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ESTI~~TING TRAFFIC LOADS ON TEST PAVEMENTS IN MISSOURI 

The Missouri State Highway Department is currently engaged 

in a research project entitled "The Missouri Highway Satellite 

Test Sections Study." This program includes the construction 

of various highway test locations throughout the state. These 

test locations will be observed closely throughout their test 

life and attempts will be made to correlate pavement deteriora-

tion to several variables. 

This report has to do with the establishment of a procedure 

for estimating for each test location, the value of certain 

load variables throughout the testing period. The load vari­

ables to be estimated for each test location include the following: 

~L = the accumulated number Of equivalent lB,OOO-lb. 

single axle loads from the time of construction 

to the date of observation. 

ADl ~ ~L/365Y = average daily equivalent axle loads to 

date~ where Y is equal to the years of service. 

2AE = the accumulated number of two-axle equivalents, 

or ~axles/2 for vehicles equal to or larger than 
~ ...,. 

2-axle, 6-tired trucks. At 
The most difficult and costly estimate is that of the load 

variable ~L. Generally, if enough information is available for 

estimating this variable, the others can be determined also. 

PURPOSE 

The purpo~es of this report are as follows: 

1. To describe three general procedures for estimating 
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~L, and through a relative cost comparison, show 

why one procedure is being considered for use. 

2. To describe the areas to be investigated through 

analyses of sample vehicular weight and classification 

data prior to the determination of a detailed estimating 

procedure. 

3. To indicate the desired degree of precision used as 

a guide in determining a detailed estimating procedure. 

4. To describe the design and purpose for gathering 

sample vehicular weight and classification data during 

the 1965-66 fiscal year. 

ESTIMATING PROCEDURES AND COST COMPARISONS 

There are several ways of estimating the load variable 

~L. Three of these will be described, followed by a comparison 

of their approximate relative costs. 

Alternate Procedure No.1 

1. At each satellite test site, provide for continuous 

weighing of all vehicles. 

2. Convert the measured axle loads to equivalent 

lB,OOO-lb. axle loads using the appropriate values 

or equations in Table 1. 

Alternate Procedure No.2 

This procedure is similar to Procedure No. 1 except 

sampling procedures would be used. 

1. Sample shift periods would be selected each 

year for each test location. 
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TABLE 1 

MISSOURI STATE HIGHWAY DEPARTMENT 

18-Kip Axle Equivalency Factors 

Single Axle Tandem Axle Set 
Gross Eq.No.18-K Gross E~uiva1ent No. 18-K 
Axle Rigid & Set igid Flexible 
Load F1exibke ' Load Pavement Pavement 

L {LL18) L ~ LL22) ~ LL~~ l4 

Under 3 Kip .00015 Under 6 Kip .00036 .00022 
3 - 3.999 .0.014 6 " . - 7.999 .0034 .0020 
4 - 4.999 .0039 8 - 9~999 .0093 .0055 
5 - 5.999 .0087 10 - 11.999 .021 .012 
6 ~ 6.999 .017 ,12 - 13.999 .040 .024 
7 - 7.999 .030 14 - 15.999 .072 ' .043 

8 - 8.999 .050 16 - 17.999 .12 .070 
9 - 9.99'9 .077 18 - 19.999 .18 ' .11 

10 - 10.999 .12 20 ~ 21.999 .28 .16 
11 - 11.999 .17 22 - 23.999 .'40 .24 
12 - 12 . 999 .23 24 - 25.999 .55 .33 
13 - 13.999 .32 26 - 27.999 .75 .45 

14 14.999 .42 28 - 29.999 1.00 .60 
15 - 15.999 .55 30 - 31.999 1.31 .78 
16 - 16.999 .71 32.000 1.48 .89 
17 - 17.999 .89 32.001- 33.999 1.68 ' 1.00 

18.000 1.00 34 - 35.999 2.12 1.27 
18.001 - 18.999 1.12 36 - 37.999 2.65 1 . 58 

19 - 19.999 1.38 38 - 39.999 3.27 1 . 95 
20 - 20 .999 1.68 40 - 41.999 4.00 2. 38 
21 - 21.999 2.04 42 - 43.999 4.83 2.88 
22 - 22.999 2.44 44 - 45.999 5.80 3.46 
23 - 23.999 2.91 46 - 47.999 6.90 4.11 
24 - 24.999 3.43 48 - 49.999 8.15 4.86 

25 - 25.999 4.03 
26 - 26.999 4.70 
27 - 27.999 5.45 M.E.D. 
28 - 28.999 6.28 November 18, 1964 
29 - 29.999 7.21 

NB (29/33)4 ' - .. 5964 
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2 . All vehicles passing over the test locations 

during these sample shift periods would be weighed . 

