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Abstract

Using recycled materials in pavement applications is a viable option to reduce costs and limit the environmental impact of road
construction. During the past decades, many agencies in the U.S. have investigated the effect on pavement performance of adding
Reclaimed Asphalt Pavement (RAP), and, more recently, Recycled Asphalt Shingles (RAS) to asphalt mixtures, and limits were
proposed on the amount of recycled materials which can be used. This paper investigates the effect of adding both RAP and RAS to
virgin asphalt mixtures by means of a simple low temperature creep test performed on asphalt mixture beams. From the experimental
work, creep stiffness, m-value, thermal stress and critical cracking temperature are calculated and compared statistically and
graphically. Based on the results, it is concluded that most of the mixtures prepared with combinations of RAP and RAS perform
similarly to standard mixtures at low temperature. For a limited number of mixtures, a negative effect is observed.

Keywords: RAP, RAS, TOSS, MWSS, BBR mixture creep test, creep stiffness, m-value, thermal stress, critical cracking temperature

1. Introduction

Using recycled materials is a high priority in pavement industry
not only for reducing the construction costs but also for minimizing
the environmental impact of road construction. Over the past
decades, the use of different recyclable materials has been
investigated, such as Reclaimed Asphalt Pavement (RAP),
reclaimed Portland cement concrete, iron blast-furnace slag, fly
ash, waste tire rubber, waste glass, and roofing shingles. Two
sources in particular, Reclaimed Asphalt Pavement (RAP) and
Recycled Asphalt Shingles (RAS), have been increasingly used
in asphalt pavement construction.

Reclaimed Asphalt Pavement (RAP) has been used in U.S. for
more than three decades (NCHRP, 2001; McNichol, 2005).
According to a recent report by Federal Highway Administration
(FHWA), almost 73 million tons of RAP are reclaimed and 84%
of those (62 million tons) are used annually in asphalt pavement
construction, making RAP the most recycled material in the U.S
(Hansen et al., 2011). A number of specifications that regulate
the amount of RAP have been already in place for many years.
Most of these limits were developed from observations of field
performance of asphalt pavements built with RAP.

In the past decade, another significant source of recycled
materials for pavement construction has emerged: Recycled

Asphalt Shingles (RAS). Asphalt shingles are extensively used
in roofing construction in the U.S. According to the different
studies, almost 11 million tons of waste bituminous roofing
materials are generated each year in U.S. and most of them are
discarded into landfills (Dannhausen, 1997; Marks and Petermeier,
1997; Hansen et al., 2011). Currently, almost 1.14 million tons of
RAS, which represents 10% of the total available asphalt
shingles market, are used for Hot Mix Asphalt (HMA) and
Warm Mix Asphalt (WMA) pavement constructions in U.S.
(Hansen et al., 2011) Asphalt shingles consist of four major
components: asphalt binder, a paper backing, sand and mineral
fillers. The binder is stiffer than the asphalt binder used in pavement
applications and represents approximately 20% to 30% by weight
of newly manufactured shingles and more than 30% of old roofing
shingles that lost some of the particles during service life (Foo et dl.,
1999; Hansen et al., 2011). Two different types of RAS are
available for use: Manufacturer Waste Scrap Shingles (MWSS) that
are new shingles, and Tear-off Scrap Shingles (TOSS) from old
roofs that have been exposed, for extended periods of time, to high
temperatures and solar radiation. Examples of processed MWSS
and TOSS are shown in Fig. 1.

MWSS was used in asphalt mixtures as early as 1990 and
specifications for their use were developed and implemented
starting with 1996. For example, Minnesota Department of
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(@)
Fig. 1. (a) MWSS and (b) TOSS (Johnson et al., 2010)

Transportation (MN/DOT) allows up to 5% MWSS (MN/DOT,
2008). The use of TOSS also started mid 1990’s, however,
because of concerns with presence of hazardous materials (i.e.
asbestos), specifications were not developed until 2007. For
example, in 2010, MN/DOT introduced a specification that
allows for up to 5% of TOSS for HMA construction (MN/
DOT, 2010). The limitations imposed on the use of recycled
asphalt materials are mostly related to the aged, oxidized
binder present in RAP and RAS, which is stiff and brittle and
has a negative effect on pavement performance at low
temperature.

2. Research Objectives and Scope

In this study, the effect of adding different amounts of RAP,
MWSS, and TOSS on low temperature properties of asphalt
mixtures was investigated. Creep tests were performed at low
temperature on asphalt mixture beams using the Bending Beam
Rheometer (BBR) currently used as part of the PG system in U.S.
(AASHTO T 3113-02, 2006; Marasteanu ef al, 2009) The
experimental data was then used to calculate creep stiffness, m-
value, thermal stress, and critical cracking temperature, and
statistical and graphical comparisons were performed as follows:
* Compare the effect of adding different amounts of RAP
(0%, 15%, 25% and 30%)

» Compare the effect of adding different amounts of MWSS
(level of 0%, 3%, and 5%)

e Compare the effect of adding different amounts of TOSS
(level of 0%, 3%, and 5%)

» Compare the combined effect of adding different amounts of
RAP&MWSS and RAP&TOSS

» Compare the effect of using different binder grades (PG 58-
28 and PG 52-34).

3. Literature Review

A vast amount of literature on the use of RAP and RAS is
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available. Some of the more relevant with respect to the present
study are briefly summarized. Little ez al. (1981) and McDaniel
et al. (2000) investigated the effect of adding RAP in asphalt
mixtures and observed an increase in viscosity and stiffness at
high temperature and intermediate temperatures, which can
improve rutting resistance, and an increase in stiffness and
brittleness at low temperature, which negatively affects relaxation
properties and fracture resistance.

