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Abstract Many environmental problems caused by
the large volumes of construction and demolition
waste (C&DW), the lack of adequate deposition sites
and the shortage of natural resources have led to the
use of C&DW as replacement of natural aggregates in
the production of new concrete. As in the case of
natural aggregates, when recycled aggregates are used
to manufacture structural concrete, the assessment of
their physical, mechanical and durable characteristics
is a key issue. The different physical and mechanical
properties of the recycled coarse aggregate (RCA) are
evaluated. RCA was obtained by crushing conven-
tional concretes with different strength levels
(different w/c ratios) containing four different types
of natural coarse aggregates (three crushed stones and
a siliceous gravel), which differ in shape, composition
and surface texture. There is a significant influence of
the natural coarse aggregate (NCA) on the properties
of RCA, which in many cases is greater than that of
the w/c ratio of the source concrete.
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1 Introduction

All sectors of society are responsible for environ-
mental pollution problems, but the incidence of the
construction industry is particularly high, owing to
both waste generation and the exploitation of natural
resources. However, there are many possibilities and
alternatives to contribute to environmental protection.

Although in Argentina there still are vast areas
where suitable aggregates for concrete manufacture
can be obtained, it is certainly true that in many cases
large distances have to be travelled to obtain good-
quality natural aggregates. Besides, because of their
composition, certain types of natural rocks may cause
different durability-related problems such as the
alkali-aggregate reaction in rocks containing reactive
minerals or the occurrence of expansive clays in the
microstructure of some basalts, which would further
add to the damage caused by the use of natural
aggregates.

Large urban centres are also facing the problem of
not having adequate deposition sites, which leads to
large accumulations of construction waste material.

One of the ways of mitigating such problems is
related to the use of recycled aggregates, obtained by
crushing waste concrete, as replacement of natural
aggregates in the production of new concrete. This
would obviously reduce the amount of deposited
waste.

Owing to their composition, where the mortar and
the rock form mixed particles with varying proportions
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of each of them, recycled aggregates have different
characteristics than natural aggregates, such as lower
specific gravity and higher water absorption and Los
Angeles abrasion [1-3]. However, to our knowledge
there are no studies about the influence of the type of
natural coarse aggregate (NCA) on the properties of
recycled aggregates obtained from crushed concrete.
Some studies on this subject have analysed how the
quality of the crushed original concrete influences the
properties of the recycled coarse aggregate (RCA),
arriving at various conclusions [3-5].

It is well known that the shape and surface
roughness of NCA have some influence during
concrete production since they can change concrete
proportions (w/c ratio, cement content, fine aggre-
gate/coarse aggregate ratio, etc.) as well as some of
its fresh state characteristics. Moreover, the above-
mentioned characteristics of NCA exert a great
influence on hardened concrete properties because
of the change in the aggregate-matrix interface [6-9].

The first part of an extensive study regarding the
behaviour of recycled concretes is presented in this
paper. The purpose is to evaluate the effect of the type
of NCA used in the manufacture of conventional
concretes with different strength levels on the physical
and mechanical properties of the recycled aggregates
obtained by crushing them. Four natural coarse aggre-
gates that are usually employed in the central region of
Argentina were selected. They have different charac-
teristics related to their origin, composition, shape and
surface texture that change both their properties and
those of the concretes made with them [10].

For each type of NCA used, concretes with w/c
ratios of 0.45 and 0.65 were made, which were then
crushed to obtain eight different types of RCA.
Different physical and mechanical properties of the
NCA and of the resulting RCA are presented, such as
specific gravity, water absorption in 24 h, Los
Angeles abrasion, unit weight, void content, material
finer than 75 pum, flakiness index and mortar content.

2 Experimental

The NCA consisted of three crushed stones and a
rounded aggregate, all of them with a nominal size of
6-20 mm. The NCA has differences in composition,
particle shape and surface texture, which makes its
physical, mechanical and durable characteristics also

different. The crushed stones consisted of one of
igneous plutonic origin (granitic—G), one of igneous
volcanic origin (basaltic—B) and the other of sedi-
mentary origin (quartzitic—Q), whereas the fourth
NCA was a siliceous gravel from the Uruguay River
(siliceous gravel—S).

