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ABSTRACT: The use of high amounts of recycled afiph@ement in hot produced mixes
and the introduction of functional requirementsrfukes in the CE marking system in Europe
have urged to look into the accuracy of the praducprocess in the laboratory. In the
Netherlands traditionally all aggregates are adtepbther in dry condition at the same
temperature in the laboratory mixer. Plant procgssiith high amounts of recycled asphalt
pavement in a mix is different from processing wirgnaterials. In this paper lab procedures
related to temperatures and moisture content aredunced which relate better to the type f
production plant. Introduction of a double barrelrd mixer in the Netherlands accelerated
the revision of current procedures.

In this paper three different laboratory procedwass proposed to simulate the asphalt plant
production more closely and the influence on thelmaical properties is reported. For a base
course mix mechanical properties like stiffnessn@ment deformation and water sensitivity
were determined. It is concluded that the laboyafmocedures considerably influence the
mechanical properties. Fundamental research isedeledexplain the differences.
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1 INTRODUCTION

In the Netherlands the mixing of the componentshim laboratory mix design methods is
normally done at a fixed temperature (CROW, 2088)aggregates are dried and pre-heated
to the same temperature. Two important reasongiges to reconsider this approach in the
laboratory.

First of all since some 20 years in the NethedammgkE of recycled asphalt pavement (RAP)
at percentages of 50% in hot mixes is standardbaith plants work with a special added
parallel drum. The RAP is dried and pre-heatethéngarallel drum to 130°C and added in the
pugmill to the extra heated virgin aggregates & dther drum. Another important reason to
better control the laboratory process is, thatesiMarch 2009 in the Netherlands the CE
marking for asphalt mixes has to be applied. Forsdeasphalt concrete the functional route
has been chosen, including determination of pragseitke water sensitivity with indirect
tensile strength, stiffness, fatigue and permadefdrmation on a laboratory prepared mix
(NEN EN 13108-20, 2006). These parameters are tmedhe design of the pavement
structure, so they better be as realistic as plessib



2 DOUBLE BARREL DRUM MIXER

Most asphalt manufacturing plants in the Nethedaau@ batch plants and they use the system
with a parallel drum to produce mixes with high Raéhtents. With this system standard
50% of RAP is allowed in the specifications. In tharallel drum the RAP is dried and
preheated to a maximum temperature of °130and added to very hot (easily 250° C,
dependent on the amount of RAP) virgin aggregatherpug mill.

In a drum mix plant the functions of a dryer antbatinuous—process mixer are combined
in one compact system. There is doubt that a stdrifam mix plant can be used with high
amounts of RAP. To allow high percentages of RAPdbuble barrel drum was developed. In
the double barrel asphalt plant of ASTEC, the wirgiaterial is superheated to a very high
temperature in the inner drum (up till 400° C, dejent on the RAP content and the moisture
content in the RAP) and the mixing with the coldish&®AP takes place in the outer drum.

During the mixing process, the cold, moist RAP esnin direct contact with the
superheated aggregate and the total will be hdatéke required mixing temperature. The
double barrel drum mix plant is claimed to prodingh quality mixes with 50% RAP just
like the normally used batch plants with parallelird for RAP in the Netherlands. For a
schematic view, see figure 1.

Outer Shell

Figure 1: Schematic view of the double barrel dmixer with cold RAP added in the outer
drum (courtesy to ASTEC).

The current laboratory mix design method, in whatlhmaterials are dried and added in
the mixer at the same temperature not only diferapared to the mixing process in parallel
batch mix plants, but definitively does not simal#ite mixing process in the double drum
mixer. In the literature information was found ¢ influence of different methods on the
properties of the final product (McDaniel et al0RQ2007).

