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Evaluation of Increased Pavement 
Loading and Tire Pressures 

STUART w. HUDSON AND STEPHEN B. SEEDS 

This research was directed toward developing a system for 
estimating changes in the flexible pavement design process as 
a result of trends noted in truck traffic. Maximum use was 
made of existing Arizona traffic and weight data, with field 
studies made only where data were not available. Case studies 
were used to verify the accuracy and sensitivity of the proce
dures. The work involved (1) a search of available data on file 
within the Arizona DOT and from the AASHO Road Test, (2) 
collection of pertinent field data, and (3) analysis of these data 
to develop a computer simulation procedure for predicting the 
effects of current truck loading conditions. The output from 
this research is a computer model for estimating pavement 
design loadings (18-kip equivalent single-axle loads) using the 
old and "new" estimation techniques. 

Research on evaluation of increased pavement loading (1, 2) 
has been directed toward developing a system for estimating 
changes in the flexible pavement design process as a result of 
trends noted in truck traffic. Data collected as part of the 
Arizona investigation, and supported by information from the 
AASHTO Road Test (3) and Middleton et al. (4), confirm 
that actual truck tire pressures under operating conditions are 
likely to be in the range of 90-130 psi. Legal axle load limits 
may increase in the near future in order to take advantage of 
developments in truck and tire manufacturing capabilities. 
The Transportation Research Board's proposed Turner Truck 
Study (5) will help decide this issue. 

In order to extend the findings from the AASHO Road 
Test, a mechanistic approach was used to evaluate changing 
tire pressures, increased loads, and steering axle damage; to 
isolate single-axle and tandem-axle effects; and to evaluate 
the effects of tridem axles. 

Early in the project, an effort was made to collect existing 
data in several important areas, including 

• data from tire manufacturers and researchers concerning 
current design tire pressures, loads, and the shape, size, and 
pressure distribution of tires in contact with a pavement sur
face-to assist in modeling the tire/pavement interface; 

• vehicle weight data from the 14 port-of-entry weigh sta
tions in Arizona, as well as weigh-in-motion data-to be used 
for comparisons and program verification, but not for model 
development; 

• Arizona Department of Transportation (ADOT) traffic 
volume and classification data from throughout Arizona-to 
be used for program development and verification; 

• ADOT overlay design and traffic analysis programs-to 
evaluate design procedures; and 

ARE Inc., 2600 Dellana Lane, Austin, Tex. 78746. 

• data on typical Arizona pavement cross sections-for 
modeling purposes. 

The data were used for different purposes, some of which 
are described in the following sections. 

TIRE DATA 

A number of sources were examined for information on truck 
tire footprint size and shape, and the distribution of pressures 
over the footprint area. Data were obtained from the AASHO 
Road Test, research performed at Texas A&M University 
and the University of Texas (4, 6-12), tire manufacturing 
companies, The Tire and Rim Association (13), and tire 
researchers. 

Table 1 summarizes the relevant data found in the AASHO 
Road Test report (14). This table illustrates tire pressure levels 
that were used for the AASHO Road Test. These data also 
show the observed differences in the tire pressure and the unit 
ground pressure, assuming a uniform pressure distribution. 

Information on tire construction, tire pressures , footprint 
shape, and tire pressure distribution was provided by several 
of the major truck tire manufacturers. Figures 1 and 2 graph
ically illustrate the pressure data provided by Tire Company 
A. Figure 1 indicates that the area of highest pressure occurs 
at the edge of a static tire (295175 R 22.5) footprint whereas 
for a rolling tire (11 R 22.5), the highest pressure occurs at 
the center (Figure 2). These are the only data available from 
Company A and unfortunately do not compare the same type 
of tire. 

Company B provided footprint pressure data for a 10.00 R 20 
(radial) rolling truck tire, including normal, lateral, and cir
cumferential pressures. Figures 3 and 4 show the circumfer
ential footprint load distribution for a 10.00 R 20 tire. These 
figures are comparable to Figures 1 and 2 from the Company 
A data in that they illustrate the pressure distribution along 
the length of the tire at four transverse positions. Figures 3 
and 4, however, eem to contradict the data from Company 
A (Fig. 2), which predicted the maximum normal stress occur
ring at the midpoint of the footprint centerline on a rolling 
tire. These data indicate that the pressure di. tribution of the 
tire/pavement contact area is not uniform. They also show 
wide variations between the results of investigators who have 
attempted to quantify the distributions . Because of this and 
the difficulty in modeling a nonuniform pressure distribution 
with available models, uniform pressure distributions were 
used in the modeling efforts for this investigation. 

