Re - Road End of life strategies of asphalt pavements

Sampling Procedure for Reclaimed
Asphalt
Thomas Gabet et al.

The research leading to these results has received funding from the European Community’s Seventh
Framework Programme (FP7/2007–2013) under grant agreement n° 218747.

Re - Road

Deliverable 1.3
“Sampling procedure for Reclaimed Asphalt ”

WP1

V01

02-IFSTTAR 26/11/2012

PP

Re-road – End of life strategies of asphalt pavements

Deliverable 1.3
“Sampling procedure for reclaimed asphalt”
Thomas Gabet, IFSTTAR (task 1.1 leader, WP 1)
Matthew Wayman, TRL limited

EUROPEAN COMMISSION
DG RESEARCH

A FP7 Collaborative Project
Work programme:
Sustainable Surface Transport
SST.2007.1.2.2 End of life strategies
for vehicles/vessels and infrastructures

Grant SCP7-GA-2008-218747

Beneficiary - WP11 partners
Authors : Thomas Gabet, Matthew Wayman

Page 1 of 28

File : Re-road_WP1_D1_3_Vfinal.doc

Re - Road

Deliverable 1.3
“Sampling procedure for Reclaimed Asphalt ”

WP1

V01

02-IFSTTAR 26/11/2012

PP

Executive summary
Reclaimed asphalts (RA) are complex materials. Their characteristics are difficult to assess.
Thus, their use in new asphalt courses in significant proportions presents certain
complications. It requires better management of heterogeneity and close management of RA
characteristics. Consequently, in the framework of the Re-Road project, WP1 focuses on
issues that are specifically related to the characterization and technical evaluation of RA as a
raw material prior to heating and mixing processes. The main purpose of WP1 is to better
assess the characteristics of RA to promote an increase in their proportion in future asphalt
mixtures whilst maintaining final material performances. The first task of WP1 was dedicated
to the development of a suitable sampling procedure, which considers the heterogeneity of
materials that could be an important source of uncertainty in the assessment of physical,
chemical and environmental properties of RA or materials including RA.
In the previous deliverable (D1.1), a first synthesis of knowledge and practices of WP1
partners on issues related to the characterization and technical evaluation of RA prior to the
recycling processes was performed. In task WP1.1, a sampling procedure was proposed,
based on existing European standards and practices of different countries. It was agreed that
the aim of the sampling procedure was to assess the highest level of recycling for a given RA,
but the procedure should be adapted to the kind of material and the way it is stored. Indeed, in
the case of unknown materials stored and mixed in a unique stockpile, we can expect that the
material will be re-used at low level of recycling. In that case the procedure should be not too
fastidious to perform, for time, money and technical considerations. On the contrary, when
RA is stored in a homogenous stockpile, when its origin is well known and when it is well
characterized, we expect that the material can be re-used at a high level of recycling. In the
latter situation, a better characterization of the material is warranted to ensure its high level
reuse.
Consequently, the procedure recommended is the result of a compromise solution that
considers the function of the origin of RA, the kind of stockpile and the initial data on the
material, and the expected level of recycling. A degree of characterization can then be
proposed. Sampling and characterization will be used to confirm the expected level or impose
a lower level of recycling if results of tests do not reach the required quality. Now that the
main principle behind the procedure has been established two issues remain to be solved. The
first issue is to set values to define the level of recycling as a function of the cases. The
second issue concerns restricting the level of recycling for unknown mixed RAs, despite the
possibility that they could be of a good quality, according to some stockpile owners. Due to a
lack of time and study cases, these questions did not fall within the scope of this deliverable.
Part of this procedure is investigated within the scope of this deliverable (D1.3). In the
sampling procedure proposed in deliverable D1.1, three cases were considered. The first case
concerns well known stockpiles arising, for example, on large sites like motorways where
large sections of old courses are produced as RA. In that case, characterisation is not really a
problem in the sense that material is often homogenous and well known. Sampling based on
the present standards (EN 13108-8 and EN 932-1) is sufficient to characterize this type of
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material (see Figure 1). The third case situation, which requires little characterization of RA,
is also not complicated to deal with. This study therefore focused on the second case scenario,
consisting of mixed known sources (considering that the owner has made the effort to store
separately his RA!), and their possible use at a medium level of recycling. Mixing RA sources
in this manner requires characterization of the mixture.
This deliverable describes an experimental program that was set up to validate the use of
mixing laws when mixing RAs, with the aim being to enable the stock owner to forego having
to characterize the mix, using the hypothesis that the initial materials were known. Another
experiment was conducted to validate a technique to mix stockpiles. The technique consisted
of superimposing RAs in layers, and then taking them back in tranches, with the purpose to
obtain similar tranches, each containing approximately the same proportion of initial RAs.
Prior to these two studies, a preliminary investigation defined an optimum way to obtain a
representative sample from a stockpile, using a shovel according to the standard EN 932-1,
and compared it to what was obtain in terms of homogeneity while using a splitter.
The main conclusions of the investigations as a whole are as follows:
-

Sampling by means of a shovel in a roof shape stockpile, according to the standard
EN 932-1, seems to be an optimum way to make a representative sample.