Concretes with w/c ratios of 0.45 and 0.65 were
made with each one of the four NCAs, keeping the
volume content of the concrete coarse aggregate
constant. Each of these concretes was cured for
28 days, crushed in a jaw crusher and subsequently
sieved to obtain eight RCAs 620 mm in nominal size.
The recycled aggregates are designated by the letter R
followed by a second letter that indicates the type of
NCA they contain, and by a number that refers to the w/c
ratio of the source concrete. Thus, aggregates RG45
and RG65 denote the RCA obtained by crushing
conventional concretes, made with granitic aggregate
(G), with a w/c ratio of 0.45 and 0.65, respectively.

On each coarse aggregate sample (four natural and
eight recycled coarse aggregates) different physical
and mechanical properties were determined, such as
specific gravity at saturated and surface-dry state,
water absorption in 24 h, weight loss by the Los
Angeles abrasion test, percentage of material finer
than 75 pm, unit weight measured by the shovelling
procedure, void content, flakiness index, weight loss
after immersion in ethylene glycol for 30 days (only
in the case of aggregate B) and loss on acid digestion
in order to estimate the RCA mortar content. The
standards used for each test performed are included in
Table 1.

The basaltic aggregates (B) may be contaminated
with secondary minerals such as clays of the mont-
morillonite group, which exhibit a laminar structure
and may undergo significant increases in volume and
cause aggregate fracture when they are subjected to

Table 1 Test standards used

Properties Test standard

ASTM C 127-01
ASTM C 131-03
ASTM C 117-03
Unit weight ASTM C 29-03
Voids ASTM C 29-03
BS 812-105.1:1985
IRAM 1519:1982

Specific gravity and absorption
Los Angeles abrasion

Material finer than 75 pm

Flakiness index
Durability in ethylene glycol
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drying and wetting cycles. The durability test in
ethylene glycol is carried out to evaluate whether
these aggregates have these characteristics, and they
will be considered as acceptable whenever their
weight loss is not over 10%.

In order to determine the RCA mortar content,
samples of a 10-20 mm fraction of each of them were
taken and covered with a known volume of water to
which the same volume of hydrochloric acid was
added, obtaining a 1:1 dilution. Heating to incipient
boiling was then performed and the samples were
stored for 24 h. Finally, the remaining aggregates
were washed, dried to constant weight and then sieved
through a sieve # 4 to obtain the rock particles of the
original NCA. The weight losses of NCAs were also
determined by the same procedure. The reported
values correspond to the net percent of mortar loss for
each RCA since each NCA loss has been deducted.

2.1 Characteristics of NCA

The aggregate G consists of a medium-grained, very
compact and unweathered granitic migmatite, con-
taining 30—40% quartz with cataclastic structure and
undulatory extinction. The aggregate B is composed
of alkaline basaltic rocks originated from fracture
outflow that are petrographically classified as fine-
grained, massive and slightly altered nepheline
basanites. The aggregate Q consists of orthoquartzite
of sedimentary origin, containing 97-99% quartz
forming subrounded, subangular and even angular
grains bonded by siliceous cement. They have a fine-
grained structure with grains ranging between 0.5 and
0.8 mm, which are yellow to dark brown because of
iron hydrolysis. The fourth NCA is a siliceous gravel
(S) from deposits of the Uruguay River, which is
composed of rounded clasts containing quartz
(~30%), chalcedony (~50%) and sandstones-silt-
stones (~20%).

The physical characteristics of shape, surface
texture and grain size of each of the four NCAs
selected are summarised in Table 2.

