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ABSTRACT

This study was initiated to develop a method for estimating both com-
mercial traffic volumes and commercial traffic axle load characteristics.
Sampling plans were developed for estimating commercial traffic numbers,
vehicle types, and axle loads. Relationships between sample size, confi-
dence levels, and precision of estimates are shown.

It was found that, for the most important commercial vehicle types,
axle loads were relatively consistent, even between geographical locations.
However, for estimating vehicle volumes and types, samples should be
taken at any location where such information is desired.

Continuous records of commercial vehicle traffic passing through State
Weigh Stations during 1960 through 1965 were used for developing a means
of estimating annual commercial traffic volumes. Factors are provided so
that 9 hour, 12 hour, and 24-hoursample counts can be expanded into esti-
mates of annual commercial traffic volumes. Sampling units should span
all quarters ofa calender year because of seasonal fluctuations. Figure A
shows the relationship between average precision of estimated annual vol-
umes and the number of 24-hour sample counts used for the estimate.

Intensive sampling of commercial axle weights was carried out at eight
permanent weigh stations. Because bothbetween-station and within-station
variances were relatively small for important types of vehicles, it appears
that annual leadometer studies could be used to provide an estimate of axle
loadings for each vehicle type.

Sampling to determine distributions of commercial vehicle types was
periodically repeated over a two-year span at 22 locations throughout the
State. The distribution of vehicle types was found to be not consistent be-
tween locations soeach location must be sampled where an estimate of ve-
hicle type characteristics is desired. Figure B shows the number of 24—
hour sampling units that are required for any desired average precision of
estimate. As withestimating commercial vehicle volumes, sampling units
should he randomly selected from different quarters of a calender year be-
cause of seasonal variation. Sampling for both commercial vehicle volumes
and their types can be carried out simultaneously.
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INTRODUCTION

The service life of a pavement i3 a function of a number of variables;
including vehicle axle loadings. The AASHO Road Test (1) showed how the

service life of a pavement could be estimated using design parameters to-
gether with the magnitudes and cumulative repetitions of vehicle axle loads.

The investigation described in this report, of traffic loadings on Michi-
gan highways, was financed from July 1, 1963 to June 30, 1966 by the Fed-
eral Highway Administrationunder the Highway Planning and Research pro-
gram. The broad objective of this study as stated in the Proposal was to
"...developanimproved system for estimating the magnitude and frequency
of axle loads traveling over the entire Michigan Interstate and Primary Rcad
network. " Specifically, sampling plans were tobe developedfor estimating
truck volumes, types, and axle loads traveling over any pgiven pavement.
Factors were tobe developed for expanding sample truck volumes into week-
ly, monthly, or annual volumes. A systematic classification of pavements
was to be attempted whereby commercial traffic characteristics could be
related to such factors as geographical location, industrial environment,
and cities joined by the highway under consideration.

As the investigation proceeded, it was logically separated into three
phases:

1) Develop a method for cxpanding small sample counts of commer-
cial vehicles into estimates of monthly and yearly volumes.

2) Determine the axle load characteristics for each type of commercial
vehicle encountered on the Michigan trunkline system.

3) Determine the distribution of commercial vehicle types traveling on
highways throughout the State.

By completing all three phases and integrating the results, a complete
picture of the commercial traffic siream was 1o be developed for any Michi-
gan highway. Further, by converting individual axle loads of each type
vehicle to a common value, using AASHO Road Test results, a direct and
simple comparison of traffic loadings on various roadways can be made.
Separate discussions are included inthis report foreach of the three phases
of the study.




Statistical terminology used throughout this report is defined in the
Appendix.

The contents of this report reflect the views of the author who is res-
ponsible for the facts and the accuracy of the data presented herein. The
contents donot necessarily reflect the official views or policies of the Fe-
deral Highway Administration. This report does not constitute a standard,
specification, or regulation.




PHASE 1
ESTIMATING COMMERCIAL VEHICLE VOLUME

Purpose

The purpose of this phase of the project was to develop a method for
estimating the volume of commercial traffic at any desired location during
some given time period, such as a month or year.

Procedure

The first step was to develop a means for accurately determining his-
tortcal traffic volumes for various time periods atseveral locations., Using
relationships between known traffic quantities, factors were developed for
estimating traffic volume for a large time period from small samples.
Then, sampling plans were developed and tested for accuracy against the
known volumes.

Weigh Station Reports

For several years, weighmasters at State Weigh Stations maintained
hourly records of commercial vehicles passing over their scales. Only
quantities of vehicles were counted, without regard to type or weight. Had
these records been accurately and continuously maintained for any period
ot time, the precisc commercial traffic volume could have been determined
for each weigh station. However, a number of problems were involved in
using these reports. First, all commercial vehicles do not pass over the
scales. Bypassingthe weigh stations are suchvehicles asbuses, auto haul-
ers, and certain delivery trucks. Second, weigh stations are closed down
intermittently and at such times no records are kept. Third, it was obser-
ved that not all weighmasters were alwavs conscientious in maintaining
their records of vehicle counts.

In spite of these faults, however, it was decided that the weigh station
reports were the best available data for commercial vehicle volume. Many
thousands of individual daily weighmaster reports from 26 different loca~
tions spanningthe years 1960 to 1965 wereused in the study. Locations of
the weigh stations are shown in Figure 1 and listed in Table 1.

One of the first tasks was tosummarize annual commereial traffic vol-
umes foreach weigh station. To facilitate processing, traffic counts were
grouped into 3-hr periods beginning at midnight. Where entries had been
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omitted for brief periods, an estimated value was inserted. These values
were estimated for cach station as the mean average of similar 3-hr per-
iods within the same quarter year. Inmost cases, omissions were on week-
ends whentraffic volume was light; therefore, errors from estimating mis-
sing data would have a minor effect on annual volumes. However, for a
nuimber of stations, reports for an entire year were discarded because of
excessive omissions. [Finally, a total of 86 station-years (Table 2) was
judged to be acceptable and used in the analysis.

Annual traffic volumes were computed for each station by summing all
3-hr time periods during a year. Similarly, daily, weekly, and monthly
volumes were computed. For example, monthly volume expansion factors
(K} were computed as follows:

K - ¥a
" Vmi

where: V= annual traffic volume
Vmi = monthly traffic volume for month i

Ki = expansion factor for month i

Thus, expansion factors were computed for each station applicable to
each month. The productof a monthly traffic volume and its respective ex-
pansionfactor wouldbe the annual commercial traffic volume for a particu-
lar location.

Evaluation of the Three-Hour Samples

In similar fashion, factors were developed for expanding 3-hr time
period volumes to weekly volumes, and weekly volumes to monthly volumes.
Thus, using appropriate factors, a 3-hr sample traffic count could be ex-
panded into an egtimate of annual volume. Individual stations now had an
expansionfactor foreach 3-hr period for each year wherc data were avail-
able. 'To be useable, however, thousands of expansion factors had to he
reduced down to a relative few.

As afirst step, 3-hr factors (for expanding toestimates of weekly vol-
umes) for similar time periods were averagedover alldays and vears with-
in each station. This meant that cach 3-hr factor, say the one for 3 a.m.
to 6 a.m., was pooled to one average valuc regardless of which day of the
weck it occurred. Standard deviations and coefficients of variation were
also computed. Figure 2 shows graphically how individual factors were
dispersed around their respective means for several of the stationg used in
the study. Coefficients of variation (standarddeviation x 100= mean} were
almost all well under 10 percent. This suggests that pooling the 3-hr fac-
tors does not introduce a large crror.




