 1.00 16 .87 33 .75 15 .59 1 .60 7 .79 2 .99 36 1.07
28 1.01 10 .88 9 .T6 39 .59 20 .61 21 .79 6 .99 20 1.08
3 1.03 5 .89 25 e 37 .60 24 61 27 .79 1 1.00 15 1.09
19 1.03 1 6 .91 8 79 36 .63 21 .63 6 Bl 5 1.00 7 1.09
|

32 1.0k 8 .93 | 3 .80 25 .66 32 .64 20 .81 11 1.00 ! 25 1.09
27 1..05 32 .ok 7 .80 1h .67 4 .65 bl g2 23 1.00 35 1.09
2P 1.07 | 39 .95 36 .80 3h 67 39 .65 10 .83 27 1.00 6 L.11
6 1.08 3 .96 30 .86 17 .68 1 .68 1 .86 38 1.00 22 1.11
25 1.09 oL .97 6 .87 =3 .68 i3 .68 25 8¢ a5 1.01 5 1.12
34 1.10 26 .97 10 .87 31 .68 22 .68 28 .89 3 1.02 8 1.1k
8 1.12 3k .g8 | 18 87 10 .69 5 .69 38 -89 24 .02 7 1.15
30 1.12 31 .99 7 87 13 .69 6 69 14 - 00 34 1.02 13 1.16
12 1.1 22 1.00 5 .88 20 .69 24 .69 8 - 50 9 1.03 1k 1.17
ok | 1,13 | 28 | 1.00 i 3h 88 | 22 .70 7 JTO L 37 .90 | 21 | 1.03 | 26 | 1.17




Table 6.~= The array of factors for seasonal control stations {cont.)

Sheet 2 of 2

April May Jurie July August September October » November
Sta= Fac~ yor: R Fac- Stae Fac~ ta= Face Sta= Faca= Sta- Fac- Sta~- Pace Sta- Facm
tiorn tor tion tor tion tor tion tor tion tor tion tor tion tor tion tor

13 1.15 30 1.00 32 .89 5 LT 34 .TO ok ekl 16 1.0k 3 1.18
16 1.16 33 1.00 2 .90 6 .73 25 el 35 .91 10 1.05 12 1.18
26 1.18 20 1.02 1k .90 38 o T3 10 .72 3 .92 20 1.05 1 1.20

2 1.19 36 1.02 37 .90 7 oTh 27 T2 22 .92 26 1.06 10 1.20
31 1.19 19 1.03 19 .91 16 .75 8 LT3 36 .92 31 1.06 16 1.20
37 1.19 21 1.03 28 .92 hid .T6 1h .73 S .93 15 1.07 31 1.20

9 1.20 37 1.05 31 .92 1 .78 31 .Th 26 .95 17 1.09 38 1.20
15 1.20 o 1.06 35 .93 i .78 37 .75 30 .95 22 1.09 g 1.21
21 1.22 15 1.08 23 .95 3z, »78 g .78 19 .G8 32 1.09 24 1.21
1 1.25 13 1.09 21 .98 ) .79 15 .79 3 .98 37 1.09 2 1.23
20 1.25 g 1.10 12 .99 3 .80 16 .80 8 1.00 8 1.10 27 1.23
33 1.26 12 1.11 20 .99 8 .80 38 .80 16 1.00 33 1.10 3L 1.25
39 1.26 38 1.11 4 1.00 27 81 2 .83 15 1.01 36 1.10 37 1.24
L 1.31 35 1.1h4 i5 1.00 19 82 3 .88 32 1.01 12 1.11 b 1.30
23 1.h7 23 1.16 26 1.00 26 3h 17 .30 17 1.03 39 1.11 33 1.30
36 1.49 h 1.27 38 1.00 30 Bl 30 .90 39 1.03 13 1.16 39 1.30
35 1.53 1 1.29 22 1.01 28 <85 18 1.00 31 1.05 19 1.17 23 1.33
11 1.60 11 1.39 13 1.02 2 .91 19 1.00 33 1.05 35 1.20 11 1.63
29 3.07 29 3.07 1 1.09 18 1.00 28 1.01 29 2.00 29 2.50 29 2.78
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Table T.-= Distridbution of seasonal control stations by groups of similar
monthly veriaticns as determined from the mean factors in Table b
Sheet 1 of 2

