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ABSTRACT: Rutting severely damages flexible pavements. It causes the loss of road surface regularity, which evidently has a negative
impact on the quality of service to users. Of the various kinds of laboratory test used to assess plastic deformations in pavement layers,
simulation tests are extremely important. The objective of this research study was to evaluate and determine the differences between the
wheel-tracking test when performed in the laboratory, according to the Spanish NLT-173 regulations and the wheel-tracking test when
performed according to UNE-EN 12697-22 regulations. When the CE marking for bituminous mixes was established in 2008, this test
became mandatory. Results show that reference values required in the PG-3/2004 Spanish regulation should be modified.
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RESUMEN: La formacion de roderas es uno de los mayores deterioros que se producen en los firmes flexibles, lo que ocasiona la pérdida de
regularidad superficial que repercute de forma negativa en la calidad del servicio prestado a los usuarios. Existen distintos ensayos de laboratorio
que permiten evaluar las deformaciones plasticas producidas en las capas del pavimento, entre ellos podemos destacar los ensayos de simulacion.
El objetivo de esta investigacion es analizar el comportamiento de una mezcla bituminosa en caliente frente a deformaciones plasticas, mediante
dos métodos de ensayo diferentes; ensayo en pista de laboratorio de acuerdo a la normativa espafiola NLT-173 y el ensayo de rodadura UNE-EN
12697-22 (ensayo obligatorio tras la entrada en vigor del Marcado CE de mezclas bituminosas en 2008). La finalidad ultima de este articulo es
formular una propuesta de modificacion de la normativa espafiola (PG-3) sobre los limites exigibles en éste lltimo ensayo.

PALABRAS CLAVE: Deformaciones plasticas, Mezcla bituminosa, Ensayo de rodadura, Ensayo en pista

1. INTRODUCTION

Rutting is one of the most frequent types of damage
found in pavement surface layers. In fact, it is considered
to be one of the most serious deformations that affect
the performance of hot bituminous mixes. Rutting stems
from the accumulation of plastic deformations due to
mechanical loads from vehicle traffic, especially heavy
vehicles traveling at low speeds and in high temperatures.
Since the viscoelastoplastic behavior of bituminous mixes

is extremely sensitive to such conditions [1,2], permanent
pavement deformations often develop, appearing in
the form of longitudinal depressions in the wheelpaths
accompanied by small upheavals to the sides [3]. The
accumulation of plastic deformations can be caused by
the combination of volumetric reduction of mix material
and shear strain from traffic loads [4]. This leads to the
subsequent loss of road surface regularity, which has a
negative impact on the quality of service to users.
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Factors affecting or intervening in the formation of pavement
ruts are related to mix design as well as to mix components.
These include but are not limited to the mineral skeleton
[1,5,6]; aggregate [7,8]; and type and percentage of binder in
the mix [3,9,10]. This type of plastic deformation is evaluated
in the laboratory by simulation tests such as the asphalt
pavement analyzer (APA), the Hamburg wheel-tracking test,
and the French rutting tester (FRT), etc. [11-13].

Until the CE marking for hot bituminous mixes went
into force, the most frequent test used in Spain was the
wheel-tracking test, as characterized in the NLT-173/00
regulations [14]. This was subsequently replaced by the
UNE-EN 12697-22 [15] version of the wheel-tracking
test, which included different specifications. Since
bituminous mixes had to be evaluated with a new set of
tests, this made it necessary to modify official technical
requirements and to revise articles 542 and 543 of the
Pliego de Prescripciones Técnicas Generales para
Obras de Carreteras y Puentes (General and Technical
Specifications for Road and Bridge Construction) [16].

Because of this new situation, certain mixes that had
originally fulfilled the PG-3 requirements [17] for NLT
tests, previous to the enactment of the CE marking, are
no longer in compliance with the requirements specified
in the UNE-EN tests. In other words, mixes that were
considered apt for use in road construction before March
2008 are no longer so, according to the new regulations.

This article presents the results obtained when these
two pavement-testing methods were applied to a set of
identical samples made with the same mix. The objective
of this research was to evaluate and compare both tests
in the context of the NLT and UNE-EN standards and

verify the degree of equivalence or correspondence of the
specification limits in both sets of regulations.

