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1.0 Introduction: 
Over the past ten years, the "art" of en­
gineering pavements,has become more and 
more of a science. Thanks to new develop­
ments in instrumentation, more precise 
ways of measuring pavement response to 
loads have been developed. New and 
sophisticated analytical and computing 
capabilities have made design and perfor­
mance prediction easier. Research into 
pavement behaviour under loads has led to 
the identification of many new factors 
which have a potential effect on pavement 
life. 

In spite of these steps forward in the 
science, the behaviour of many in-service 
pavements still doe~ not meet with the ex­
pectations of the designers, owners or users 
of the public road system. The problems of 
deteriorating infrastructure in Canada and 
the U.S. have been widely cited elsewhere 
(1) (2), as has the need to invest additional 
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funds in research to better understand 
and deal with the problem. 

The research commitments have been 
made. The U .S. Strategic Highway Re­
search Program (SHRP) and com­
plementary national programs in 
Canada, Great Britain and the Nordic 
countries ( among others) represent sub­
stantive coordinated programs of work 
aimed at addressing road infrastructure 
related problems. Similarly, over the last 
5 years, a new recognition of the need to " 
better understand the vehicle/road inter- . 
action mechanism has developed with '0 

consequent new research projects being 
launched in these areas as well. 

Recent work in New Brunswick that 
began as an exploratory effort looking at 
the relationship between the occurrence 
of rutting and various characteristics of 
the pavement structure suggests that 
basic issues relating to the real nature of 
"as-built" pavements and the difference 
between "design" and "real" loading 
regimes have yet to be addressed in prac­
tice. These first-order issues are fun­
damental to the long-term performance 
of pavements but are largely ignored in 
the delivery, operation and management 
of road infrastructure. . 
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This paper begins by looking in a general 
manner at the problem of defining "useful" 
research,and candidate regulatory 
measures for the truck size and weight 
domain in the context of pavement perfor­
mance. The hazards of focusing on 
"precise" solutions to "fuzzy" questions are 
discussed. The final section of the paper is 
devoted to a review of the New Brunswick 
work as an illustration of the problem and 
its potential implications. 

2.0 Problem Statement: 
2.1 General Observations 
With the continued growth in the impor­
tance of the motor transport industry in 
Canada (3) the motivation to continue the 
research carried out under the RTAC 
Vehicle Weights and Dimensions Study is 
still present. Nevertheless, scarce research 
resources have traditionally forced funding 
agencies to discriminate carefully among 
competing research programs and to be 
selective in their activities. 

A close parallel exists within public and 
private agencies assigned the job of im­
plementing research findings in regulation 
or technology. There, resources, historical 
agency policies and political priorities often 
mitigated against the implementation of 
measures that might have offered some de­
gree of benefi t. 

In this context, potential regulatory (and 
consequently - research) priorities have 
been assessed against two basic criteria: 

• Their possible impact 

• Their "practicality" 
The impact criteria differed depending on 
the particular issue being addressed. In the 
case of pavements, the criterion was usually 
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some measure of "cumulative damage" or 
"pavement life". In the vehicle dynamics 
domain "safety" criteria were generally 
the appropriate measure. 

Practicality was more difficult to define. 
To be practical, a regulatory measure had· 
to have a reasonable expectation of being 
controllable or predictable and certainly, 
enforceable. The question of political 
and economic practicality had to be con­
sidered as well. At the research level, 
there had to be a realistic chance of suc­
cessfully addressing the problem. 

Although it represents an oversimplifica­
tion, this evaluation concept is illustrated 
in matrix form in Figure 1. Here, 
parameters and relationships to be inves- . 
tigated are rated according to their rela­
tive impacts and their controllability. -
Desirable, first priority activities lie in 
the upper left corner of the matrix. A less 

. rigid graphical illustration of this same 
concept is shown in Figure 2. 

As research activities push the boun­
daries of knowledge further and further, 
they have begun to concentrate on 
parameters of interest in cells other than 
those containing first order variables. 
This is to be expected in a healthy re­
search environment where new issues 
are continually being brought to light. 
Unfortunately, the real-life performance 
of pavements does not appear to have 
matched this progress. The state of 
knowledge at the research level now ex­
ceeds by a widening margin what is being 
"delivered" on the road . 