-

Applying mixing laws for characterizing a mixture of RAs, even for RA containing
PmB is reasonable; especially in terms of the time it saves as a result of the tests not
required. This study, however, needs more tests for being extrapolated and generalized
to all cases.

-

A first examination of the technique of RA storage in layers has confirmed that this
technique was valid for obtaining similar tranches for re-use.
Thomas Gabet (WP1.1 leader),
Matthew Wayman
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List of abbreviations
AC

Asphalt Concrete

ARA

Asphalt containing Reclaimed Asphalts

EVA

Ethylene-Vinyl Acetate

FTIR

Fourier Transform Infra-Red spectroscopy

HOC

Hydrophobic Organic Compounds

PA

Porous Asphalt

PAH

Polycyclic Aromatic Hydrocarbons

PAV

Pressure Ageing Vessel

PmB

Polymer modified Bitumen

RA

Reclaimed Asphalts

RTFOT

Rolling Thin Film Oven Test

SBS

Styrene-Butadiene-Styrene

SHRP

Strategic Highway Research Program

SMA

Stone Mastic Asphalt

TSRST

Thermal Stress Restrained Specimen Test

TR&B

Ring & Ball Temperature
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1 Introduction
In the context of sustainable development, using RA for manufacturing new roads represents
a good idea. However, on some levels, this presently remains difficult to put into practice.
This is mainly due to the complexity and general lack of data on RA materials. As their
characteristics are difficult to assess, their use in new asphalt layers in significant proportions
remains complicated. Increasing their use in new asphalt layers requires better management of
their heterogeneity and a finer control of their characteristics.
Consequently, in the framework of the Re-Road project, a work package (WP1) was
dedicated to the characterization of RA. It focused on issues that are specifically related to the
technical evaluation of RA as a raw material prior to recycling processes. The main purpose
of WP1 is to better assess RA to facilitate an increase in their proportion in new manufactured
asphalt mixtures, whilst maintaining final material performances. Task 1 of WP1 (task 1.1)
was dedicated to the development of a suitable sampling procedure that considers the
heterogeneity of materials that could be an important source of uncertainty for the assessment
of physical, chemical and environmental properties of RA or materials including RA.
In deliverable D1.1, a first synthesis of knowledge and practices of WP1 partners on issues
related to the characterization and technical evaluation of RA prior to the recycling processes
was performed. Deliverable D1.1 was already partly dedicated to task 1.1 since it proposed a
sampling procedure for RA based on existing European standards and practices of different
countries.
This sampling procedure takes into account the different kinds of stockpiles encountered in
storage facilities, and attempts to correlate appropriate levels of recycling to the kinds of
stockpiles and the origin of the materials. Three kinds of stockpiles were defined accordingly.
The first kind of stockpile is the stockpile made of well characterized and/or known RA,
coming for example from a big job site like milling of a motorway. This RA is generally
homogenous, of a high quality and well characterized; and can therefore lead to high levels of
recycling. This type of stockpile has not been studied here. The second kind of stockpile is the
mix of unknown sources, constantly reloaded with new and unknown RAs. The lack of
knowledge associated with the RA in this stockpile leads to low levels of recycling. The
focus was instead on a third possibility, a mix of known low volume sources, and particularly
the possibility of determining the characteristics of the final mixed RA according to the
characteristics of the initial sources.
To this end, three topics were focused on: 1) the method required to make a representative
global sample using a sampling procedure in a roof shape stockpile1 by means of a shovel; 2)
a way to mix materials by superposing them in layers and taking them by tranches; and finally
3) validating mixing laws when mixing RAs, especially in presence of polymer modified
bitumen.
In Section 2, the principle of use of the sampling method adapted to the kind of RA and the
level of recycling is briefly presented. Section 3 describes the experimental procedures
1

A roof shape stockpile is a pile, significantly longer in one direction, made of a triangular section.
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performed in task 1.1. The first experiment consisted of analysing typical asphalt concrete
(AC10) in order to obtain an order of magnitude of the scatter of results, using a well
controlled material and tests typically used to characterize asphalt concretes. The second
study consisted of comparing two sampling methods aimed at obtaining global representative
samples from stockpiles. The third study dealt with validating the mixing laws when RA were
mixed, especially when one of the reclaimed asphalts used was a polymer modified reclaimed
asphalt. The last study was dedicated to assessing a technical method to mix materials.
Discussions and conclusions on these experiments are presented in Section 4.