WEIGH STATION AND YEAR IDENTIFICATION CODES

TABLE 2

WEIGH STATION AND YEAR IDENTIFICATION CODES

WEIGH STATION AND YEAR IDENTIFICATION CODES (Cont.}

-

N

Y

oy

Code Station Highway Code Station Highway
01 Powers Us 2, US 41, NB, 8B o, 42 New Buffalo U312, NB
0z New Buffalo U8 12, NB ] 43 New Buffalo Us 12, SB
03  Erie 175, NB =S| 44 Powers US 2, US 41, NB, SB
04 Jackson Us 12, EB, WBR \ 46 Grass Lake 194, EB
2 a5 Erfc 175, 8B /—
pd 06 Erie US 24, NB, SB 47 Erie US 24, NB, SB
or Cambridge Jet. Us 12, M 50, NB, SB 418 TFowlervilie 196, EB
08 New Buffalo s 12, SB 49  TFowlerville 196, WB
09 Pontiac (Drayton) US 10, NB, 8B 50 Erie 175, NB
10 Fowlerville US 16, EB, WB 51 Erie [75, SB
45 Tonia U8 16, EB, WB 52 Grass Lake 194, EB
53 Grass Lake 194, WB
11 Cambridge Jct. US 12, M 50, NB, SB 54 New Buffalo 154, NB
12 New Buffalo US 12, NB o+ 55  Cambridge Jct. {512, M 50, NB, SB
13 Erie U3 24, NB, SB 2 | 58 New Buffalo US 12, NB
14 Powers US 2, NB, SB ™| 57 New Buffalo US 12, SB
— 15 Fowleryille Us 16, EB, WB 58 Pontiiac (Drayton) UsS 10, NB, 8B
§ 16 Jackson US 12, EB, WB 59  Portland 196, EB
17 Erie 175, 8B 60 Portland 196, WB
18 Clio US 10, NB, SB 61 Dowers US 2, US 41, NB, SB
19 Pontiac (Drayton) US 10, NB, SB 62 Pontiac 175, NB
20 Erie 175, ND 63 Pontiac 1756, SB
21 New Buffalo Us 12, 81 64 Birch Run 175, NB
65 Birch Run 175, 8B
22 Portland 196, I'B \
23 Grass Lake f94, WB / 66 DBirch Run 175, NB
24 Grass Lake 194, EB 67 Birch Run 175, 8B
25 Erie US 24, NB, SD 68 Cambridge Jet. Us 12, M 50, NB, 5B
. 26 Cambridge Jet. Us 12, M 50, NB, S5B 69 Pontiac (Drayton) US 10, NB, SB
% 27 Erie 175, NB 70 Erie i76, NB
28 New Buffalo US 12, SB 71 Erie 175, 5B
29 New Buflalo US 12, NB, 72 Erie UUS 24, NB, SB
30 Pontiac (Drayton) US 10, NB, 5B 73  Fowlerville 196, ED
31 Lirie 175, SB 74  Towlerville 1968, WB
32 Portiand 196, WB " 76 Grass lake 194, EB
& | 76 Grass Lake 194, WB
33 Cambridge Jet.  US 12, M 50, NB, 8B 77  Lansing US 27, M 78, NDB, SB
3 Erie Us 24, NB, SD 78  New DBnltimoere 1494, NB
35 rowlerville 196, WB 79  New Baltimore 144, 8B
z 36 Fowlerville 196, EB KO New Huffalo T44, NB
heit 37 Grass Lake 184, WD Bl New Rutfala . tig 12, NB
38 Erie 175, NB K2 Now Bulfalo S 12, 8B
39 Portland 196, EB 43 Pontlac I 76, 8B
10 Portland 196, WB 84  Pontine 175, NB
41 Lansing M 74, 138 27, NB, 8B 45 Porilnud 1496, ki
K 86 Poretlandg 196, WIR
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Figure 3 shows average 3-hr time period expansion factors (for ex-
panding to weekly volumes) across the five weekly work days for some of
the weigh stations used. Shapes of daily curves (withinstations) were some-
what similar, suggesting that averaging the expansion factors for all these
days should not be unreasonable. Althoughthe average 3-hr expansion fac-
tors for any stationwere similar from day to day, the variances about these
averages were much smaller on some days than others. TFigure 4 shows
that the coefficients of variation were much smaller for Tuesday, Wednes-
day, and Thursday than for Monday and Friday. Tigure 5 shows the coef-
ficient of variation (C.V.) for each time period, and Figure 6 shows the
C.V. by months. Although randomness is akey inthe mathematically sound
approach to sampling; if a survey had to be severly limited, consideration
might be given tosampling during periods shown to have the smallest coef-~
ficient of variation.

Twelve-Hour Samples

The coefficient of variation for each station was small enough to per-
mituse of 3-hr samples for estimating traffic volume at any station studied.
However, since the purpose ofthig gtudy is to develop a meang for estima-
ting traffic volume at any State trunkline location, and not just at those
where weigh stationdata are available, expansion factors must be combined
or pooled in sucha way as to provide a representative or average value that
is applicable Statewide. TFigure 3 is a graph of 3-hr expansion factors for
four Interstate highway locations, showing that the factors differ greatly
between locations. - Thus, an average value for 3-hr factors would repre-
sent a widely scattered distribution of individual factors and a large error
could result from using this average to estimate traffic volume at some lo-
cations., It was decided that the wide range of factors between locations
could be reduced by dealing withbasic sample units larger than the original
3-hr units. After some trial, it was decided to try 12-hr samples'and ap-
propriate expansion factors were developed uging the method previously de-
scribed.

As a test of the mathematical procedures involved, 45 12-hr samples
were selected randomly (simple random sampling without replacement) from
all available weigh station data and expanded to estimate annual volumes.
Sampling without replacement means that once a sample is selected, it is
removed from having any chance of being selected again. The differences
between estimated and actual volumes for the 45 samples are plotted on a
higtogram shown in Figure 7. If all mathematical procedures were cor-
rect, the histogram would have a mean close to zero. This is because the
factors used in estimating volumes, and the sample taken, all came from
the volumes being estimated. In other words, we started with total yvolume

-11-
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Figure 3. Relationship between 3-hr commercial
traffic volumes and total week volumes.
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Figure 6. Coefficients of variation
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volumes to annual volumes.
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and developed expansion factors.

80— PERCENT DIFFERENCE Now these factors are checked by
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5 NUMBER =45 !i ‘ ]
£ o srifEan-582 ! selecting a number of samples
W | T™MEFPERIAD=IZHOURS I from within these same volumes
§ 20 ] and expanding them back up to the
2 annual volumes from which they
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g came. Since the computed mean

is 5. 8 percent, a slight biag in the
computations is suggested. Since
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50

DIFFERENCES,FEHCENT[ES?IMAgrEu;T_CTUAL} )(IOO] this bias is Small, if it actually
80 .1 does exist, it was decided to use
70 | ACTUAL DIFFERENCE the expansion factors as they were
NUMBER=45 - . s |
. i ME AN= 14774 and to testthem at individual sta-
STD DEY=59,554
| TIME PERIOD =12 HOURS tions.
|
I

pr A sample of 18 station-years

was selected at random (first step)
and for each of thege station-years
asample of 25 12-hrtime periods
was randomly selected (second
o 20 to i b 4 do 1m0 160 200 2d0 step). Traffic volumes for each