3 . The various axle loads would be converted to 

equivalent la,OOO-lb. axle loads and summed to 

produce the total equivalents for all sample 

shift periods at each location. 

4. The total equivalents observed during the sample 

shift periods at each location would be expanded 

to an estimated annual total based on the relative 

size of the universe of shift periods to the 

sample number. 

Proposed Procedure 

This procedure is the one which is contemplated for 

use . It generally consists of the following: 

1. Estimate the state-wide average equivalent la,OOO-lb. 

single axle loads per vehicle for each vehicle type 

based on sample weighings at permanently located 

scale houses. 

2. Estimate for each test location, the total annual 

traffic by vehicle type based on sample classifi­

cation counts made at each test location. 

3. For each test location, apply the estimated state­

wide average equivalents per vehicle to the corres­

ponding estimated annual total vehicles by types 

to produce an estimate of total annual equivalent 

la,OOO-lb . single axles. 
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4. Conduct some weighing at each satellite test site 

near the beginning of its test life to see if the 

resulting average equivalents per vehicle of the 

various types deviates too widely from the estimated 

state-wide average. If the deviation observed is 

believed to be significant , more weighing may be 

recommended at the test site to establish an 

estimated average equivalency for the particular 

location. 

Cost Comparison of the Various Procedures 

The estimated total cost of gathering vehicular weight 

and classification data for each of the three estimating proce­

dures over the test life of all locations are as follows: 

1. Alternate No. 1 = $109,500,000 

2. Alternate No. 2 = $720,000 

J. Proposed Procedure = $299,000 

In determining these cost estimates, it was assumed 

that 50 test locations will eventually be established. The 

average test life per location was assumed to be 10 years. 

Other necessary assumptions, along with a detailed outline of 

costs are presented in the Appendix. 

The tremendops cost of Alternate Procedure No. 1 pro­

hibits its use, although it would be the most precise procedure. 

The costs of Alternate No. 2 and the Proposed Procedure 

vary with the assumed sample requirements. For computing the 

cost of the Proposed Procedure, a sample requirement anticipated 

to be acceptable from both a cost and precision standpoint was 

assumed. The cost of Alternate Procedure No. 2 was based on a 
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sample requirement which is expected to yield somewhat the same 

precision as the Proposed Procedure with its assumed sample re-

quirements. 

An approximate equality of the precisions of Alternate 

Procedure No.2 and the Proposed Procedure with their respective 

assumed sample requirements is based on preliminary analyses 

of weight data gathered in previous years during the normal 

weighing operations of the Missouri State Highway Department. 

Because the sample designs used during the 1965-66 fiscal year 

are more applicable for making such a comparison , the anticipated 

equality of precisions will be checked. 

If an analysis substantiates the above expectation of 

approximately equal precision of the two procedures with the 

assumed sample requirements, the Proposed Procedure would be 

the most desirable. 

AREAS TO BE INVESTIGATED 

Several investigations should be made prior to the deter­

mination of a detailed procedure for estimating ~L. The 

sample vehicle classification and weight data gathered during 

the 1965-66 fiscal year will provide most of the information 

necessary for conducting these investigations. 

Some of the more important investigations to be made are 

as follows: 

Weekday Versus Weekend-Day Traffic 

It is expected that a high variation will exist between i 

weekday, Saturday and Sunday traffic volumes for the various 
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vehicle types at the satellite test locations. This being the 

case, weekend-day sample classification counts should be included 

in the total sample at each test location. 