Newcomb et al. (1993) investigated asphalt mixture properties
containing different amounts of MWSS and TOSS. It was
observed that adding MWSS did not change the moisture
susceptibility significantly however, TOSS did. Lower tensile
strength was observed with increase of MWSS and TOSS
content. Moreover, the mixtures with TOSS were more brittle
than mixtures with MWSS. It was found that adding up to 5% of
MWSS in asphalt mixtures did not have a significant effect on
mechanical properties compared to standard mixtures; however,
addition of TOSS had a negative on low temperature cracking
resistance.

Button et al. (1996) investigated changes in tensile strength,
creep stiffness, freeze-thaw resistance, and moisture damage, for
mixtures containing 5% and 10% roofing shingles. A decrease in
tensile strength and creep stiffness and decrease in freeze-thaw
resistance and increased moisture damage were observed
proportional to the amount of roofing shingles addition.

Li et al. (2008) used dynamic modulus test and Semicircular
Bend (SCB) fracture test to investigate the effect of adding RAP.
Higher dynamic modulus, £*, were observed in mixtures with
RAP; the source of RAP did not affect the E* values. A
significant decrease in SCB fracture energy, G, was observed in
asphalt mixtures with RAP.

Burak and Ali (2005) investigated several mechanical properties
of asphalt mixtures containing roofing waste shingles from 1%
to 5%. They observed that shingles could be used to improve
Marshall-stability and rutting resistance.

McGraw et al. (2007) investigated the effect of adding RAP,
MWSS, and TOSS on low temperature properties of asphalt
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mixtures. Analysis of the experimental results on extracted
binder and corresponding mixtures showed that adding MWSS
did not affect the strength and critical cracking temperature,
while the addition of TOSS had a negative effect.

4. Experimental Work

The asphalt mixtures used in this paper were provided by
Minnesota Department of Transportation (MN/DOT) and are
part of a MN/DOT recent research project 2010-08: performed
by MN/DOT and Minnesota Pollution Control Agency (MPCA)
to investigate the effects of using various proportions of RAP,
RAS and two different virgin binders: PG 58-28 and PG 52-34,
on pavement performance (Johnson et al., 2010). Thirty two
gyratory compacted specimens, two for each of the 16 mixtures
investigated, were delivered to the Asphalt Pavement Laboratory
of the Department of Civil Engineering at University of
Minnesota (U of MN). No specific information was available
about gradation of aggregates and recycled materials used in

Table 1. Summary of Tested Mixtures

Mix Recycled materials, % Binder
D RAP TOSS MWSS Type
1 0 0 0 PG58-28
2 15 0 0 PG58-28
3 25 0 0 PG58-28
4 30 0 0 PG58-28
5 15 0 5 PG58-28
6 15 5 0 PG58-28
7 25 5 0 PG58-28
8 25 0 5 PG58-28
9 25 5 0 PG52-34
10 25 0 5 PG52-34
11 25 3 0 PG58-28
12 25 0 3 PG58-28
13 15 3 0 PG58-28
14 15 0 3 PG58-28
15 10 5 0 PG58-28
16 0 5 0 PG58-28

Fig. 2. BBR Mixture Beam and BBR Binder Beam used for Creep
Testing

each mixture.

The virgin aggregate materials used in the asphalt mixtures
consisted of a pit-run-sand, a quarried % in. (19 mm) dolostone and
quarried dolostone manufactured sand. The recycled material
included in the mixtures consisted of % in. (19 mm) RAP and RAS
(either MWSS or TOSS). A plain PG 58-28 asphalt binder with
specific gravity of 1.036, was used in all mixtures except two of the
RAS/RAP mixtures that were prepared with a plain PG 52-34
asphalt binder. Table 1 presents the mixture design for the 16
mixtures investigated in this study:

The creep tests on asphalt mixtures were performed with the
Bending Beam Rheometer using the testing protocol developed by
Marasteanu et al. (2009). Pictures of the test specimen and BBR
equipment and loading set up are shown in Figs. 2 and 3. More
detailed information can be found elsewhere (Marasteanu ef al.,
2009; Moon, 2010). Tests were performed at two temperatures, -
6°C and -18°C, and 6 replicates were prepared and tested at each
temperature.

5. Data Analysis

5.1 Background Information
From the experimental load and deflection data, creep stiffness,

Fig. 3. BBR (Bending Beam Rheometer) Mixture Creep Testing Set Up
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S(#), and m-value, m(f), are calculated as follows:

S(1) = g _ P—lj 1 )

Where,
b= Width of specimen (12.5 mm)
D(t)= Creep compliance
h= Height of specimen (6.25 mm)
/= Length of specimen (101.6 mm)
P= Constant applied load
S(#)= Flexural creep stiffness
t= Test time
&f)= Deflection at the mid-span of the beam
&)= Bending strain
o= Maximum bending stress in the beam

The m-value, which is the absolute value of the slope of log
stiffness versus log time curve, is calculated according to:

d logt
Creep compliance, D(¢), can be converted to relaxation modulus,
E(f), using Hopkins and Hamming algorithm (1957) and used to
calculate thermal stresses in an idealized viscoelastic pavement.
First, £(f) master curve is generated using CAM model (Marasteanu
and Anderson, 1999).

v-w/v
E(t) = Eg-[l +(t1) ] 3)
Where,
E,= Glassy modulus (assumed 30 GPa for mixtures
and 3 GPa for binders)
t, vand w= Fitting parameters in CAM model

Then thermal stress is calculated from the one dimensional
hereditary integral as:

4 , t
o) = [EEL Be-erag = (AR B0 @)

—0

Where,
&(¢&") = Strain
&= Reduced time

Equation (4) can be solved numerically using Gaussian quadrature
with 24 Gauss points as described elsewhere (Basu, 2002; Basu
et al., 2003; Moon, 2010).

To determine the critical cracking temperature, 7, the Single
Asymptote Procedure (SAP) is used since no strength tests were
performed in this study (Shenoy, 2002). In SAP method, a line is
fitted to the lowest temperature part of the thermal stress curve
and the intersection point with the temperature axis is considered
the critical cracking temperature, 7. An example is shown in
Fig. 4.