An independent tire research firm (Smithers Scientific Ser-
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TABLE 1 SUMMARY OF LOADS, TIRE TYPE, TIRE PRESSURE, AND 
CONTACT AREA USED IN TRUCKS IN AASHO ROAD TEST 

Tire Tire Size Tiry Gro SB Contact Unit Ground 2 

Load( lbs) & Ply Rating Pressure (psi) Area( in2) Pressure( psi) 

1,000 6.70 x 15/43 24 36 . 6 29.l 
1,500 7.00 x 16/6 45 37.4 42.3 
3,000 7.50 x 20/10 75 45.4 65.7 
3, 000 7.50 x 20/10 75 45.4 65.7 
4,500 10 . 00 x 20/12 75 4 67.8 67.5 
4,000 9.00 x 20/10 75 59.3 69.5 
5,600 11.00 x 20/12 75 77. 7 66 . 4 
5,000 11.00 x 20/12 75 77.7 66 . 4 
7,500 12.00 x 24/14 80 97. 3 69.7 
6,000 12.00 x 20/14 80 86.4 69 .8 

Taken with tires at approximately the prevailing atmoepheric 
temperatures and do not include any inflation build-up due to vehicle 
operation as per Tire and Rim Association standard. 

·2 Calculated with assumption of uniform pressure. 

3 Tubeless tire; Tire and Rim Association standard inflation pressure is 
28 psi for 1,065-lb load. 

4 Tire and Rim Association standard inflation pressure is 70 psi for a 
recomended maximum load of 3, 960 lb. Thia tire was operated at 75 psi 
inflat i on pressure and the data given for chis pressure ore at a load of 
4,120 lb. A measured value of the gross contact area was not available 
for these conditions, but was assumed to be the same as that for 3,960-
lb load at 70 psi. 

vices), cooperating with ARE Inc., provided performance 
specifications for five different brands of radial truck tires. 
The relevant data are summarized in Table 2. It can be seen 
from these data that the inflation pressure is approximately 
equal to the load divided by the net contact area. This is the 
assumption that is normafly used in layer theory analysis . All 
of the tires compared are type 11 R 24.5. 

The field crew checked tire pressures on trucks as they were 
stopped on the weigh-station scales. The trucks had just come 
off the highway, so the tires were at operating temperature 
and pressure. The test procedure was to check the pressures 
of three tires on each truck: one front steering tire , one drive 
tire on the tractor, and one of the rear tires on the trailer or 
trailers. Information noted on each truck was: configuration, 
tire size and type, tire pressure, and ambient temperature in 
both the sun and shade at intervals throughout the day . 

TRUCK TIRE PRESSURE MEASUREMENTS 

Truck tire pressures were inventoried at three Arizona port
of-entry weigh stations. Pressure data from 350 trucks were 
recorded over 4 days of measurements. 

16 
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The tire pressure data were reduced and analyzed. Table 
3 summarizes the radial tire pressure information collected at 
all three truck stations. The lire pressures are subdivided by 
their location on the truck: front (steering axle), middle (drive 
axle), and rear (trailer axle). 
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FIGURE 2 Rolling footprint load distribution (Company A). 
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The most common tire size observed was the 11 R 24.5, 
constituting over 50 percent of all the front-tire measure
ments. Three other tire sizes (11 R 22.5, 275/80 R 24.5, and 
285/75 R 24.5) in conjunction with the 11 R 24.5s constituted 
almost 90 percent of the front tire observations. As might be 
expected, the measured standard deviation is lowest for front 
tires because truckers check front tire pressure more often to 
ensure optimum ride and handling of the truck. Many of the 
truckers do not own the trailer they haul; consequently, trailer 
tire pressures vary (higher standard deviation) more than trac
tor tire pressures. 

The following conclusions can be drawn from the analysis 
of the pressure data collected on this project: 

Table 4· inciudes all types 01 tires measured but separates 
bias ply from radials. For three truck axle locations (front, 
middle, and rear), the number of observations, the mean tire 
pressure, and the standard deviation are calculated. In addi
tion, intervals are calculated that indicate a range of tire pres
sures between which 99, 95, and 90 percent of the tire pop
ulation should statistically fall . 