2.2 Results and analysis

Figure 1 shows the grading of the four NCAs
together with the limits set by the Argentine CIRSOC
regulations [11], and Table 3 reports the different
properties determined on each of them.
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Table 2 Characteristics of natural coarse aggregates
Characteristics G Q B S
Shape Angular Rounded
Surface texture Rough Smooth
Grain size Medium Fine
100
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Fig. 1 Grading of natural coarse aggregates
Table 3 Properties of natural coarse aggregates
Properties G Q B S
Specific gravity (kg/dm®) 272 248 3.03 2.60
Absorption (%) 03 20 08 05
Los Angeles abrasion (%) 250 59.8 9.1 18.8
Material finer than 75 pm (%) 06 09 03 02
Unit weight (kg/m®) 1410 1310 1530 1580
Voids (%) 48.0 462 493 384
Flakiness index (%) 19.2 253 267 99

Weight loss in ethylene glycol (%) - - 25 -

It can be observed that aggregate Q has the highest
absorption and Los Angeles abrasion values, as well as
lower specific gravity, which is directly related to its
origin. Aggregate S has the highest unit weight value,
although its specific gravity is not the highest, and the
lowest flakiness index, which is directly associated
with its shape that gives it a lower void content.

The grading determined on each of the eight RCAs
is shown in Fig. 2, together with the above-mentioned
limits set by the CIRSOC regulations for natural
aggregates of the same maximum nominal size.

It can be noted that the eight RCAs have similar
particle-size distribution, regardless of the type of
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Fig. 2 Grading of recycled coarse aggregates
NCA and the w/c ratio of the source concrete. The

results obtained agree with some other results
reported in the literature, where the grading of RCAs
is independent of the w/c ratio of the original
concrete [3, 5] and meets the limits prescribed for
NCAs. It is also clear that the grading of RCA is not
influenced by the different characteristics of shape
and texture of the NCAs in the source concrete.

The physical and mechanical properties deter-
mined on each of the eight RCAs under study are
given in Table 4, as in the case of natural aggregates,
but including their mortar content.

The relative specific gravities at saturated and
surface-dry state of each RCA with respect to the
specific gravity of the corresponding NCA are
indicated in Fig. 3.

It is worth noting that for each type of NCA, the
specific gravity of the corresponding RCA is lower
and that there is no significant difference depending
on the source concrete quality, which is in agreement
with literature reports on this subject [5, 12]. The
specific gravity values of RCAs decreased by

Table 4 Properties of recycled coarse aggregates

Relative Specific Gravity (%)

O w W O W W D W W W W WY
< © < © I ¢ ¥ ©
%)
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Type of aggregate
Fig. 3 Relative specific gravities of recycled coarse

aggregates

approximately 7, 4, 12 and 6% in relation to those
of the natural aggregates G, Q, B and S, respectively.

Besides, as expected, the higher the specific
gravity of the NCA used in concrete production, the
greater the influence of the mortar present in RCA
particles. This implies a larger decrease in specific
gravity, which is more clearly shown in the case of
aggregate B. Although the specific gravity of RCAs
decreases in relation to that of NCAs, the specific
gravity of an RCA from a concrete made with a
certain type of NCA may be greater than that of
another type of natural aggregate. This is the case of
recycled aggregates RB45 and RB65 as compared to
the natural aggregates S and Q. So, recycled concrete
would not always present a lower unit weight than
conventional concrete.

As expected, 24 h water absorption of RCAs shows
a significant increase with respect to that of NCAs for
each type of natural aggregate used (see Table 4),
which is directly related to the presence of mortar as a
constituent part of these aggregates. RCA absorption

Properties RG45 RG65 RQ45 RQ65 RB45 RB65 RS45 RS65
Specific gravity (kg/dm>) 2.52 2.51 2.37 2.35 2.66 2.65 2.45 2.44
Absorption (%) 4.0 4.1 5.9 6.0 39 4.5 39 4.4
Los Angeles abrasion (%) 34.8 37.4 52.2 554 253 30.3 31.6 37.0
Material finer than 75 pm (%) 0.6 0.1 0.2 0.2 0.2 0.4 0.1 0.1
Unit weight (kg/m?) 1220 1190 1100 1140 1260 1290 1190 1210
Voids (%) 49.4 50.9 50.9 48.5 50.9 49.2 49.5 48.1
Flakiness index (%) 12.9 10.1 14.9 12.7 11.3 9.9 11.2 10.4
Mortar content (%) 45.6 41.8 64.4 57.6 48.4 42.0 49.3 442
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values were approximately 14, 3, 5 and 8 times higher
than those of aggregates G, Q, B and S, respectively. In
contrast to what happens with the specific gravity, the
RCAs from concretes of lower quality (0.65 w/c ratio)
have absorption values higher than those of the RCAs
from concretes with a w/c ratio of 0.45. These results
agree with the findings of some studies [13, 14] but
completely disagree with others [3, 4, 12].