DIFFEREMNCES, THOUSANDS { ESTIMATE —ACTUAL) period were expanded to estimate
annual volumes. For the second
step, systematic random sampling
was used to select sample months
from which to randomly select a
time period. That is, a month
from the first quarter was selected

30

FREQUENCY, PERCENT

Figure 7. Distribution of total
year volume estimates. Mixed
Weigh Stations. (Each estimate
based on a 12-hr sample}.

at random and every third month thereafter for a year was taken. In both
steps, sampling without replacement was used. The difference between
estimated and annual traffic volumes for each station are shown graphically
in Figure 8. Figure 9, a summary of the data presented in Figure 8, shows
distributions of sample means and sample standard deviations. Most sam-
ple means are clustered around zero, suggesting that the 12-hr expansion
factors can be successfully used in most cases for estimating traffic vol-
umes, provided thata sufficiently large sample is taken. The distribution
of standard deviations shows the hazard of taking asample that is too small;
the average standard deviation being about 19. Therefore, for 95-percent
assurance that, on the average, estimated annual traffic volume will be
within + 10 percent of the best estimate, asample of 14 12-hr counts should
be taken. Tor average accuracy of + 15 percent, about six 12-hr counts
would suffice. These estimates are based on random sampling without re-
placement, That is, time periods throughout a given year would be selected
at random (systematic random saimpling of months within quarters) and_,
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Figure 9. Distribution of sample meanaverages and standard devia-
tions summarized from 18 station years; 12-hr sample counts.

once a time period was selected, it would be given no chance of being sel-
ected a second time.

Nine-Hour Samples

Since annual truck weight and characteristics studies conducted in the
past have based many conclusions on single 8-hr samples taken during a
normal working day, it was decided to investigate the precision of such data.
As discussed earlier, basic sample units in this study are 3-hr counts and,
therefore, a 9-hr rather than an 8-hr sample was used forthe investigation.
The 9-hr time period used was between the hours of 9:00 a. m. and 6:00 p. m.

Similarly, as with the 12-hr samples, mathematical procedures were
checked by selecting 45 9-hrsamples at random from all the station-years
available (simple random sampling without replacement with months sel-
ected using stratified random sampling). Each 9-hr sample count was ex-
panded to an estimated annual volume which was then compared with its
respective known annual volume. This comparison is shown in Figure 10,
where the average difference between estimated and annual traffic volumes
is about 2.3 percent; close enough to accept the hypothesis that the mathe-
matics are correct.
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Figure 10. Distributionof differences between eatimated and
actual total year commercial vehicle volumes. Each estimate
based ona single 9-hr count (9:00 a. m. to 6:00 p.m.), 45 as-
sorted station, months, and days sampling units.

Toevaluate the precision of estimation, 10 station-years were selected
at random. Several 9-hr sample counts were randomly selected within the
month of July foreach station-year, expanded toestimated annual volumes,
and compared with the known annual volume. Samples were restricted to
the month of July to be consistent with the time of vear when surveys for
the annual truck weight and characteristics study are made. Differences
between estimated and known annual volumes are shown in Figure 11.

The danger of using only one 9-hr count for estimating annual commer-
cial traffic volume is clearly shown in Figure 11, where in some instances
the error as determined by the difference between a known annual volume
and an estimate based on one 2-hr count is over 40 percent.

Figure 12 summarizes the differences between estimated and actual
traffic volumes for the 10 station-years. Although the mean value for all
10 surveys is fairly close to zero, the best estimate of annual traffic vol-
ume was over 15 percentin error for about 33 percent of the stations. This
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best estimate was based on a minimum of 14 9-hr counts at each station,
Since the mean standard deviationfor all 10 station-years was about 10 per-
cent (Fig. 12}, a sample of about four 9-hr counts should be taken in July _
to insure that, on the average, an estimated annual commercial traffic vol-
ume would be within 10 percent of the best estimate 95 percent of the time.
To be within 15 percent of the best estimate 95 percent of the time, a sam-
ple of two 9-hr counts shouldbe taken. However, it should be remembered
that the best estimate based on 9-hr sample counts can be over 20 percent
in error at some locations.
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Twenty-Four-Hour Samples

Since 24-hr sample units were deemed necessary for determining the
distribution of commercial vehicletypes (as discussed later in this report)
it was decided to investigate that size unit for estimating commercial veh-
icle volumes. As a check on the mathematics used in developing the ex-
pansion factors, 14 station-years were selected at random (simple random
sampling without replacement). For each station-year, one 24-hr count
was randomly selected each quarter of the year (the sample month from
each quarter was againselected using systematic random sampling). This
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simulatedsurvey process was carried out three times for each station-year
and the values, expanded to estimate annual volumes, were compared with
actual volumes (Fig. 13). The mean for the distribution of the 42 values
was 0,23, sufficiently close to zero to indicate that the expansion factors
had been computed correctly.
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Figure 13. Distribution of differences between estimated and
actual total year commercial traffic volumes. FEach estimate
basedon average of 4 (1 eachquarter) 24-hr sampling periods;
samples taken from assorted stations, months, and days.

Surveys ofeach one of the 14 station-years were simulated using three
24-hr samples for each quarter of the year; a total of 12 sample units of
24 hr for each station-year. Systematic sampling was used with a month
selected at random from the firstquarter-year andevery third month of the
year was used thereafter. Thus, three systematic samples of four months
each were selected.

Figure 14 shows graphical comparisons of estimated and actual annual
traffic volumes for the 12 24-hr counts at each station. Figure 14 also
shows thatan errorexceeding 40 percent is possible if only one 24~hr count
isused forestimating annual commercial traffic volume. The mean of each
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distribution, shown in Figure 14, represents the error resulting at the par-
ticular station when a sample of several 24-hr counts is used to obtain a
best estimate of annual commercial traffic volumes. Figure 15 shows the
distribution of best estimates for the 14 station-years. It is encouraging
to note thatthe error froma best estimate of annual volume never exceeds
4 percent. This indicates that the expansion factors developed in this re-
port can be used with confidence at any location.
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Figure 15. Distribution of weigh Figure 16. Distribution of
station averages summarized from standard deviations of 12 24-
Figure 14. Based on 14 weigh sta- hr samples for each of 14 sta-
tions each having 12 24-hr time tions, summarized from Fig-
periods (3 each quarter. ure 14.

Figure 16 shows adistribution of standard deviations for the 14 station-
years shown in Figure 14, The average standard deviation for the 14 sta-
tion-years is about 10. Therefore, to have an average estimate of annual
commercial traffic volume which was within 10 percent of the best estimate
95 percent of the time, a sample of four 24-hr counts should be taken, one
each quarter. The greatest standard deviation for any of the stations was
17.4. Thus, to insure that an estimate of annual volume ig within 10 per-
cent of the best estimate in 95 percent of all cases, a sample of 12 24~-hr
counts must be taken. To insure that results will be within 15 percent of
the best estimate in 95 percent of all cases, a sample of five 24-hr counts
should be taken.
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Expansion Factors

Table 3 lists expansion factors developed for basic sample units of 9,
12, and 24 hours. When each factor is multiplied by a commercial vehicle
count for the appropriate time period, an estimate of average weekly vol-
ume is given. Multiplying the weekly volume by 52.2 gives an estimated
annual volume. For example, if a 24~hr commercial vehicle count were
taken on a Tuesday the expansion factor would be 5.582. If the count were
100, the estimated weekly commercial traffic volume would be 5.582 x 100
= 558, 2; the estimated annual volume would be 558.2 x 52.2 = 29,138,

TABLE 3
FACTORS FOR EXPANDING COMMERCIAL VEHICLE
SAMPLE COUNTS TO WEEKLY VOLUMES*

Day of Survey

Sampie Time Period

Sun. | Mon. | Tues. | Wed. | Thus. | Fri. | Sat.
Midnight to noon 67.402  12.845 10.600  10.401. 10.406 10.646  18.678
Noon to midnight 39.420 12.487 11.965 11769 11.788 13.04¢  31.283
Midnight to midnight ~ 26.543  6.220  5.582  5.483  5.490  5.815  11.648
5 a.m. to 8 p.m. 71.599 14256 13.346  13.135 13.191 13.835  33.240

1 A sample commercial vehicle count for any of the listed time periods may be used to
estimate weekly volume by multiplying by the appropriate factor in the table. Multiply
weekly volume by 52.2 to estimate annual volume.

