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1. INTRODUCTION

This report documents the results of the Highway Performance Monitoring System
(HPMS) Truck Weight Case Study which was conducted from the fall of 1980 to the
fall of 1981l. The report provides information on the seasonal, daily, and hourly
variation in truck weights on rural and urban functional systems. This information
plays a vital part in pavement design, cost allocation, the determination of highway
needs, and, in combination with other data sources, can be used to determine the
required thickness of new pavements or overlays to existing pavement, calculate
ton-miles of freight, assess the cost responsibility of various users, evaluate

pavement deterioration, and estimate energy consumption.

Purgose

The Case Study was intended to primarily fulfill the needs of the HPMS and the
National Highway Cost Allocation Study. The Study was also to provide
fundamental input to current and future special studies such as biennial reports to
Congress. It was concerned with obtaining comprehensive weight data not
available through the biennial Truck Weight Study (TWS). In particular, greater

functional class and temporal coverage was gathered.

The HPMS is a continuing information system encompassing data collection,
extensive data analysis and maodeling, and historical recordkeeping. Basically, the
HPMS provides the Federal Highway Administration (FHWA) with the capability to
(1) periodically assess the extent and condition of the highway system, (2) monitor
the performance of the highway systems on a continuing basis, (3) calculate the
impacts of existing highway programs and policies, and (4) forecast potential
impacts of future alternative programs and policies. In addition, HPMS serves a
host of other activities such as supporting various reports to the Congress,
supporting day-to-day program and policy evaluations, satisfying routine planning
data needs, and responding to continuing inquiries and requests from the

Administration, the Congress, and the public.

The HPMS gathers information on statistically selected sample sections of
highway. However, some information is too costly to collect for all sample
sections. Gathering this type of data depends on the use of case studies in which
typical or representative values are established. This Truck Weight Case Study is




one of several case studies. Other studies have addressed vehicle occupancy,

vehicle classification, and improvement costs.

The Case Study was primarily designed to measure the variation in truck operating
weights within functional systems by season of the year, weekday/weekend, and
hour of day. The following functional systems were covered in both rural and urban
areas: Interstate (plus other freeways and expressways in urban areas); other

principal arterials; and minor arterials/collectors.

Consideration was given to conducting the Study on a random sample basis within
well-defined confidence limits. Although such a statistical basis would have been
very desirable, it was not practical due to funding, manpower, and time
constraints. It was felt that although a statistical study could not be conducted, a
reasonable amount of representative data could be collected to identify hour of

day, weekday vs. weekend, and season of the year variations.

Weight data was collected for one weekday per weighing site per quarter to
establish seasonal variation. Weight data for one Saturday or Sunday was collected
each quarter (two Saturdays and two Sundays in four quarters) at one of the two
sites for each functional system to establish weekday vs. weekend differences. To
establish hourly differences, it was recognized that 24 hours of data were
necessary on the Interstate and other principal arterial systeins where there were a
significant number of trucks to weigh around the clock. However, it was
recognized that truck traffic on minor arterials and collectors decreased during
nighttime hours. Therefore, in order to maintain the Study's cost effectiveness, it

was decided to limit data collection to 16 hours for minor arterials and collectors.

Coverage

The FHWA sclicited highway agencies to perform the study and, upon evaluation of
agency proposals, selected six States--Arkansas, Florida, lowa, Nevada, Oregon and
Wisconsin., Each State selected weighing sites to achieve a representative

distribution of sites by functional class. With the exception of Florida and

Wisconsin, each State had a minimum of two sites for each of the functional




systems, Due to proximity to other sites, safety, and other considerations, Florida
collected no information for the rural or urban minor arterial/collector systems
and Wisconsin did not collect data on urban Interstate/other freeways and
expressways. Table 1 shows the State distribution of sites by functional class.