1. The number of bias ply tires as compared to the number 
of radial tires (tractor= 5.1 percent, trailer= 17.2 percent) 
is small enough that only radials could be considered in the 
equivalence factor analysis. 

2. Tire pressures on the steering axle exhibit a lower stan
dard deviation than do tires on the middle or rear (trailer) 
axles. This indicates that the front axle may be more repre
sentative of the tire pressure favored by truckers. 

3. Average radial tire pressure for the front, middle, and 
rear axles is 105.9, 102.4, and 101.8 psi, respectively. 

4. These data cannot prove or disprove that tire pressures 
are significantly higher when temperatures in the sun are 
greater than 100°F. On the days when tire pressure meas
urements were recorded, the temperature fluctuated because 
of partly cloudy conditions. The sun was never out long 
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FIGURE 3 Rolling footprint pressure distribution (65 psi). 
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FIGURE 4 Rolling footprint pressure distribution (105 psi). 

TABLE 2 SUMMARY OF INFORMATION PROVIDED BY COMPANY A 

Total Net Load lnfl. 
Footprint Contact on Pressure 

Brand Area(in2J Area(in2) Tire(lb) (pei) 

Bridgestone 78.04 59.56 5640 95 

Goodyear 72. 62 53.37 56·40 95 

Michelin 79.15 57.95 5790 100 

Firestone 81. 52 61.65 5640 95 

General 73 .39 57.06 5640 95 

TABLE 3 TIRE PRESSURE BREAKDOWN BY TIRE TYPE 

Front Radials Middle Radials Rear Radials 
Tire TyPe Obs. Mean St . Dev . Tire Type Obs. Mean St Dev. Tire Type Obs Mean 

10.00R20 3 100.0 6.9 10.00R20 3 98.3 12.6 10.00R17.5HC 1 116.0 
10.00R22 4 98.3 9.5 10.00R22 4 102.0 15.6 10.00R20 3 97.3 
10.00R24.5 1 122 . 0 o.o 10.00R24.5 1 122.0 0.0 10.00R22 5 95.8 
ll/80R22.5 2 106,0 5 . 7 ll/80R22 . 5 2 106.0 2.8 10 . 00R22 . 5 2 97.5 
11R22.5 33 104 . 4 8.3 11R22.5 33 100 . 5 7.2 10 . 00R24.5 1 118.0 
11R24. 5 189 106 . 5 9.9 11R24. 5 180 103 . 5 11 .2 10/70R22.5 1 102.0 
275/80R22.5 9 107 . 4 5.2 275/80R22.5 9 103.1 8.4 10R22.5 2 96.0 
275/80R24.5 35 107 . 3 9.2 275/80R24.5 33 102.4 10.0 ll/80R22.5 2 105.0 
275/85R22.5 1 86.0 0.0 275/85R22.5 1 98.0 0.0 ll/80R24.5 3 107.7 
275/85R24.5 1 112.0 o.o 274/85R24.5 1 102.0 0.0 11R17.5 1 112.0 
275/95R24.5 1 108.0 o.o 275/95R24.5 1 88.0 0.0 11R22.5 40 102.1 
280/75R24.5 1 108.0 0.0 280/75R24.S 1 92.0 0.0 11R24. 5 137 102. 2 
285/75R24.5 37 103 . 9 10.8 285/75R24.2 1 102.0 0.0 255/70R22.5 4 105.5 
285/80R22.5 1 100 . 0 0.0 285/75R24.S 36 99.1 10.9 275/80R22.5 7 100.l 
285/80R24.5 1 110 . 0 o.o 285/80R22.5 1 102.0 0.0 275/80R24.5 24 102.5 
295/75R22.5 9 106 . 0 4.0 285/80R24.5 1 110.0 0.0 280/75R24.5 1 66.0 
9R22 . 5 1 95 . 0 0 . 0 295/75R22.S 9 103.8 4.9 285/75R24.2 1 100.0 

9R22.5 1 75.0 0.0 285/75R24 . 5 32 99 . 8 
285/80R22 . 5 1 103 . 0 
295/75R22 . 5 5 97.6 
8.25R20 1 98.0 
9.00R20 1 110.0 
9Rl7. 5 1 114.0 
9R22.5 3 103.3 

St.Dev. 