From mixing tests it was found that the handlimighe RAP material prior to mixing has
impact on the performance properties of asphalemiin the UPG method with 4 % moisture
content, the heating temperature of the virgin egate should be sufficient to remove the
moisture from RAP and soften the RAP binder to mtarblending with virgin binder. The
sequence of mixing of materials and mixing timenigortant to maximize the temperature
transfer from virgin aggregate to RAP material. Miizing the heat loss during the mixing
process of the UPG method is also important. Heatilation was used for the mixing
equipment and the surrounding environment. The diXing method is thought to minimize
the extra hardening of the RAP binder by avoidimg preheating of the RAP before mixing
and minimizing the availability of free oxygen dugithe mixing process due to steaming of



the moisture in the RAP. The effect of contact witle superheated virgin material is not
known. The mineralogical composition of the virgiggregate did not change by heating the
virgin aggregate to the high temperatures (30®@&) in the UPG method.

Based on the literature and our own experienczetlab mixing methods were considered
as shown in table 1. After the whole mixing procashree methods will result in a loose
mix temperature of 170°C.

Table 1: Material processing related to the pradagbrocess in the plant (loose mix out at
170°C).

Material processing Production plant Code
Both the virgin and RAP material are driegtandard method for virginSM

and heated together at the sammeaterial in the batch mix plant
temperature, in this case £@0
The RAP is dried, heated to P8and the simulating recycling with aPW
virgin material to extra high temperatyrparallel drum in the batch mix
(dependent on amount of RAP) plant

Virgin aggregate is superheated (level | simulating recycling with the
dependent on amount of RAP and moistugouble barrel drum, in this case
content) and mixed with cold, wet RAP. | cold RAP with 4% moisture

3 MECHANICAL TESTING PROGRAM

The performance of asphalt mixes with high RAP eohby using different laboratory mix

preparation methods was analyzed. A base coursg$TiXC 0/22) was used with 40 and
50 % RAP content. For the mix design simulating dloeble barrel drum mixer (UPG) 4%

moisture was added to the RAP. Mechanical progediecording to Dutch and European
standards were determined. The results are giverhapter 4. Important is to relate these
results to the CE marking for mixtures. This istlyadone in this research. The three
processing methods were used to prepare samplebeindoding as given in table 2 is used
in the results in this paper.

Table 2: Processing methods and amount of RAP a@déle@: 4% moisture added).

Processing Method RAP (% Abbreviation
Mixing of RAP and virgin aggregate at same 40 SM 40
temperature (Standard Mixing - SM) 50 SM 50
Mixing of dry RAP at 130C with hot virgin aggregate 40 PW 40
(Partial Warming Mixing - PW) 50 PW 50
Mixing cold RAP with 4% moisture with superheated 40 UPG 40
virgin aggregate (Upgraded Mixing Method - UPG) 50 UPG 50

The mechanical tests on compacted samples fdhtee processing methods with 40 and
50 % RAP contents were:
- Resilient modulus from Indirect Tensile Test
- Indirect tensile strength test
- Permanent deformation test



Information on the test procedures for the Eurap€& marking is given in (NEN-EN
13108-20, 2006).

4 TEST RESULTS AND ANALYSYS
4.1 Effect of Processing Method on Resilient Modulu

The addition of RAP to the mixture has a pronouneféect on the stiffness of the mixture. In
this study the effect of increasing the percentfg@AP from 40 to 50 % on the stiffness of
the mixture was studied for the three mixing prared.

The heating and mixing operations in productionasphalt mixes with RAP have a
significant effect on the mixture stiffness. Somaster curves (Medani et al, 2004) for the
three mixing methods on a log-linear scale are shiovfigure 2.
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Figure 2: Master curves for the stiffness with 4GR%P for all methods(left) and for
the UPG method with 40 and 50% RAP (right) @tef of 15°C.

An impression of the difference between the reqaflthe UPG method compared to the other
two methods in given in figure 3. As can be seendifferences can be very large at high
temperatures (even 40%) and at all temperaturesvthether methods have equal or higher

stiffness values.
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Figure 3: Percentage increase in stiffness for BMRW method at different temperatures at
frequency of 10 Hz compared to the UPG method. 4R2R left and 50 % RAP

right.



