A New Method of Traffic Evaluation

For Pavement Design

CONRAD J. DERDEYN, Engineering Assistant II, Research Section, Highway Design
Division, Texas Highway Department

Most procedures currently used for structural and geometric
design of pavements fail to treat adequately effects of mixed
traffic on pavement life. The effects of magnitude, configura-
tion, and number of repetitions of various wheel loads should
be included as variables in any good pavement design proce-
dure.

An analysis of axle loads observed on Texas highways is
used with equivalence factors developed at the recently com-
pleted AASHO Road Test to develop a practical method for
analyzing the damaging effects of mixed traffic. The method
of traffic evaluation can be adapted for use with many different
design procedures.

e WITHIN the last twenty years, the methods used to determine the design thickness of
each layer in flexible pavements have changed from procedures based almost solely on
the experience and judgment of one individual to procedures which utilize many scien-
tific techniques.

All of the design methods take into consideration in some form the relative strength
properties of the roadway materials, the effect of traffic, and the effect of time. It is
difficult, however, to differentiate and explain clearly how some procedures take the
variables of material properties, traffic, and time into consideration.

On reviewing many design procedures it is apparent that most methods of evaluating
traffic are completely empirical. Most methods fail to account for three important
elements: (a) the effect of the number of repetitions of wheel loads, (b) the effect of
variations in the magnitude of wheel loads on in-service roads, and (c) the effect of
volume, or the number of each specific wheel load by weight.

The apparent attitude of resignation among pavement designers concerning the evalu-
ation of the effects of mixed traffic has not occurred without reason. There are three
predominant extenuating circumstances which contributed to this.

First, procedures developed prior to about 1940 were based on design considerations
for roads carrying relatively small volumes of traffic with few heavily loaded vehicles.
The use of a static loading test to evaluate the behavior of a soil which would be sub-
jected to dynamic loads on the road proved to be satisfactory in the early years, and
design procedures such as the CBR method resulted in pavements which stood up under
trafficfor a period of time. There appeared to be no reason to worry about precise
analysis of the effects of traffic.

Second, and probably the most fundamental factor, there was no scientific method of
defining the serviceability of pavements. As a result of this deficiency, the damaging
effect of a specific wheel load could not be evaluated accurately. An analysis of mixed
traffic on in-service roads further complicated the problem.

Third, there was no method for evaluating the effect of the variables other than those
directly associated with traffic. The effect of construction control and variations of
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both temperature and moisture in the area were but a few of the unresolved conditions
which further complicated the problem and contributed to an attitude of resignation.

These extenuating circumstances have for the most part been overcome. The
AASHO Road Test has been completed and the results are being studied by highway
engineers everywhere. The ""AASHOInterim Guide for the Design of Flexible Pave-
ment Structures' and the "AASHO Interim Guide for the Design of Rigid Pavement
Structures' are summaries of the AASHO Road Test data prepared by the AASHO Com-
mittee on Design. These Guides provided a tool by which pavement designers may
combine local experience with experience gained at the AASHO Road Test.

This paper discusses the development of a practical traffic analysis which may be
used to analyze mixed traffic for pavement design.

AASHO Road Test

The most thorough evaluation of the effect of traffic on pavement performance to
date is contained in the reports of the AASHO Road Test. The equivalence factors
developed represent an extensive evaluation of the relative destructive effect of traffic.
The definition of an equivalence factor is "the number of applications of an 18, 000-1b
single-axle load required to produce the same effect on the serviceability of a pave-
ment as one application of a particular axle load."