{ i
i May June July l August September |, October November

1
!
; i

Group 1 ~ Stations 5, 6, 7, 8, 9, 10, 12, 13, 1k, 15, 20, 2],
22, 2k, 25, 26, af, 31, 32, 33f 34, 37, 38 and ?9

o,

LAY bt e,
Co -1 a1 O
s P e N 87 e

o~
fmd ot

T

PO~ O N LY
O PO —3 RS
S ot S S S

9%
Pt b e et

2

o
s LAY

R
S ERTE
L S L

FET T,
ﬂ—-—‘i l:.l [ },”J i_.,J

e 5T
sl 4 VD
PN L
[ Sl

#F,
DR O MAD —] O

Lo ted PO P
LS N
Pt b p

g N,

' |

96 | {7y .82 ] (39) .7kl (33) .59 | (33} .55 (5 .76 (14} .95 | (32) 1.01

T 1y .82 iah} 75 ¢ {(2ky .58 1 (e0) .61 | {12} .76 (77 .98 | (21} 1.05
.99 | (e5) .85 1 (33} 75 1 {15) .59 | (2k) .61 (7} .79 (6) .99 | {20) 1.08
00 {27) .85 1 (9} .76 §39) 59 ¢ (21} .63 | (21) .19 | (5) 1.00 | (15) 1.09
.00 | (10) .88 | (25) .78 | (370 .60 1 (32) .6k | {27} .79 | (27) 1.00 | (25) 1.09
L8 1 (5) .89 0 (8Y .79 | (25) .66 | (39) .65 | (6} .81 ¢ (38) 1.00 | (&) 1.11
.05 (6} .91 (7) .80 ! {14) .67 | (12) .68 | (20} .81 | (ev) 1.0l | {(22) 1.11
.07 {8} .93 (6) .87 | (34) .67 | (13} .68 1 (10} .83 | (2k) 1.02 (5) 1.12
.08 | (32) .ok | (10} .87 | (12} .68 | (22) .68 | (13} .86 | (3L} 1.02 (8) 1.14
09 1 (39) .95 | {27} .87 | (21} .68 | (5) .69 | (a5) .89 | (g9) 1.03 | (1) 1.15
.10 | (2h) 97 {5} .88 | (31) .68 (6) .69 {38} .89 | {21) 1.03 | (13) 1.16
12 ’26% .97 §3Ag .88 glO% B2 0 (26) .69 | {1k} .90 | (10) 1.05 | (1k) 1.17
.1 E3% .98 | (32 .89 13 .69 (7y .70 ] {373 .90 | (20) 1.05 { (26) 1.17
13 ] (31) 99 | {1h) .90 | (20) .69 | (34) .70 ! {2k} .51 | (26) 1.06 | {12) 1.18
15 0 (22) 1,00 | (37) g0 | (e2) .70 | {25} .71 | (22) .92 | (31) 1.06 | {10) 1.20
.18 1 (33) 1.00 § {31) .92 (5) .7i (10) .72 (90 .93 | (15 1.07 | (31) 1.20
19 geo) 1.02 | (21) .98 6y .13 1 (21) .12 (26) .95 | (22) 1.09 | (38) 1.20
19 1 {21} 2.03 | {22) .99 | (38) .73 | (8) .73 | (34) .98 | (32) 1.09 | {(9) 1.21
20 | (37) 1.05 | (20} .99 | (7) .7h o {1k} .73 | (8) 1.00  (37) 1.09 | (24) 1.21
.20 | {15) 1.08 | (15) .00 | (32) .78 ! (31) .7% | (15} 1.01 (8) 1.10 | (27) 1.23
.22 % (13) 1.09 geé} 1.00 (@) .79 0 (37) .75 | (32} 1.01 ] (33) 1.10 | (37) 1.24
25 | (9% 1.10 EsB) .00 (8) .80 (9} .78 1 (39) 1.03 1 (12) 1.11 | {34) 1.25
26 | {12 1.11 22) 1.01 | (27) .81 ¢ (15) .79 {(31) 1.05 | {39) 1.1l | (33) 1.30
26 1 (38) 1.11 ] (13) 1.02 ] (26) .84 F(38) .80 1 (33) 1.05 | (13) 1.161 (39) 1.30
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Table T.-- Distribution of seasonal control stations by groups of similar
monthly variations as determined from the mean fsctors in Table b (cont.)