2. EXPERIMENTAL DESIGN
2.1. Materials

The aggregates used in the study were ophite and
fine aggregate with limestone filler. The bitumen was
standard bitumen 35/50 penetration grade.

2.2. Mix definition

Asphalt concrete is one of the mixes most often used in road
construction in Europe. The mix used in this research was
AC 16 Surf 35/50 [16,18]. Based on the grain-size fractions
of the different aggregates, the grain-size curve was fit to the
specifications in the PG-3 regulations [16] (see Fig. 1). The
optimal bitumen content (4.58% of the total mix weight) was
obtained with the Marshall test (NLT-159/00) [14].

3. METHODOLOGY

This research compared the UNE-EN 12697-22 [15] and
NLT-173/00 [14] wheel-tracking tests for hot bituminous
mix specification. The ultimate purpose of this study was
to provide recommendations concerning the technical
requirements for hot bituminous mixes according to the
UNE-EN 12697-22 standard and correlate them with
specifications in the NLT-173/00 regulations.

In statistics, the extraction of scientifically valid
conclusions for a population, based on sampling results,
presupposes the assumption of normality, and this means
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Figure 1. Grain-size curve
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that the sample data must be checked for compliance with
this assumption. This can be done by using the central
limit theorem, which guarantees that the distribution of
sample data will be normal when the size of the sample
is sufficiently large (greater than 30) [19]. Based on this
premise, 33 samples were tested between 2009 and 2010,
all of which were of the same type, AC 16 Surf 35/50 S.

These samples were labeled with their mixing and
manufacturing date. They were characterized both at
the site and in the Construction Engineering Laboratory
at the University of Granada. Each of the samples was
subjected to both the NLT-173/00 [14] and UNE-EN
12697-22 [15] wheel-tracking tests.

In Spain, one of the laboratory procedures used to
measure a mix’s resistance to plastic deformation is the
ensayo en pista de laboratorio [wheel-tracking test],
described in the Spanish Technical NLT Standards [14],
Road Tests of the Centro de Estudio de Carreteras
(Road Study Center). As part of this test, a vibratory
compactor is used to manufacture three prismatic test
specimens (300x300x50 mm), whose height varies,
depending on maximum aggregate size.

For dense and semi-dense mixes, the quantity of mix
used in the test specimen is calculated by taking at
least 97% of the density of the corresponding Marshall
design. In the other mixes, 95% of the density is
taken. The specimens are pre-heated in an oven at a
temperature of (60+2) °C for at least 4 h before the
test is carried out. The specimens are then subjected
to repeated passes of a loaded wheel. During the test,
the contact pressure of the wheel on the surface of the
sample is 900 KN at a frequency of 21 cycles/minute.

Table 1. Results of the NLT-173 wheel-

tracking test

Velocity of

Final

Periodic measurements of deformation depth are made
during a period of 120 min or until the total deformation
reaches 15 mm. The plastic deformation of the mix is
based on the mean velocity of deformation in a time
interval of 120/105 min:

A" d,)/15 pm/min

1201105 (d120 -

where d120 and d105 are deformations at 120 and 105

min, respectively.

In contrast, the UNE-EN 12697-22 [15] ensayo
de rodadura (wheel-tracking test) involves the
manufacture of 2 parallelepiped test specimens with a
roller compactor [20]. The specimens have a minimum
density of 98% of the Marshall density. The height
of the specimens varies, depending on maximum
aggregate size. Before the test, the specimens are pre-
heated at a temperature of 60 °C [16]. Although the
European standard specifies 3 types of wheel device,
Spain uses the smallest one, namely, Procedure B [16].

This device consists of a loaded wheel that repeatedly
passes over the test specimen. The load applied is
700 N at a frequency of 26.5+1.0 load cycles/minute.
Another mechanism measures the speed at which the
rut forms on the surface of the specimen. The test ends
after 10,000 passes of the loaded wheel or until the
deformation depth reaches 20 mm. The deformation
slope is determined based on the rut depth between
5,000 and 10,000 cycles.

WTS .= (d10000—d5000)/ (mm/10° load cycles)
AIR 5

The results obtained are shown in Tables 1 and 2.