W. N. Carey, Jr., Chief Engineer of Research on the AASHO Road Test, made the
following comment in respect to the equivalence factors:

The most important result of the physical tests at Ottawa was
the one by which the relative effects of different axle load-
ings on pavement performance can be determined. This could
not have been found by study of ordinsry highways in operation.
Controlled traffic, as at the Road Test, where only one axle
load operated over any given test pavement, was essential.
This controlled traffic made it possible to assign responsi-
bility for damage to a specific load. The effect of specific
loads on performance was so clearly shown that it is possible
to evolve very rational theories as to the probable effects
of mixed traffic on pavement performance. . . The Road Test
could not show whether or not the load effect would 'be the
same in other environments as it was at Ottawa. On the other
hand, without another controlled traffic test it cannot be
shown that they would not be. I suggest that pavement de-
signers might accept the load effect relationships resulting
from the Road Test as good approximations of the load rela-
tionships everywhere until such time as another controlled
traffic research is undertaken. If this advice is accepted,
highway engineers can immediately look to the entire highway
system as testing ground for study of the many design rela-
tionships that are still unknown. Mixed traffic, if the Road
Test equivalencies are used, will be a perfectly satisfactory
treatment for numerous experiments involving pavement design
parameters. It is only required that the axle loads and fre-
quencies of the mixed traffic be determined with fair preci-
sion.

The succeeding sections present a method of determining the axle loads and their
frequencies in mixed traffic.

Definitions and Abbreviations

Tandem-Axle Set — Two single axles whose centers are included between two paral-
lel transverse vertical planes 40 in. apart, extending across the full width of the vehi-
cle.

Axle Load — The total load transmitted to the pavement structure by all wheels of
either a single axle or a tandem-axle set.




Design Interval — That period of time required for the design traffic to develop.
Serviceability — The ability, at the time of observation of a pavement to serve
high-speed high-volume automobile and truck traffic.
EVALUATION OF TRAFFIC
Traffic Projection

The first step in the evaluation of traffic for use in highway design requires an
analysis of the facility proposed. Past traffic history, land use, relationship to the
area's long-range transportation plan, and other factors must all be considered.

Once these factors are evaluated and weighed, a traffic projection for the design in-
terval can be made.

Figure 1 depicts a hypothetical traffic projection wherein a facility with a 20-yr
service life is being analyzed for improvement. The average daily traffic has been
projected 25 years and the design interval has been selected as 20 years. It should be
noted that Figure 1 uses the word "axles' synonymously with ADT. This does not
mean to imply that these two are directly interchangeable, but rather shows that axle
counts can be projected directly because the "raw' traffic data are normally obtained
in axle counts. The projection of axles rather than ADT at this point simplifies the
overall mechanics of this program; however, in order to stay with current terminology,
ADT is used.

Attention is called to the needed additional study of the reliability of traffic sampling
and projections. Statistical analysis in the number and location of sampling stations
and in the size and time of sample should be conducted on a continuing basis as should
a comparison of earlier predictions with current traffic.

Relationship of Percent Trucks to ADT

The second step in the evaluation of traffic was to establish the characteristics of
mixed traffic found on in-service roads in Texas and several states. A study of all the
manual classifications and count stations in Texas for the period 1851-1961 was made
and the percent truck traffic was determined. Pickups and panel trucks which have
relatively the same performance and weight characteristics as automobiles were not
included as part of the truck traffic.

Figure 2 shows the result of this study. The "upper limit" line represents approxi-
mately the highest percent of trucks that has been experienced for any given ADT on
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Figure 1. Traffic projection curve.
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Figure 2. Relationship of percent trucks to ADT.

Texas highways during the 1959-61 period. Approximately 96 percent of all the sta-
tions plotted were below the line. The majority of the stations which were above the
line had less than 4,000 ADT. Very few stations had less than four percent truck
traffic.

Whenever traffic analysis and projections are made, a curve depicting the change
in percent trucks to ADT should be established for the section of highway being con-
sidered. In Texas this curve would fall between a flat four percent truck traffic line
and the upper limit line and normally would have the characteristics of the upper limit
line.

Figure 2 also uses the work "'axles' synonymously with ADT. Again, the term
"axles" could be used directly in lieu of the more familiar term of ADT and thereby
simplify the overall mechanics of this program.

Attention is called to the need for additional study of the reliability of the data and
for a sampling program to detect local trends.

Single Axles and Tandem-Axle Sets per Hundred Vehicles

The third step (Table 1) shows the current conversion factors used on the primary
highway system for changing ADT to axles. This sample tabulation has been developed
from current traffic studies. It should be continually expanded and revised once this
program development is completed. This step could be included later in the program
if the term "axles" had been used in lieu of ADT in Figures 1 and 2. The third step
would then be required to convert axles to the projected ADT and the projected percent
trucks necessary in geometric design considerations.