The creep stiffness, S(#), and m-value, m(r), at 60 seconds,
thermal stress and critical cracking temperature, 7, were
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—Thermal stress

—SAP

Thermal Stress, MPa

Temperature , °C

Fig. 4. Single Asymptote Procedure (SAP) Method

calculated then compared statistically and graphically. In case of
S(60s) [MPa] and m(60s), analysis of variance (ANOVA) was
performed using a 5% of critical level (o= 0.05). The results of
thermal stress at -18°C (PG+10°C) and T were compared only
graphically.

In ANOVA, S(60s) and m(60s) were set as dependent variables
and different levels of temperature, RAP, TOSS, MWSS and
binder type were set as independent variables with assumptions
of linear relationship between dependent and independent terms.
Also, two way interactions between each independent term were
considered. A full linear model including all possible interaction
terms was first considered in ANOVA procedure. Then, if the
interaction terms were not statistically significant, they were
neglected and finally, the main terms and only statistically significant
interaction terms were considered to reduce residual errors. In
the case of S(60s) comparison, all S(60s) values were converted
to log scale based on the results from the Box-Cox analysis
(Cook and Weisberg, 1999).

5.2 Effect of Adding RAP on S(60s), m(60s), Thermal Stress
and Ter

To investigate the effect of adding RAP on S(60s) and m(60s)
computation, mixture 1 was set as a control group and mixtures
2, 3, and 4 were set as test groups, as seen in Table 2. Table 3 and
Fig. 5 show the summary of tested results of S(60s) and 7(60s)
for each mixture.

ANOVA was performed with LogS(60s) and m(60s) as
dependent variables and RAP (0%, 15%, 25% and 30%, 4 levels)
and temperature (-6°C and -18°C, 2 levels) as independent

Table 2. ANOVA Test Group to Investigate Effect of RAP

Mix RAP TOSS MWSS Binder Remarks
ID [%0] [%] [%o] Type
1 0 0 0 PG58-28 Control
2 15 0 0 PG58-28 Test
3 25 0 0 PG58-28 Test
4 30 0 0 PG58-28 Test
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Table 3. Summary of S(60s) and m(60s)

. Creep stiffness [MPa] m-value

Mix | Temp CV. | LogS | CV. CV.
ID [°C] | S(60s) G | 60s) | [l m(60s) [9%]
| -6 4627 | 202 | 366 | 22 | 0287 | 5.6
-18 [ 12886 | 116 | 4.11 12 0153 | 80

5 -6 6628 | 195 | 3.81 22 0177 | 148
-18 [ 15198 | 142 | 4.8 1.6 | 0123 | 150

; -6 8626 | 45 | 394 | 05 [0159 | 98
218 [ 16885 | 213 | 422 | 23 [ 0119 | 66

A -6 7524 | 84 | 388 | 09 | 0168 | 43
-18 | 13249 | 130 | 4.12 14 [0117 | 136

variables. In addition, 0% RAP content and -18°C of test
temperature were set as control terms. The results are presented
in Table 4.

For S(60s), the only significant increase was found for 25%
RAP. No significant increase in S(60s) were observed with
adding 15% and 30% RAP. To investigate if there are any
statistical differences on S(60s) among RAP mixtures (mixtures
2, 3 and 4), two multiple comparison methods: Tukey’s HSD and
Least Square Difference (LSD) methods, were performed (Cook
and Weisberg, 1999). As a result no significant differences on
S(60s) were observed between RAP15% and RAP30% mixtures
(mixtures 2 and 4) however, RAP25% mixtures showed significant
increase in S(60s) among the three compared mixtures. This can
be due to the increased amount of RAP, for which, beyond a 25%
threshold, the aged-clustered binder presents a limited ability in
blending with the new virgin binder. It can be hypothesized that,
at higher RAP content, the recycled material act like an aggregate,

Thermal stress, o(-18°C)

3.0 - 28
§ 25 - a1 1
= 20
E 15 -
1.
E 10 0
05 \
0.0 :
Mix 1 Mix 2 Mix 3 Mix 4

Fig. 6. Results of Computed Thermal Stress at -18°C

Critical cracking temperature, Teg

-40 -
=35 - ﬁ
30 -3;‘ o . 285 -29.0
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0 4 T
Mix 1 Mix 2 Mix 3 Mix 4

Fig. 7. Results of Computed Critical Cracking Temperature, Tcr

resulting in a dry mixture with lower stiffness as shown by
RAP30% mixture. In addition, significant decreases of m(60s)
was found for all levels of RAP addition and significant
interactions between RAP and temperature were observed for
both S(60s) and m(60s) comparisons.

Figures 6 and 7 show the plots of the calculated thermal stress

2.0E+04 S(60s), MPa r 25% 0.35 m(60s) 25%
[ CI-6°C E2-18°C -0--6°C (C.V.) —+--18°C (C.V.) | [16°C £2-18°C —--6°C (CV.) —+-18°C(C.V.)
& N - 20% 930 1 — - 20%
§ 156404 - / — 025 |
g F15% e Sog - - 15%
w 1.0E+404 N g 5
g" I L 10% Q E 015 - L 10% [&]
508403 - 0.10 1 :
8 il o 005 - o
0.0E+00 : 0% 0.00 : : : L 0%
Mix 1 Mix 2 Mix 3 Mix 4 Mix 1 Mix 2 Mix 3 Mix 4
Fig. 5. Results of S(60s) and m(60s)
Table 4. ANOVA Results for S(60s) and m(60s)
. Creep stiffness, LogS(60s), [MPa] m-value, m(60s)
Coefficient . -
Estimate Std. error t-score p-value Estimate Std. error t-score p-value
Intercept 4.108 0.027 153.94 0.000 0.154 0.006 24.08 0.000
RAP 15% 0.070 0.038 1.85 0.072 -0.030 0.009 -3.34 0.002
RAP 25% 0.111 0.038 2.94 0.006 -0.035 0.009 -3.86 0.000
RAP 30% 0.011 0.038 0.29 0.774 -0.036 0.009 -3.99 0.000
Temp -6°C -0.449 0.038 -11.90 0.000 0.134 0.009 14.83 0.000
RAP*Temp 0.206 0.053 3.851 0.000 -0.084 0.013 -6.563 0.000
Vol. 18, No. 1 / January 2014 - 153 -
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at -18°% and the T, values, respectively. In the T plot the
dashed line indicates the low temperature limit of the binder (i.e.
-28°C for PG58-28 binder).

