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Executive summary (maximum 3 pages)

One of the objectives of the Re-Road project is to allow the development of
techniques for increasing the recycling rates of Reclaimed Asphalts (RA). However,
RA are complex materials and the use of significant proportions of RA in new
asphalts involves a more accurate control of their characteristics. To this end, it was
decided by all partners of WP1 to focus on issues that are specifically related to the
characterization and technical evaluation of RA as a raw material prior to the
recycling processes.
In addition to the composition of RA binder that is an important issue related to the
possible re-use for these materials, it is also necessary to check that the aggregate
characteristics, according to the selected proportion of RA, are appropriate for use
into wearing courses or to choose a more appropriate road layer according to the RA
characteristics. In particular, it may be essential to ensure that the RA grading
doesn’t preclude its recycling into the new asphalt mix, especially when the
proportion of RA becomes significant. Checking a RA grading curve is usually
performed by sieving. However, this method is time consuming, hence it may not be
appropriate to the production rate of the mixing plant. To overcome this problem, the
use of the VDG40 videograder was suggested since this device is able to rapidly
determine the grading curve of aggregates. As it is an alternative optoelectronic
device to the classical sieving method, comparative tests with traditional testing
means have been performed on different kinds of RA in order to validate the use of
this device for such materials.
This study shows that the videograder may be used for quick checking the
homogeneity of RA grading at the mixing plant and detecting big lumps that could be
problematic for the reuse of the RA in a new hot bituminous mixture. However,
although very repeatable, the videograder should not be expected to deliver the
actual sieve grading curve of the RA aggregates and especially not the fines content.

Jean-Baptiste Gobert
Yannick Descantes
Virginie Mouillet, WP1 leader
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List of abbreviations
AC

Asphalt Cement

ARA

Asphalt containing Reclaimed Asphalts

PA

Porous Asphalt

PCE

Perchloroethylene

PmB

Polymer modified Bitumen

RA

Reclaimed Asphalts

SMA

Stone Mastic Asphalt

TCE

Thrichloroethylene
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1 Introduction
One of the objectives of the Re-Road project is to allow the development of
techniques for increasing the recycling rates of Reclaimed Asphalts (RA). However,
RA are complex materials and their characteristics are difficult to assess.
Consequently their use in new asphalt layers in significant proportions remains
complicated and involves a more accurate control of their characteristics. In
particular, it may be essential to ensure that the RA grading doesn’t preclude its
recycling into the new asphalt mix, especially when the proportion of RA becomes
significant (typically over 10% for wearing course according to French
recommendations). Indeed, an asphalt mix is composed of aggregate fractions
coated together with a bituminous binder. To ensure that the workability and
mechanical resistance of the asphalt mix are appropriate to the intended use, mix
design requirements are applied to the grading and binder content of the mix. The
grading requirements are expressed in terms of proportions of the mix passing a set
of sieves with various openings and those proportions are assigned tolerances to
account for acceptable grading shift (e.g. tolerances that do not lead to significantly
alter the workability or mechanical resistance). In order to meet these grading
requirements, the mix is prepared by combining specified proportions of aggregate
fractions, whose grading curves shall be kept constant over the asphalt mix
production.
Hence, considering a RA supply as an aggregate fraction to be incorporated to the
mix, the grading curve of the RA and its homogeneity over the supply shall be
checked especially to detect any significant change in RA coarse or fine particles
content that would preclude its recycling into new asphalt mix for wearing course. In
case of preclusion, recommendations may be made for recycling the RA into another
road layer more appropriate to their characteristics.
Checking a RA grading curve is usually performed by sieving. However, this method
is time consuming, hence it may not be appropriate to the production rate of the
mixing plant. To overcome this problem, the use of the VDG40 videograder was
suggested since this device is able to rapidly determine the grading curve of
aggregates. As it is an alternative procedure to the classical sieving method for
natural aggregates, comparative tests have been performed on different kinds of RA
in order to validate the use of the videograder for such materials.
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2 Selected samples and preparation of test portions
Three samples were selected for this study of RA aggregate fraction:
1. A porous asphalt concrete milled out from a highway, with a polymer modified
binder,
2. An asphalt concrete milled with a bitumen-bound graded aggregate reclaimed
from an experimental pavement used on the IFSTTAR pavement carrousel,
3. 4 cm thin asphalt surfacing together with a bitumen-bound graded aggregate,
also reclaimed from the IFSTTAR pavement carrousel.
The 3 RA were sampled according to procedures described in standard EN 932-1
(n°1 being in a big-bag, n°2 and 3 being stored out side in two stockpiles). Samples
were further reduced according to EN 932-2 to an adequate quantity (about 6 kg).
Due to a long term outside storage (a few months, including a hot summer period),
RA n°2 and 3 had partly reagglomerated and a thick crust had formed on the pile
surface. In order to crumble these clusters and restore the original granular aspect,
the RA were passed twice through a rifle box (40 mm-thick corridors).
RA samples were further sieved according to EN 933-1 in order to get rid of particles
smaller than 1 mm, and retained particles were stored for analysis using the
videograder.