Discussion

Figure 17 shows how commercial volume fluctuated over the months
at six locations in Michigan. Because of the monthly fluctuations, it is
likely that asizeable errorwould result from a random sample of one 24-hr
count that would be expanded with the factors given in Table 3. A probable
reason for this month-to-month fluctuation is that activity in many indus-
tries is seasonal. Therefore, rather thansimple random sampling, a stra-
tified or systematic sampling plan should be used for estimating commer-
cialtraffic volume. As used inthis report, stratification ot 24-hr samples
was by quarters of the year. A month was selected at random from the
first quarter of a year and used in the sample together with every third
month thereafter throughout the year. Therefore, stratification was as-
sured through use of a systematic sampling plan. Stratified random sam-
pling might instead be used where a month within each quarter was selected
at random and then a day selected at random from the month.
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Figure 17. Distribution of commercial traffic
volumes by months.
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Differences between estimated and actual annual commercial traffic
volumes forthe 42 station-yearsused inthe 24-hr sample study are plotted
in Figurc 18 for eachquarter. There is noobvious bias when all 42 stations
are considered together. However, Table 4, a listing of errors in esti-
mates for each station, shows some stations tobe very biasedduring certain
quarters. This is a strong indication that seasonally stratified sampling
should be used.

In summary, it appears that for most precision, 24-hr sample units
should be used and sampling should be stratified by quarters to allow for
seasonal variation. Average standard deviation values for the distribution
of individual 24-hr sampling units is about 10 percent and the greatest stand-
ard deviation for any other distribution of sampling units at any one gtation
is 17.4 percent. Figure 19 was developed from the preceding parameters
and may be used for determining the number of 24-hr sampling units re-
quired for any given precision of estimate.
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TABLE 4
PERCENT DIFFERENCES BETWEEN ESTIMATED AND ACTUAL
TOTAL YEAR COMMERCIAL VEHICLE VOLUMES

(24-hr Count; Assorted months, days)

Weigh Quarter in Which Volume Estimate Sample was Taken Station?
Station 1st Quartert| 2nd Quarter | 3rd Quarter | 4th Quarter | Average
Average Average Average Average

b 20. 33 0. 00 1.84 -18.53 0. 90
8 - 2.66 - 1.97 - 3.09 4.09 -0.91
12 -15.70 - 1.08 6.50 0.11 -2.54
16 - 1.01 - 4,51 5.99 ~17.94 ~-3.62
18 - 9.80 4.98 17.40 - 6.87 1.43
22 - 5,81 - 4.09 o= 2.11 5.62 -1.59
31 - 1.74 4.91 - 6.11 4.44 0. 38
39 - 3.07 - 1.21 13.13 3.39 3.086
42 - 0.53 16.65 3.83 -24., 00 -1.01
47 - 5.55 22.65 4,03 8.54 3.64
55 - 3.01 5.31 0.01 5,28 1.92
59 - 3.07 5.64 2.18 5,08 2.45
71 -10.40 3.91 - 6.16 1.87 -2.69
75 - 1.87 4.90 - 0.76 5.91 2,05
Averages X - 3.13 4.01 2.62 - 1.64 0.25
o) 8,01 7.63 6.71 10.72 2.32

1 Each quarterly entry represents the mean of 3 24-hr samples taken during

the quarter.

2 FEach "'station average' based on average of 12 (3 each quarter) 24-hr time

periods.
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PHASE II
VEHICLE AXLE WEIGHTS

Purpose

This phase of the project was concerned with investigating axle weights
for the various types of commercial vehicles traveling over Michigan high-
ways. Average axle load values and variations in these values were inves-
tigated to develop a sampling plan providing desired confidence limits and
necessary sample sizes for estimating axle weight characteristics of vehi-
cles traveling any given trunkline.

Research Procedure

Commercial vehicles were weighed, by individual axles or tandem axle
groups, at eight different permanent weigh stations (Fig. 1). This axle
weight survey, spanning several months in 1965, was carried ouf using a
sampling plan designed to insure that meaningful quantities of each type
commercial vehicle were weighed where 100 percent vehicle weighing was
impractical. Several 6-hr sample surveys were taken at each location and

_were scheduled to provide coverage for theentire 24 hr of a day. The num-
ber of surveys varied, with a maximum of 13 6-hr surveys being taken at
any one station.

Analysis of Data

Keeping vehicles separate by weigh stat i a, each axle or tandem group
was analyzed and mean average weights 2 .d variances were calculated.
This provided an indication of thesample ii:e required to obtain an accept-
able estimate of average axle weights fo* each type of vehicle. However,
these parameters apply only tothe particalarlocation from which they were
developed. Next, data from all weigh stations were analyzed to determine
between-station variations inaxle weights. If the between-station variation
in axle weights were small enough, it should not be unreasonable to assume
that the mean axle weight for all stations could provide a good estimate of
axle weights at any location throughout the State.

Results

Table 5 lists mean axle weights for each type of commercial vehicle.
Since data from all weigh stations were pooled, two ways were considered
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for calculating all-station mean axle weights:

2_X.
=1

1 X =
L,
5 ¥ = J=1
(2) S
where: = all-station mean axle weight

individual axle weight of i-th vehicle
total number of axles weighed of the vehicle type considered
= mean axle weight, at j-th station of the vehicle type considered
= number of stations being considered.

X
X{
N
X
s

Ifthe objective were toestimate aStatewide mean weight of a particular
axle on agiven type of truck, Eq. (1) would be applicable. However, since
the objective of this study is to obtain a best estimate of the mean weight
of a particular axle on a given type of truck at any location throughout the
State, Eq. (2) is more applicable. Equation (1) would weight the values too
heavily in favor of the high-volume situations which were surveyed in this
study.

‘Table 5 also lists both within-station and between-station variances.
The within-station variance, showing how axle weight values vary about
each station mean, provides anindication of the number of 6-hr weight sur-
veys required to reduce estimated error to a desired level at any location.
Since the variance of sample means (standard error of estimate) is an in-

. O 1
verse function of the square root of the sample size (i.e., O'}_{ = —-J;— ), within-

station accuracy may be increased by taking a larger number of surveys.

Between-station variances indicate the possible error resulting from
pooling data from all the weigh stations to provide an estimate of the grand
mean. There appears to be no reason fornot assuming stochastic indepen-
dence. Therefore, for estimating axle loads at any location, total variance
can be calculated by adding within-station and between-station variances.