The core of this problem is not erroneous 
research, but rather is a lack of recogni­
tion of the uncontrollability of certain 
first order variables. The application of 
very precise measurement and analytical 
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techniques to "fuzzy" data will necessarily 
provide answers or predictions containing a 
\\'ide degree. of uncertainty - precision 
\\ithout accuracy. 

2.2 Implications for Pavements 
From the standpoint of truck size and 
\\'eights, three primary elements directly af-
fect long term pavement performance: . 

• The Road 

• The Load 

• The Vehicle 

\Vithin the road element, both the subgrade 
and the road structure are important com­
ponents. From a vehicle standpoint, tires, 
suspensions and vehicle configurations 
must be considered. When looking at the 
loads, -both magnitudes and frequency of 
application are important. 

It is interesting exercise to assess each of 
these components in the context of pave­
ment performance against three criteria -
impact, controllability and predictability. 
The third rating dimension is intended to 
reflect the certainty with which input data 
is known. No attempt has been made to 
carry out such a rating, however three com­
ponents are of particular interest in this 
work, road structure, load magnitudes and 
load frequency. Each of these variables 
represents a basic input into pavement per­
formance prediction equations, yet up to 
now each has demonstrated a remarkable 
resistance to being accurately predicted or 
quantified. 

Very precise methods exist for field meas­
urement of strains and deflections in pave­
ments (4) and highly complex analytical 
tools' are also available for predicting such 
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values. Techniques are also in place to 
apply the outputs of such work to the 
structural design of pavements. White 
(5) however points out the hazards of 
these approaches: 

"... deflection, strain, etc. will vary from 
point to point in the same pavement as well 
as between comparable pavements and 
conditions of test. The amount of 
variability of micro response type perfor­
mance indicator data collected from real 
pavements may be a surprise to some pave­
ment engineers and researchers that 
analyze ideal pavement sections with a 
mechanistic model and with assumed uni­
que material properties. " 

Knowing the loading regime to which a· 
road is being subjected is essential to . 
effective pavement management and; 
regulation of truck size and weights. The 
problem is not one of pavement load 
equivalency factors - a great deal of work 
has been done in this area, and while 
further research is still needed the level 
of understanding which has been reached 
in this specific subject area is impressive 
(6). 

Pavement engineers can and do design 
pavements that stand up for the required 
number of load repetitions. In discussing 
an analysis carried out in Iowa on both 
asphaltic and portland cement concrete 
pavements, Cable (7) indicates: 

" ... both materials are providing truck axle 
loading service equal to or greater than that 
called for in the original designs ... the only 
difference noted waS the rate of loadingfor 
each pavement. Several attained the 
design number of loads earlier in their life 
due to the unanticipated growth in truck 
traffic. They point out the need to improve 
the predictive techniques for tTUck number, 
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size and weight for use in the design of pave­
ments." 

Uncertainty with respect to the loading 
regime comes from two sources, the un­
known frequency and magnitudes of truck 
overloads and the inability to accurately 
predict truck traffic into the future. 

Figure 3 illustrates the problem caused by 
uncertainty in the input data to very precise 
analytical tools. Depending on the variable 
involved, input data can often be specified 
with a very high degree of certainty. Some 
data, however is probabilistic in nature. 
This includes information on the loading 
regime as well as data on the characteristics 
of the road structure. IT the uncertain na­
ture of the input data is not taken into ac­
count, then regardless of the precision of 
the analytical solution the real range of out­
put values will exceed that which is 
"predicted" by the analysis. In other words, 
a very precise, but not accurate solution to 
the problem is obtained. 

The case study that follows attempts to il­
lustrate this problem and provides a discus­
sion of its implications. 

3.0 The Case Study: 
3.1 General 
In 1988 the New Brunswick Department of 
Transportation launched a study of wheel 
track rutting in New Brunswick. The man­
date of the study was to examine the prema­
ture development of wheeltrack ruts on 
New Brunswick highways, with a particular 
focus on the pavement structure. 

Twenty four sites were chosen throughout 
the province, covering a range of climatic, 
subsoil and traffic conditions. Rut depths 
were measured at each site in both inner 
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and outer wheelpaths and nine core 
samples were also taken at each location. 
The rut depth measurements were taken 
to provide an assessment of the severity 
and extent of rutting in the province. The 
core samples were obtained to allow for 
an extensive program of laboratory test­
ing and included locations outside, be­
tween and within the wheelpaths. 