2 Principle of use of the sampling procedure for RA
The sampling procedure is adapted to stockpiles and levels of recycling and is presented in
Figure 1. The aim is to reach the highest level of recycling possible, as a function of the
material stored. According to the kind of stockpile and the origin of material, a level of
recycling is proposed. Sampling and characterization will either confirm the expected level or
impose a lower level of recycling if the results of tests do not reach the required
characteristics.
Three kinds of stockpiles have been considered: the stockpile made of a unique source of RA,
the stockpile made of mixed unknown materials and an intermediate case, which consists of
multiple piles of known materials, which would be stored separately and mixed to get a
significant quantity of RA for future use.
The first case deals with homogenous materials of a high quality, generally encountered on
large construction sites like motorways. In this situation it was proposed to avoid storing
materials in a conic shape, because conic stockpiles seem to be quite difficult to characterize,
as it is very difficult to access the heart of the pile. Roof-shaped piles should be preferential.
They are longer in one direction, with smaller sections (compared to the length), such that
each section may be characterized. To give an order of magnitude, a section may be around
50 m2, and the length around 100 m. In order to characterize material, global samples must be
taken in zones situated throughout the length of the pile. In each zone, samples must be taken
respecting the volumetric partition in a roof-shaped stockpile, in order to limit segregation
problems. According to the results of tests used to characterize the material, a level of
recycling will be defined. It can be noticed here that the location of sampling is really
important, it fully conditions the representativeness of the global samples, and then it
conditions the heterogeneity of the entire stockpile. We could imagine other ways to store
RA: rings, successive little stockpiles, silos … if the location of sampling for making
representative samples is located on specific zones, and if these specific zones are spread on
the entire stockpile, it can be thought that the heterogeneity of the stockpile can be assessed.
Then a high level of recycling may be reached.
The third case can be divided in two sub-cases. The first sub-case aims to use material
without any further characterization to achieve a low level of recycling (10 to 20%). Several
countries in Europe allow such recycling levels but, in order to encourage an increase the
level of recycling, a second sub-case has been devised. This sub-case would first require
homogenizing the pile as much as possible; then, considering that the pile is homogeneous, a
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characterization could be performed by means of a unique representative (also called
“global”) sample.
The second case is an intermediate case where known materials have to be mixed (for
example to get a consistent amount of RA or to adapt binder contents and grading curves).
The main theory behind this case is to enable a higher level of recycling compared to the third
case. Each pile has to be characterized before being mixed with other RA. The proposed
hypothesis predicts that characteristics of a mix of RA can be obtained while using mixing
laws. Finally, in cases 2 and 3, the level of homogeneity of RA is assumed to be increased
while using a layer/tranches technique; RA is laid in layers and taken back in tranches,
ensuring similar characteristics are present in each tranche.
As presented in deliverable D1.1, setting the level of recycling as a function of the resultant
cases arising from the adapted sampling procedure is not an easy issue to solve. However,
different technical guides present guidelines to define levels of recycling according the quality
of studied RA (SETRA, FGSV, see deliverable D1.1). As mentioned previously, the
experiment described herewith concentrates on the second case and the possibility to mix
different sources of RA together before reusing it at a high level.
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Figure 1: A sampling procedure adapted to types of RA, stockpiles and levels of recycling.
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3 Experimental programmes
3.1 Sampling a typical asphalt concrete
The first experiment consisted of analysing a typical asphalt concrete (AC10 with an initial
binder of grade 35/50), in order to determine the order of magnitude of the discrepancy in
results in terms of binder content, grading curves, penetration and ring and ball values (R&B),
when sampling and characterizing a well controlled material. Indeed, when a laboratory batch
of asphalt concrete is analysed, 50 kg being deemed sufficient to explore the theory, we could
expect that each sample of this batch would lead to the same characteristics. This experiment
was designed to demonstrate the typical level of discrepancy in characteristics that can be
observed on such a batch and therefore determine the level of precision that can be expected
for a well-controlled asphalt material pre- manufacture.
3.1.1 Purposes
This study has been performed in order to assess the level of repeatability of the combined
protocols “sampling & binder content” and “sampling & binder characterization”. This study
has been performed for the following reasons:
-

To determine the order of magnitude of the repeatability of these two combined
protocols, for asphalt concretes. Thus, a reference level for the laboratory can be
established. This level represents a basis value for further analyses on RAs.

-

To assess the reproducibility of binder contents and characterization via a series of
round robin tests. This analysis demonstrated the influence of sampling in the global
analysis, which is commonly not considered. In this study it was considered alongside
the more frequently analysed properties of the binder, thus allowing potential errors
due to sampling to be considered as sources of discrepancy along with those that
might arise from the extraction and penetration tests.