Summary

Table 5 provides average axle weights for various types of commer-
cial vehicles traveling Michigan trunklines. Because of the small variances
for most vehicles, values in Table 5 may be used for estimating axle weights
of commercial vehicles. TFurther, since the variance of axle weights is
small for each type of vehicle, annual truck weight study data may be used
for estimating axle weights.
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TABLE 5

COMMERCIAL VEHICLE AVERAGE AXLE WEIGHT DATA
Parenthisized Values are Standard Deviations

Semi-Trailer Axles)

Trailer Axles

vehicle Type Steering Axle Drive Axle{s) n 2 3 I 5
Mean Axle Weight Mean Axle Weight Mean Axle Weight Mean Axle Weight Mean Axle Weight Mean Axle Weight Mean Axle Weight E’I:::;l_
Standard Lah Mean Equiv. Within- | Between-| Mean | Equiv, Within- | Between- | Mean | Equiv. within- | Between-| Mean | Equiv. Within- | Between-| Mean Equiv. | within- | Between-| Mean Equiv. | within- | Petween-| Mean Equiv.. Within- | Between— | 13-Kip
Code Code Welght, | 18-Kip | station | Statlon | Weight,| 18-Kip | Station | Station | Weight,| 18-Kip | Station | Station | Weight,| 18-Kip | station | Station | Weight,] 18-Kip | Station | Station | Weight, | 18-Kip | gasion | station welght, | 18-Kip | giation | Station | Singles
kipg Singlea * fyariance, Variance,| kips Singles * |Variance, |Variance, kips | Singles*|yariance,|Variance,| kips Singles * variance, |Variance,| kips Singlea* { Variance, | Variance, kips Singles*vm.iﬂncel. Variance, kipa Singles* Variance, {Variance,
kips kips kips kips kips kips kips kips kips kips kips kips kips kips
(2-2) 5.06 0,01 {g:g;) (g: 2:) 8.98 0.06 (g::;) (g:gg) 0.08
1
] @-3 764 0.03 (3::.?3) (i ;‘15) ](.'IB';.]'SI:‘?‘) 0.16 (; 31) (: ;:; 0.1%
(3-3) 6.61 0.02 (g:g:) (g:?r:} 11,84 0,17 (3:22) :g; 11.06 0.14 (3:22) ;:;2) 0.32
(.3'4) 774 0.03 (g: gg} (i ;:) ?gags) 0.38 (i :1;:) ’(f;..:fﬁl) 14.09 0.35 {g: 3‘;) ::65;) 0. 76
I L P O O LR X By R R S I -
ﬁ-o——';—u; {3-4) 7.55 0.03 (g:gg) (g:gg) 13.09 0.27 (g::;} (i:gg} n.21 ¢.14 {g::g) (i.i:) 11.38 0.15 {E:;g) (i:;‘;) 0.58
ﬁuﬂ—‘—;; @-5) 8.91  0.05 (g: ll)g) (g:gﬁ) ?'12';1:.71 0.34 (g:g'gn (gjg) 1181 0-17 (gﬁii (g gg) 12.03 0.18 (g: i:) (?::g) 8. 74
@35 8.71 0.05 (3: gi) (g:gs) :’?ﬁf) .21 (g: 332) (i.':g) ?’gagzy o.24 (g: gg) (2:3'2” 0.49
3-9) 559 0.08 (g:gg) (g:’?’;) 15.03 0.48 (f ig) (g f)r:) is.02 0.26 (zs.-:?] (i ig) ?12':;?) 0.37 ::?..24; (g e;:) L.18
e X - A ML S e
{3-5) 8. B0 0,05 (g:gg} (i ;g) 14, 81 0.44 ; ﬁg] {f ,1,:1” 11.21 0.14 (f ;:) ?54.‘32:) f;nzs) 0.41 (g:::} ?:,f:) 1. 05
(3-5) 8.95 0.08 (g:gg) {g:g;) 15.98 0.60 (i:gi) (gjgg) 3§;i?) 0.74 é:?;} ;;';% 13.80 0, 32 (i:::} 5:?3) 1.71
35 8.68 ¢. 05 {g: ?Z) {; 33] 14. 43 0.46 (g gf; (i :;) 10.71 0.12 ff.'é);} ?35.:77; 12.23 0.20 (31 ii} (:: gg) 12.08 0.19 ::?..2326) (g: gi) 1.0z
(3-6) 9,81 0. 08 (3j§§) (i:;:) ??;:?) 0.57 (3:53) ?:?£; 11.38 0.15 {1133) 2;:;& 11.75 0.17 é:gi) (g:gz) 11.80 0,17 (2:3;) ;:i;} 1.13
R o T o S S TR ORI B o A~ VR L
;3_6’ 9. 90 0. 08 (g: gg} (i 32) ?"Jf:ags) 0.53 {g: é:) ;f.'zoetl) ?iég?) 0.41 (3: i;) f:..saf) 14.65 0-42 (g: 23) (g: gg) L-4d
I T s A A AL S A S
I T e i oS 1L S o v O L A
@1 10.50 0.1 (g: g(ﬁ)] (3 gg) ?;;a:o]?) 0. 44 (g: gg) (g: gg) ?(g;g:.) 3.9 (f::i) (g: gg) 448
eag-m w03 o Gl e M g gony T 0T R 00 ey LW e ol
{4-5) 7.40 0.02 (g: :3, (g: ;2} 12.61 0.23 {z :g) (; g;) i1.59 0.16 (‘21:&1":) g;,f} 11.64 0.18 (25";5) g.';;) 11,20 0,14 (;'3554) :;é;) 0.71
) {4-6) 8.30 0.04 “‘::fgl (g:;g) 14. 686 0.43 {i‘ig) (g::g) ?f:,qil) 0.48 {g:jg) (;?g) 13.40 0.28 (11.':?51) (11.‘2543} 13.45 0.30 (12.":’10) {;:;:) 1.52

* Based on AASHO Road Test eguivalenee factors for 8-in. rigid pavement with terminal serviceability index of 2.6
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TABLE 5 (cont.)
COMMERCIAL VEHICLE AVERAGE AXLE WEIGHT DATA

Parenthisized Values are Standard Deviations

Steering Axle

Drive Axle(s}

Semi-Trailer Axle{s)