Table 2. Results of the UNE-EN 12697-
22 wheel-tracking test

AR deformation Moanhe

(105/120) : Number d (mm)

(pm/min) i} ; )
1-A 6.7 3.33 1-A 0.101 3.492
1-A 4.2 1.93 1-A 0.174 5.295
1-B 52 2.34 1-B 0.085 3.146
1-B 84 3.40 1-B 0.062 2.748
1-B 5.8 2.29 1-B 0.058 2.593
1-B 4.6 2.23 1-B 0.099 3.430
3-B 6.7 3.34 3-B 0.126 3.862
3B 6.5 3.06 3-B 0.073 3.111
1-C 6.7 2.99 1-C 0.104 3.620
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velocity of ; Wheel-tracking
Mix deformation - FIE X Mix SIOpe Mean RD
N ber (105/120) :JC|(_I)[ITI;-31.IUH Number (i cad (mm)
(pm/min) )
1-C 6.9 3.04 1-C 0.078 2.939
1-C 8.0 3.27 1-C 0.088 2.065
1-C 7.3 4.29 1-C 0.084 3.699
2-C 5.6 2.76 2-C 0.075 2.677
2-C 6.1 3.09 2-C 0.075 3.491
3-C 7.9 3.18 3-C 0.088 3.059
3-C 5.8 2.03 3-C 0.107 3.329
1-D 4.1 2.54 1-D 0.072 2.514
1-D 4.2 1.93 1-D 0.095 3.698
1-D 5.4 3.16 1-D 0.097 3.815
1-D 10.2 4.08 1-D 0.094 3.840
1-D 5.7 3.38 1-D 0.067 3.227
1-D 6.2 2.59 1-D 0.069 3.006
1-E 8.2 2.48 1-E 0.130 4.343
1-E 8.0 291 1-E 0.130 4.192
1-E 9.0 3.41 1-E 0.130 4.197
1-E 9.3 3.37 1-E 0.179 4.794
1-E 9.0 3.73 1-E 0.153 4.483
1-F 7.2 3.29 1-F 0.100 3.634
1-F 7.5 3.44 1-F 0.113 4.493
1-G 8.6 4.21 1-G 0.072 2.702
1-G 7.6 3.52 1G 0.076 3.095

The data in Tables 1 and 2 were statistically analyzed,
and a linear regression model was calculated based on
the NLT and UNE-EN test results. However, this model
was not valid since the determination coefficient (R?) was
low. The Kolmogorov-Smirnov test was then applied to
a sample in order to determine the goodness-of-fit of the
variables to a certain theoretical probability distribution.
In this case, both were found to fit the normal distribution.

Once the normality of the samples was determined, it
was necessary to verify whether there was a statistically
significant difference between the distributions of the
two variables under consideration. For this purpose, the
t-test was performed on the two independent samples.
This was done to see whether the populational mean

values of the two normal and independent populations
were equal. Finally, the variables were typified and
the values of the UNE-EN variable were determined,
based on the values of the NLT variable. The Statistical
Package for the Social Sciences (SPSS) computer
application was the instrument used for this purpose.

4. RESULTS AND DISCUSSION

In this study, the most restrictive PG-3 requirements
were used for the NLT-173/00 wheel-tracking test as well
as the UNE-EN 12697-22 wheel-tracking test; namely,
12 pm/min and 0.07 mm/10° load cycles, respectively.
Figures 2 and 3 show the results obtained for each of
these tests and the corresponding limit value

m— Velocity of deformation
(105/120) (um/min)

pm/min

o oo
-

Mix number

mmgquuuuuuunnncnn wwwwwww [CRC]
B N A R R R

i II I
<mmm
- -

II
||||| |I|I| )

Figure 2. Representation of the results in Table 1 and the PG-3/2004 limit value
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Figure 3. Representation of the results in Table 2 and the O.C.24/2008 limit value

All of the values obtained in the NLT wheel-tracking
test (see Fig. 2) meet the limit value in the PG-3
requirements for this test. In contrast, only 4 of the
samples tested meet the O.C. 24/2008 requirements
for the UNE-EN plastic deformation test. This shows
that European requirements are much more restrictive
than the NLT-173/00 specifications for the wheel-
tracking test.