Because a large number of weekend-day assignments of 

personnel are undesirable, a procedure will be considered where-

by weekend-day classification counts at a location would only 

be made during the first year. If the ratio of 7-day traffic 

to 5-day traffic can be determined with sufficient precision 

from the classification counts of the first year, it could be 

applied to the estimates of 5-day total traffic for subsequent 

years to provide estimates of 7-day total traffic. This ratio 

for a particular station should not vary too widely from year 

to year. It would be advisable, however, to occasionally check 

locations to see if this ratio has changed significantly. Checks 

would definitely be advisable at locations where changes in land 

use are observed. 

Variance of Average Equivalents per Vehicle per Vehicle 
Tvpe Between Locations 

The variance of the average equivalent lS,OOO-lb. single 

axles per vehicle of a given vehicle type is an important factor 

in determining an estimate of the precision of the proposed 

estimating procedure. The precision of the proposed estimating 

procedure will vary inversely with the variance of the average 

equivalents per vehicle of each type between locations. If the 

variance is found to be large, some modification to the general 

proposed procedure might be necessary to attempt to reduce its 

effect. 
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Variance of Average Equivalents Between Directions of Travel 

Although the variance of average equivalents per vehicle 

of a given type may not be large between locations , the variance 

of average equivalents between directions of travel within loca­

tions may be quite large. If this is true, separate average 

equivalents may have to be applied to the estimated traffic volumes 

of each direction depending upon which direction is carrying the 

heavier loads. Some weighing at each test location may thus be 

.necessary to establish the direction of heavier loading. It is 

believed that in most cases the direction of heavier loading could 

be determined from the weighing recommended at each test location 

for comparing the observed average equivalents per vehicle of 

each type to the state-wide average. 

Weekday Versus Weekend-Day Average Equivalents 

There is a possibility that the average equivalents 

per vehicle of a given type may differ between weekdays, Saturdays 

and Sundays. To test for this difference, sample weighings on 

Saturdays and Sundays have been included in the sample design 

for gathering weight data. If various statistical tests reveal 

a significant difference between these averages, and the magni-

tude of these differences is believed to be important, separate 

average equivalents for weekdays, Saturdays and Sundays may be 

applied to their respective traffic volumes. 

DESIRED PRECISION OF ESTIMATES OF lL 

The goal of this study is to determine an estimating procedure 

which would have a standard error of estimate no greater than 
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10 percent of the true value . Although a larger standard error 

would surely be less desirable, costs and manpower requirements 

may limit the degree of precision obtainable . 

SAMPLING PROCEDURES FOR THE FISCAL YEAR 1965-66 

The following is a discussion of the sampling procedures 

used during the 1965-66 fiscal year for obtaining vehicula~ 

weight and classification data . This data will provide a basis 

for approximating the precision of various procedures for 

estimating lL. These sample designs will also be suitable 

for conducting the previously mentioned investigations. 

Classification Count Sample Design 

During the 1965-66 fiscal year, the following classi ­

fication count sample design was used for eight classification 

.count locations. These classification count locations were 

located so as to include practically all traffic passing over 

the existing nine satellite test sites. In one case, a sample 

classification count station was sufficient to provide traffic 

volumes for two satellite test sites. The eight classification 

count stations are described in Table 2 and shown in Figure 1. 

In the classification count sample design , the basic 

sampling unit was the 8-hour shift peri od . During each sample 

shift period, the total number of vehicles of each type passing 

over the location was recorded . 

The classification count program for each count station 

consisted of a stratified sample . The universe of a station ' s 

total sampling units consisted of 365 days each having three 8-hour 
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TABLE 2 

DESCRIPTION OF CLASSIFICATION COUNT LOCATIONS 

1 . Route 169 in Worth County,at the intersection with Routes 

YY and M. 

2 . Route 6 in Grundy County, at the intersection with Route WW . 

3. Route 36 in Caldwell County , at the intersection with Route J . 

4 . Route 5 in Morgan County , at the intersection with Route TT . 

5. Route 13 in St . Clair County , at the intersection with 

Routes A and C. 

6 . Route 1-44 in Jasper County , one mile west of the west inter­

section with Route 37. 

7. Route 63 in Boone County , at the intersection with Route VV . 

8 . Route 63 in Texas County , at the intersection with Route O. 
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shift periods, or 1095 sampling units. The universe was first 

stratified into weekdays, Saturdays , and Sundays. These three 

primary strata were further substratified into two major seasons. 