Data were collected at both static and weigh-in-motion (WIM) scales in accordance
with the instructions included in "Highway Performance Monitoring System Case
Study Procedural Manual - Truck Weight, January 1980." A breakdown between
empty and loaded vehicles was not available for Florida WIM data since vehicles
were not stopped to determine load status. However, weight values established by
the State of Nevada for a typical empty and loaded vehicle for each truck category
were used to classify load status for Florida vehicles. These values were
established by Nevada through its own experience with WIM and static scales over
the past few years. These values were tested against the TWS data source to

confirm their reasonableness.

Vehicle Types

Weighed vehicles were classified in one of the basic vehicle categories shown in
Table 2 and Figure 1. Originally, 2-axle, 4-tired trucks were not included in the
Study design. However, since these trucks were primarily included with the
submitted data from the State of Florida, it was decided to include them in this
report. Since weights of these trucks were mainly from one State, they were
considered representative of Florida. Also, it should be noted that single-unit
trucks pulling light trailers (e.q., camper trailer and boat trailer) were classified on
the basis of the pulling unit since the HPMS vehicle categories do not differentiate
single units with these trailers and information on axle spacing and type of axle

grouping for these trailers was not available,




89

149

ot

¢1
1

¢
1

1

[esol

<
=g

UISUCOSTM

¢1 A Al 4 [A!
L 9 9 ¢ g
4 Z [A - z
[4 [4 z A 1
¢ Z [A T ¢
9 9 9 A 9
[4 Z Z - z
z Z Z 1 A
z [4 [4 1 Z
uobaig BpBASN BMD] epliof 4 SBSUBMIY

SALIS 40O ¥IGWNN - ZOVH3A0D ACNLS ‘T 31dvL

SWIa18Ag

Jeucrisun 4 1 [0l

uBqQIM 18301
$303287[00)

pue [BlJe3dy JOUlN

1Blisy jediouldd JaylQ
shemsealdx g p sAemasd -

Jayi0) ¥ elelsisiu]

uBgdn

1BINY (8301
$103081[00

puUB [elIa81dy JOULN

[Blisy [edouldd I8Uip

21818187U]

1Bdnd

wa1sig

TEUO1I0UN 4



TABLE 2. HPMS Vehicle Types

Buses - All vehicles manufactured as traditional passenger carrying buses with 2
axles and 6 tires or 3 or more axles. This category includes only traditional
buses functioning as passenger carrying vehicles. All 2-axle, 4-tire mini-buses
should be classified as vans. Modified buses were considered to be trucks and

were appropriately classified.

Pickups, Panels, Vans, and Other 2-Axle, 4-Tire Trucks - This category includes

all 2-axle, 4-tire camping vehicles, motor homes, vans, El Caminos, Rancheros,
ambulances, hearses, carryalls, and 4-wheel drive vehicles such as Jeep, Scout,
Bronco, Blazer and Ramcharger and power wagons, etc. This category was not

originally included in the Study design.

2-Axle, 6-Tire Single-Unit Trucks - This category includes all trucks, camping

and recreation vehicles, motor homes, etc., having 2-axles and dual rear wheels.

3 or More Axle Single-Unit Trucks - All vehicles on a single frame with 3 or

more axles in any configuration. This category includes concrete mixer trucks,

heavy dump trucks, large motor homes, etc., having 3 axles or more.

3-Axle Combination Trucks - All vehicles consisting of two units, one of which

is a power unit, which have a total of 3 axles. This category includes all 2-axle
tractors with l-axle semi-trailers (251) and all 2-axle single-unit trucks with 1-

axle trailers (2-1),

2-Axle Tractor with 2-Axle Semi-Trailer Trucks (252) - Only those vehicles

consisting of a 2-axle tractor, and a 2-axle semi-trailer.

Other 4-Axle Combination Trucks - All vehicles consisting of two or more units

having a total of 4 axles in any configuration except the 252.




TABLE 2. (Cor't)

This category includes Z-axle trucks with 2-axle trailers (2-2), 3-axle trucks
with l-axle trailers (3-1), 3-axle tractors with l-axle semi-trailers (351) and 2-

axle tractors with l-axle semi-trailer and l-axle trailer (251-1).

3-Axle Tractor with 2-Axle Semi-Trailer Trucks (352) - Only those vehicles

consisting of a 3-axle tractor with a 2-axle semi-trailer.