3 Presentation of the VDG40 videograder
The VDG40 videograder (Descantes et al., 2006) is an optoelectronic device for rapid
determination of particle size and shape characteristics. It uses the shadowgraph
principle (Caussignac and Leroy, 1981) to capture images of aggregate particles.
This principle consists of extracting the silhouette of an object that is located between
a light source and a camera, the contrast between background and object being
sufficient to ensure a well-defined resulting silhouette no matter the particle colour.
In practice (see figure 1), a feeding system composed of a feed hopper, a vibrating
channel, and an extracting drum, separates the particles in a single layer curtain and
makes them fall through the analysis area with their larger surface facing the camera.
The peripheral velocity of the extracting drum is about 0.36 km/h and the particle free
fall speed reaches roughly 2.6 km/h when crossing the measurement plane.
During their free fall through the measurement plane (figures 2 and 3), images of
particles are captured by a linear charge-coupled device (CCD) made of 1,024 cells.
In order to get a real time determination of transition addresses, these cells are
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scanned with a 13.2 kHz frequency using a dedicated hardware located in a
processing unit, which confers to the VDG40 a vertical resolution of 0.2 mm.

Figure 1 : Overview of VDG40 videograder.

Figure 2 : Shadowgraph principle.

Figure 3 : Scans of a particle at different time steps.

The advantage of using a linear CCD is to provide an exhaustive and unique image
of the whole sample, which is not the case with devices using array CCD. A 50 mm
focal lens is mounted on the camera, providing the videograder with a horizontal
resolution of 0.2 mm. The light source is a standard incandescent linear light tube. In
order to prevent any disruption in the transition address determination stage, intensity
variations of the light source due to alternative current are overcome using a specific
circuit, which adapts the line analysis features.
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A dedicated software is used to monitor the test and perform the size and shape
calculations. Upon input by the operator of some information about the sample, the
VDG40 is then controlled to start the measurement. Since the VDG40 is able to
grade particles of size down to 1 mm, a large amount of data may be generated.
Hence, in order to prevent a buffer overflow, the buffer should be checked and the
particle flow must be controlled. At the end of the measurement, the data (line by line
transition addresses) are computed through two stages: the first stage separates the
particles flow into individual silhouettes as if the particles had fallen one by one and
the second stage eliminates particles smaller than 1 mm felt too small given the
resolution.
Upon assuming that particles are rotational ellipsoids, the volume and size of each
particle may be calculated from measuring the shadow surface and one
characteristic dimension. Aggregate size may be expressed as a grading curve
representing for various dimensions the percentage by volume of particles smaller
than or equal to this dimension. The number of particles having their sizes comprised
between two dimensions is also calculated.
Use of the VDG 40 videograder presents several benefits when compared to the
classical sieving method: First, the repeatability and reproducibility of the videograder
measurements are better than those characteristic of the sieving method; second, a
videograder analysis is much quicker than a sieve analysis, the former being capable
of analysing 75 kg of a 1/50 mm aggregate fraction in less than 10 minutes, which
makes it possible to perform on-line analyses in quarries; finally, videograder
analyses may be automated, which contributes improving the working conditions in
quarries where lab operatives have to perform dozens of sieve grading analyses
every day. Eventually, use of the videograder is covered by French standard XP P
18–566 (AFNOR 2002).