3.1.2 Experiment and results
A typical French asphalt concrete named AC11 was manufactured in laboratory. The material
was not compacted and the loose mix was utilised. Two batches of 30 kg were manufactured;
the first, called “AC11 non aged” was immediately sampled and stored in impervious bags
(called “chicken bags”). The second batch was aged according to the RILEM TC-ATB TG5
aging protocol (see Re-Road deliverable D2.3). This aging procedure consists of putting the
loose mix in batches with a maximum height of 8 cm, and placing this batch in an air-draft
oven, at 135°C for four hours, to simulate short term aging that occurs during the
transportation and laying steps of a typical asphalt concrete laid on site, followed by long term
aging at 85°C for nine days, which is supposed to simulate the lifetime of the asphalt concrete
on site. Comparison between the two conditioned batches allows the affect of aging to be
evaluated.
Grant SCP7-GA-2008-218747
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3.1.2.1 Repeatability of the combined protocol “sampling & binder content”
Results in terms of soluble binder content, according to the standard EN12697-1, are
presented in Table 1. As observed in this table, the difference between the real mean binder
content value (controlled during manufacturing) and the measured mean binder content value
(measured after the extraction and the recovery of the binder on ten samples) is negligible,
regardless of the batch. It represents a relative error of 1% from the real binder content mean
value. Thus it can be concluded that the real binder content of a batch can be obtained by
measuring the binder content of any part of the batch. There is unlikely to be any source of
major inconsistency. From this it can be concluded that a high number of measurements leads
to a good measure of the binder content. The comparison between the non-aged and the aged
batches shows similar results. This seems to suggest that any error due to the binder content
measurement protocol itself seems also to be independent of the age of the binder. It is
important to remember that aging was initially considered as a possible factor in binder
content measurement.
A consideration of all measurements together seems to suggest a discrepancy in results.
Indeed, spreads of 0.49% and 0.55% of binder content can be observed, which represent a
relative spread of 10%. This is ten times more than the difference between the measured and
the real mean binder content value. It is thought that this discrepancy possibly arises due to
sampling problems more than binder content measurement protocol problems. Our
interpretation of these results is that even in the case of a loose mix, correctly mixed and
apparently homogenous, an error of 10% can be observed if only one sample is tested. Thus a
higher precision cannot be required for RA which is quite variable in terms of characteristics
and homogeneity.
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Table 1: Statistical analysis of binder contents obtained on 20 samples taken from two
batches.
sample n°
1
2
3
4
5
6
7
8
9
10
real mean
measured mean
error
relative error
min
max
spread
relative spread
STDEVA
relative stdva

unaged aged
binder content(%)
5.62
5.39
5.50
5.50
5.57
5.45
5.68
5.21
5.32
5.14
5.20
5.50
5.19
5.52
5.44
5.69
5.27
5.19
5.39
5.65
5.39
5.42
0.03
1%
5.19
5.68
0.49
9%
0.17
3%

5.39
5.42
0.03
1%
5.14
5.69
0.55
10%
0.19
4%

This gives an order of magnitude for the discrepancy that can be observed for well controlled
and classical asphalt concrete samples. Thus, finding such a discrepancy should not be
considered as surprising when studying reclaimed asphalt.
3.1.2.2 Repeatability of the combined protocol “sampling & binder characterization”
Another statistical analysis was performed on the non aged material with five samples taken
from a batch of 15 kg. The binder of each sample has been extracted. Penetration and R&B
tests were performed. The results are presented in Table 2. Binder characterization is more
complex than binder content, which is the reason for the limited number of characterizations.
On five typical asphalt concrete samples, the relative spread for the penetration value is 22%,
with a mean penetration of 27, and 2% for the R&B temperature value, with a mean
temperature of 56.8°C. It can be noticed that the third sample is mainly responsible for this
spread. This also gives an order of magnitude of the discrepancy that can be observed for well
controlled and conventional asphalt concrete samples.
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Table 2: Statistical analysis of binder contents obtained on 20 samples taken on 2 batches.
sample
1
2
3
4
5
mean
min
max
spread
relative spread
STDEVA
relative stdva

pen (1/10 mm) T R&B (°C)
25
57.0
26
57.0
31
55.8
26
56.8
27
57.2
27
56.8
25
55.8
31
57.2
6
1.4
22%
2%
2.35
0.55
8.69%
0.98%

The results of these two preliminary studies allows for approximate reference values to be set
for comparison with further studies on reclaimed asphalts. It could be considered difficult to
reach a higher precision with reclaimed asphalts than the one obtained in this preliminary
study. This typical bitumen is of course not representative of all the bitumen of different
classes, but the study gives at least an order of magnitude.

3.2 Reclaimed asphalts tested at IFSTTAR and TRL
3.2.1 IFSTTAR
Three materials were studied in experiments performed at IFSTTAR, with the main aim being
to mix these materials and check to see if mixing laws can be validated, in terms of results
gathered which relate to binder content, penetration and R&B values, despite the presence of
polymer modified bitumen in the third material.
The first material was a French asphalt concrete, named RA-AC10, usually used as road
surface layer in France. The second material was a mix of a surface and a base layer, with
coarser aggregates (mix of AC10 and AC14). This mix results from a deeper milling
operation, which recovered the full AC10 layer and a part of the AC14 layer. The first and
second materials were milled on the Fatigue Carousel at IFSTTAR. The third material was
porous asphalt, milled from a French motorway. Its main characteristics are a discontinuous
skeleton and a binder containing a polymer (PmB). The characteristics are summarized in
Table 3.
Table 3: Reclaimed asphalts used in the study by IFSTTAR.
Material 1

RA-AC10

Material 2

RA-AC10/14 (RA of AC10 + AC14)

Material 3

Porous asphalt with PmB
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At the time of the study, Material 3 was already stored in big bags, in a hall, sheltered from
rain, sun and high temperatures. Materials 1 and 2 were initially stored outside the laboratory,
exposed to outside weather conditions. This leaded to a re-cohesion of the materials in little
blocks (see Figure 2).