Standard laboratory tests were run on 
selected recovered cores. The program 
of testing focused on characterization of 
the mix design, asphalt properties and 
aggregate properties. Measures such as 
various densities, stability, AC content 
were used to define the mix design used. 
Asphalt penetration and viscosity were 
evaluated. Finally, aggregates were ex-'· 
amined from the standpoint of both per­
centage of fractured faces and graqation. ~ 

3.2 The Rutting Study Summarized 
The initial objective of the study was to 
explore any correlations between various 
characteristics of the pavement structure 
the occurrence of rutting. This objective 
was established after initial analysis of 
the core samples showed clearly that the 
rutting was associated with plastic defor­
mation of the asphaltic pavement and not 
due to subgrade or sub-base deformation 
under load. 

Based on the rut depth measurements 
and truck traffic estimates "rutting rates" 
were defined for each site and the sites 
themselves were categorized as "good" or 
''bad'' based on a threshold rutting perfor­
mance equivalent to the development of 
20 mm ruts over ten ye~s at a truck 
traffic level of 500 per day. A first-level 
analysis was carried out using data from 
core samples taken only in the wheel 
paths. It included a simple linear regres­
sion approach and a threshold analysis 
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similar to that used by Saskatchewan in 
their rutting study (8). Both seal and base 
layers were examined. 

The linear regression analysis was incon­
clusive and no statistically significant cor­
relations could be found between rutting 
rates and the various road structure vari­
ables that were examined. The threshold 
analysis revealed little more other than the 
fact that values of variables including as­
phalt content, % air voids, VMA etc. found 
at sections that performed well in resisting 
rutting were consistent with good asphalt 
mix design. Unfortunately, similar values 
for many variables were also found at sec­
tions that performed poorly. 

A second level analysis attempted to probe 
the data more deeply. In this case "in" 
wheel path and "out" of wheel path mix 
variables were examined to see if statistical­
ly significant differences existed between 
"good" and "bad" performing sections. 
These analyses focused on three variables: 
air voids, VMA and specific gravity (den­
sity). Once again, both seal and base layers 
\\"ere examined. Tables 1, 2 and 3 sum­
marize the findings of this analysis for air 
voids, VMA and specific gravity respective­
ly_ 

Average values of air voids were found to 
be consistent with normal practice for both 
good and bad sections. When each section 
,,"as examined individually however, large 
variations in air voids were found across the 
nine cores. Only in one case was there 
found to be a statistically significant dif­
ference between good and bad sections. 
Air voids in the base layer of the wheel track 
of bad sections were found to be over 25% 
lower than the values found for good sec­
tions. A review of the analysis concluded 
that some degree of wheel track compac-
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tion was occurring, as opposed to lateral 
displacement of pavement. 

The pattern of VMA values shown in 
table 2 was found to be consistent with 
the findings of the air voids analysis. No 
particularly alarming values were 
detected. Once again, the only statisti­
cally significant difference between good 
and bad sections occurred in the base 
layer of the wheel track, where VMA 
values of 14.2 % were found in bad sec­
tions versus a 15.2 % value in good sec­
tions. -The pattern of VMA values 
confirms the conclusion of the air voids 
analysis that some degree of wheel track 
compaction is occurring. 

The analysis of density summarized in' 
table 3 was consistent with the pattern of 
wheel track compaction that appeared in ; 
both of the other analyses. 

The investigations carried out in the 
course of the rutting study provided no 
strong evidence of consistent mix flaws 
which might help distinguish between 
road sections that were resistant to rut­
ting versus those that were particularly 
susceptible. However, the degree of 
variation of certain mix properties across 
individual sites was particularly surpris­
ing and led to further investigation as to 
the nature of this variability. 

3.3 Variability in Mix Properties 
The analysis of pavement performance 
and the design of pavement structures is 
generally predicated on certain assump­
tions regarding unique material proper­
ties and the homogeneity of asphaltic 
concrete mix once it is placed. These 
assumptions are considered acceptable 
in practice, and the new AASHTO design 
procedure even makes some allowances 
for a probabilistic approach to design (9). 
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Notwithstanding this fact, the consistent 
degree of variability found in each of the 24 
sites examined was surprising and gave rise 
to two fundamental questions: 

• Is the source of this variability the 
construction process ? 