Trailer Axles

Vehicle Type 3 2
Total
Mean Axle Weight Mean Axie Weight Mean Axle Weight Mean Axle Weight Mean Axle Weight Mean Axle Weight Mean Axle Weight Equiv.
Standard Lab Mean | Equiv. | within- | Between-| Mean | EQUIv. | iithin- | Between-| Mean ; [Equiv. Between-] Mean Retween_| Mean Within- | Detween- | Mean | Equiv. | e dpopeen-| Mean | Equive o T twoen- | 18-KiP
Cade Code Weight, ! 18-Kip | station | Station | Weight,| 18-IGp [ gtation | Siation | Weight,§ 18-Kip Station | Weight, Station | Welght, Station | Station | Weight,| 18-Kip | g . o Station | WeiEht | 18-Kip | grarion | Station | Singles
kips | Singles*® [yariance, [Variance,] KP9 | Singles® | v, riance, | variance,| kibs  Singles* Variance, XiPS Variance,} P9 variance, |Variance, | kips | Singles*| variance, [Variance,}] kips | Singles*|variance, {variance,
kips kips kips kips kips kips kips kips kips kips kipa kips
@@F&_‘"Wg;%f {4-6) 9.16  0.06 (g: g‘l’) {g: ;?” 14.22 0,37 (f gg) t: ;'z) 13.09 0.27 (; Zg) 13.36 (; g;) 13.17  0.28 (f.'::) (28.'::?) 1780 0.25 (13.‘:;3] (39'_';;) 1.51
%@m@ﬁﬁﬁ%ﬂ {4-6) 8,00 0.03 (g: gg) 3 22) ?11,1:0) 0.29 (g: gg) (g:‘;’g) 17.00 0.80 (g: gg) 16.00  0.60 ((?"(?(f} (f":)lo} 16.50 0.70 (;).'gg) (3-',?10) 2,42
Fho—mo—s &0 0% o gB ey O (lee a0 .o v A L R i
@-n 9.27 0. 06 (g: ;:5]) (g: ;2) 13.66 0.42 (:1! :3) (;:[s]g; ?ia.ia) 0.35 ?53.'87]?) 12.62 0.23 (13..;1?) (:?..01:) i’?;ﬁ.g) 0.15 (:..41'?) ?58.':?28) i-10
-7 10,38 0.10 (g: gi) (g: g?) 14,28 0.38 (g:gi) (’;:g:) 13.65 0.32 :j.';az) 13.53 (g:;;) 13.24  0.28 (25..22;) (;.'fg) ?,fjais) 0.39 ?z‘;f) ?57_'2111} 1.77
A sac oor 0T M e O ey an 1047 on PR o 044000 T e LR 030 GO G o
@o o war 00 CR . MO e U aam ey (12,52 s 0B hn mmy "9 gaey oo Y
o weso o gl O0 s om0 ol SN e BT e M2 s Gy O o B2
{4-8) 12,50 0.22 (g: gg) (g: ?2} ?;320) 0.79 (g: gg) ?32:‘?) f‘f‘;—?l:?]e) 2.18 ?::gg) 16.50  0.70 {;)-.300) (:"15;) 16. 00 0. 60 (é’_'gg) (28.';]30) 4,49
I R RO TR S S0 "M oo oom o " o ooy &
-9 1.75 0. 03 ((3): i:) (g: ig) J(lfr'rz,xiﬁ) 0-11 (g: ii) ‘(1:..71:) :'1‘13;5; 0. 04 ?:.-4151 (1'11‘a;5) 0. 03 (';)--4162) :(341-:(?;} gais) 0.0z (;-‘41:) ?53-.;3} 0.24
@-9) 10.00 0. 08 (; gg) (g: gg) 18.00 100 (g: ggy (g: gg) ?'g;—f:le) 3.28 (g: gg) ??;;7) 0.59 €;-‘3121) (C?-(;Jl;]) ‘?Ts‘ﬂfl‘r) 0.59 (;-.31;} (i?-.f?g) 5.53
o wes oan g BELRI er gl e e 28 PP s % @lo  gan ey %% aie  mae 08
@A amonozs gl RTINS 0 o iele 24 [ e eas o 2 e ST mon  foam T
@i e ear S0 R M M gan e e O 119 Moy O arn  on (e O e een L4
e am ex S M mT g dem e s, . Mo T W ww ey P mon e
R R R S SN A W S S ot M T G ey e M G e 65
-4) 3.50  0.00 (g: 3;, (g: :;;) 5.80  0.00 (3: 2‘;) (g: 23) (;;fl:?) 0.01 (12.'5463) (24.-(?26) 0. 02
(5-4) 9.50  0.07 (g: gg) (g: 22) 1700 0,80 (g: gg) &: 2?) 12,50 0,22 ((?_‘g;)) {,?",‘.5‘,;]} 12,50 0,22 (5).'33) .(7‘5_-,?; L3l
T n ow G Em owm e 05 EE
(5-6) 10.00 0,08 {g: gg) (g: gg) ?19;2?) 0.21 (g: gg) (‘12 22} .00 0.13 ((?_‘;'(% ::"f;]) (1;;2?) 0.07 (00.'{?(?} ?ff"ff) 0. 49
v me ew 48 EEmE .. e B e 0B nm e em 0B EE L.
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PHASE III
DISTRIBUTION OF COMMERCIAL VEHICLE TYPES

Purpose

This phase of the projectinvolved developing a plan for estimating the
distribution oftypes of commercial vehicles traveling over Michigan road-
ways. Sampling plans were tobe developed which would be effective on any
highway and would provide an estimate of the average proportion of the total
commercial traffic stream for each type of commercial vehicle.

Method of Investigation

It was decided to investigate the possibility that vehicle type distribu-
tions mightbe similar for different roads located in areas having the same
types of industry, such as urban industrial or rural agricultural. If this
were the case, surveys taken at one location might be used as an indicator
of vehicle types at other locations in similar areas.

In surveying for this invegtigation, cluster sampling was used with
clusters consisting of all commercial vehicles passing a given point dur-
ing a specific time period, usually eight continuous hours. Repeated sam-
ples were taken at 22 locations throughout the State over a period of two
vears (Table 6 and Fig. 20y; 11 of these sites were permanent weigh sta-
tions. In selectingsurvey locations, attention was given to selecting roads
with differenttraffic characteristics, e.g., Interstate in heavily industrial
locations, two-lane roadway in agricultural areas, etc.

Results

TFFigure 21 shows how the proportionof the more common vehicle types
varies throughout a 24-hr day. As expected, variations during a day are
sizeable. Note also how, for identical time periods, proportions of vehi-
cle types vary between stations.

Attempts were made to group similar traffic distribution patterns and
then to investigate causes of similarity. TFigure 22 shows distributions
grouped into three peneral patterns based on proportions for averages of an
entire 24-hr day. Type 2-1 vehicles (two-axle with single rear wheels)
were deleted from the distributions since their structural effect on a pave-
ment does notdiffer a great deal from that of automobiles. Class I consists
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of main trunklines connecting Detroit with the outstate industrial cities of
Chicago and Toledo. Class II consists of trunklines connecting industrial
cities within Michigan. Finally, Class III consists of trunklines not clearly
falling into the preceding two classes. It appears that the majority of the
pavements in Michigan fall into Class III which has the greatest between-
station variationfor similar vehicle types. Therefore, it does not appear
feasible touse data from one location to estimate vehicle type distributions
for another location. Thus, forthe majority of Michigan highways, samples
should be taken at any location where it is desired to determine propor-
tions of commercial vehicle types in the traffic stream. Further, because
of the drastie change inthe make-up of the traffic throughout a day (Fig. 21),
sampling units which include all 24 hr of a day should be taken.

Development of Sampling Plan

Data from all the surveys were grouped into 6-hr clusters and were
analyzed todetermine, amongother things, the between-day consistency of
vehicle types on each road. TFigure 23 is a small segment of the computer
printout of the analysis of vehicle types for survey station No. 1, the Fow-
lerville scales, for the hours of midnight to 6 a. m. and 6 a.m. to noon.
The between-survey days' standarddeviations and coefficients of variation
proved to he different for each vehicle type for each time period, and for
similar vehicle types and time periods but at different stations. Therefore,
it would be impossible todesign asampling plan which would provide a uni-
form degree of accuracy of estimate for each vehicle type. Further, it
* would be impractical to base a sampling plan on obtaining a desired dégree
of accuracy for the vehicle-hour-station combination with the highest coef-
ficient of variation because highest coefficients of variation occur where
vehicle counts are lowest. TFor example, a sampling plan based upon data
in IFigure 23 for station No, 1, for hours midnight to 6 a. m. and vehicle
type 3-8, would be based upon a coefficient of variation of 346.4. However,
because of the small number of type 3-8 vehicles on the highways, an error
in estimating this type unit wouldn't greatly affect overall accuracy of the
total vehicle number.