Other 5-Axle Combination Trucks - All vehicles consisting of two or more units

with 5 axles in any configuration except the 35Z.

6 or More Axle Combination Trucks - All vehicles consisting of two or more

units with six or more axles in any configuration.
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i, STUDY RESULTS

Introduction

The results of the Case Study are based on an analysis of 280,075 vehicles which
were weighed at 68 sites in six States. The results show seasonal coverage for
winter  (December/January/February), spring (March/April/May), summer
(June/July/August), and autumn (September/October/November). Daily coverage is
shown for both weekdays and weekends. Hourly coverage is for hour 00 (midnight

to 1:00 a.m.) to hour 23 (11:00 p.m. to midnight).

Various methods of study data analysis were considered. For instance, statistical
techniques to test the significance of the data were investigated. However, since
the Study was not based on a random sample, the tests and the resulting confidence
statements would be meaningless. Also, weighting the data by average annual daily
traffic (AADT) or daily vehicle miles traveled (DVMT) volume groups was
considered. This approach was not feasible due to the fact that the Study sites did
not lend themselves to coverage of a range of AADT or DVMT groups since the

Study was not designed to gather information on this basis.

Due to the limitations of statistical and other methads of analysis it was decided to
adjust the data for obvious errors and unrepresentative weights and base the Study
results on simple averages. All vehicle weights more than two standard deviations
from the mean for each vehicle type for empty, loaded and non-commodity
movement trucks were eliminated from the data base. It was felt that this would

give the most representative weight in gach vehicle category.

The first part of Section Il presents a limited amount of data for all vehicle types.
For ease of presentation and to illustrate the type of detailed analysis which could
be conducted, the second part of this section deals with the Study results as

illustrated by one vehicle type--the 352 (3-axle tractor with 2-axle semi-trailer),

The 352 was chosen for presentation for a variety of reasons. First and foremost,
the HPMS Vehicle Classification Case Study shows that this vehicle has the highest
percentage distribution in the traffic stream of all heavy trucks across functional

systems and design types for nearly every season of the year. Second, it is

11



considered by many as the typical heavy truck which carries a large percentage of
the freight moved on the Nation's highwavs and accounts for the highest DVMT of
combination vehicles. It also accounts for the highest number of trucks weighed in
each State with the exception of Florida, which weighed a large number of light duty

2-axle, 4-tired single-unit trucks.

Consideration was given to using an average vehicle weight per State in this report as
opposed to using the average of all vehicles weighed. It was decided to use the
average of all vehicles weighed due to the biasing of data by States which contributed
only a few vehicles to many of the seasonal, weekday/weekend, and hourly

breakdowns.

Throughout this section, the following definitions apply:

et
o

Average Cross Weight (average weight of a vehicle) =

Sum of all Vehicle Weights
Number of Vehicles Weighed

NOTE: For clarity purposes it was decided to present data in this section

for all vehicles regardless of load status (empty, loaded, non-commodity).

2. Average Weekday Weight (average gross weight of a vehicle weighed on a

weekday) = Sum of All Weekday Weights
Number of Vehicles Weighed on Weekdays

3. Average Weekend Weight (average gross weight of a vehicle weighed on a

weekend day) = Sum of All Weekend Weights
Number of Vehicles Weighed on Weekends

4. Average Day Weight (average gross weight of a vehicle on an average day) =

5 x {Average Weekday Weight) + 2 x (Average Weekend Weight)
7

NOTE: In the tables, the average day weight was not calculated unless

weighing was done on both weekdays and weekends for each individual

category.

5. Empty Vehicle - Vehicle not carrying a payload.

12



6. Lopaded Vehicle - Vehicle carrying a payload.

7.  Non-Comrmodity Movement - Utility vehicles or vehicles with permanently-

mounted eguipment.

Findings for All Vehicle Types

Tables 3 through 9 show summary information for each vehicle type. The tables
represent data collected on each vehicle type in all States for the entire study

period.