4 Results: determination of aggregate shape and grading
curve
Videograder analyses being quick, each RA has been tested 3 times to determine a
mean curve and to demonstrate the test repeatability. Figures 4 to 6 depict
videograder curves for each RA. The vertical axis displays the percentage by volume
of particles having their width lower than or equal to the size mentioned in abscissa.
Each of these figures evidences quite homogenous results, showing that the
measurement is very repeatable. This conclusion implies that the sample itself didn’t
carry any significant grading shift incumbent to the test.
Figure 7 allows comparing the mean curves measured with the videograder for the 3
RA. With reference to fig. 4 to 6, fig. 7 clearly evidences significant differences
between the 3 RA, with RA1 significantly finer than the other two and RA2
corresponding to the densest packing of the three.
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Figure 8 displays corresponding sieve grading curves, each measured only once.
Significant differences can be observed between the 3 RA, with RA1 finer than the
other two and RA2 corresponding to the densest packing of the three.
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Figure 4 : Videograder curves for RA n°1.
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Figure 5 : Videograder curves for RA n°2.
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Figure 6 : Videograder curves for RA n°3.

5 Validation of the device by comparison with classical
sieving method
Several previous studies carried out on natural aggregates from various quarries
have evidenced major differences between the videograder and sieve grading curves
of an aggregate product (Descantes et al., 2000; Descantes et al., 2003; Pham et al.,
2011). These gaps derive from major differences in terms of measurement principles.
Indeed, sieves incorporate calibrated square-shaped holes through which flaky
particles aligning with their diagonal may pass although they are larger than the hole
size. As a result, such particles will be declared smaller than they actually are,
whereas the videograder will detect their correct size. However, the videograder
treats the particles as rotational ellipsoids, which biases the calculation of their
volumes and masses.
In the case of RA, comparing figure 7 to figure 8 evidences that the two sets of
curves are different, namely because videograder curves are less spread along the
x-axis than sieve curves. The concavity of the curves is also different, sieve curves
appearing less concave (even convex for RA2) than videograder ones. As a
consequence, comparing the sieve curve of a RA to its videograder curve doesn’t
make more sense than for natural aggregates.
Nevertheless, Descantes et al. (Descantes et al., 2000; Descantes et al., 2003) have
analysed dozens of natural aggregate samples representative of well-identified
aggregate products over several months, successively using sieves and then a
videograder, and they have observed qualitative similarities between both sets of
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curves. Indeed, no matter the aggregate product, any grading shift detected during
sieve analyses would also appear on the corresponding videograder curves, both
sets of curves being arranged according to the same order.
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Figure 7 : Videograder curves for RA n° 1, 2 and 3 (mean of the 3 repetitions for each).
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Figure 8 : grading curves obtained by sieving for RA n°1, 2, 3.
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This interesting property has been used for several years to check the homogeneity
of production of various natural aggregate products in a number of French quarries.
Implementing such an inspection system may be summarized as follows: two
videograder grading curves (known as the videograder grading envelope) shall be
calibrated against two sieve grading curves, the latter defining a grading envelope
inside which corresponding aggregate samples evidence acceptable grading shift; for
this purpose, two aggregate samples whose sieve grading curves correspond to the
lower and upper limits of the grading envelope are analysed ten times each using the
videograder; the resulting mean curves define the videograder grading envelope
outside which aggregate grading results shall be deemed to evidence unacceptable
shift. Although valid for any natural aggregate product tested so far, this inspection
system has probably never been implemented on RA, and it is not know whether it
would be efficient.
Coming back to figures 7 and 8, both sets of curves show qualitative similarities.
Indeed, the relative position of the curves is identical in the two figures, with RA1
clearly finer than the other two and RA2 corresponding to the densest packing of the
three. This observation is consistent with previous work on natural aggregates
(Descantes et al., 2000; Descantes et al., 2003) and suggests possible applicability
of the videograder inspection system used in natural aggregate quarries.
Using the videograder instead of sieves may be especially interesting at the mixing
plant, since VDG 40 analysis is much quicker than sieves and may instantaneously
detect a grading shift. Indeed, such a grading shift detection process has been tested
in some French quarries but exclusively on natural aggregates coarser than 1 mm.
First lessons to be drawn are that the fines content should not exceed a few percents
in order not to disturb the analysis, and that the moisture content should remain low
enough to prevent particles clustering. Upon fulfilling these requirements, the
videograder grading shift detection process has been successfully automated to
perform real time analysis in one of these quarries thanks to an aggregate automatic
sampler mounted on a conveyor belt. A similar inspection system could be adapted
to RA upon mounting the sampler on the conveyor belt that feeds the RA mixing
drum and it could instantaneously detect RA heterogeneity, especially grading shift
incumbent to the presence of oversized particles.
Of course, several limitations may be foreseen when substituting the videograder
inspection system for sieves to grade RA:
-