Figure 4 shows the weight loss values from the
Los Angeles abrasion test for each RCA in relation to
those of natural aggregates, using gradation “B” as
defined in the standard (see Table 1).

From the tests conducted so far, it follows that the
porosity of RCAs, estimated by the absorption and
specific gravity tests, increases in relation to that of
each of the four NCAs. This behaviour is different in
the Los Angeles abrasion test, where increases in
abrasion values are observed for recycled aggregates
RG, RB and RS in relation to those of the
corresponding NCAs, with average values of 45,
200 and 82%, respectively. The greatest abrasion in
RCAs occurs in concretes with a weaker matrix (w/c
of 0.65), which is expected and agrees with what has
been reported in the literature [5, 13].

A particular case is that of the quartzitic aggregate
where RQ showed less abrasion than Q (of the order
of 5%). This is a clear indication of the lower quality
of the natural aggregate, since even the RCA from a
concrete with a w/c ratio of 0.65 showed less abrasion
than the NCA.

Figure 5 shows the unit weights of RCAs in
relation to those of the corresponding NCAs, deter-
mined by the shovelling procedure.

Unit weight values are lower for RCAs because of
their lower specific gravity; there are no significant
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Fig. 4 Relative weight losses by the Los Angeles abrasion test
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Fig. 5 Relative unit weight of recycled coarse aggregates

differences among those from concretes with a w/c
ratio of 0.45 and 0.65. The average decreases were 15,
15, 17 and 25% for the aggregates RG, RQ, RB and
RS, respectively. The larger decrease in the case of
aggregates RS must be attributed to the additional
effect of the change in shape of the recycled aggregate
particles. This is evidenced by the higher void content
of both aggregates RS in relation to that of S.

The flakiness indexes of RCAs in relation to those
of the corresponding NCAs are presented in Fig. 6.

The RCAs from concretes containing aggregates
of angular shape (G, Q and B) have a lower flakiness
index than the corresponding NCAs. Because of the
presence of oriented weak planes in the natural rocks,
the crushing process will lead to a larger fracture on
these planes forming a larger number of flaky
particles in the NCAs [15]. In the case of crushed
concretes, weakness planes (interfaces) are distrib-
uted without a defined orientation, which makes the
RCA particles have similar sizes in the three
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Fig. 6 Relative flakiness index of recycled coarse aggregates
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directions. However, the type of crusher used will
have a strong influence on the shape of the particles
formed [15, 16].

Another peculiarity shown in Fig. 6, for the four
types of NCA used, is that the recycled aggregates
produced from concretes with a higher w/c ratio are
less flaky. The lower matrix strength of concretes
with a w/c ratio of 0.65 would lead to a larger mortar
loss during their crushing, making these RCA parti-
cles less flaky than those from concretes with a w/c
ratio of 0.45. This can be confirmed with the results
from other tests, as shown below.

In Table 4, it can be seen that the RCAs from
concretes with a w/c ratio of 0.65 show lower mortar
content values than those from concretes with a w/c
ratio of 0.45, which occurs for the four types of NCA
selected.

As mentioned above, this can be attributed to a
greater mortar loss during the crushing of concretes
with a high w/c ratio, because their matrix is weaker
than that of concretes with a w/c ratio of 0.45. The
grading of recycled samples after the hydrochloric
acid attack confirms these results. As an example, the
particle-size distribution of the original natural basalt
(B) and those of the natural aggregate extracted by
means of the diluted hydrochloric acid attack to
aggregates RB45 and RB65 (named B in RB45 and B
in RB63, respectively) are shown in Fig. 7.

The grading of B in RB45 is the one that differs
more from that of the natural aggregate B. This
clearly shows that in the case of RB45, the fracture
process occurs mainly through the natural aggregate
because of the higher matrix strength. Whereas in
RB65, because of the lower matrix strength the
fracture preferably occurs through the mortar, leading

100 ¢ g
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Fig. 7 Grading of aggregates B, B in RB45 and B in RB65
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to a coarser particle size than in the former case
although finer than that of B.