Figure 2: Weathered blocks of asphalt concrete resulting from exposure to the sun and/or
high temperatures.
The three materials were characterized “ready for use”. It was necessary to screen materials 1
and 2 before starting the study. A screen was used for removing the coarser aggregates. The
piles were then split to facilitate handling of materials (see Figure 3). A riffle-type sample
splitter was used. This splitter is made of 14 lanes (7 lanes per side). Each lane is 8 cm width,
which represents more than five times the maximum aggregate size. The splitter was also
used for the subsequent studies.
splitter

Figure 3: Splitting the initial stockpile for handling “reasonable” quantities of material and
preparing for the study comparing sampling procedures.
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3.2.2 TRL stockpile material, preparation and storage conditions
Three materials were also utilised at TRL with a view to validating the mixing laws with
respect to binder content, penetration and R&B values.
The first material utilised was sourced from a local asphalt plant’s crushed and graded
primary stockpile. This stockpile consisted of a variety of known sources of RA which had
been fully homogenised in the crushing and grading process. This material had been screened
to exclude particle sizes above 20 mm. The second material was a single source RA sourced
from the expired surface course of a motorway. This material was originally porous asphalt.
The stockpiled material came directly from the planing-off operation at the motorway site.
The third material is also porous asphalt, which is identical to the third material used in the
IFSTTAR experiment. It proved impossible to source an expired PmB RA in the UK, hence it
was necessary to utilise the French material. The materials used by TRL are summarized in
Table 4.
Table 4: Reclaimed asphalts used in the study by TRL.
Material 1

<20 mm RA from a homogenised stockpile

Material 2

Porous asphalt from a single motorway source

Material 3

Porous asphalt with PmB

Material 3 was identical to IFSTTAR’s Material 3, and thus had been sheltered from rain, sun
and high temperatures. Materials 1 and 2 were both stored outside the laboratory, exposed to
outside weather conditions. The stockpile for material 1 is presented in Figure 4.

Figure 4: Storage of Material 1 – a homogenized, exposed stockpile.
The three materials were characterized prior to use to determine their original properties.
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3.3 Assessment of the two sampling methods
The second study consisted of comparing two sampling methods for obtaining global samples
from initial stockpiles. The first procedure, considered as the reference, uses only a splitter,
whose main purpose is to divide a pile in two identical piles, as consistently as possible. The
global sample is obtained by splitting piles until the required mass of a global sample is
reached. The second procedure consists of using a shovel for sampling in a roof-shape
stockpile, while respecting the mass repartition in such a kind of stockpile.
3.3.1 Sampling methods presentation
The two different sampling methods were assessed at both IFSTTAR and TRL. These
sampling methods allow global samples to be obtained in two different manners. The first
method consists of using the splitter on the initial stockpile, and splitting the pile until global
samples of approximately 40 kg were reached. It has to be noted here that this method is not
necessarily practicable because it takes a lot of time, and it needs to handle a huge quantity of
material. However, this method is supposed to be the best to obtain a representative sample
from the initial stockpile. The second method consisted of sampling in a roof shaped stockpile
by means of a shovel, as shown in Figure 5). Considering that 1 kg can be taken from a
stockpile by means of a shovel, 40 shovels were taken from the entire stockpile: 5, 13 and 22
shovels respectively from the top, middle and bottom. This method of sampling,
recommended by the standard EN 932-1, is supposed to respect as well as possible the
statistic repartition of the mass in a roof shaped pile and is supposed to limit problems of
segregation. As RA quantities were limited the maximum width of the experimental
stockpiles was approximately one metre. This is somewhat different to those found in storage
facilities or on operational job sites, which are perhaps up to a decametre in width, though it is
thought that this difference in scale would not affect the outcome of the experiment.
≈ 1litre

Figure 5: The roof shape is a good shape
for sampling and obtaining a representative global sample.
Once global samples were obtained, samples for tests (less than 5 kg) were obtained using the
riffle sample divider (splitter). Using this apparatus is quite acceptable in terms of time for
such quantities of material, since it required only 3 or 4 successive splits to be performed.
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An overall scheme of the sampling operations performed on the different materials is
presented in Figure 6.

Figure 6: Sampling protocols applied to the different materials 1, 2 and 3, for comparison
and analysis.
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3.3.2 IFSTTAR experiment and results
Material 1 was sampled according to the 2 different sampling methods. The two methods are
named A and B. 4 samples were taken according to the sampling methods described
(see Figure 6). In Table 5 and Figure 7, soluble binder content results are presented.
Comparison of the mean values and the standard deviations indicates differences. The
difference between the mean values is 0.17% of binder content, this corresponds to a relative
difference of 3.5%, which is negligible for such kind of test, and compared to the repeatability
obtained on a typical asphalt concrete. Moreover, the standard deviation related to the riffle
sample divider would be expected to be less, because such a sampling procedure is supposed
to be superior and thus lead to less discrepancy in the results. Finally a statistical test has been
carried out to assess if these differences were significant. The test result gives a p-value of
27%. Thus the difference can be considered insignificant. The grading curves are also
compared in Figure 8 and Figure 9. No difference can really be observed between the two
sampling methods.
Though this statistical analysis would benefit from a higher number of samples, we can
consider that shovel sampling is as efficient as splitting. However, it is important to highlight
that, in the binder content study, a difference between mean values was anticipated since it
was thought that using a shovel would take less filler in any given shovel full.
Commensurately, due to a higher specific surface, it was expected that filler and finer
aggregates would contain higher binder content. Thus, we expected to obtain a lower binder
content using a shovel. However, according to the results of this study, this difference can be
considered negligible.
Table 5: Reclaimed asphalts used for the study.
Binder Recovery