The first substratum was called the spring-summer season and 

included the months of April through September. The second 

substratum was called the fall-winter season and included the 

months of October through March . These two major seasons were 

then substratified into three different $-hour shift periods . 

Shift Period One was from 6 a.m. to 2 p.m., Shift Period Two 

was from 2 p.m. to 10 p.m., and Shift Period Three was from 

10 p.m. to 6 a.m. Within each of the shift period strata, a 

random sample of two $-hour periods was chosen. The total 

classification count sample size per station thus consisted of 

36 sampling units. A representation of the sample design per 

count station is shown in Table 3. 

This sample design will permit estimates to be made 

of the following: 

1. Total annual traffic by total vehicles and by 

vehicle type. 

2. Precision of the estimated annual totals. 

3. Ratio of 7-day traffic to 5-day traffic. 

4. An estimate of the precision of the ratio of 

7-day traffic to 5-day traffic. 

Truck Weight Sample Design 

During the 1965-66 fiscal year, sample truck weight 

data was gathered at several permanent pit scale locations 

throughout Missouri. All stations used as samples were located 

oro12-



Weekdays 

~ 

Saturdays 

Sundays 

TABLE 3 

SAMPLE DESIGN PER CLASSIFICATION COUNT STATION 
(1965-66 Fiscal Year) 

SEASON 
Spring - Summer Fall - Winter 

(April through September) (October through March) 

Shift Periods Shift Periods 
One Two Three One Two 

6 a.m.-2 p.m. 2 p.m.-lO p.m. 10 p.m.-o a.m. 6 a.m. -2 p.m. 2 p.m.-lO p.m. 10 

x x x x x 

x x x x x 

x x x x x 

x x x x x 

x x x x x 

x x . x x x 

x = A sample 8-hour shift period. 
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in rural areas because practically all satellite test locations 

will be constructed on rural highways . 

One of the criteria for selecting the pit scale stations 

to be used for gathering weight data was the availability of 

storage areas for vehicles waiting to be weighed . It was desired 

that all vehicles passing the station during a sample weighing 

period be weighed to eliminate any bias which the scale opera­

tor may have in passing vehicles if overcrowded conditions 

arose. 

Nine permanent pit scale locations were selected for 

gathering vehicular weight information. Six of these locations 

had scale houses which weighed traffic in both directions of 

travel. At three locations, pairs of scale houses existed for 

weighing traffic by direction of travel. At these three loca­

tions, directional traffic was sampled independently, and at 

the other six, 2-way traffic was sampled simultaneously. The 

locations of the sample scale houses are described in Table 4 

and shown in Figure 1. 

The sample design for each of the twelve scale houses 

was identical in size. As in the classification count program, 

the basic sampling unit was the S-hour shift period. The unit 

of observation is the computed equivalent lS,OOO-lb. single 

axle loads of each vehicle weighed. 

The sample design for each scale house consisted of a 

stratified sample. The universe of S-hour periods for each 

scale house for the year was first stratified into weekdays, 

Saturdays and Sundays. Substratification was by three S-hour 
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TABLE 4 

DESCRIPTION OF SAMPLE SCALE HOUSE LOCATIONS 

1 . Route 71 in Andrew County , just south of the intersection 

with Route 59 . 

2 . At the intersection of Routes 71 and 7 in Cass County . 

) . Route 71 Alt~rnate in Jasper County , 0 . 25 mile south of 

Carthage . 

4 . * Route 1-44 in Newton County , 4. 5 miles east of the Oklahoma 

State line . 

5 . Route 24 just east of the junction with Business Route 6) 

near Moberly , Missouri . 

6 . At the junction of Routes 60 and 6) in Texas County , east 

of Cabool. 

7 . * Route 1-70, 5 miles west of St. Charles . 

8 . Routes 40 and 61, between Weldon Springs and the Miss ouri 

River in St . Charles County. 

9 . * Route 1-44 , south of St . Clair in Franklin County. 

*Separate scale house per direction of travel . 
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shift periods. These were identical to the 8-hour shift periods 

specified in the classification count program. Within each sub­

stratum, a random sample of two 8-hour periods was chosen. The 

total sample for a scale house thus resulted in the product of 

three primary strata, times three substrata, times two observa­

tions per substratum, for a total of eighteen 8-hour periods . 

A representation of the vehicular weight sample design per scale 

house is presented in Table 5 •. 