Distribution of Axle Loads

An investigation of the wheel load data from the 21 loadometer stations operated by
the Planning Survey Division of the Texas Highway Department resulted in a family of
curves which describes the characteristics and distribution of axle loads of mixed traf-
fic found on in-service roads in Texas. Figures 3 and 4 were developed from the data
of 21 loadometer stations operating across the state in 1960. It is necessary that both
figures be used with each other in order to have a complete picture of the distribution.
There are several points to be noted on these two figures.

Single- Axle Distribution (Fig. 3).—As would be expected, a highway with a low per-
centage of truck traffic normally has high traffic volumes. More than 80 percent of all
the axles on this road are single axles weighing less than 2 kips. Approximately 0.06
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Figure 3. Single-axle distribution at 21 loadometer stations in 1960.

percent of all the single axles exceed the 18-kip legal limit, but usually do not exceed
22 kips.

A highway with a high percentage of truck traffic normally has low traffic volumes.
Less than 60 percent of all the axles are single axles weighing less than 2 kips. There
is a considerable increase (approximately 0.15 percent) in the number of single axles
that exceed the 18-kip legal limit, with the maximum axle weight usually not exceeding
30 kips.

Tandem-Axle Distribution (Fig. 4).—A highway with a low percentage of truck traf-
fic has a very low percentage (approximately 0.74 percent) of the total axles of tandem-
axle sets. The tandem-axle sets that are overweight, approximately 0.05 percent,
usually do not exceed 42 kips. Conversely, a highway with a high percentage of truck
traffic normally has low traffic volumes. Approximately 10.10 percent of the total
axles are tandem-axle sets. Those that are overweight, approximately 0.16 percent,
usually do not exceed 50 kips.

Attention is called to the need for additional study on a recurring basis of: (a) the
reliability of loadometer sampling, (b) the statistical analysis of the number and loca-
tion of sampling stations, and (c) the size and time of sample.

In the past, high traffic volumes have generally been associated with heavy wheel
loads. This relationship appears to be changing. Following the 1959 legislative
raising of the maximum legal gross load limit to 72,000 1b per truck, there has been
an appreciable increase in the number of tandem-axle sets and accordingly a decrease
in single axles.

TABLE 1

NUMBER OF SINGLE AXLES AND TANDEM-AXLE SETS FOR EACH TYPE OF VEHICLE
PER EACH 100 VEHICLES FOR THE PRIMARY HIGHWAY SYSTEM

4,000 - 7,999 8,000 - 11,999 12,000 - 15,999 16,000 - 19,999 20,000 - 24,999 25,000 & Over

0 =i3,390ADTY ADT, ADT, ADT, ADT, b, ADT,
ehicie 20 % Trucks 18 % Trucks 14 % Trucks 12 % Trucks 10 % Trucks 8 % Trucks 6% Trucks
Classification
Single Tandem- Single Tandem- Single Tandem- Single Tandem- Single Tandem- Single Tan.dem— Single Tandem-
Axles Axle Axles fnle Axles Axle Axles Axle Axles Sxle les Axle Axles Axle
Sets Sets Sets Sets Sets Sets Sets
Single unit
vehicles:
Passenger cars 143.60 B 147.20 - 154.40 - 158,00 - 161.60 - 165.00 - 168.60 -
Panel & pickup
trucks 16,40 - 16.80 = 17.60 - 18,00 > 18.40 . 18.00 - 19.40
Other 2-axle
vehicles 11.60 - 10.40 - 8.20 - 7.00 - 5.80 - 4.60 - 3.60 -
3-axle 0.40 0.40 0.40 0.40 0.30 0.30 0.30 0.30 0.20 0.20 0.20 0.20 0.10 0.10
Combinations:
3-axle 6.30 - 5.70 - 4.50 3.90 3.00 - 2.40 - 1.80 -
4-axle 10.80 5.40 9.60 4.80 7.60 3.80 6.40 3.20 5.40 2.170 4.40 2.20 3.20 1.60
5-axle 6.30 12,60 5.70 11.40 4,30 B.60 3,70 7,40 3.20 6.40 2,50 5.00 1,90 3.80
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Figure 4. Tandem-axle set distribution at 21 loadometer stations in 1960.