The addition of RAP increased thermal stresses at -18°C and
the highest value (2.8 MPa) was observed in the mixture that
contains 25% of RAP (mixture 3). The mixtures with 15% and
30% RAP (mixture 2 and mixture 4) had similar thermal stress
values that were two times higher than the standard mixture
thermal stress. With respect to T, the results were mixed; for
15% RAP (mixture 2) the temperature decreased while for 25%
and 30% RAP mixtures (mixtures 3 and 4), it increased as
expected.

5.3 Effect of adding MWSS and TOSS on S(60s), m(60s),
Thermal Stress and T¢r

Similar to the previous section, LogS(60s) and m(60s) were set
as dependent variables and temperature, different level of
MWSS and TOSS were set as independent variables; two-way
interaction terms were considered in ANOVA analysis. Two
different ANOVA were performed based on the RAP content:
15% and 25%. The test groups are presented in Table 5; mixture
2 and mixture 3 were set as control group in ANOVA procedure
in each group.

The S(60s), LogS(60s) and m(60s) values are summarized in
Table 6 and plotted in Fig. 8.

Table 7 shows the computed results of ANOVA for Group 1. It
was observed that adding MWSS up to 5% (mixtures 5 and 14)
resulted no significant differences in S(60s) and m(60s) compared
to the control mixture (mixtures 2). In the case of adding 3%
level of TOSS (mixture 13), a significant decrease in n(60s) was
observed, as expected; however, a significant decrease in S(60s)
was also observed, which is the opposite of what was expected.
For the case of adding 5% level of TOSS (mixture 6), no
significant differences in S(60s) and m(60s) were observed in

Table 5. ANOVA Test Group to Investigate the Effect of MWSS

and TOSS
(1) Group 1 (15% RAP content)

I\I/I]SX %ﬁﬁ T[?A)S]S M[\OZ ]SS Binder | Remarks
2 15 0 0 58-28 Control
5 15 0 5 58-28 Test
6 15 5 0 58-28 Test
13 15 3 0 58-28 Test
14 15 0 3 58-28 Test

(2) Group 2 (25% RAP content)

i %{2{ TOSS [%] M[VOZ]SS Binder | Remarks
3 25 0 0 58-28 Control
7 25 5 0 58-28 Test
8 25 0 5 58-28 Test
11 25 3 0 58-28 Test
12 25 0 3 58-28 Test

~ 154

Table 6. Summary of S(60s) and m(60s)
(1) Group 1 (15% RAP content)

. Creep stiffness [MPa] m-value
Mix | Temp CV. | LogS | C.V. C.V.
ID [°C] | S(60s) [%] (60s) [%] m(60s) [%]
) -6 6628 19.5 3.81 22 0.177 | 14.8
-18 | 15198 | 14.2 4.18 1.6 0.123 | 15.0
5 -6 7653 12.0 3.88 1.3 0.174 8.1
-18 | 16617 | 11.5 422 1.2 0.129 6.4
6 -6 9612 9.7 3.98 1.1 0.154 | 129
-18 | 14943 | 18.6 417 2.0 0.120 8.2
13 -6 7416 7.8 3.87 0.9 0.153 8.1
-18 | 12513 | 10.6 4.10 1.1 0.117 | 15.6
14 -6 6568 14.1 3.81 1.6 0.172 4.0
-18 | 13596 | 9.0 4.13 1.0 0.122 | 14.7

(2) Group 2 (25% RAP content)

. Creep stiffness [MPa] m-value
M| Temp CV. [ LogS | CV. C.V.
[°YCT | S(60s) ] | 60s) | [%] m(60s) [%]
3 -6 8626 4.5 3.94 0.5 0.159 9.8
-18 | 16885 | 21.3 422 23 0.119 6.6
7 -6 9279 | 16.2 3.96 1.7 0.132 | 152
-18 | 15875 | 20.0 4.19 22 0.104 | 189
8 -6 9596 | 13.2 3.98 14 0.136 | 12.3
-18 | 15193 | 18.1 4.18 1.8 0.114 | 237
1 -6 11086 | 20.5 4.04 2.1 0.131 | 19.8
-18 | 16996 | 10.7 423 1.1 0.106 | 14.6
" -6 9312 | 17.0 3.96 1.8 0.146 | 11.8
-18 | 15514 | 10.0 | 4.19 1.1 0.131 8.8

comparison with the control mixture, which is the opposite of
what was expected if full blending of the old and new binder had
occurred.

The results of ANOVA for Group 2 are presented in Table 8.
No significant differences in S(60s) were found for adding
MWSS or TOSS up to 5% (mixtures 8 and 12 for MWSS
mixture and mixtures 7 and 11 for TOSS mixture). In case of
m(60s), no significant differences were observed for adding
MWSS up to 5% (mixtures 8 and 12); however, significant
decrease in m(60s) was observed in TOSS mixtures both for 3%
and 5% levels (mixtures 7 and 11). From the results in Tables 7 and
8, it can be concluded that adding up to 5% MWSS in RAP
mixtures (up to 25%) is acceptable because no significant
differences in S(60s) and m(60s) were found. However, in case of
adding TOSS to RAP mixtures, although no significant changes in
S(60s) were observed, significantly lower m-values (relaxation
ability) were observed compared to the control mixtures.