• How does this variability affect 
pavement performance? 

Neither of these questions could 'be 
answered in the subsequent analysis. Be­
cause of space limitations only a summary 
is given here. It focuses on variations in ai! 
voids and stability although similar varia­
tions were found for other variables includ­
ing aggregate gradations. 

Table 4 presents the results of this 
variability analysis for six of the 24 sites in 
the study. Not all tests were available for 
all cores at all sites, however generally from 
4 to 6 cores were evaluated at each location. 
When the range of data for each variable at 
each site is expressed as a percentage of the 
minimum variable value, the spread of 
values becomes evident. 

For the six sites illustrated air void ranges 
\\'ere between 40% and 682% of minimum 
air void values. In the worst case illustrated, 
the mean air void value is 4.06 % and the 
standard deviation is 2.95. A review of that 
one site shows that the minimum value for 
air voids was 1.11 % and the maximum was 
8.68. While occasional occurrences of this 
type could be attributed to lab error, all 24 
sites showed variations of this sort on a 
consistent basis. 

Values for Marshall stability showed 
similar but not as dramatic variations. 
Stability ranges between 49 % and 206 % 
can be seen in the table. In the worst case, 
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the lowest value for stability was just over 
1100 and the highest was over 3400. At 
this site, the mean stability was 2105 with 
a standard deviation of 1059. 

The case for the existence of substantial 
spatial variation of properties within the 
pavement structure is definitive. The 
conclusions that can be drawn from the 
work are less so at this stage. Is the source 
of the variability at the asphalt produc­
tion level or at the construction stage ? 
How localized are ''weak'' and "strong" 
areas within the overall pavement struc­
ture and how do such inherent weak­
nesses contribute to the deterioration or 
longevity of pavements? Parameter 
variability is an accepted part of pave­
ment design and performance prediction c 

- but how much is acceptable and how can -
the degree of variability that is present be -
assessed? 

Work is continuing on this portion of the 
study in an attempt to provide some of 
the answers to these questions. Regard­
less of what is found however, there can 
be little doubt that what is "out there" and 
being used is substantially different from 
the theoretical, homogeneous structure 
with unique properties that pavement 
designers and analysts assume in their 
work. 

3.4 The Loading Regime: 
Frequency 
In considering the effects of truck 
weights on pavements over a "design 
life", both the number of load repetitions 
(rate of loading) and their magnitudes 
are important. The rate of loading was 
the first aspect of this problem that was 
explored. Previous work by Gould (10) 
using data from a 1984 truck origin/des­
tination study carried out in New 
Brunswick pointed to problems with the 
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accuracy of truck load data. The intent of 
this analysis was not to provide a definitive 
link between loading rates and rutting as 
insufficient data was available to ac­
complish this. A more speculative ap­
proach was taken and aimed at providing 
some idea of how realistic the original 
design truck traffic projections and their 
consequent ESAL loading rates were in the 
context of today's traffic levels. 

To carry out this work, data was taken on a 
100% sample basis at the Long's Creek 
weigh station for 8 hours between 8 a.m. 
and 4 p.m. This scale is located on the 
Trans-Canada highway - the major inter­
provincial truck route in the province of 
New Brunswick. Data collected included 
single axle and axle group weights, axle 
spacings and vehicle configurations. 
Straight trucks were included in the sample. 

Load equivalency factors were calculated 
for each axle and axle group on every truck 
and summed to give a truck equivalency 
factor for each vehicle passing through the 
scale. Data from the RTAC Weights and 
Dimensions study (11) were used to calcu­
late the load equivalency factors. Sub­
sequently, average truck equivalency 
factors were calculated for each truck type 
from 2 axle straight trucks through 6 axle 
vehicles. The results of this analysis are 
presented in Table 5. 

These truck factors were then used to es­
timate the loading accumulation that would 
occur on the Trans Canada Highway over a 
20 year period assuming a 2.5 % annual 
truck traffic increase, with no change in 
fleet make-up and allowable size and 
weight regulations during that time. Even 
at present day traffic levels, the highway 
accumulates over half a million ESAL's per 
year. When growth is factored in, it is ex­
pected that over a 20 year period the high-
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way would be subject to over 15 million 
ESAL's. This is far in excess of what is 
normally expected over the "design life" 
of a highway of the type in question. 