Table 3 shows some interesting differences in vehicle weights between States. For
instance, the average weight of a 352 is 51,130 pounds in Florida, 56,278 pounds in
Iowa and 58,642 pounds in Oregon. This shows that there are definite regional

differences in vehicle weights.

From Tables 4 and 5, it can be seen that the average gross weight for each vehicle
type is highly dependent on functional system and design type. For instance,
depending on the vehicle type, weights of combination trucks varied 21 to 49
percent from functional system to functional system. The 3-axle or greater single-
unit trucks had the least functional system variation while buses had the greatest
variation. Urban minor arterials/collectors had the lowest average gross weights
for 6 out of 10 vehicle types. Five of these six vehicle types were truck

combinations.

Average gross weights also varied considerably on a seasonal basis. Table 6 shows
that weights increased up to 17 percent from one season to another depending on
vehicle type. This 17 percent difference was for buses from winter to summer.
The greatest difference for trucks was a 12 percent increase from spring to winter

for 4-axle combinations other than 252's.

In the weekday/weekend comparison of weights in Table 7, 7 of the 10 vehicle
types had higher average weekend weights for the combined functional classes and
seasons. The weekend weights ranged from 1 percent to 20 percent higher. The

three vehicle types that had lower weekend weights were:

1. single unit - Z axle, 6 tire

13
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2. single unit - 3 axle or more
3. combination - 4 axle other than 252
These vehicle types showed a vehicle weight decrease of 8-14 percent on weekends.

Table 8 shows that all combination trucks had the highest average gross weight
between midnight and 6:00 a.m. and the lowest average gross weight between 10:00
a.m. and 6:00 p.m. The table shows that 2-axle, 4-tire single-unit trucks had the
least variation by hour while 3-axle or more single-unit trucks had the most

variation.
Table 9 shows that most of the vehicles sampled were loaded. This includes buses

which were loaded 78 percent of the time. single-unit trucks loaded from 48 to 62
percent of the time, and combination trucks loaded 71 to 81 percent of the time.

352 Weight Variation By Functional System and Season

A summary of the 352 weight variations among functional classes is shown in
Figure 2. The variation in average day weight is broken down by season in this

graph.

For all functional classes combined, average day weights did not vary significantly
from season to season. The maximum difference was 2,700 pounds or 5 percent
between the seasons with the lowest weight occurring in autumn and the highest
weight occurring in spring. For all functional classes and all seasons combined, the

average day weight of a 352 was 55,524 pounds.

Seasonal variation within each functional class showed more significant
differences. For instance, the urban minor arterial and collector systems showed
the largest variation (6,347 pounds or 15 percent from spring to auturnn) and the
rural Interstate System showed the least variation (1,379 pounds or 2 percent from
autumn to spring). In general, the urban systerns showed greater variation by

season (8-15 percent) than the rural systems (2-9 percent).

It is interesting to note that the greatest average day weights of a 352 for all
seasons combined occurred on the rural Interstate and urban other principal
arterial systems while the lowest weights occurred on the rural and urban minor

arterial/collector systems. The difference between the lowest and the highest 352
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FIBURE 2.

SEASONAL VARIATION N AVERAGE DAY WEIGHTS
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weight by functional class for all seasons combined was 10,321 pounds or 22

percent  between urban other principal arterials  and urban  minor

arterials/collectors.

Figures 3 and 4 show the seasonal variation of 18-Kip equivalent axie loads (EAL)
derived from the axle configuration and weights of 352's. The EAL‘s are broken
down by functional class for both flexibie and rigid pavements. The EAL's followed
the same general pattern as the average day weights, although some differences
existed due to the effect of equivalency factors and axle groupings used to
calculate EAL’s. For all functional classes combined; it can be seen that there was
about a 15 percent variation between the seasons. Alsg, there were significant

functional class differences.

For 352's, the largest seasonal variation in EAL's was on the urban other principal
arterial system with approximately 50 percent difference between autumn and
summer. The lowest 352 seasonal variation was on the rural Interstate system
where only a 10 percent difference existed between winter and spring. The urban
systems showed greater variation by season (14-52 percent) than the rural systems
(10-35 p@m@mh For the total of all seasons, the greatest EAL's were on the urban
other principal arterial system which is approximately 100 percent greater than the

least which were on the urban minor arterial and collector systems.

