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Introduction

The accuracy and reliability of traffic load estimates are key to determin-
ing a pavement’s life expectancy. To better understand the variability of
traffic loading rates and its effect on the accuracy of the Long Term Pave-
ment Performance (LTPP) program’s loading estimates, LTPP recently
completed an analysis studying the effect of varying truck load rates and
data-collection plans on Equivalent Single-Axle Load (ESAL) estimates at
sample sites in the LTPP data base. Results of the analysis are documented
in a report entitled, Results of the Empirical Analysis of Alternative Data
Collection Sampling Plans for Estimating Annual Vehicle Loads at LTPP
Test Sites. The purpose of this TechBrief is to present key findings and
products that resulted from the report.

Key Products

Results from LTPP’s analysis provided the basis for:

• LTPP’s revised traffic-monitoring program.1

• Preliminary estimates of the accuracy and reliability of traffic loads
used for LTPP research.

Key Findings

The LTPP analysis shows how various data-collection sampling plans for
vehicle classification and weigh-in-motion (WIM) data affect the accu-
racy of annual loading statistics. It presents estimates of the sampling
error created when short-duration vehicle classification and weigh-in-
motion counts are used to estimate annual pavement loadings. Table 1
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2All values expressed as a percentage of annual load. A positive value indicates an over-estimation of the actual loading
conditions.

3The systematic error expected in the annual estimate produced from the data-collection sample that is caused by biases
inherent in the sample being taken.

4This value is based on the mean absolute error computed from the samples taken during the empirical tests. This
estimate removes the canceling effect that occurs when over- and under-estimation errors balance when a mean value is
computed. For example, just because there is no bias in an estimate based on 1-week classification and WIM samples does
not mean that such a sample should be expected to provide an estimate with no error. The “expected” error for that
estimate will be approximately 30 percent. The user is just not sure whether that error is likely to be above or below the true
value.

5A total of 95 percent of all estimates are expected to fall within (plus or minus) this percentage of the actual annual traffic
loading estimate. Note that the expected error bounds are slightly wider than a normal distribution, and these figures
reflect that slightly wider error spread.

       Classification WIM
Estimate (percent) (percent) (percent)

1 weekday 1 weekday +20 45 200

1 week 1 week 0 30 50

Continuous 1 weekday 0 30 50

Continuous 1 week 0 25 40

Continuous 1 weekday during 0 12 30

each of 4 seasons

Continuous 1 week during 0 8 20

each of 4 seasons

Table 1. Summary of Expected Errors for Selected Sampling Plans.2

                            Sampling Plan Expected Bias3 Expected 95-Percent

to the Annual Error4 Confidence Interval5

summarizes the expected errors in
the annual loading estimates for
some of the most common data-
collection schemes.

The study found (as expected)
that traffic loading patterns differ
dramatically across the Nation.
Differences in loading patterns re-
sult from differences in truck vol-
umes, including both the total
number of trucks and the mix of
trucks, as well as the weights car-
ried by each class of truck. Some
commonalities did exist at the test
sites, and those commonalities

can serve as the basis for im-
proved traffic monitoring.

Variation of Truck Volumes and

Loads

The most common finding was
that weekend truck volumes tend
to be much lower than weekday
truck volumes. (See Figure 1.) This
leads to a significant reduction in
the pavement-loading rate on the
weekend; in fact, weekend load-
ings in many locations are only 20
percent of the average weekday
load. This means that loading es-

timates that do not account for dif-
ferences in weekend truck vol-
umes will over-estimate actual
loading.

Weights per truck (by class) do
not appear to be similarly differen-
tiated by weekday/weekend at the
majority of locations. (See Figure
2.) Therefore, it is not necessary at
the majority of sites to weigh ve-
hicles during weekends to accu-
rately estimate annual loads. How-
ever, at sites where significant
weekday/weekend differences in
the average weight per vehicle by



classification exist, these differ-
ences must be measured directly
to accurately estimate annual con-
ditions. At roughly half of these
sites, the weights per truck are
heavier on the weekends, whereas
at the other half, weekend weights
are lighter.

Seasonal changes in loading
patterns are not as consistent from
site to site as the weekday/week-
end patterns mentioned above, al-
though some consistent regional
patterns do exist. Many sites expe-
rience relatively little change in
trucking activity over the year.
Other sites show extremely large
changes in truck volumes, truck
mix, or truck weights by class (or
some combination of these) during
parts of the year. These changes
occur because of seasonal changes
in the level of commercial activity.
For example, as an agricultural
crop ripens, the trucks needed to

transport that crop appear on the
road, and the weights for that class
of vehicle increase. Similarly, truck
volumes on through routes can
change according to the business

Figure 1. A common day-of-the-week volume pattern for combination trucks on rural roads.

cycles that affect the commodities
carried on those roads and as a re-
sult of various changes in the
Nation’s (or region’s) economic ac-
tivity.

Heavy Weekend 
Weights  18% 

No Difference
64% 

Light Weekend 
Weights  18% 

Figure 2. Weekday/weekend differences in weights per truck by class.
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Sampling Design Issues

Unfortunately, from a national
sample design standpoint, the tim-
ing of these changes varies through-
out the year at different locations,
and many of the seasonal changes
last for only a few weeks. This makes
it difficult to design a single national
data-collection sampling scheme
that accounts for all conditions. For
example, a data-collection sampling
scheme that accounts for the Octo-
ber harvest in one location will miss
the decrease in vehicle weights that
occurs because of spring load restric-
tions at another site.

Consequently, the major con-
clusion of this study was that
highly accurate estimates of an-
nual load can only be achieved by
continuous monitoring of traffic
conditions at specific LTPP test
sites. This level of accuracy is
needed to develop new pavement
design procedures and other simi-
lar analyses. At the same time,
smaller data-collection samples
can be used to provide annual load
estimates that are acceptable for
many of the less critical LTPP
analyses. These more limited lev-
els of data collection are appropri-
ate for locations that experience

only modest seasonal changes in
truck weights. Increased data col-
lection is needed at sites that ex-
perience significant seasonal
changes. However, the timing and
length of those additional counts
need to be based on the traffic
variations specific to each site.

Finally, it is important to note
that accurate traffic estimates can
only be collected with calibrated
data-collection equipment.6  Errors
caused by poorly calibrated WIM
and classification equipment can
be far larger than the sampling er-
rors discussed in this paper.

6For additional information, see the LTPP TechBrief, WIM Scale Calibration: A Vital Activity for LTPP Sites, Publication No.

FHWA-RD-98-104.