The results obtained in this study were statistically
analyzed with a view to discovering whether NLT
limit values were equivalent to those in the UNE-
EN requirements. For this purpose, a regression
analysis was performed, namely, Linear Model Y
= a + b X, considering the independent variable Y
(UNE-EN 12697-22 plastic deformation test), and
the independent variable X (NLT-173/00 wheel-

tracking test). The results showed that there was no
statistically significant relation between the NLT-
173/00 wheel-tracking test and the UNE-EN 12697-
22 wheel-tracking test for a 95% confidence level.
Moreover, the determination coefficient value was
low (5.6%). Therefore, this method was not viable
for our purposes. However, it was possible to verify
the normality of the variables with the Kolmogorov-
Simirnov test (see Table 3).

Based on the p-value or empirical significance level
of the Kolmogorov-Smirnov test for both variables
(0.528 and 0.999, respectively) for these sample data,
the variables appear to have a normal distribution.
Nevertheless, to verify if this was indeed the case, the
T-test for equality of means was applied (see Table 4).

Table 3. Results of the Kolmogorov-Smirnov test

Kolmogorov-Smirnov Z

Asymp. Sig. (2-tailed)

N

Normal parameters = Mean
Standard desviation
Absolute

Most extreme differences Positive
Negative

UNE-EN 12697-22 Whl;zf;;alzsm
Wheel-tracking test €
test
31 31
0.0985 6.8581
0.03097 1.59766
0.145 0.069]
0.145 0.069]
-0.095 -0.065
0.810 0.382]
0.528 0.999

* Test distribution is normal

" Calculated from data
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Table 4. Results of the T-test

Independent Samples Test

Levene's Test for Equality of
Variances

t-test for Equality of Means

daf

95% Confidence Interval of
the Difference

Std. Error
Difference

Mean

Sig. (2-tailed) Difference Lower Upper

Defc it
ormation Equal
variances
assumed 64.215

0.000 23.552

Equal
variances not
assumed

23.552

60 0.000 6.75955 0.28700 6.18546 7.33364

30.023 0.000 6.75955 0.28700 6.17343 7.34567

Based on the p-value (Sig.) of the Levene test for equality
of variances, and given the fact that the p-value is less
than 0.05, there is a statistically significant difference
between the two variances for a confidence level of 95.0%.
As shown in Table 4, there is a statistically significant
difference between the means of the populations for the
2 samples giving us a 95% confidence level. Therefore,
even though the distributions of the 2 variables are normal,
they do not have the same distribution since neither their
means nor their variances coincide.

The values of the UNE-EN 12697-22 wheel-tracking
test variable were determined on the basis of the values
of the NLT-173/00 wheel-tracking test variable. This
was done by typifying the variables of the UNE-EN
test and NLT test. The typified 12 pm/min value of
the NLT test variable was 3.2184, and the value of the
typified UNE-EN test variable was the same. The value
thus obtained was 0.19 mm/10° load cycles (see Fig. 4).
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Figure 4. Representation of the results in Table 3 and the O.C.24/2008 recommended limit value

As can be observed in Fig. 4, the results of all samples tested
by the UNE-EN 12697-22 wheel-tracking test are less than
0.19 mm/10° load cycles, the same as those of all samples
tested by the NLT-173/00 wheel-tracking test. All of them
are in compliance with the PG-3/2004 specifications.

5. CONCLUSIONS

Based on the results obtained in this research for the AC 16
Surf35/50 S mix, the following conclusions can be derived:

In reference to specifications required to evaluate the
resistance of a bituminous mix to plastic deformations,
the OC 24/2008 (UNE-EN 12697-22 wheel-tracking
test) is more restrictive than the PG3/2004 (NLT-
173/00 wheel-tracking test). In other words, before the
regulations were changed when the CE marking went
into force, all of the mixes tested in this study met the
PG3 requirements and thus were considered apt for use
in road construction. However, now these same mixes
are not in compliance with regulations.
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Based on the results obtained for the AC16Surf 35/50 S
mix, the test variables were typified. It was found that for
a value of 12 um/min for the NLT wheel-tracking test, a
value of 0.19 mm/10° load cycles was obtained for the
UNE-EN 12697-22 test. Consequently, our study shows
that 0.19 mm/10° load cycles is the value that should be
required in the UNE-EN test since it corresponds to the 12
pum/min, previously required in the PG-3/2004 regulations.
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