Source

Material 1 (BBSG) single source
A: splitter
A1

Sol. Bind. cont. (%)

A2

A3

B: shovel sampling
A4

B1

B2

B3

4.73 5.21 4.75 5.04 4.92 4.87 4.69 4.54

mean

4.93

4.76

st dev

0.23

0.17

teststudent

0.27

: no significant difference !
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Figure 7: Binder content results according to the two sampling methods.
grading curve
100.0

passing sieve (%)

90.0
80.0

1A1

70.0

1A2
1A3

60.0

1A4

50.0

1B1

40.0

1B2

30.0

1B3

20.0

1B4

10.0
0.0
0.01

0.1

1

10

100

sieves (mm)

Figure 8: Grading curves of RA sampled according to the two sampling methods.
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Figure 9: Grading curves of RA sampled according to the two sampling methods
(mean values).
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3.4 Mixing laws validation
The third study attempted to validate the mixing laws especially when one of the reclaimed
asphalts used was a polymer modified reclaimed asphalt. TRL and IFSTTAR performed tests
to assess the mixing laws in presence of reclaimed asphalt with polymer modified binder
(PmB-RA). The two laboratories mixed three materials: one RA from a single source, one RA
from a pile made of mixed source and one RA containing some PmB. RAs have been
characterized by their binder (binder content, penetration and R&B values) and their grading
curve. The mixing laws used to assess the characteristics of a mix of three materials
(1,2 and 3) are the following. The penetration value (resp. the softening point temperature) of
the mix is a function of the binder content of each material, not only the mass of each
material. In the following equations, Mi is the mass, bci the binder content, Mi.bci the mass of
bitumen, peni the penetration depth and Ti the softening point temperature.
For the binder content of the mix, a linear law is used:
bcmix 

M 1.bc1  M 2 .bc2  M 3 .bc3
( M1  M 2  M 3 )

For the penetration value of the mix, a logarithmic law is used. The binder content:
log( penmix ) 

M 1.bc1.log( pen1 )  M 2 .bc2 .log( pen2 )  M 3 .bc3 .log( pen3 )
( M 1.bc1  M 2 .bc2  M 3 .bc3 )

For the ring and ball temperature, a linear law is used:
r &b
Tmix


M 1.bc1.T1r &b  M 2 .bc2 .T2r &b  M 3 .bc3 .T3r &b
( M 1.bc1  M 2 .bc2  M 3 .bc3 )

3.4.1 TRL results
3.4.1.1 Material used
TRL results are summarized in Table 6. It can be observed that the binder characterizations of
the single and the mixed sources give very close values. This is also the case for IFSTTAR’s
results. The third material (designated PB1), the PmB-RA, is quite different, but, as described
previously, is the same for both laboratories. In Figure 10, the grading curves of the different
RA samples are presented. They confirm the strong difference between the PmB-RA and the
two other RAs (designated S1-3 and M1-3). These grading curves also show a significant
difference between the single (S1-3) and the mixed source (M1-3).
Table 6: Binder characterization of the RAs used in the TRL experiment.
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Figure 10: Grading characterization of the RAs used in the TRL experiment.
3.4.1.2 Mixing
The three RAs were mixed in a mass ratio of 1:1:1. Results in terms of binder characterization
are presented in Table 7 (binder content, penetration depth and ring and ball temperature). On
the left of the table, mean values of each material are presented. On the right, results of
mixing laws, homogenized mixes and superimposed mixes are presented. The difference
between homogenized mixes and superimposed mixes will be presented in the following
sections. They can be initially considered as two ways to mix RA technically.
The first conclusion of this study is that when the mixing laws are applied to determine the
characteristics of the mixed material, they give a good order of magnitude. In terms of
penetration and softening point temperature, the results given by mixing laws are good. But
the binder content is not well estimated (5.1%, instead of 5.6%). The following discussion
will try to explain these differences.
The difference between the soluble binder contents obtained by mixing laws and by actual
mixing is a little bit surprising. Indeed, considering that all the binder is recovered, there is no
real explanation for observing such a difference. The first idea was that there could have been
an error in measuring the proportions, even though it seems unlikely due to the close and
repeatable results arising from the two methods of mixing.
Subsequently, according to a possible error in proportions, it was then considered that the
PmB RA ratio might not have been accurate. This ratio has been theoretically modified so
that the correct binder content is obtained. The obtained theoretical ratio of PmB RA is 0.144
(14.4%). Considering this assumption, it can be observed that the results given by mixing
laws and those obtained with real mixes are also close: 21 for 19 [1/10 mm] in terms of
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penetration and 62.5°C for 63.5°C (in mean) in terms of R&B temperature. But these values
seem less accurate than the previous ones. This hypothesis has not been hold.
The second hypothesis is that the bitumen is so old and hard that is has not been completely
recovered. Having used 5.67% of soluble binder content in applying the mixing laws, it
suggests that only 36% of the bitumen of the PmB RA was solubilised. It has to be noted here
that this assumption remains difficult to believe because, in the original characterization of the
PmB, RA a binder content of the same order of magnitude as IFSTTAR’s, conducted on the
same material, was obtained.
The third hypothesis is related to an error while characterizing the binder content of the third
material. It can be noticed that the binder content has been assessed on a unique sample. As
explained more in detail in the following paragraphs, binder content for material 3 of both
IFSTTAR and TRL should be the same, because it is the same material. Considering a binder
content of 3.85% (IFSTTAR results), mixing laws lead to a mix binder content of 5.28%. This
is better, but it does not fully explain everything.
At this time, explaining the differences between the binder content results remains difficult,
but the theories postulated should be considered. Firstly, for penetration values below 25
[0.1 mm], results are not so consistent, and conclusions must be moderated as a result. The
purpose when applying mixing laws is to characterize a mix of RA without performing any
added tests. In the case of the third sample, the PmB RA, the penetration is so low that it
could almost be classified as “rock”, and therefore may be difficult to mix together and with
new materials. This suggests that the mixing laws predict only the order of magnitude of the
properties of the mixed material, in that case when no mixing problem is encountered.
Table 7: Binder characterization of the RAs used in the TRL experiment.
Results of real mixing and mixing laws.
TRL Results
S1S2S3 M1M2M3 PMB
RA mixed RA superimposed
n of samples
3
3
1
7
3
mixing laws
mean
mean
mean
mean
mean
Penetration at 25 °C
24
24
7
18
18
19
Softening point (°C)
61.5
61.2
75.2
64.3
65.0
63.5
Soluble binder content (%)
6.00
6.00
3.20
5.07
5.60
5.67
6.00
6.00
3.85
5.28
ratio of RAs
(giving a good mean binder content)
real
0.333
0.428
theorit
mobilized binder