The addition of tandem-axle sets was the only practical way in which the gross load
could increase and still conform to the unchanged requirements of a maximum load of
18,000 1b per single axle and 32,000 lb per tandem-axle set.

These relationships in axle load weight and the arrangement of axles, must be con-
tinually reviewed and revised for these curves to be representative and for changes in
them to be recognized.

Program Block Diagram

A cursory review of the degree of accuracy with which the parameters involved
in designing pavement structures are presently defined reveals that it is unneces-
sary, and impractical as well, to determine the effect of every specific axle load
to which a road will be subjected during its design life. Likewise, to determine
the exact number of axles of each magnitude and to multiply each specific axle
by its respective equivalent factor would be unnecessary in view of the accuracy
desired.

Pavement design will not require such a refinement in traffic evaluation without
further improvement in other phases pertinent to highway construction. However,
caution must be exercised to insure that designers do not continue to minimize traffic
analysis now that the relative destructive effect of wheel loads can be evaluated.

The development of a computer program by which traffic may be analyzed and con-
verted to an equivalent number of 18,000-1b single-axle load applications by simple
calculations is now in order, utilizing the previously discussed relationships. Figure
5 schematically ties these relationships together.

Input.—Input will normally consist of the initial year's ADT and the design interval
along with established boundary conditions for traffic projections (Fig. 1) and percent
trucks (Fig. 2). Relationships established in these first two figures will have been
based on the analysis of past experience and at this point it will be a matter of select-
ing the desired boundary.

Traffic Projection Curve (Fig. 1).—ADT is projected by one or more selected
curves for the selected design (time) interval.

Relationship of Percent Trucks to ADT (Fig. 2).— The percent trucks is projected
by one or more selected curves not exceeding the "upper limit" line. Entering Figure
2 with the ADT projected from Figure 1, the corresponding percent trucks on the or-
dinate axis can be found.
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Figure 5. Program block diagran.

Single-Axle and Tandem-Axle Sets per 100 Vehicles (Table 1), —ADT is converted
to axles based on the following parameters: ADT volume group, percent trucks, and
highway classification.

Distribution of Axle Loads (Figs. 3 and 4).— The total number of axles are dis-
tributed according to type and weight with single axles in 2-kip increments and tandem-
axle sets in 4-kip increments.,

Equivalent 18-Kip Single- Axle Load Application.—The total number of single axles
in each weight group is multiplied by its respective AASHO Road Test equivalence
factor. Similarly, the total number of tandem-axle sets in each weight group is multi-
plied by its respective AASHO Road Test equivalence factor. All these equivalent 18-
kip single-axle load applications are added for the total design interval to provide the
"total equivalent 18-kip single-axle load applications' for which to design the pavement
structure.

The ADT and percent trucks necessary for geometric design considerations are also
provided for the design interval selected.

The traffic analysis developed in this study provides a practical method of evaluating
the effects of all wheel loads on roads subjected to mixed traffic. The analysis for
mixed traffic developed herein can be adapted for use with any currently accepted de-
sign procedure.

DISCUSSION AND CONCLUSIONS

The primary purpose of this study was to develop a practical method of evaluating
the effects of all wheel loads on roads which carry mixed traffic. Equivalence factors
derived from experience at the AASHO Road Test were used to convert wheel loads of
the type observed on Texas roads to an equivalent number of 18,000-1b single-axle
loads.

It may be pointed out that the analysis of traffic reported herein is based on data
collected at 21 loadometer stations in Texas during 1958 and 1960. As more experi-
ence in analyzing mixed traffic is gained, modifications to the limits selected for axle
weight groups and to the magnitude of the equivalence factors used might be required;
however, the techniques employed in the traffic analysis as developed in this report
can be used to make these modifications.