4.2 Comparison of the Slopes of the Master curves

The slope of the master curve is an important patansince it contains information on the
slope of the fatigue line and permanent deformatinmaracteristics of the mixture (Molenaatr,
2007). The slope of the fatigue line “n” is a matkeproperty and depends on the slope of the
master curve. In addition, the slope of the mastieve indicates the sensitivity of the change
in the modulus with time of loading. The higher #lepe, the larger the change in modulus
for corresponding changes in frequency or vehipked. Figure 4 shows the plot of the slope
of the master curve (stiffness vs. reduced loadimg) in log-log scale with 40 and 50 %
RAP contents respectively. It can be seen fronréguthat the highest absolute value of the
slopes are observed for the UPG method and thestoalesolute value of the slopes are
observed for the SM method with 40 and 50 % RARes.
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Figure 4: Slope of Master curves for different mximethods at 40 % RAP and 50 % RAP.
4.3 Indirect Tensile Strength test results

Indirect Tensile strength (ITS) under dry and watditions are measured for the three mixing
methods. Figure 5 presents the results of indiesile strength test of the unconditioned
(dry) and conditioned (wet) specimens with 40 a@d® RAP contents. Each value in figure
5 represents the average of three test replicBtem figure 5 it can be seen that the highest
tensile strength value is observed for mixturepgred using SM methods 40 and 50 % RAP.

The lowest indirect tensile strength value is funith the UPG method. It can be
observed that the increase in tensile strengthelisted to the increase in RAP heating
temperature (0, 138&nd 170 C for UPG, PW and UPG methods respectively). Thesd
could be related to the blending power, becauskaerSM method mixing was done with the
highest temperature RAP (maybe also most aged RABWing also the highest stiffness
values.

The moisture sensitivity is reported as the peaegof the retained tensile strength of the
conditioned (wet) specimens compared to unconditio(dry) specimens. It can easily be
calculated that the ratio between conditioned armbuoditioned (ITSR) for all mixes higher is
than 80 % (related to CE marking).
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Figure 5. Indirect Tensile Strength results at 4@ 80 % RAP: unconditioned-left figure and
conditioned —right figure.

4 .4 Resistance to Permanent Deformation

The resistance to permanent deformation of the snio@n be expressed by parameters
obtained from axial permanent strain versus loadiygles curves. Only primary and
secondary stages were observed in the axial pemhatrain versus loading cycles curves.
The permanent strain at 1000 pulses and the sliogteain in the linear part (secondary stage)
of the curve are used for comparisons of the resitiltifferent mixing methods.

1.8 T T T T T T
| | | | | |
| | | | | |
1.6 1 | | | | | |
| | | | | |
| | I | | |
a1 ---- I T
A% | | | | | |
= 4 | | | | | |
7 12 | | | | | |
z | | | | | |
g 14 ---- | — — = — o — — — — e — = svomem———t T — — — — 4 - — — =
15 | | l | |
£ | I T |
T 081 --= S e B s
o | | | | |
8 | | | | | |
X064~ Tt [ttt B
< | | | | | |
| | | | | |
0.4 1 | | | |
| | | | — UPG 40 % RAP
024---- i il Tl —— PW 40 % RAP
! ! ! ! ——SM40 % RAP
0 t t t t T T T
0 1500 3000 4500 6000 7500 9000 10500 12000
Number of Pulses

Figure 6: Results of the % axial permanent straimsws number of pulses at 40% RAP.

An example of the results of the percentage oflgeamanent strain corresponding to the
number of load repetitions for different methodgiigen in figure 6 for 40% RAP (each plot

represents an average of three test replicates®). effect on the permanent deformation
behaviour of the mixtures, the slope of axial pevemd strain and the % axial permanent
strain after 1000 and 10000 load pulses were coedp@ar the three mixing methods. At 50%

RAP the UPG methods shows a considerable high@parate compared to the other two
mixing methods as can be seen in figure 7. In &garthe rate of axial permanent strain is
compared and in figure 8 the cumulative axial perama strain at 1000 and 10000 load cycles
are given.
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Figure 7: Rate of axial permanent strain ‘fc’ att@®RAP (left) and 50 % RAP (right).
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5 DISCUSSION

5.1 Effect of Processing Method on the Stiffness

The research has shown that the stiffness of theimereases with increasing preheating
temperature of the RAP (RAP heating temperaturg30and 176C for UPG, PW and SM

methods respectively).