In surnmary, it could be said that 352 average day welghts and EAL’s were highly
dependent on functional class. In particular, average day weights were
significantly lower and had larger seasonal differences on the lower order
functional systems. This points out the need to have adequate coverage of the

lower order systems for truck weighing efforts.

352 Weight Variation By Functional System and Weekday/Weekend

The variation by functional class of the average weekday weights and average
weekend weights for 352's is shown in Figure 5. The average weekend weights were
consistently higher than the average weekday weights for every functional class
except rural minor arterials/collectors where the weekday weights are less than
1/2 percent higher. The greatest difference between weekday and weekend
occurred on the urban other principal artsrial system where the weight of a 352

was 12 percent higher on the weekend. The rural systems range from 1/2 to 8
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WEEKDAY VERSUS WEEKEND AVERAGE GROSS WEIGHTS
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percent higher on weekends while the urban systems range from 4 to 12 percent

higher.

Figures 6 and 7 indicate how the EAL's for flexible and rigid pavements are
affected by the difference in the average weekday and weekend weights. The
EAL's followed the same pattern as the weights with the EAL's on weekends higher
than those on weekdays for every functional class. The greatest difference in
weekday/weekend EAL's occurred on the urban other principal arterial system.
This system had about 35 percent higher EAL's on the weekend. The urban minor
arterial/collector systems had the least variation between weekday and weekend
{about 2 percent). The urban systems again showed greater variations than the
rural systems. While the weekend EAL's range from 2-35 percent higher on the

urban systems, they range from 8-15 percent higher on the rural systems.

Other breakdowns of weskday and weekend data were explored to determine the
consistency of the higher weekend weights for 352's. Figure 8 shows the average
weekday weight, average weekend weight, and average day weight of a 352 for
each season for all functionsal classes combined. The weekend weights were higher
than the weekday weights for each season. The average weekend weights were
about 4,900 pounds (9 percent) higher in winter, spring, and summer and 5,697

pounds (11 percent) higher in autumn.

A breakdown by each State involved in this case study was examined. Figure 9
shows the comparison of the average weekday and weekend weights of a 352 by
State. Each participating State showed the same pattern of higher average
weekend weights. These weights ranged from 5 to 13 percent higher by State than
the weekday weights. The greatest difference in the weights occurred in Florida

where the average weekend weights were 13 percent higher.

352 Weight Variation By Functional System and Hour

To examine day versus night variations of average weekday and weekend weights of
a 352, the weights were compared by hour of the day. This comparison is
illustrated in Figure 10 for each season for all functional systems combined. Each
season showed a similar trend. Weekday weights decreased during the middle of
the day and increased at night while weekend weights remained more constant.
Also, the average weekday and weekend weights closely approximated one another

during the late night/early morning hours. However, beginning about 7:00 a.m., the

28
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WEEKDAY VERSUS WEEKEND AVERAGE GROSS WEIGHTS

BY SEASON FOR ALL FUNCTIONAL CLASSES COMBINED

FIGURE 8.
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AVERAGE GROSS WEIGHTS
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FIGURE 10. WEEKDAY VERSUS WEEKEND AVERAGKE GROSS WEIGHTS BY HOUR
FOR ALL FUNCTIONAL CLASSES COMBIKED FOR VEHICLE TYPE 382
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average weekday weights decreased in comparison te the weekend weights. The

greatest difference occurred at 1:00 p.m. in the winter where the weekend weights
were 20 percent higher than the weekday weights. The hours in which the
maximum weight differences between the average weekday and weekend weights

occurred are indicated in this figure.

Also, the variation of the weights during an average weekday was greater than the
variation during an average weekend for every season as indicated in the figure.
The variation between the highest and lowest average weekend weights was
extremely consistent at 14.6 to 14.7 percent for every season. However, the
variation for the average weekday weights ranged from 16 percent in summer to 22

percent in autumn.