During each sample 8-hour weighing period , the following 

was accomplished: 

1. Every vehicle, other than passenger cars, panel 

and pickup trucks, was weighed. 

2. The type vehicle and individual axle loads to the 

nearest 100 pounds were recorded. 

The sample data was then coded and punched into IBM 

punch cards. One card was used for each vehicle weighed. An 

electronic computer was utilized to convert the various axle 

loads of each vehicle into total equivalent 18,000-lb. single 

axle loads using the equations shown in Table l ~·~~~~~~~~. 

Regardless of the pavement type at the scale house location, 

two separate computations of total equivalents were made for 

each vehicle weighed. One computation assumed a rigid type 

pavement, and the other a flexible type. 

The sample weight data should provide most of the 

information necessary to accomplish the following: 

1. Compute for both rigid and flexible type pavements, 

an estimate of the rural state-wide average 



~ 
DAY 

SHIF 
PERIOD 

6 a.m. to 2 p.m. 

2 p.m. to 10 p.m. 

10 p.m. to 6 a.m. 

TABLE 5 

SAMPLE DESIGN PER SAMPLE SCALE HOUSE 
(1965-66 Fiscal Year) 

Weekdays Saturdays 

x x 
x x 

x x 
x x 

x x 
x x 

x = Sample a-hour period. 
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SUMMARY 

equivalent 18,OOO-lb . axle loads per vehicle for 

each vehicle type. 

2 . Approximate the variance of average equivalents 

per vehicle of a vehicle type between roadway 

locations in the state . 

3 . Investigate the possibility of there being a 

significant difference of average equivalents 

per vehicle of each type between directions of 

travel at roadway locations . 

4 . Investigate the necessity for using separate 

average equivalents for weekdays , Saturdays and 

Sundays. 

5. Estimate the precision of the Proposed Procedure 

and Alternate No.2. 

6. Make comparisons of the relative precision and 

cost of the aforementioned procedures. 

A detailed procedure for estimating lL at satellite test 

locations will be provided following the analyses of sample 

vehicular weight and classification data gathered during the 

1965-66 fiscal year. 

The sample designs used for gathering data during the 

1965-66 fiscal year are not ideal for all the investigations 

to be conducted, but they are intended to provide sufficient 

information for making good approximations. Sample designs 

tailored to provide ideal stratification for all investigations 

would have resulted in tremendous cost and manpower requirements • 
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, 
A report pertainin~ to the analyses of the sample data 

and proposed estimating procedure will follow this report. 
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ESTIMATION OF COST OF ALTERNATE PRm:roURPS 

BAS 10 ASSUMPTIONS 

10 The average test life of a satellite test location will 

be 10 ·years . 

2 . Fifty test locations will eventually be used . 

3. All testing will be completed over a period of 20 years . 

4. All data collection will be done by 8-hour shift periods . 

5. The average cost of 8 hours of 2-directional vehicular 

weight plus classification data at a location other than 

a t an established permanent scale house loea tion would be 

$200 . This average cost is based on comparable weighing 

conducted by the Missouri stat e Highway Department during 

summer weighing operations . 

6. Permanent scnle houses would not be available at satellite 

tes t loca tions • 

7 . The average cost of gathering 8-hour weight da ta at a 

permanent pit scale location per scale house is $25 . This 

cos t is bas ed on a program whereby weight data is recorded 

during the normal weighing operations of the Mis souri State 

Highway Patrol . The cost is attributable to the extra man 

required to record the vehicle type and axle loads o During 

the 1965-66 fiscal year , these men were supplied by the Districts 

of the Highway Depar tment in which the scale houses were 

located . 

8 . The average cost per 8-hour shift of vehicle classification 

counts is $35. This cost is based on actual experience . Men 

used in making classification counts are normally exployed 

A-1. 



by the Main Office of the Highway Depsrtment in Jefferson 

City. 

9. T~o a-hour periods of ~eighing at each satellite test location 

during the early part of its test life would be required to 

compare resulting avera ges to state~ide averages, and to 

indica te the direction of heavier loading. In this es tima te, 

t hese ~ill be sho~ a s being made in t he f irst year of the 

test life of a location . 