First, unlike sieves, the videograder doesn’t account for particles smaller than
1 mm, because the device resolution (0.2 mm x 0.2 mm) doesn’t allow enough
precise determination of the size of these particles. However, examination of
figure 8 shows that the percentage by mass of RA particles passing the 1 mm
sieve has a mean value of 6 % (rounded to upper whole number) and doesn’t
exceed 9 %, leading to a mean error below 2 % and a maximum error below 3
% on the asphalt mix grading curve for a 1 mm sieve size when as much as
30 % of RA is incorporated. Furthermore, this error collapses to 0.1 % at 0.063
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mm sieve size under the same conditions (30 % of RA incorporated). The
influence of aggregate grading on binder content calculations being mainly
due to the fines content because of their large specific surface, it may be
concluded here that neglecting RA fines will not have significant
consequences in terms of binder content calculations for the new asphalt mix;
-

Now, it may be objected that RA incorporates a significant amount of particles
smaller than 1 mm mostly embedded in the bituminous mortar, and that these
will significantly impact the total content of particles smaller than 1 mm in the
new asphalt mix. Indeed, In France, bituminous mixtures may incorporate up
to 33 % of 0/2 mm fine aggregate; the latter containing about 60% of particles
smaller than 1 mm, a RA may hence incorporate about 20 % of particles
smaller than 1 mm (inclusive of about 6 % fines). In that case, no on-line
automated analysis may be performed, since assessing the content of
particles smaller than 1 mm requires extracting the RA binder prior to sieving
the resulting aggregate fraction. In some cases, analysing the particles
retained on the 1 mm sieve (about 80 % of the RA particles) using the
videograder may still be efficient if changes in the content of particles smaller
that 1 mm are correlated to relative variations of the proportions of particles
coarser than 1 mm;

-

Next, RA aggregates may incorporate a significant amount of bituminous
mortar adhering to the larger particles or simply be so moist that particles
cluster, leading to overestimate the actual RA coarseness as these lumps will
certainly be broken up during laying and compaction phases of the new
asphalt mix. To overcome this difficulty, which is common to sieve and
videograder analyses, it seems appropriate to pass the RA twice through a
rifle box (40 mm-thick corridors) in the former case, or to dry it in the latter
case prior to carrying out the analysis;

-

Last, RA may be composed of a blend of asphalt materials with various
particle densities. In that case, assuming that other characteristics such as
binder variability will not preclude the recycling of such materials, adjusting a
videograder grading envelope appropriate to the sieve grading envelope may
not be possible unless homogenization of the stockpile is performed.

6 Conclusions
In addition to the composition of RA binder that is an important issue related to the
possible re-use for these materials, it is also necessary to check that the aggregate
characteristics, according to the selected proportion of RA, are appropriate for use
into wearing courses or to choose a more appropriate road layer according to the RA
characteristics. In this aim, the VDG40 videograder of IFSTTAR was used to rapidly
determining the grading curve of RA aggregates. As it is an alternative optoelectronic
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device to the classical sieving method, comparative tests with traditional testing
means have been performed on different kinds of RA in order to validate the use of
this device for such materials. This study shows that the videograder may be used for
quick checking the homogeneity of RA grading at the mixing plant and detecting big
lumps that could be problematic for the reuse of the RA in a new hot bituminous
mixture. However, although very repeatable, the videograder should not be expected
to deliver the actual sieve grading curve of the RA aggregates and especially not the
fines content.
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