0.333
0.428

mixing laws
(th. ratio)
0.333
21
0.144
62.5
43%
5.60

3.4.2 IFSTTAR results
3.4.2.1 Material used
IFSTTAR results are summarized in Table 8. It can be observed that the binder
characterizations of the single and the mixed sources lead to very close values, as was the
case for TRL. The main reason is that the mixed source (material 2) is partly made of material
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one and partly made of another asphalt concrete initially containing coarser aggregates.
During preparation of the RA, material 2 was screened out, so that the coarser aggregates
were artificially removed. It can also be noticed that the binder content for material 1 is a little
bit low for a surface layer material, this is because it has been mixed with RA from a base
layer with a low binder content. The third material, the PmB-RA, is quite different.
In Figure 11, the grading curves of the different RA samples are presented. They confirm the
strong difference between the PmB-RA and the two other RAs. These grading curves also
show a visible difference between the single and the mixed source, even if this difference is
not very significant.
Table 8: Binder characterization of the RAs used in the IFSTTAR experiment.
Material 1 (BBSG) single source

Source
Pen

A1

A2

A3

23

18

18

A4

B1

B2

B3

B4

Mixed source RA
A1

A2

13

11

B1

B2

Pmb RA
A1

A2

A3

B1

B2

9

9

B3

B4

Binder
R&B
64.6 63.6 60.8
66.6 66.6
78.6 77.0
Recovery
Sol.Bind.cont.(%) 4.73 5.21 4.75 5.04 4.92 4.87 4.69 4.54 4.50 4.64 5.07 4.62 3.83 3.95 3.77 3.68 3.82 3.30 3.58
mean
4.93
4.76
4.71
3.85
3.60
st dev
0.17
0.23
0.09
0.22
0.25

grading curve
100.0
90.0
passing sieve (%)
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Figure 11: Grading characterization of the RAs used in the IFSTTAR experiment.
3.4.2.2 Mixing
The three kinds of RA have been mixed according to a ratio of 1:1:1 in mass for each
material. Results of the binder characterization for the mixed material are presented in Table 9
in terms of binder content, penetration depth and ring and ball temperature. On the left, mean
values for each material are presented. On the right, results obtained from the mixing laws
and measurements on homogenized mixes are presented. In terms of penetration value, 1
[mm/10] is in the order of repeatability of the test. 0.4°C is the equivalent amount in terms of
softening point. The binder content gives also good results (0.07% of difference). The
conclusion of this study is that mixing laws can be applied for mixing these particular
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materials. It has to be noticed here that initial values are very close, compared to the range of
values for bitumen. The IFSTTAR results suggest validation of mixing laws.
Table 9: Binder characterization of a mix of RA
and use of mixing laws (IFSTTAR experiment).

n of samp. (binder cont./ pen,R&B)

Pen. at 25 °C [mm/10]
Softening point (°C)
Soluble binder content (%)

IFSTTAR results
MAT 1
MAT 2
MAT 3
mixing laws
8/3
4/3
7/3
mean
mean
mean
20
13
8
13
63.0
66.7
77.2
68.3
3.70%
4.42%
4.84%
4.71%

RA mix
3/3
mean
12
68.7
4.40%

3.4.3 Comparing the TRL and IFSTTAR results
When comparing the outcomes of the two sets of experiments it seems that in one case the
mixing laws have been validated (in the case of IFSTTAR) and in the other they have not
(since a discrepancy appears between experimental/observed results in the TRL experiment).
Some hypotheses were offered as to why the TRL experiment through up different results, but
perhaps the most plausible theory arises by comparing the soluble binder contents obtained
for the same PmB-RA used by both TRL and IFSTTAR in Table 6 and Table 8. The binder
content obtained in one binder recovery by TRL is 0.5% lower than those obtained in six
binder recoveries by IFSTTAR. This could be the sole reason for the discrepancy in relation
to the TRL experiment since the binder content obtained predicts a lower average binder
content for the 1:1:1 mixtures. Only one soluble binder content was taken by TRL due to lack
of material and this may be the source of the problem. Overall, this asserts that the mixing
laws are not themselves uncertain, but instead that it should be good practice to take more
than one soluble binder content to obtain an average before applying them.