10. In order to not be too conservative in estima ting the cost of 

the Proposed Procedure, one signi ficant ~eight la~ change ~ill 

be assumed ~ithin the 20-year total testing period . This 

would r equire more ~eighing in the follo~ng year to estima t e 

ne~ stat~ide average equivalents per vehicle for each vehicle 

type. 

11. When using the Proposed Procedure, ne~ estimates of sta te~ide 

avera ge equivalents per vehicle for each vehicle type would 

be made every five yea r s. This is considered additional to 

the ~eighing required by a veight la~ change. This ~eighing 

may not be necessary if a .comparison of the results of the 

1965-66 fiscal year ~eight da t a to the da ta ga t hered annua lly 

by the High~ay Department in t heir normal summer weighi ng 

pro gr am sho~s no significant difference. 

12. Sample requirements of the three procedures : 
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TABLE A-1 

8-HOUR PERIOOS OF WEIGHING Pm 

SATEILITE TEST SITE TIffiOUGHOUT AN AVERAGE TEST LIFE 

Test Alterna te Procedure No .1 Alternate Procedure No.2 Prop@sed Procedure 
Lif e (Continuous Weighi ng) (Sample Weighing) 
Year Weekdaysl Sat . I Sun. Weekdays I Sat. I sun. Weekdaysl Sa t.1 Sun. 

1 783 156 156 6 6 6 2 

2 783 156 156 6 

3 783 156 156 6 

4 783 156 156 6 

5 783 156 156 6 

6 783 156 156 6 

7 783 156 156 6 

8 783 156 156 6 

9 783 156 156 6 

10 783 156 156 .6 

Totals 7830 1560 1560 60 6 6 2 

Total 
Per 
Procedure 10,950 72 2 
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TABIE A-2 

8-HOUR PERIODS OF CLASSIFICATION COUNTS PER 

SATElLITE TEST SITE THROUGHOUT AN AVERAGE TEST LIFE 

(Applicable Only to the Proposed Procedure ) 

Test Life 
Year Weekdays Saturdaysl SUndays 

1 12 1 2 12 

2 12 

3 12 

4 12 

5 1 2 

6 12 

7 12 

8 12 

9 12 

10 12 

Total 120 1 2 12 

Grand Total 144 
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.' 

TABlE A-3 

B-MOOR VERl OO OF W~IOm:NO T MOM OF 1 a SAMrUil 

FERMANENT SCAIE HOUSES THROUGHOUT THE TESTING FmIOD 

(Applicable Only to the ProposSd Frocedure) 

Year of Testing 
Period 

1 

6 

11 

16 

18* 

Total 

Grand Total 

Weekdays 

6 

6 

6 

6 

6 

30 

90 

SaturdaYB 

6 

6 

6 

6 

6 

30 

Sundays; 

6 

6 

6 

6 

6 

30 

* Due to an assumed significant weight law change in 
the seventeeth year of testing. 
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COST COMPUTATIOR>' 

1. Alternate Procedure No .1 : 

Total Cost = (50)(10, 950)($200) = $109 . 500 . 000 

Where: 50 = the nlwber of roadway test sites . 

10, 950 = the required number of 8- hour per iods of 

weighing per test aite (see Table A-1 ). 

$200 = the average cost per 8-hour period of weighing 

at a test site . 

2. Alternate Procedure No . 2: 

Total Cost = (50)(72)($200) = $720, 000 

Where :' 50 = the number of roadway test sties . 

72 = the required number of 8-hour periods of 

. weighing per test site (see Table A-1). 

$200 = the average cost per 8-hour period of weighing 

at a t est site . 

3 . Proposed Procedure: 

Total Cost = 50 [(2) ($200)+(144) ($35)] *(12) (90) ($25')=$299, 000 

Where: 50 = the number of roadway test siteso 

2 = the required number of 8-hour periods of 

weighing per test site (see Table A-1). 

$200 = the average cost per 8-hour period of weighing 

at a test site. 

144 = the number of 8-hour classification counts per 

roadway tes,t site. 

$35 = the average cost of an 8-hour classification 

count. 

12 = the number of sample permanent scale houses. 

90 = the number of 8-hour periods of weighing per 

sample scale house. 
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$25 = t he average cost per 8- hour period of gathering 

",eight da t a a t a scale house . 
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