The most pragmatic approach was considered to be one in which the
vehicles havingthe greatest effect on the structural integrity of a pavement
were consideredof critical importance. Relative effect on a pavement was
estimated using the AASHO Road Test method of converting axle loads to
equivalent 18-kip single axles. Three types of vehicles were determined
to be critical, i.e., having the greatest number of equivalent 18-kip single
axles per 100 commercial vehicles. ’

Table 7 is a tabulation of data for the three critical vehicle types.
There is no clean, textbook method for developing a broadly applicable
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® @ ©¢ @ © O @ ¢ ¢ ¢ ¢ © ¢ 2 @ @ @ © © © ¢ @ @ @

TRUCK STATIDN o MEAN PERCENT STANDARD CDEFFICIENT ®
TYPE NUMBER URS OF TOTAL VEHICLES DEVIATION OF VARIATION
e
2-1 1 1218 18.88 3.6489 19.3293
2-2 L 1218 17.73 3.1441 17.7365
2-3 L 1218 1.88 0.7643 40,6197 &
2~4 1 1218 0,00 0.0000 0.0000
3-3 1 1218 14 .85 4,6535 31,3284
3-4 1 1218 19.91 1.7894 8,9898 @
3-5 1 1218 13.43 1.7003 12.6638
3-6 L 1218 G.68 0.3844 56,4328
3T L 1218 G.00 0.0000 0.G000 @
3-8 1 1218 0,01 0.0431 46,4102
4&-5 1 1218 0.66 0.4207 63,3587
=6 1 1218 2.68 1.2954 48,3534 &
4=1 1 1218 2.31 0.840% 36.3546
4-8 1 1218 0.99 0.4003 4043487
4-9 1 1218 0.71 0.5274 T4. 7724 @
4-10 L 1218 0.75 0.6420 85.6938
4-11 1 1218 1.04 G.4878 46,8511
4-12 1 1218 0.17 0.2503 151.2895 @
4-13 1 1218 0.00 0.0000 '0,0000
5-4 1 1218 0.85 0.5914 69.2504
5-5 1 1218 0.65 0. 7314 113.1264 )
5-6 1 1218 D15 0.2853 193.9287
5-7 31 1218 0.18 0.2954 160.9037
5-8 1 1218 0.18 0.2T02 - 153.8479 ]
5~-9 1 1218 0.00 0.0000 0.0000 .
6-2 1 1218 0.87 0.3474 39,7058
6-3 1 1218 0.1 0.1780 $3.3610 ®
b—4 1 1218 0.25 0.3644 144,503 .
2-5 1 1218 0.00 0.0000 0.0000 P
2-1 h 1824 14.11 2.2977 16.2864 :
2-2 1 1824 11.48 3.2641 28,4273 e
2-3 1 1824 2.06 0.6381 30.9384
2—4 1 1824 0.00 0.0000 0.0000
3-3 1 1824 11.43 3.8928 34,0708 e
34 1 1824 31.94 3.5541 11.3274
3-5 1 1824 19.74 3.6305 18.3883
3-6 1 1824 0.98 0.6226 63,4299 &
3-7 1 1824 0.00 0.0000 0.0000
3-8 1 1824 0.00 0.0000 0. 0000
4-5 1 1824 0.99 0.8952 90,5665 @
4—6 1 1824 0,95 0.793L 83,5649
4-7 1 1824 1.91 0.7405 39,7216
4—8 1 1824 0.63 0.9180 144 .9170 e
49 1 1824 0.21 0.3597 168,0180
4-10 L 1824 0.55 0.6191 111. 7749
4-1% 1 1824 0.95 0.8006 83.8406 ®
4-12 1 1824 0.19 0.2628 139.922%
4-13 1 1824 0.00 0.0000 0.0000
5—4 L 1824 0.50 0.6046 20,1422 " ®
5-5 1 1824 0.06 0.1231 200.104L
5-6 1 1824 0.04 0.1199 300.0000
5-7 1 1824 0.07 0.2058 300.0000 e
5-8 1 1824 0.15 0.3554 233.7344
5-9 1 1824 0.00 0.0000 0.0000
62 1 1824 0.95 0.4657 48.8719 e
6-3 1 1824 0,03 0.0821 300.0000
6-4 1 1824 0.06 0.1092 1968.4345
2-5 1 1824 0.00 0.0000 0,0000 @
L]
@

Figure 23. Segmentof computer printout of vehicle type analysis for the Fow-
lerville scales (midnight to 6:00 a. m. and 6:00 a. m. to noon).
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sampling plan. One reasonable method might entail using the average stand-
ard deviation as a criterion for a sampling plan. Table 8, a compilation
of across-station average of standard deviations of C.V.s, shows that the
use of a grand average standard deviation might be considered reasonable
since the individual values are grouped rather closely.

TABLE 8 )
COMPILATION OF BETWEEN-STATION STANDARD DEVIATION
- AND COEFFICIENTS OF VARIATION FOR CRITICAL VEHICLES

Vehicle Type

Time Period 3-3 3-4 3-5
g | c.v.> g C.V. c | cv.

Midnight to 6 a. m. 2.24 26.06 5.90 14.17 6. 09 24.20
6 a.m. to noon 2.21 19.35 2.62 11.19 2.87 18.56
9 a.m. to 3 p.m. 2.19 21.29 1.93 9.33 1.61 10.49
Noon to 6 p. m. 2,78 24,55 2.25 13.19 2.48 21.10
6 p. m. to midnight 3.14 27.38 4,80 14.34 4.75 21.75
X;= Z—;j- 2.51  23.72  3.50  12.44 3.56  19.22
Grand _ _;i
Mean 3
g =3. 19({mean standard deviation for 3 critical vehicle types, all time

periods, and all stations)
C.V. = 18.46{mean C. V. for 3 critical vehicle types, all time pericds,
and all stations)

t 0 = standard deviation
2 C.V. or Coefficient of Variation equals ( (Jx 100) <+ mean average.

For example, if it is desired thatthe proportion of critical vehicles be
estimated within 2 percent, the required minimum sample size, n, based
upon average standard deviation, could be determine as follows:

(3‘
n= —
Ox

If we want 95 percent confidence that our estimate will be within 2 per-
cent of the best estimate of the true proportion, then 2 Oz = 2, and Oz = 1.

(319 2
L)

R

10

4=



wheren = number of 24-hr sampling clusters. As stated earlier, each sam-
pling cluster should consist of all vehicles surveyed during a 24-hr pericd.

Qn
!

= pverall mean standard deviation = 3. 19 {See Table 8)

O'}—( = desired standard error.

f

Figure 24 graphically shows the preceding mathematical relationship
between average precision of estimate for distribution of vehicle types and
the number of 24-hr sampling units, Therefore, Figure 24 can be used to
estimate the number of 24-hr sampling units to attain a desired precision.

5

95 %, CONFIDENCE

2 %\

90 ¥, CONFIDENCE

* procision in pereent i8 of the same order ag the proportion
o of vehicles determined in the survey. That is, when propor-
tions of critical vehicles are egtimated, the precigion values
are merely added or subtracted to get confidence fimits.

AVERAGE PRECISION OF ESTIMATE IN PERCENT ¥
FOR THREE CRITICAL VEHICLE TYPES

ol 1 | I 1
o 2z 4 & 8 0 i2

NUMBER OF 24-HOUR SAMPLING UNITS

Figure 24. Relationship between average pre-
cision of estima te of distribution of vehicle types
and number of 24-hr sampling units.

The preceding sampling plan would provide assurance that, for several
locations, the average error for any of the three critical vehicle types and
for any locationwould be at a desired level. However, some vehicle types
at certainlocations would have larger errors and others would be smaller.