0.0 
15.5 
12.2 

3 . 5 
0 .0 
0 . 0 
8.5 
1.4 
0.6 
0.0 

11.2 
11.6 
4.9 
8.8 

11.7 
0.0 
0.0 

11.8 
0.0 

12 . 0 
0.0 
0.0 
0.0 

10.8 
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TABLE 4 STATISTICAL BREAKDOWN OF ARIZONA TIRE PRESSURE DATA 

Tire Truck % * Obs . Sample Stand . 99% Obs. 95% Obs. 90% Obs. 
Type Axle Used Mean Dev . Low High Low High Low High 

Bias Front 100% 18 90.6 7.9 70.2 111.0 75.1 106.1 77 . 6 103.6 
Ply 95% 17 89.8 7.2 71.3 108 . 3 75 .8 103.9 78 . 0 101.6 

Middle 100% 17 86 .4 7 . 7 66.5 106 . 2 71 . 3 101 . 4 73 . 7 99 .0 
95% 16 85 . 5 6.8 67.9 103.1 72 .1 98 . 9 74 . 3 96 .7 

Rear 100% 58 88.1 12 . 5 55.8 120 . 4 63.5 112 . 6 67.5 108.7 
95% 55 87.4 10 . 9 59 . 4 115 , 4 66.2 108.7 69.6 105.3 

Radial Front 100% 329 105 . 9 9.5 81.2 130.5 87 . 2 124 . 6 90 . 2 121.6 
95% 313 105. 8 7. 8 85 . 7 126.0 90 . 5 121. 2 93 . 0 118 . 7 

Middle 100% 318 102.4 10.6 75 . l 129.7 81. 6 123.2 85 . 0 119 . 8 
95% 302 102.7 8.6 80.5 125.0 85.8 119. 6 88.5 116 . 9 

Rear 100% 279 101 , 8 11.4 72.4 131.1 79 . 5 124.0 83 . 1 120 . 5 
95% 265 102 . 6 9 . 5 78.2 127.1 84 . 1 121. 2 87 . 0 118 . 2 

* Indicates the percentage of observations in the analysis . 
100% - all observations were included. 
95% 5% of the observations furthest 

outliers for this analysis. 

enough to substantially heat the pavement for a prolongea 
period of time. 

The apparent increase in truck tire pressures since the 
AASHO Road Test led to investigation of the effects on 
pavement stresses and strains and on pavement life. These 
investigations are discussed in detail in following section . 

TIRE PRESSURE EFFECTS STUDY 

In this portion of the project, the effects of tire pressure on 
pavements were examined using a mechanistic approach. An 
elastic-layer-theory program, ELSYMS (15), which assumes 
a uniform pressure distribution, was used to model an average 

1.4 

1.2 

from the mean were dropped as 

pavement structure. The following pavement cross section 
was considered in the analysis: 

Elastic Poisson's Thickness 
Layer Modulus (psi) Ratio (in .) 

1 300,000 0.30 3 
2 20,000 0.35 6 
3 12,000 0.40 8 
4 3,000 0.45 

Runs were made simulating axle loads of 18 and 28 kips. 
Each set of runs consisted of tire pressures ranging from 70 
to 160 psi, varying at 10-psi increments. 

The results are shown as plots of several important pave
ment response parameters vs. tire pressure. Figure 5 shows 
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FIGURE 6 Plot of principal strain versus tire pressure. 

a plot of the principal horizontal tensile and shear strains at 
the bottom of the asphalt layer and vertical compressive strain 
at the subgrade level vs. tire pressure for the 18-kip axle load. 
This plot indicates that horizontal tensile strain and shear 
strain increase as tire pressure increases whereas vertical strain 
on the roadbed soil remains fairly constant. The implication 
is that tire pressure increases may affect the surface layer in 
terms of reduced fatigue life, increased surface rutting, or 
increased roughness but that there is very little effect in terms 
of pavement damage attributable to vertical strain on the 
roadbed soil. 

By superimposing the range that contains 90 percent of the 
field-measured tire pressures for radial steering-axle tires on 
the principal strain vs. tire pressure plot as shown in Figure 
6, about a 12 percent increase in principal strain is observed. 