Figures 9 and 10 show the results of computed thermal stress
at -18°C and critical cracking temperature, 7, for Group 1 and
Group 2, respectively.

Higher values of thermal stresses were observed for the mixtures
that contain TOSS and MWSS. The mixtures with 5% TOSS
(mixture 6 for 15% of RAP and 7 for 25% of RAP) and 5%

KSCE Journal of Civil Engineering
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5(60s), MPa, Group 1 (15% of RAP)

5(60s), MPa, Group 2 (25% of RAP)

2.0E+04 2.0E+04
[ o%c mec —sc(cv) +-18C(cV) | [ oec msc —wccv) wgccy) |
8 — 25% g N 25%
= 1.5E+04 — = 1.5E+04 — =
= 20% - . 20%
3 2 2 [ [~ 2
@ S @ . :
w» 1.0E+04 _ 15% < ¢ 1.0E+04 1 15% <
2 % o ¢ [ o
% "‘\-\._‘“___‘ 10% E T 10%
a 5.0E+03 a 5.0E+03
o 5% o 5%
G G
0.0E+00 _ L 0% 0.0E+00 _ L Ll 0%
Mix2  Mix5  Mix6 Mix13  Mix 14 Mix3  Mix7  Mix8 Mix11  Mix12
(a)
m(60s), Group 1 (15% of RAP) m(60s), Group 2 (25% of RAP)
0.25 30% 0.25 30%
[ e o-18c <-6C(CV) +-18C(CV) | [ oec =8¢ <sccy) +-1ecicV) |
020 25% 0.20 25%
= 20% 5 20%
é 0.15 2 é 0.15 o ®
E 15% & E 15% o
(] . o .
£ 0.10 © 2010 ©
z 10% z 10%
13 g
0.05 5% 0.05 5%
0.00 : ! 0% 0.00 ! ! 0%
Mix 2 Mix 5 Mix & Mix 13 Mix 14 Mix 3 Mix 7 Mix 8 Mix 11 Mix 12
(b)

Fig. 8. Results of S(60s) and m(60s): (a) Creep Stiffness, S(60s), Group 1 and Group 2, (b) m-value, m(60s), Group 1 and Group 2

Table 7. ANOVA Results for S(60s) and m(60s), Group 1 (RAP 15%)

. Creep stiffness, LogS(60s), [MPa] m-value, m(60s)
Coefticient - -
Estimate Std. error t-score p-value Estimate Std. error t-score p-value
Intercept 4.178 0.024 177.089 0.000 0.128 0.005 24.821 0.000
TOSS 3% -0.082 0.033 -2.469 0.017 -0.015 0.007 -2.266 0.028
TOSS 5% -0.010 0.033 -0.303 0.763 -0.013 0.007 -1.895 0.064
MWSS 3% -0.046 0.033 -1.375 0.175 -0.003 0.007 -0.400 0.691
MWSS 5% 0.040 0.033 1.209 0.233 0.002 0.007 0.231 0.818
Temp -6°C -0.363 0.035 -10.376 0.000 0.044 0.004 10.500 0.000
Temp*TOSS 0.176 0.048 3.648 0.001
Table 8. ANOVA Results for S(60s) and m(60s), Group 2 (RAP 25%)
. Creep stiffness, LogS(60s), [MPa] m-value, m(60s)
Coefticient - -
Estimate Std. error t-score p-value Estimate Std. error t-score p-value
Intercept 4.191 0.022 189.658 0.000 0.126 0.006 21.668 0.000
TOSS 3% 0.056 0.030 1.888 0.065 -0.021 0.008 -2.644 0.011
TOSS 5% 0.001 0.029 0.035 0.973 -0.021 0.008 -2.770 0.008
MWSS 3% 0.000 0.030 -0.019 0.985 -0.002 0.008 -0.260 0.796
MWSS 5% 0.002 0.029 0.065 0.949 -0.014 0.008 -1.815 0.076
Temp -6°C -0.227 0.019 -12.030 0.000 0.026 0.005 5.221 0.000

MWSS (mixture 5 for 15% of RAP and 8 for 25% of RAP) had
higher thermal stresses than the mixture with 3% TOSS (mixture
13 for 15% of RAP and 11 for 25% of RAP) and 3% MWSS
(mixture 14 for 15% of RAP and 12 for 25% of RAP). The
highest values of thermal stresses were observed in the mixtures
with 5% TOSS (mixture 7) in Group 2. Note that higher amount
of thermal stresses were observed in the mixtures contain 25% of
RAP in comparison with the mixtures contain 15% of RAP. No

Vol. 18, No. 1 / January 2014

significant differences of thermal stress at -18°C were observed
between the mixtures with 3% TOSS (mixture 13) or MWSS
(mixture 14) and the control mixture in Group 1 (mixture 2, RAP
15%).

Values of Ty higher than the binder low temperature limit
(-28°C, PG 58-28) were found for mixtures with 5% TOSS
(mixture 6) in Group 1 and 5% TOSS (mixture 7) and 5%
MWSS (mixture 8) in Group 2.
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Thermal stress, o(-18°C), Group 1 (15% of RAP)

Thermal stress, o(-18°C), Group 2 (25% of RAP)
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Fig. 10. Critical Cracking Temperature, T, Group 1 and Group 2

5.4 Effect of mixing RAP and RAS (MWSS and TOSS) on
S(60s) and m(60s)

In this section, the effect of combining RAP and RAS on
S(60s) and m(60s) was investigated to evaluate whether RAP
and RAS (MWSS and TOSS) can be mixed together as a
recycled materials in virgin asphalt mixture. Similar to the
previous section, two independent groups were selected based on

Table 9. ANOVA Test Group to Investigate the Effect of Combin-
ing RAP and RAS
(1) Group 1 (Combining RAP and MWSS)