3.5 Layers/tranches validation
The last study was dedicated to assessing a method of mixing the materials together. It
consisted of superposing the materials in horizontal layers, and taking back the superimposed
materials in vertical tranches, so that each tranche contained the same quantity of each initial
material. Only TRL performed this study.
The results in terms of binder characteristics (penetration, R&B and binder content) are
presented in Table 10. In terms of binder content, the mixing method consisting of
superimposing stockpiles gives the same mean value than the method consisting in mixing
after homogenisation. None of these two methods seems to show a particular discrepancy. In
a comparison of grading curves, shown in Figure 12, no significant difference is observed
between the two methods of mixing materials.
It is therefore possible to consider that this practical method of superposition for mixing
materials seems to be efficient enough, from a theoretical point of view. There are however
relatively few results to contribute the calculation of statistical mean, due to the time available
and capacities of the laboratories to perform the tests. Moreover, some practical problems
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have been envisaged: huge masses may be difficult to handle, even with a front loader.
Moisture may also represent a problem, due to horizontal shape of piles.
Table 10: Binder characterization of the mixes of RA according to the two methods
(homogenised and superimposed).
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Figure 12: Grading curves of the mixes of RA according to the two methods (homogenised
and superimposed).

4 Conclusions and outlook
4.1 Conclusions
Several experiments have been performed within the framework of task 1.1. The first one
demonstrated that sampling by means of a shovel in a roof shape stockpile, according to the
standard EN 932-1, seems to be an optimum way to make one or several representative
samples. Indeed it leads to results that are comparable to those obtained using a splitter, but it
is far more efficient and user-friendly in terms of handling. Such method is therefore ideal to
sample a RA stockpile stored in laboratory.
An experiment was set up to investigate mixing known sources of RA. This experiment was
proposed to investigate mixing laws that could be used for characterizing a mixture of RAs,
including those containing PmB. The results suggested that generally the approach was valid
and that almost anomalies could be explained. This conclusion is potentially advantageous
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from the perspective of saving time and avoiding excessive testing. The technique, however,
would benefit from some further investigation to be fully validated and generalized to all
cases. The cases where RAs are impossible to mix, like RAs containing different kinds of
polymer, must be defined. The main interest of such results would be to limit the number of
tests of characterization, in situations where it is necessary to mix different sources of RA
together.
A technique for mixing materials that consisted of placing different sources of RA materials
in layers and taking back the material in tranches confirmed that this technique was
appropriate to obtain similar batches for re-use. However, this technique remains to be
validated at full scale.
Tests were performed on several sources of reclaimed asphalts, despite the fact that this
represented a significant number of tests for each laboratory. Of course, an even greater
number of tests would have made the analyses even more relevant from a statistical point of
view. It is also important to note that these results cannot be generalized as a result of this
study, but instead that they indicate a trend which needs to be confirmed in the future.

4.2 Outlook
Sampling a RA stockpile for characterization it is not an easy thing to do, since the process is
hard to make exactly repeatable. When the material comes from a unique source, like a large
construction site, characterizing RA mainly consists of confirming the homogeneity of the
pile. Heterogeneity is neither easy to assess. Location of sampling is a major clue for the
representativeness of sampling and then for assessing this heterogeneity of a given stockpile.
Where mixed RA sources are concerned, our study has shown that mixing laws and practical
techniques (layers/tranches) may facilitate future high level use of the material. When storage
of RA is not controlled at all, like in the case of unknown sources, characterizing RA in a safe
way seems far more difficult, if not impossible. This does not mean that RA managed in this
way cannot be used in high level recycling, but doing so may lead to more risks. According to
some stakeholders, the “uncontrolled stockpiles” at asphalt plants mainly consist of asphalts
made at the plant and are directly reused for making roads around the plant. Practices such as
this will assist in limiting risks associated with these mixed piles.
In the future, if further sampling is carried out to acquire representative samples and to
characterize stockpiles, the tests of characterization may be further adapted to RA stockpiles.
The present protocol for characterizing RA consists of binder extraction and binder
characterization and takes considerable time to carry out. Thus defining homogeneity may
take too long, due to the fact that a relevant number of samples have to be characterized.
Further efforts should be made to streamline things in the future. Binder content and grading
represent the main characteristics of RA in that sense they directly impact the quantity of
added materials in the mix. Thus grading may represent an important source of heterogeneity
in the material. For this reason it may be sensible to store RA by aggregate size. These two
suggestions (changing the method of characterization and storing by aggregate size) may form
the basis of interesting future studies.
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