From field measurements discussed in the previous section: 

Mean Radial Tire Pressure (steering axle) = 105. 9 psi; 
Interval containing 90 percent of all observations = 90.2 

to 121.6 psi corresponding to strains of 0.51 x 10- 3 in.fin. to 
0.59 x 10- 3 in.fin. 

To examine the effect of these strain differences on pave
ment life, a fatigue or damage model can be used. The fatigue 
equation for Jess than 10 percent cracking developed by Finn 
et ai. (16) produces the foilowing resuiis: 

Jog N1 (~10%) = 15.947 - 3.291 log(strain/10- 6
) 

- 0.854 Jog(E/103) 

therefore, at 90.2 psi, strain = 0.51 x 10-3 in.fin., E 
300,000 psi; 

N1 = 83,350 applications 

and at 121.6 psi, strain = 0.59 x 10-3 in.fin., so 

N1 = 51,601 applications 

These remaining life analyses show that for a 35 percent 
increase in tire pressure from 90 to 121 psi, pavement life is 
reduced by 38 percent according to the Finn equation. The 

resulting effects on pavement life must certainly be considered 
significant. The results on a stronger (thicker) pavement would 
probably not be as significant although it seems clear that tire 
pressure should be considered in any new pavement design 
methodology. 

IMPROVED DAMAGE MODEL AND EQUIVALENCE 
FACTOR DEVELOPMENT 

A damage model (as it will be referred to in this context) is 
an equation that can be used to predict the number of load 
applications that can be sustained by a given pavement struc
ture in a given environment before it reaches some preesta
blished failure criterion. For example, a damage model devel
oped in NCHRP 1-lOB (16) was used in the previous section 
to show effects of increased tire pressure on pavement life. 
The primary and most obvious application of a damage model 
is in the pavement structural design process where it provides 
a means for selection of pavement layer thicknesses and, 
depending on the nature of the model, also provides a basis 
for determining the relative effects of different wheel loads, 
tire pressures, and load configurations on a pavement's load
carrying capacity. The latter provision translates further into 
a means for converting mixed-axle-load traffic into an equiv
alent design number of axle load repetitions of a uniform 
magnitude. 

·The following criteria were selected for the development 
of improved mechanistic damage models for ADOT. 

• Consider seasonal variation of roadbed soil support. To 
develop a mechanistic damage model with a potentially higher 
degree of accuracy than that of previous research efforts, it 
was considered essential that the seasonal variation of roadbed 
soil support at the AASHO Road Test be evaluated. To 
accomplish this, it was necessary to translate seasonal deflec
tions and laboratory test results into pavement material prop
erties so that the resulting variation of critical pavement stresses 
and strains could be considered. Miner's linear damage 
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hypothesis (17) was assumed to be valid, thus allowing the 
individual seasonal damages for each AASHO Road Test 
section to be accumulated and used in the analysis process. 

• Consider effects of steering axles independently from load 
axles. Since steering-axle loads ranged as high as 12,000 lb at 
the Road Test, it was decided that their effects should be 
considered separately from the trailing axles. This was accom
plished within the same linear damage framework used for 
considering seasonal effects. 

• Use serviceability as performance criterion. Traffic rep
etitions corresponding to a serviceability index of 2.5 were 
used in developing the damage models. 

• Develop separate damage models for single-axle and tan
dem-axle loads. This was included in the criteria for model 
development in order to maximize precision and to provide 
a better basis for evaluating the relative difference between 
single- and tandem-axle loads. 

• Use ELSYM5 as the mechanistic model. 

Although 25 years old, the data base of information from 
the AASHO Road Test experiment is still the best organized, 
most extensive, thorough, and accurately collected set of 
roadway performance data. Consequently, these data were 
selected for detailed analysis to develop the damage models. 

A new set of 18-kip single-axle equivalence factors was then 
developed using the mechanistic damage models. The new 
factors were mechanistically derived and are intended to even
tually replace the AASHTO load equivalence factors cur
rently used by ADOT. One significant improvement in this 
new set of equivalence factors is that they were developed 
considering tire pressure. The resulting factors should, there
fore, allow more accurate estimates of equivalent loads 
accounting for the higher tire pressures that have been observed 
on Arizona highways as previously described. 