RAP TOSS MWSS

D [%] [%] [%] Binder | Remarks
1 0 0 0 58-28 Control
2 15 0 0 58-28 Test
3 25 0 0 58-28 Test
5 15 0 5 58-28 Test
8 25 0 5 58-28 Test
12 25 0 3 58-28 Test
14 15 0 3 58-28 Test

(2) Group 2 (Combining RAP and TOSS)

I\I/Iﬁx I?(Q)}) T[CO)AJS]S M[?/i ]SS Binder | Remarks
1 0 0 0 58-28 Control
2 15 0 0 58-28 Test
3 25 0 0 58-28 Test
6 15 5 0 58-28 Test
7 25 5 0 58-28 Test
11 25 3 0 58-28 Test
13 15 3 0 58-28 Test
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different amount and types of RAP and RAS (MWSS and
TOSS). The values of LogS(60s) and m(60s) were set as dependent
variables and different level of RAP and RAS (MWSS and
TOSS) were set as independent variables. Table 9 shows the two
independent ANOVA test groups in this section.

The ANOVA results for Group 1 and Group 2 are presented in
Tables 10 and 11. Since the main terms were analyzed previously
in the paper, only the results of interaction terms are considered
in this section. The statistical output of the effect of RAP*MWSS
and RAP*TOSS on S(60s) and m(60s) are shown in Tables 10
and 11, respectively.

Tables 10 and 11 show there are no significant effects of
interaction terms on S(60s) and m(60s) for both combinations of
the two different recycled materials: RAP*MWSS and RAP*TOSS.
Therefore, no significant and random effects on creep stiffness
and relaxation ability of the material (i.e., m-value) are expected
when combining RAP and RAS (MWSS and TOSS) together up
to 25% and 5% content level, respectively.

5.5 Effect of Asphalt Binder Grade on S(60s), m(60s),
Thermal Stress at -18°C and T¢x

In this study, two different types of non-polymer modified
binder, PG 58-28 and PG 52-34, were used. Similar to the
previous sections, two independent groups were built based
on the different amount of TOSS and MWSS, respectively.
Table 12 presents the summary of ANOVA test groups in this
section.

The S(60s) and m(60s) results for Group 1 and Group 2 are
presented in Table 13 and plotted in Fig. 11, respectively. Higher
values of S(60s) and lower values of m(60s) were observed for
mixtures prepared with PG58-28 binder.
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Table 10. ANOVA Results for S(60s) and m(60s), RAP*MWSS

Coefficient Creep stiffness, LogS(60s), [MPa] m-value, m(60s)
Estimate Std. error t-score p-value Estimate Std. error t-score p-value
Intercept 3.833 0.052 75.035 0.000 0.220 0.011 20.815 0.000
R15*M3 -0.039 0.107 -0.367 0.714 0.001 0.022 0.061 0.951
R15*M5 0.060 0.107 0.564 0.575 0.012 0.022 0.553 0.582
R25*M3 0.039 0.107 0.367 0.714 -0.001 0.022 -0.061 0.951
R25*MS5 -0.060 0.107 -0.564 0.575 -0.012 0.022 -0.553 0.582

*R: RAP, M: MWSS

Table 11. ANOVA results for S(60s) and m(60s), RAP*TOSS

. Creep stiffness, LogS(60s), [MPa] m-value, m(60s)
Coefficient - -
Estimate Std. error t-score p-value Estimate Std.error t-score p-value
Intercept 3.883 0.048 81.225 0.000 0.220 0.011 20.890 0.000
RI5*T3 -0.086 0.099 -0.873 0.386 0.008 0.022 0.345 0.731
RI5*TS 0.050 0.098 0.514 0.609 0.012 0.022 0.539 0.592
R25*T3 0.086 0.099 0.873 0.386 -0.008 0.022 -0.345 0.731
R25*T5 -0.050 0.098 -0.514 0.609 -0.012 0.022 -0.539 0.592
*R: RAP, T: TOSS
Table 12. ANOVA Test Group to Investigate the Effect of Binder Table 13: Summary of S(60s) and m(60s)
(1) Group 1 (TOSS 5%, MWSS 0%) (1) Group 1 (TOSS 5%, MWSS 0%)
Mix RAP TOSS MWSS . . Creep stiftness, [MPa] m-value
Bind R k
D [%] %] [%] nder | Femars M T[Eg‘]l’ Se0s) | GV [ LoeS [ Vo [ o TCV.
7 25 5 0 58-28 Control [%] | (60s) | [%] [%]
9 25 5 0 52-34 Test 7 -6 9279 16.2 3.96 1.7 0.132 15.2
-18 15875 | 20.0 4.19 22 0.104 | 18.9
(2) Group 2 (TOSS 0%, MWSS 5%) 9 -6 6850 19.5 3.83 22 0.180 9.7
Mix RAP TOSS MWSS Bind R K -18 14140 | 16.0 4.15 1.8 0.130 | 24.1
ID [%] [%] [%] mder emarks
8 25 0 5 58-28 Control (2) GI‘OUp 2 (TOSS 0%, MWSS 5%)
10 25 0 5 52-34 Test . Creep stiffness, [MPa] m-value
Mix | Temp CV. | Logs | CV. CV.
ID OC « V. « Ve « Ve
[°Cl | S(60s) Bol | 60 | o] |60 | oy
The ANOVA results for Group 1 and Group 2 are shown in 8 -6 9596 | 13.2 | 3.98 1.4 | 0136 | 123
Table 14. No significant interaction terms were observed therefore, -18 | 15193 | 18.1 | 4.18 1.8 | 0.114 | 237
only main terms were considered. 10 -6 7599 | 234 | 3.87 25 0193 | 92
From the results above, it can be concluded that the mixtures -18 | 14483 | 13.8 | 4.16 L5 | 0.145 | 121
prepared with the softer PG 52-34 binder was less affected by the
addition of TOSS compared to the mixtures prepared with the
stiffer binder PG 58-28. This effect was not observed when Similar to the previous sections, thermal stress at -18°C and
MWSS was added since the binder in MWSS is less aged than  critical cracking temperature, 7, were calculated and compared,
the binder in TOSS. graphically. The results are plotted in Fig. 12 and Fig. 13.
5(60s), MPa, Group 1 and 2 m(60s), Group 1 and 2
2.0E+04 30% 0.25
[CI6°C EI-18°C —o—-6°C (CV.) —+—-18°C (CV) | | C-6°C CI-18°C -o--6°C (CV.) —+-18°C(CV) |
& 25% 020 | - 25%
= 156404 ' /\ m
i 5 - 20%
g 20% . Bon .
w - E -
@ 1.0E+04 - 15% r \ -15% S
£ @ 3010 - b ©
@ 10% £ —d 10%
5.0E+03
§ 5% 0.05 1 5%
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0.0E+00 T T + 0% 0.00 -+ T T T = 0%
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Fig. 11. Results of S(60s) and m(60s)
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Table 14. ANOVA Results for S(60s) and m(60s)
(1) Group 1 (TOSS 5%, MWSS 0%)