Sheet 2 of 2
April May June July August September October November
Group II - Stations 1, 4, 23, 35, and 36
| ,

(1} 1.25 | (36) 1.02 | (36) .80 | (23) .50 | (35) .h9 (&) .58 (y .88 (362 1.07
(4) z.31 | (35) 1.1k 1 (35) .93 (35) .50 1| (23) .55 | (23) .59 (1) 1.00 | (35; .09
§23\ 1.h7 | (23) 1.16 | (23) .95 | (36) .63 | (36) .57 ,(1) A7 0 (23) 1,00 (1) 1.20
(365 1.4g | (L) 1.27 | (&) 1.00 | (1) .78 | (1) .60 | (35) .91 | (36) 1.10 | (%) 1.30
(35) 1.53 (1) 1.29 | (x) 1.09 | (&) .78 (%) .65 ! (36) .92 | (35) 1.20 | (23) 1.33
Group IIT - Stations 2, 3, 16, 17, 18, 19, 28, and 30
(18) .98 | (17) .78 | (18) .72 l (16) .75 | (16) .80 {2y .B2 | (p8) .89 | (28) .89
(rr) .99 | (18) 8o | (a7) .75 | (a7) .76 | (2) .83 ] (28) .89 | (18) .90 | (30) .99
(28) 1.01 | (16) .67 | (3) .80 (3) .8c | (3) .88 | (18) .90 | (30) .94 | (18) 1.00
(3) 1.03 (3) <96 | {30) .8 | (19) .82 | (17) .90 (32 .92 (2) .99 | (19) 1.00
(19) 1.03 | (28) 1.00 | (18) .87 | (30) 84 | (30) .90 | (30) .95 (3) 1.02 | (17) 1.09
(30) 1.12 | (30) 1.00 (2) .90 | (#8) .85 | (18) 1.00 | (19) .98 | (16) 1.0k (3) 1.18
(16) 1.16 | (19) 1.03 | (19) .91 (2) .91 | (19) 1.00 | (16) 1.00 | (17) 1.09 | (16) 1.20
(2) 1.1 (2) 1.06 | (28) .92 | (18) 1.00 | (28) 1.01 ) (17) .03 | (19) 1.17 (2) 1.23
i |

It is noted that in group II for the months of Sepltember and Cctober; and in group III for the
month of November the ranges are slightly over .30. The reasoning for the inclusion and treatment of
stations which fell outside the .30 range is similar to that used in connection with grouping of cone-
tinuous count stations within .20 range, as described on pages 5 and 6 in items (¢) and {(d).

The seasonal control stations which did not fall into any of the groups predetermined by con-

tinuous count stations are numbers: 11 and 29. The reasons why these stations did not fall into any

of the predetermined groups is not always obvious.

Some of them may indicate additional pattern groups.

thers mey reflect lcocal and/or temporary situation such as rescrt areas, football games, or activities

that will cause unique traffic movements.

in extent. The stations noted adbove which did not fall into any predetermined group were of strictly

local signifieance and do not represent any appreciable mileage.

However, these types of movements are generally very limited



Table B.-=Example illiustrating the applicetion of the principle of lesst squares for allocating
a seasonal control sistion to & group. (The deta for station No. § come from isble 5.
The monthly group mean factors come from table b)),

Difference
Difference between
Factors Mean between factors » o factors at
Station Factors at Stetion No. 8 5 Mean PECLOTS 1 station #8
No. 8 Group X and Group I, dl dl Group IIX % Croup III?dB @§

April 1.12 1.11 01 Nelsleas 1.03 ~09 ' L0082
May 293 97 - o Ol .0016 .92 .01 L0001
June - T9 .88 =,09 .0081 .86 .07 Rylelie)
July . 80 .71 .09 0081 .86 = ,06 0036
August « 13 <71 .02 .00k .88 = lD 0225
Sertember 1,00 .89 »11 0121 .06 L0k .0016
Cetober 1.10 1.03 07 .00kg 1.03 .07 -00kg
Hovember 1.1k 1,19 =, 0% 0025 1.09 .05 .0025
z di = L0378 L di = ,0k82

Tt should be noted that in the above example in the columns marked ¢, and di the difference between the
factors of station & and the group mean factors of group 1 and the group mean factors of group 3 are with-
in the criterion of permissible variation of +.15. Therefore, station & could have been allocated to either
group 1 or group 3. lowever, the summation of the squared values of 4, is equal to .0370 whereas the summation
ol sqguared values of dB is equal to ,0k82, Because the summation of the sgquered values of d, is less %han the
summation of squared values of d station Ho, & is assigned to grouv 1., This method of alloca%ing geasonel cone
trol stations to the various groups is particularly useful when the data sre processed on the computers

However, the final decision as to the allocation of a seasonal contrel station that could fall into more than
one group should be made after examining the locataion of the station on the map. The contiguity of the road sections
belonging to the same group determines the grouping of such a station. In such = situstion, groupings of similar
road sections should ve maintaiped as much as possible.
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