The equivalence factors are dependent on a number of 
different parameters. These include the thicknesses and mod
uli of all pavement layers, tire pressure, axle type, and load. 
Several of the parameters have more influence than others. 
The parameters that have relatively little effect on the equiv
alence factors were fixed in the development. The minimum 
performance level was fixed at a terminal serviceability of 2.5. 
The parameters that were varied in the analysis include load, 
tire pressure, modulus of roadbed soil, thickness of subbase 
and base, thickness of asphalt concrete layer, and axle type. 
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Given the damage models developed in the project, the 
technique for generating 18-kip single-axle equivalence fac
tors for a variety of conditions is relatively simple. An equiv
alence factor is a ratio of the relative damage between a given 
loading condition (xlc/p), and a standard 18-kip single-axle 
load. (Note: x refers to the load magnitude, c to the load 
configuration, and p to the tire pressure.) The equivalence 
factor for load (xlc/p), therefore, can be calculated as the 
ratio of the allowable 18-kip single-axle load applications to 
the allowable applications for load (xlc/p ): 

ex1c1p = (N1 )is1111sf(N1 )x1c1p 

(N1) 1811175 is calculated for the selected structural and soil sup
port conditions using the single-axle damage model with a 
standard 75-psi tire pressure, and 18-kip single-axle load. 
(N1)xtcip is calculated (for the same structural and soil support 
conditions) using the appropriate single- or tandem-axle dam
age model along with the load magnitude (x) and tire pressure 
(p) corresponding to load (xlc/p). Two sets of damage models 
were used in the development. For 3- and 6-in. surface thick
nesses, the set of models with tensile strain at the bottom of 
the asphalt layer as the response parameter was used. For 
thin surface treatments, the models with vertical strain at the 
subgrade as response parameter were used. 

COMPUTER PROGRAM DEVELOPMENT 

One of the major objectives of this research project was to 
develop computer programs to predict I8-kip equivalent sin
gle-axle loadings (18KESALs) for Arizona highways. Two 
such programs were developed as a result of the research. 

The first program is called FEDESAL. This program uses 
Arizona loadometer data to predict an average number of 
equivalent loads per 1,000 vehicles based on the FHW A 
method. The other program, WIMESAL, reads WIM data 
and converts them to an estimate of the number of equivalent 
loads applied on a particular section of highway. Both pro
grams have the option of using the AASHTO equivalence 
factors or the new ARE Inc. equivalence factors which account 
for tire pressure. Table 5 provides comparisons of the two 
equivalence factors at selected loads. 

The results of the FEDESAL program are 18-kip vehicle 
equivalence factors that are the average number of 18KESALs 

TABLE 5 COMPARISON OF AASHTO AND ARE INC. 
EQUIVALENCE FACTORS FOR SINGLE AXLES 

Axle 

Load 

(kips) 

4 

10 

18 

30 

50 

pt - 2.5, 

AASHTO 

Equiv. 

Factor 

(75 psi) 

.003 

.102 

1. 0 

6.8 

60 

and SN - 4. 

ARE 

Equiv . 

Factor 

(75 psi) 

.0026 

.1446 

1. 0 

6.97 

60.5 

ARE 

Equiv . 

Factor 

(110 psi) 

.0060 

.5555 

5.295 

25.3 

236.9 

ARE 

Equiv . 

Factor 

(145 psi) 

.0096 

1. 2790 

15.517 

90.l 

427.7 
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DATE 0:5/01/86 
PAGE 3 

AVERAGE 18 KIP EQUIVALENT SINGLE 
AXLE LOADS PER 1000 VEHICLES 
USING FHWA TRUCK WEIGHT DATA 

COMMENTS: ARE Inc Equiv•lence Factor• Uaed 
Rigid Factor• not Calculat•d 
Ex••ple Run for Final Report 

Station Location: Urban 

Road Charact•ri•tic• U••d to Co•pute ARE Inc Factor• 

Surface Thickn•••: M•diu• = 1 - 5 in. 
Bae•/Subba•• Thickn•a•: 

Roadbed Soil Modulua: 
Mediu• = 10 - 17 in. overall 

12000.0 p•i 
Tire Pr•••ur•: 105.0 pai 

FIVE-YEAR 
TOTAL CURRENT 18 AVERAGE 18 

VEHICLE VEHICLE KIP ESAL PER KIP ESAL PER 
CLASS COUNTS 1000 VEHICLES 1000 VEHICLES 

----------------- -----------------
RIGID FLEXIBLE RIGID FLEXIBLE 

LT 5 .0 73.8 .0 72.6 
MT 4 .0 1679.4 .0 986.0 
TS 8 .0 1786:5.0 .0 12880.7 
TT 0 .0 .0 .0 .0 

TST 4 .0 4007.6 .0 6021.8 

FIGURE 7 Output from l<'EDESAL using ARE, Inc. equivalence factors. 