. Creep stiffness, LogS(60s), [MPa] m-value, m(60s)
Coefficient - -
Estimate Std. error t-score p-value Estimate Std. error t-score p-value
Intercept 4214 0.029 143.781 0.000 0.098 0.008 11.942 0.000
Binder PG52-34 -0.089 0.034 -2.585 0.018 0.037 0.010 3.813 0.001
Temp -6°C -0.275 0.034 -8.007 0.000 0.040 0.010 4.127 0.001
(2) Group 2 (TOSS 0%, MWSS 5%)
. Creep stiftness, LogS(60s), [MPa] m-value, m(60s)
Coefficient - .
Estimate Std. error t-score p-value Estimate Std. error t-score p-value
Intercept 4.202 0.029 145.419 0.000 0.107 0.008 13.821 0.000
Binder PG52-34 -0.065 0.032 -2.049 0.054 0.044 0.009 5.179 0.000
Temp -6°C -0.244 0032 -7.635 0.000 0.035 0.009 4.104 0.001
. Thermal stress, o(-18°C), Group 1 and 2 with different combinations of RAP (0%, 15%, 25% and 30%),
MWSS (0%, 3% and 5%), TOSS (0%, 3% and 5%) and different
o4 38 38 types of binder, PG 58-28 and PG 52-34. Bending Beam Rheometer
E— 3 | (BBR) was used to perform three point bending test on asphalt
4 'o mixture beams and creep stiffness, m-value, thermal stress and
g 29 : '8 critical cracking temperature were calculated and compared
@ . . .
g1 statistically and graphically.
From the analyses performed, a number of conclusions were
Mix 7 Mix 9 Mix 8 Mix 10 draWn.

Fig. 12 Results of Computed Thermal Stress at -18°C

Ter, Group 1 and 2

-40
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Fig. 13 Results of Computed Critical Cracking Temperature, Tcr

Higher thermal stresses at -18°C were observed in the mixtures
prepared with the PG 58-28 binder (mixtures 7 and 8) compared
to the mixtures prepared with the PG 52-34 binder (mixtures 9
and 10), as expected. In addition, it was observed that the mixtures
prepared with PG 58-28 binder (mixtures 7 and 8) had 7 values
higher than -28°C, and the mixtures prepared with PG52-34
binder (mixtures 9 and 10) had 7, values lower than -34°C.
These results indicate that using a softer binder (PG 52-34) is a
better choice when adding MWSS and TOSS in asphalt mixtures.

6. Conclusions
In this paper, the effect of adding recycled materials (e.g., RAP,

MWSS and TOSS) on low temperature properties of asphalt
mixtures was investigated. A total of 16 mixtures were prepared
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1.In case of RAP addition, the only significant increase in
S(60s) was found for 25% RAP. No significant differences
were observed with adding 15% and 30% RAP. However,
significant decreases of m(60s) were found for all levels of
RAP addition. No consistent pattern was observed for
changes in thermal stress and 7.

2. For the scenarios in which MWSS and TOSS are added to
RAP mixtures, it can be concluded that adding up to 5%
MWSS in RAP mixtures (up to 25%) is acceptable because
no significant differences in S(60s) and n(60s) were found.
However, in case of adding TOSS to RAP mixtures,
although no significant changes in S(60s) were observed,
significantly lower m-values (relaxation ability) were
observed compared to the control mixtures. More research is
recommended to determine the acceptable level of TOSS
addition.

3. When considering the combined effects of RAP and RAS
(MWSS and TOSS) on S(60s) and m(60s), no significant
differences were observed up to 25% and 5% addition of
RAP and RAS, respectively. This indicates that there is a
significant potential for using both types of recycled materi-
als in the preparation of asphalt mixture. Nevertheless, a fol-
low up study with different combined percentages of RAP
and RAS is need for clearly determining the recommended
content levels when using RAP together with MWSS and
TOSS.

4. Higher thermal stresses were observed in the mixtures pre-
pared with the PG 58-28 binder compared to the mixtures
prepared with the PG 52-34 binder, as expected. It was also
observed that the mixtures prepared with PG 58-28 binder
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had T,y values higher than -28°C, while the mixtures pre-
pared with PG52-34 binder had T values lower than
-34°C. Using a softer binder (PG 52-34) is a better choice
when adding MWSS and TOSS to RAP mixtures.

Acknowledgements

The financial support provided by the University of Minnesota
Center for Urban and Regional Affairs (CURA) is gratefully
acknowledged. The authors would also like to acknowledge the
Minnesota Department of Transportation (MN/DOT) for providing
the materials used in this study.

References

AASHTO T 313-02 (2006). “Determining the flexural creep stiffness of
asphalt binder using the Bending Beam Rheometer (BBR).” American
Association of State Highway and Transportation Officials (AASHTO).