Sample size could alsobe determined with the preceding mathematical
model by using the largest standard deviation. for any critical vehicle type.
This would insure that no critical vehicle type at any location would have an
error larger than desired. If the accuracy of estimate were of extreme
importance, at some particular location, this latter approach mightbe used,
but it would involve considerably larger sample sizes.
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Abbreviated S8amples

Since vehicle classification sample surveys are more easily taken dur-
ing the conventional work day, the feasibility of using estimators derived
from clusters, each of which was taken continuously during the hours of 9
a.m. to 3 p. m. was investigated. Table 9 gives a comparison of average
daily (24 hr) vehicle proportions and surveys observed from 9 a.m. to 3
p. m.

Averages observed from 9 a. m. to 3 p. m. {6 hr) compared quite closely
with 24-hr averages. For all 22 sample stations, the average difference
(avg 24-hr minus 9 a. m. to 3 p. m. avg) for the critical vehicles (3-3, 3-4,
and 3-5) was 0.8 with a standard deviationof 1.5. Therefore, 24~hr aver-
age classifications mightbe estimated using data available only from 9 a. m,
to3 p. m. surveys. This wouldbe recommendedonly in cases where 24-hr
data were not available since there is no way to determine if the close re-
lationshipbetween 24-hr and 9 a. m. to 3 p. m. vehicle classification aver-
ages might change.
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TABLE 9 (Cont.)
VEHICLE TYPE DISTRIBUTION AS PROPORTION OF AVERAGE DAILY VOLUME

(percent)
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TABLE 9 (Cont. )
VEHICLE TYPE DISTRIBUTION AS PROPORTION OF AVERAGE DAILY VOLUME

(percent)
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SUMMARY

Example

For any highway location, commercial traffic axle load frequencies can
be estimated with known precisionbyusing methods described inthis report.
For example, suppose it is desired to estimate the characteristics of com-
mercial vehicle traffic on US 127 near the town of Leslie. We want 90 per-
cent confidence that annual volumes are estimated with a precision of 10
percent. Using Figure 19, for average precision of 10 percent, three 24-
hr sampling units are required.

Figure 24 shows that for estimating distribution of commercial vehicle
types, three 24-hr sample units give about 3 percent precision with 90 per-
cent confidence. We willuse annual loadometer results for estimating axle
loadings for each type of vehicle.

Since three samples will be taken, we will divide the year into thirds
(four-month periods) and take one 24-hr sample survey randomly (excluding
weekends and holidays) from each four-month period. Let us assume that
our random sample gives the following days and the surveys on those days
give the 24~hr commercial volumes: January 14 (500), July 6 (625}, and
October 20 (580). Suppose January 14 is on Thursday, July 6 is onTues™-
day, and October 20 is on Wednesday: from Table 3, we compute weekly
volumes by multiplying 500 by 5, 490; 625 by 5,582; and 580 by 5,483. Each
product is then multipliedby 52. 2 to give estimates of annual volumes, and
the meanaverage of the three final products gives apooled estimate of total
annual commercial volume; in this case it is 163, 800.

During the survey, vehicle classification counts were also made. For
conciseness in this example we will lookonly at vehicle type 3~4 and assume
the proportions of that type vehicle were 25.2, 19.7, and 22.3. The mean
average proportion of those three values is 22.4. Multiplyingthe estimated
annual commercial volume, 163,800 by 0. 224 gives us 36, 690; the estimated
number of type 3-4 vehicles traveling over the roadway in gquestion.

Axle load configurations can then be taken from Annual Truck Weight
and Characteristics Study reports. Axle load values can be converted to
18-kip single axle equivalents using the AASHO factors 2, 3.

51~




Conclusions

1) The problem of determining commercial vehicle loadings on any
given highway canlogically be separated into three phases: I. Estimates of
traffic volume. 1. Estimates ofthe distribution of vehicle types. III. Re-
lation of axle loads to vehicle types.

2} Because of the congistency of axle loads for each vehicle type, Phase
III can be resolved by using annual loadometer data. Within-station and
between-station variances are different for each truck type and are listed
in Table 5.

3) Because of large seasonal variations, samples should be taken at
intervals spaced throughout a year to estimate annual commercial volumes.
Expansion factors for using 9, 12, and 24~hr sampling units are listed in
Table 3.

4) Sampling for both commercial vehicle volumes and their types can
be carried out simultaneously by a surveyor. Figures 19 and 24 can be
used for estimating the number of 24-hr sampling units required to givea
desired precigion. :

5) Samples for both commercial vehicle volumes and types requires
samplingunits coveringall 24 hr of a day, although surveys of vehicle types
taken between the hours of 9 a. m. to 3 p. m. might be used at greater and
unpredictable risk.
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APPENDIX

g Statistics

e

Details of statistical computations are not included since conventional
techniques have been used. However, for those with no statistical back-
ground, common statistical terms used in this report are defined below.

)

o  Standard Deviation ( Oy or Sy) of a set of N numbers X;, Xg, Xg. - « Xy
i::_"1
|56
N
where Oy = -
X N-|

N

2 X,
_ — b
] X = =l
b N

For normal distributions:

(a) 68.27 percent of the data are between x - O, and X + Uy
(b) 95.45 percent of the data are between x - 20, and X +2 O,
(c) 99.73 percent of the data are between X - 30, and X +30,

Sampling Distribution of Mean

Let all possible samples of size n be drawn without replacement from
a population of size N. Compute the mean of each sample and consider the
distribution of such means. Then the mean (x) of the sampling distribution
will equal the population mean (X and the standard deviation (sometimes
called standard error) Oy will be

/n N

where n is small compared to N, the standard error can be simplified to

Og =

~53~




Further, for almost any type of population distribution, when n is large
{(n 2 30) the sampling distribution of means is approximately normal (pro-
vided that the population mean and variance are finite and the population
size is at least twice that of the sample).

Methods of Sample Selection

Simple Random Sampling (srs) - The fundamental method of sampling
whereby each unit in the population has an equal chance of being selected.
A common method used for srs is to assign a number to each unit and then
use a table of random numbers for making selections.

If selected units are not returned to the population and thus have no
chance of againbeing selected, sampling is said to be without replacement.
If selected units are returned to the population after selection and thus have
a chance of being selected again, sampling is said to be with replacement.

Sampling of Clusters - Withsimple random sampling, eachitem in the
population is selected at random. However, srs would be virtually impos-
sible in certain cases such as the commercial vehicle surveys discussed
inthis report. Therefore, clusters of vehicles were selected with the clus~
ter size being dependent upon the number of commercial vehicles passing
a point during a given time. Cluster sampling is very efficient under cer-
tain conditions but data must be treated differently than for srs.

Stratified Random Sampling - If a population is very heterogeneous but
can be divided intohomogeneous parts (strata), itis more efficient to sam-
ple at random from within each stratum then to-sample at random from the
entire population. Such abasic method is known as stratified random sam-
pling.

Systematic Random Sampling - If units in a population are numbered
insome order, one unit can be selected fromthe first k'units and then every
k-thunit thereafter is selected. Thus, selection of the first unit atuomatic-
ally selects an entire cluster of units (every k-th one). Further, the sam-
ple is automatically stratified into k units per stratum. This is known as
svstematic random sampling.

Coefficient of Variation (C.V.)

Indicates the precision of an estimator of the mean and is
Ox
- X
It is usually multiplied by 100 and expressed as a percentage.

c.v =
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