per 1,000 vehicles. These averages are calculated across two 
pavement surface types, three highway functional classes, and 
an option of either five or nine vehicle classifications. There 
is an option to use either AASHTO equivalence factors, or 
the choice of a factorial of the new ARE Inc. equivalence 
factors. Another option allows the use of an axle-load-distri
bution shifting algorithm to predict the effect on equivalent 
load estimates of changing the legal axle load limits. There 
is also an option to obtain the 18KESAL estimates on only 
the current year's data or to determine a 5-year moving aver
age using 5 years of historical 18KESAL data. One additional 
option allows a check on the FHW A loadometer data to assist 
in locating input errors . An example output using ARE Inc. 
equivalence factors is shown in Figure 7. 

The other main program developed on the project is called 
WIMESAL. This is a project level 18KESAL prediction pro
gram for weigh-in-motion (WIM) data. The program reads 
WIM data on an individual highway section and produces 
estimates of base-year, 10-year, and 20-year accumuI.ated 
equivalent loads. This will allow much more accurate esti
mates of the number of equivalent loads applied to a particular 
highway section. 

Program WIMESAL has the option to use AASHTO equiv
alence factors or ARE Inc. equivalence factors accounting 
for tire pressure and for the specific structure of the highway 
section under consideration. The output is an estimate of the 
total accumulated number of 18KESALs on individual high
way sections. These total 18KESAL estimates are presented 
for the base-year and as 10-year and 20-year predictions, given 

a growth factor for the section. An example of the output 
from program WIMESAL is shown in Figure 8. 

SUMMARY 

This investigation has resulted in the development of new 
computer programs to 

• analyze loadometer data from permanent weigh stations 
in Arizona, 

• analyze weigh-in-motion data to provide information sim
ilar to that obtained from fixed weigh stations, 

• analyze the effect of increased legal load limits on truck 
equivalence values, and 

• use mechanistic relationships to calculate load equiva
lence factors as a function of tire pressure, structure, truck 
classifications, single-axle-single wheel, single-axle-dual-wheel, 
tandem-axle-dual-wheel, and tridem axle-dual wheels, year, 
and even location in the case of the WIM program. 

This study also provided the following information: 

• field data to show that current summer operating tire 
pressures on trucks operating in Arizona are approaching 120 
psi, and 

• tire data from a number of sources which show footprint 
size and shape, current truck tire operating pressures , and 
tire pressure distribution on the pavement surface. 
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PREDICTED ACCUftULATED LOADS AND 
AVERAGE 18 KIP EQUIVALENT SINGLE 

AXLE LOADS PER 1000 VEHICLES 
USING Wift TRUCK WEIGHT DATA 

LOCATION: 
TRAFFIC 

GROWTH: 

T••t S• ction 

1.50X p• r y••r 
COftftENTS: ARE Inc Equiva l•nc• Factor• Ua•d 

Rigid Factor• not Ca lculat• d 
Exampl• Run for Final R•port 

Roa d Charact•ria tica Ua •d to Comput• ARE Inc factor • 

Surfac• Thickn•• • : 
Baa• /Subbaa• Thickn•••: 

Roa db• d Soil ftodulu• : 
Tir• Pr•••ur• : 

Me dium • 1 - 5 in. 
Thick > 17 in. ove r a ll 

1:5000.0 pai 
90.0 pa i 

PREDICTED TOTAL ACCUftULATED EQUIVALENT LOADS 

FLEXIBLE 
VEHICLE 

CLASS 1-YEAR 10-YEAR 20-YEAR 

5 4824. :51622. 110725. 
6 12730. 136222. 292188. 
7 0. 0. 0. 
a 11239. 119688. 2:55644. 
9 652832. .6963483. 14894410. 

10 0. 0. 0. 
11 0. 0. 0. 
12 70469. 7:51874. 1608661. 
13 0. 0. 0. 

TOTAL 752095. 8022889. 17161630. 

FIGURE 8 Output from WIM program using ARE, Inc. factors. 
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