While the procedure presented above is 
simplistic and certainly subject to 
criticism from a statistical standpoint - it 
is acceptable as a sensitivity analysis and 
is sufficiently accurate to be indicative of 
the order of magnitude of the problem at 
hand. In fact, the results have to be con­
sidered somewhat conservative when it is 
realized that no overloaded vehicles 
were included in the truck sample used 
as a basis to calculate the truck load 
equivalency factors. 

The point to be drawn from this analysis . 
is simply that design load rates do not· 
bear any relation to the actual rate of ~ 

loading of in-service facilities. "Early" 
rutting or highway deterioration may in 
fact be a perfectly normal result of using 
up the highway's design ESAL's. 

3.5 The Loading Regime: 
Magnitudes 
Because of its illegal nature, the mag­
nitude of vehicle overloads actually oc­
curring on the highway system is difficult 
to assess accurately. The impact of an 
overloaded vehicle in terms of additional 
damage to the road structure however 
has been well documented - most recent­
ly in the Canadian context by the RT AC 
Vehicle Weights and Dimensions Study 
(12). Once again, a speculative approach 
was taken to assessing the order of mag­
nitude of at least one of the most obvious 
forms of overloading that is known to 
occur - that of fully loaded six axle tractor 
semi trailers running with the belly axle 
in the lifted position. 
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The same data from the Long's Creek scale 
was used for this work. Of the 283 trucks 
passing through the scale in the eight hour 
day, 34 % were 6 axle tractor semi-trailers 
equipped with air-lift axles on the trailer. 
Of these, two thirds were running loaded 
with an average 26500 kg on the three axles 
of the semi-trailer. 

R T AC data indicated that the Load 
Equivalency Factor for an axle group con­
sisting of a tandem plus belly axle at 26 000 
kg. was in the order of 2.6. Thus, if all of the 
66 loaded vehicles ran as required, their 
accumulated ESAL impact would be in the 
order of 172 ESALs for the three trailer 
axles. 

If on the other hand, even half of the 
vehicles ran loaded with the belly axle 
raised - a not uncommon practice - the 
cumulative wear due to the triple axle group 
would increase to almost 280 ESAls. This 
represents an increase of over 60 % in 
cumulative wear over the comparable 
group of legal vehicles. If the percentage 
running ''belly-up'' while loaded is increased 
to 75 %, the cumulative damage due to the 
same 66 vehicles increases to over 330 
ESAL's. This represents a 93 % increase in 
damage over the base case. 

Over the course of a year, given the truck 
traffic volumes and fleet make-up on the 
section of the Trans-Canada from which 
data was taken such a hypothetical 75 % 
"belly-up" case would mean that the 
cumulative ESALs due to the triple axle 
groups of such trucks would be in the order 
of 212600 instead of the 110000 which 
\\fould occur under fully legal conditions. 

While speculative, this scenario is probably 
not unrealistic in terms of what is happen­
ing on the highway system. The real mag­
nitude of the overload problem goes much 
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farther than just the belly axle case il­
lustrated above. The problem isn't so 
much that overloads exist as the fact that 
there is no exact information as to what 
the size of the problem really is. Without 
knowledge of the real loading spectrum 
to which the road infrastructure is being 
subjected effective design, operation, 
maintenance and management of the sys­
tem is impossible. 

4.0 Conclusions: 
The purpose of truck size and weight 
regulation is to allow for the effective 
management of highway infrastructure. 
Researchers have made substantial. 
strides in the past decades in increasing 
the tools available for this purpose by 
improving our understanding of the fac- c 

tors at play. While the degree of sophis­
tication of current research efforts is both 
admirable and desirable, a number of 
fundamental issues remain to be ad­
dressed. 

The case study described above has at­
tempted to illustrate this problem. No 
alarming failures or dramatic shortcom­
ings were found in the course of the rut­
ting study. However, new avenues of 
investigation were opened to address 
questions related to the nature, mag­
nitudes and effects of pavement structure 
variability on long term performance. 
The role of construction processes in 
contributing to that variability have also 
to be explored. 