In general, the average weekend weights were higher than the average weekday
weights. The highest average weekend weights for one hour ranged from 61,558
pounds (autumn) to 64,127 pounds (spring) while the range of the highest average
weekday weights was 58,327 pounds (summer) to 60,607 pounds (spring). The lowest
average weekend weights for one hour ranged from 53,723 pounds (autumn) to
55,909 pounds (spring) while the range of the lowest average weekday weights was

47,890 pounds (autumn) to 51,281 pounds (spring).

Some of the reasons for the difference in average weekday and weekend weights of
352's by hour can be seen in Figure 11 which illustrates payload weight variation by
hour for a 352 for all functional systems combined by weekday and weekend. The
relationship between weekday and weekend by hour seems to be similar for both
the average payload weights and the average gross weights. However, the greatest
difference between the weekday and weekend average payload weights was 2,562
pounds (4:00 p.m.) while the difference in the average gross weights at the time
was 8,005 pounds (Figure 10) which is over 200 percent higher. Therefore, it is
assumed that the higher weights on weekends were not caused entirely by an
increase in average payload. It appears that not only was the average payload
heavier on weekends during daytime hours, but the percentage of loaded 352's was

significantly higher on weekends.
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352 Weight Variation By Design Type and Season

Weight variations among design types of highways for 352's are shown in Figure 12.

The average day weight is shown for each season of the year.

There was only a slight variation in average day weight from season to season when
all rural design types sre combined and when all urban design types are combined.
In this case, spring had the highest average day weight for both rural and urban
areas. Rural design types exhibited a maximum of 3 percent (about 1600 pounds)
seasonal difference while urban design types exhibited a maximum of 7 percent
difference or about 3900 pounds. Overall, the rural and urban weights for all the

seasons combined were approximately the same for 352's.

Seasonal 352 weight data within each design type, on the other hand, showed
considerable variation. The largest variation between seasons was on urban 2-lane
highways which showed 20 percent or 8,290 pounds difference between summer and
spring. The least variation was on rural freeways and expressways with a maximum
of 1,387 pounds or 2 percent difference between seasons. These results are very
similar to those previously discussed for the urban minor arterials/collectors and
rural Interstate functional classes.
4 .

For all seasons combined, the average day weight of a 352 was greatest on urban
other muitilane highways and least on urban Z-lane roads. This difference

amounted to 10,339 pounds or 22 percent.

352 Weight Variation by Design Type and Weekday/Weekend

A comparsion of average weekday and average weekend weights for 352's by design
type is displayed in Figure 13. As with the functional classes, the average weekend
weights were higher for every design type. The urban other multilane system
showed the greatest weight increase from weekdays to weekends (13 percent) and
the urban 2-lane system showed the least increase (2 percent). It is interesting to
note that the highest average weekday weight occurred on rural freeways and
expressways while the highest average weekend day weight occurred on urban other

multilane highways.
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SEASONAL VARIATION IN AVERAGE DAY WEIGHTS

BY DESIGN TYPE FOR VEHICLE TYPE 382

FIGURE 12.
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Functional system average gross weights for all vehicle types are presented in this
appendix for season of the year and day of the week. Due to the small number of
vehicles weighed in some hours, functional system stratification by hour of the day
for all vehicle types except 352's is shown for only combined seasons and days of
the week. Complete functional system hourly data is presented for 352's since
generally sufficient numbers of 352's were weighed. However, caution should be
exercised in using the hourly data for 352's on the lower order functional systems

o

since these systems contained the least number of 357's that were weighed.

Functional system 18-Kip equivalent axle loads (EAL) are also presented for each
vehicle type by season of the year and weekday/weekend. Particular attention
should be paid te the number of vehicles associated with each EAL value and
appropriate judgment made on its usefulness on a nationwide or State by State
basis. Hourly EAL values were not produced due to their limited usefulness and the

lack of sufficient data.

In order to keep this appendix to a manageable level, only seasonal and day of week
data are presented for design type and limited State data is given. Additional

design type and State data are available upon request.
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