The wheel load analysis is suitable for evaluating all traffic on present intercity
highways in Texas. The method of analysis is adaptable to all types of roads, irre-
spective of volume or wheel load size. Traific on urban expressways with large traf-
fic volumes and relatively few heavily loaded trucks, primary highways with medium
traffic volumes and heavy axle loads may be considered. The analysis could also be
utilized for county roads with extremely low traffic volumes and an occasional heavy
load, or a city street with high traffic volumes and almost no heavy loads.

The analysis provides a research tool by which old traffic records can be used to
analyze past pavement performance. The backlog of experience and data from old
roads should be used to further check and improve this analysis.

The new analysis of traffic when compared with current design procedures results
in the following general trends:

1. Design life will now be considered as that time period required for design traf-
fic to develop. In designing the pavement structure, engineers can design for a
selected number of repetitions of wheel loads rather than for a selected period of
time.

2, Stage construction can now be a programed item. A structure may be designed
to full standards; however, the construction of part of the surface course may be de-
layed until traffic volumes merit additional surfacing.

3. A realistic pavement rating system can perhaps now become a reality. A serv-
iceability index defined at the AASHO Road Test and the AASHO Road Test equation
which rated the performance (the trend of serviceability with load applications) of pave
ments on the Road Test may now be applied to satellite road tests and studies.

RECOMMENDATIONS

In concluding this study the author recommends that the following studies should be
conducted to réfine the traffic analysis developed in this report.

1. Loadometer sampling techniques should be re-evaluated in conjunction with this
analysis because extensive coverage and statistically sound data will be necessary to
determine adequately axle load distribution for use in the analysis.

2. Future traffic studies should investigate the character of axle loads on the vari-
ous lanes of multi-lane facilities to determine properly the total number of equivalent
18-kip single-axle load applications for which each lane of the roadway should be
designed. Although it is a relatively safe assumption that the heavier units travel
over the slower lanes, current speed studies indicate that heavy trucks are capable of
maintaining average speeds of 50 mph. The normally faster, interior lanes are now
experiencing heavier wheel loads.

3. A computer program as recommended to analyze past and future traffic data
should include the development of equations from which projects of ADT, percent
trucks and axle load distribution could be made.
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Appendix
GATHERING OF TRAFFIC DATA IN TEXAS

The Planning Survey Division, usually referred to as File D-10, collects all traffic
data for the Texas Highway Department. The Division's data-gathering operation can
be divided into three sections.

1. Twenty-one permanent loadometer (vehicle wheel weighing) stations located in
the eastern two-thirds of the state. Although the station locations inadvertently give
the appearance of being geographic, the criteria for selecting station sites are based
on intercity traffic volumes. Each station is operated for one 8-hr period each month,
4 hr for incoming traffic and 4 hr for outgoing traffic. The sampling periods are
scheduled from 6 AM to 2 PM, 2 PM to 10 PM, and 10 PM to 6 AM. Every three
months a complete 24-hr cycle is completed. The stations are operated 36 hr in each
direction for a total of 72 hr per year. During each 4-hr session all trucks and ap-
proximately 10 percent of all pickups are weighed. Cars are not weighed. The load-
ometer crew is composed of six men: a party chief supervises the operations; a flag-
man directs traffic approaching the station; two men weigh the outside half of ‘each
axle with a portable pit scale, measure the height of the vehicle and interview the
driver as to the commodity carried and the origin and destination of the trip; and one
man makes a visual, two-directional traffic count and classifies the vehicles by type,
number of axles and axle configuration.

2. One hundred and forty automatic continuous count stations are located through-
out the state. Recording counters are used at each station to count and record all
axles, 24 hr a day all year long. The count is photographed every hour on film strips.
These film strips are mailed to Austin every week.
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3. One hundred and sixty-eight permanent manual traffic count and classification
stations are located throughout the state. A visual traffic count and vehicle classifi-
cation by type, number of axles and axle configuration are made at each station.
Forty-eight of these stations are operated six times a year for 24-hr periods. The
permanent manual count and classification stations are often supplemented by periodic
spot counts of all roads on the state system. Reports and projections based on these
data are prepared by the Planning Survey Division for use by the Department.