While speCUlative in nature, the review 
of load related questions has raised 
serious concerns as to the validity of data 
currently used for design and perfor­
mance prediction. This phenomenon is 
not unique to New Brunswick. Indica-

8 



tions are that real-world loading regimes 
are substantially different in terms of both 
frequency and magnitude than those used 
for design and forecasting purposes. Many 
jurisdictions, including New Brunswick 
have, or are in the process of developing 
systems to allow for much more accurate 
collection of this data. Without such efforts 
the use of erroneous or fuzzy input for this 
very basic data will continue to confound 
the efforts of highway system operators to 
grapple successfully with truck size and 
weight impacts on highway pavements. 

The issue raised by the continuing growth 
of the trucking industry and the related 
decline of the railways has to be addressed 
in both truck traffic forecasting procedures 
and related pavement design 
methodologies. Research currently under­
way at RTAC indicates that this trend is 
expected to continue through the turn of 
the century. This fact has to be recognized 
now, since infrastructure that is being built, 
rebuilt or rehabilitated will have to serve 
under increasingly severe loading regimes. 

Finally, the evaluation of new research 
directions and proposed regulatory 
measures mus·t necessarily focus on efforts 
that offer practical solutions which have 
substantive impacts that can be realistically 
implemented. Strategy without execution 
has no value. 
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TABLE 1 

AIR VOIDS ANALYSIS 

SEAL LAYER BASE LAYER 

In Wheel Track 3.6% (G) 
3.1% (B) 

Out of Wheel Track 5.8% (G) 

In Wheel Track 

5.5% ( B) 

(G) Indicates "Good" Section 
(B) Indicates "Bad" Section 
* Statistically Significant 

TABLE 2 

VMA ANALYSIS 

SEAL LAYER 

16.8% (G) 
16.9% (B) 

Out of Wheel Track 19.1% (G) 
18.8% (B) 

(G) Indicates "Good" Section 
(B) Indicates "Bad" Section 
* Statistically Significant 

4.6% (G) 
3.4% (B) * 
4.8% ( G) 
4.4% (B) 

BASE LAYER 

15.2% (G) 
14.2% (B) * 
15.7% (G) 
15.2% (B) 



In Wheel Track 

Out of Wheel Track 

(G) 
(B) 

TABLE 3 

SPECIFIC GRAVITY ANALYSIS 

SEAL LAYER 

2.331 (G) 
2.347 (B) 

2.279 (G) 
2.294 (B) 

Indicates "Good" Section 
Indicates "Bad" Section 

BASE LAYER 

2.351 (G) 
2.388 (B) 

2.338 (G) 
2.363 (B) * 

* Marginally Statistically Significant 

TABLE 4 

VARIABILITY ANALYSIS 

STANDARD MAX. MIN. 
SITE PARAMETER MEAN DEVIATION VALUE VALUE RANGE 

A Air Voids 2.75 0.476 3.29 2.35 0.94 
Stability 4736 685 5519 3710 1809 

B Air Voids 2.924 1.371 4.99 1.53 3.46 
Stability 4325 641.7 5035 3240 1795 

C Air Voids 5.426 3.312 9.73 1.78 7.95 
Stability 6010 1118 7911 4933 2978 

D Air Voids 4.684 2.931 9.66 2.09 7.57 
Stability 3336 1078 4442 1485 2957 

E Air Voids 5.344 2.013 7.5 3.13 4.37 
Stability 2702 553.9 3177 1979 1198 

F Air Voids 4.06 2.949 8.68 1.11 7.57 
Stability 2105 1059 3403 1113 2290 

% 

40 
49 

226 
55 

447 
60 

362 
199 

140 
61 

682 
206 



TRUCK TYPE 

2 axle 

3 axle 

4 axle 

5 axle 

6 axle 

TABLE 5 

TRUCK LOAD EQUIVALENCY FACTORS 

AVERAGE EQUIVALENCY FACTOR 

1.089 

1.314 

1.514 

2.677 

4.557 
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I INPUT I 

'OUTPUTI 

THE ILLUSION 

WHAT WE KNOW 

ANALYTICAL 
BLACK 

BOX 

FIGURE 3 

WHAT'S 
REALLY 

THERE 

WHAT WE 
"CALCULATE" 

WHAT 
REALLY 

HAPPENS 