Figure 9 gives an impression of the developmenthef stiffness for the three mixing
methods at a fixed frequency of 10 Hz for a chaingitae RAP content. Clearly the different

trend between the SM and the other two method$bearbserved.
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Figure 9: Increase in % of stiffness at differeamhperature by increasing RAP from 40 to 50
% at a frequency of 10 Hz.

Although the stiffness of the mix is influenced &dggregate gradation and air voids, the
most significant factor is the stiffness of thed®n The degree to which the RAP binder
blends with the virgin binder is also related te ttegree to which the RAP is heated during
mixing. If the RAP material is not heated suffidignthe RAP binder does not blend with the
virgin binder to the extent possible and the RAEntliends to act more like a black rock
material. In such case only the softer virgin bindecomes the binding agent which
subsequently will cause a lower mix stiffness. Thighest change in mix stiffness was
observed at high temperature for both 40 and 5048 &ontent.

5.2 Effect of Mixing Method on Water Sensitivitychindirect Tensile Strength

All mixes exhibited a relatively high value of iméct tensile strength ratio (ITSR) for a base
course mix. No clear indication was found for thiée@ of mixing method on water
sensitivity. The study has shown an increase isil@strength with increasing RAP heating
temperature. The highest tensile strength at 40 5h& RAP was observed for the SM
method and the lowest for the UPG method. A simtitand is also observed for the mix
stiffness. At 40 % RAP the mixing method resultsaimigher difference in tensile strength
than at 50 % RAP.

5.3 Effect of mixing method on permanent deformatio

The results show that the rut resistance increastdincreasing preheating temperature of
the RAP (RAP heating temperature 0, ¥@ 170°C for UPG, PW and SM methods
respectively). For all mixing methods the perceatagial permanent strain per load cycles
‘fc’ was found to be below the maximum requiremegtaf= 0.4 m/m/load cycle) as
specified by the Dutch standard (CROW, 2005) .&bmixing methods it was found that 80
% of the cumulative axial permanent strain occuirethe first 21000 number of pulses. The
effect of the processing on axial permanent deftionand on axial strain slope is higher for
50 % RAP than for 40 % RAP.



6 CONCLUSIONS

Laboratory handling of RAP material has impact ba tmechanical properties of the mix.
Therefore, mix production in the laboratory withgiRAP content highly depends on the
heating time and temperature of the RAP material po mixing with virgin aggregate. The
existing standard mix design procedure (RAP andirvimaterials heated dry to the same
temperature) does not simulate the mixing processparallel drum batch plant and double
drum mixer plant. Therefore, the mechanical prapgsif laboratory produced mixes with the
standard mixing method can not be used to preldicperformance properties of mixes made
in parallel batch plant and double drum mixers.

The higher value of the stiffness observed for esiproduced with SM method may
improve the rutting resistance of the mixture, saglso indicated by the creep test results. It
seems that in the UPG method with 50% RAP the igtyeep rate is observed. On the other
hand it is not clear how the fatigue behaviour nfluenced by the different production
methods.

Preliminary conclusion is that the results canaotpon the requirements for CE marking
in the Netherlands.

More research is needed to fully understand tfecebf mixing method on performance
properties, because both temperature and moistuteq double barrel drum micer)) play an
important role. The blending of the RAP bitumenhatihe softer bitumen seems to be a key
factor at the different temperatures, and spedifidar the drum mixer the role of moisture
when cold RAP is added need clarification. Furtherdamental research on these issues is
started in a PhD study.
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