Basu, A. (2002). An evaluation of the Time-Temperature equivalence
factor and of the physical hardening effects on low temperature
asphalt binder specifications, MSc Thesis, University of Minnesota,
USA.

Basu, A., Marasteanu, O. M., and Hesp, S. (2003). “Time-Temperature
superposition and physical hardening effects in low temperature
asphalt binder grading.” Transportation Research Record (TRR),
Journal of the Transportation Research Board (TRB), Vol. 1829, pp.
1-7.

Burak, S.and Ali, T. (2005). “Use of asphalt roofing shingle waste in
HMA.” Construction and Building Materials, Vol. 19, Issue 5, pp.
337-346.

Button, J. W., Williams, D., and Sherocman, J. A. (1996). Roofing
Shingles and toner in asphalt pavements, FHWA Research Report,
FHWA/TX-96/1344-2F, Texas Transportation Institute.

Cook, R. Dennis and Weisberg, S. (1999). Applied regression including
computing and graphics, Wiley Series in Probability and Statistics,
USA.

Dannhausen, W. O. (1997). “Recycling alternatives studied and tried.”
Better Roads, Vol. 67, Issue 3, pp. 25-26.

Foo, K. Y., Hanson, D. 1., and Lynn, T. A. (1999). “Evaluation of roofing
shingles in hot mix asphalt.” Journal of Materials in Civil
Engineering, American Society of Civil Engineers, ASCE, Vol. 11,
Issue 1, pp. 15-50.

Hansen, K., Newcomb, D., and Cervarich, M. (2011). “Asphalt tops the
charts for environmental stewardship-again.” Asphalt Pavement
Magazine, National Asphalt Pavement Association (NAPA), Vol. 16,
pp. 20-25.

Hopkins, 1. L. and Hamming, R. W. (1967). “On creep and relaxation.”
Journal of Applied Physics, Vol. 28, Issue 8, pp. 906-909.

Johnson, E., Johnson, G., Dai, S., Linell, D., McGraw, J., and Watson,
M. (2010). Incorporation of recycled asphalt shingles in hot-mixed
asphalt pavement mixtures, Final Report MN/RC 2010-08, Minnesota
Department of Transportation (MN/DOT).

Li, X., Marasteanu, M. O., Williams, R. C., and Clyne, T. R. (2008).

Vol. 18, No. 1 / January 2014

“Effect of reclaimed asphalt pavement (proportion and type) and
binder grade on asphalt mixtures.” Transportation Research Record
(TRR), Journal of the Transportation Research Board (TRB), Vol.
2051, pp. 90-97.

Little, D. H., Holmgreen, R. J., and Epps, J. A. (1981). “Effect of
recycling agents on the structural performance of recycled asphalt
concrete materials.” Journal of the Association of Asphalt Paving
Technologists (AAPT), Vol. 50, pp. 32-63.

Marasteanu, O. M. and Anderson, D. A. (1999). “Improved Model for
Bitumen Rheological Characterization.” Presented at: European
Workshop on Performance-Related Properties for Bituminous Binders,
Luxembourg, Belgium.

Marasteanu, M. O., Velasquez, R., Zofka, A., and Cannone Falchetto, A.
(2009). Development of a simple test to determine the low temperature
creep compliance of asphalt mixtures, NCHRP IDEA Report 133.

Marks V. J. and Petermeier, G, (1997), Let me shingle your roadway,
Interim Report for lowa DOT Research Project HR-2079, Iowa
Department of Transportation (Iowa/DOT), pp. 54-57.

McDaniel, R. S., Soleymani, H., Anderson, R. M., Turner, P, and
Peterson, R. (2000). Recommended use of Reclaimed asphalt pavement
in the super-pave mix design method, NCHRP Web Document 30
(Project D9-12): Contractor’s Final Report, Transportation Research
Board (TRB), National Research Council, Washington, D.C.

McGraw, J., Zofka, A., Krivit, D., Schroer, J, Olson, R., and Marasteanu,
M. O. (2007). “Recycled asphalt shingles in hot mix asphalt.”
Journal of Association of Asphalt Paving Technologists (AAPT),
Vol. 76, pp. 235-274.

McNichol, D. (2005). Paving the way: Asphalt in America, National
Asphalt Association, Lanham, Maryland <http://bit.ly/rJSUVs>.
Minnesota Department of Transportation (MN/DOT) (2008). Combined
2350/2360 plant mixed asphalt pavement, standard specifications
for construction, Minnesota Department of Transportation (MN/

DOT).

Minnesota Department of Transportation (MN/DOT) (2010). 7ear-Off
scrap asphalt shingles specification 2360, Office of Materials,
Minnesota Department of Transportation (MN/DOT).

Moon, K. H. (2010). Comparison of thermal stresses calculated from
asphalt binder and asphalt mixture creep compliance Data, MSc
Thesis, University of Minnesota, USA.

National Cooperative Highway Research Program (NCHRP) (2001).
Recommended use of reclaimed asphalt pavement in the superpave
mix design method: Guidelines, Research Results Digest 253.

National Cooperative Highway Research Program (NCHRP) (2001).
Recommended use of reclaimed asphalt pavement in the superpave
mix design method: Technician’s manual, Transportation Research
Board, Report 452.

Newcomb, D. E., Stroup-Gardiner, M., Weikle, B., and Drescher, A.
(1993). Influence of roofing shingles on asphalt concrete mixture
properties, final report, No. MN/RC-93-09, Minnesota Department of
Transportation (MN/DOT), St. Paul, Minnesota, USA.

Shenoy, A. (2002). “Single-event cracking temperature of asphalt
pavements directly from the Bending Beam Rheometer (BBR) Data.”
Journal of Transportation Engineering, American Society of Civil
Engineers, ASCE, Vol. 128, Issue 5, pp. 465-471.

- 159-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [2834.646 2834.646]
>> setpagedevice