The relationships between Los Angeles abrasion
loss and the mortar content of the RCAs under study,
for both RCAs from concrete with w/c ratios of 0.45
and 0.65 (R45 and R65, respectively), are shown in
Fig. 8.

For both w/c ratios the abrasion loss tends to
increase with the mortar content of the aggregates.
For a given mortar content, aggregates R65 attain
higher Los Angeles abrasion values than R45, which
is in agreement with the lower quality of the mortar.

Owing to the characteristics of aggregate Q, the
abrasion loss values are high in the corresponding
RCA (the upper points in Fig. 8), indicating the
strong influence that the properties of the original
natural aggregates may have on those of the resulting
recycled aggregates. So a recycled aggregate
obtained from a concrete with a w/c ratio of 0.45
may exhibit a higher abrasion value than another one
from a concrete with a w/c ratio of 0.65, which is the
case of the aggregate RQ45 with respect to RB65.
This allows confirming that the w/c ratio of the
original concrete is relatively less important than the
abrasion loss value of the NCAs it contains.

Figure 9 shows the relative differences between
aggregates R65 and R45 in the absorption, Los
Angeles abrasion and mortar content tests, for the
four types of natural aggregates used. It must be
remembered that the mortar contents of aggregates
R65 were lower than those of R45, so in the figure the
axis corresponding to this determination is on a
negative scale.

Mortar content (%)
-
(=]
|

30 4

20+ * R45
s R65

10
10 30 50 70

Los Angeles abrasion (%)

Fig. 8 Relationships between Los Angeles abrasion and the
mortar content
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Fig. 9 Relative differences between aggregates R65 and R45
for the absorption

There is a marked difference in absorption and
abrasion between the recycled aggregates that contain
the natural aggregates G and Q and those that contain
the aggregates S and B; the differences in mortar
content are lower but still show the same tendency.

The behaviour observed must be analysed taking
into account the matrix strength together with the
surface texture of the NCA, which are known to
change the characteristics of the aggregate-matrix
interface [10, 17]. If the matrix is weak (w/c ratio of
0.65), the smooth surface texture of natural aggre-
gates B and S negatively affects adherence. This
facilitates mortar separation from NCAs during
crushing and the formation of particles made up of
only mortar in aggregates RB65 and RS65. In the
case of natural aggregates G and Q, owing to their
rough surface textures, the improved aggregate-
matrix interface led to higher fracture of NCAs and
the formation of a larger number of mixed particles
(rock-mortar).

3 Conclusions

Based on the physical and mechanical characteristics
determined on different RCAs (6—20 mm in nominal
size) from crushed conventional concretes with
different w/c ratios and made with NCAs of the
same nominal size, having different surface rough-
ness, shape, and physical and mechanical behaviour,
the following conclusions can be drawn:

— The grading and the unit weight of RCAs are not
influenced by any of the two variables studied

(type of NCA and w/c ratio). The specific gravity,
water absorption and Los Angeles abrasion
clearly indicate that RCAs are of lower quality
than NCAs because of the mortar they contain.

— The natural quartzitic aggregate is a particular
case because in the Los Angeles abrasion test the
recycled aggregates have lower weight loss than
NCA, which is directly related to its low quality.

— The mortar content is lower in RCAs from
concrete with a higher w/c ratio, which must be
attributed to a higher mortar loss during the
concrete crushing process owing to the weaker
matrix.

— For the NCAs used and the w/c ratios studied, the
properties evaluated for RCAs are more affected
by the type of NCAs than by the w/c ratio of the
source concrete from which the recycled aggre-
gates were obtained.

References

1. Zega CJ, Di Maio AA (2007) Efecto del Agregado Grueso
Reciclado sobre las Propiedades del Hormigén. Boletin
Técnico del Instituto de Materiales y Modelos Estructu-
rales. IMME Venezuela 45(2):1-11

2. Zega CJ, Taus VL, Villagran ZYA, Di Maio AA (2005)
Comportamiento Fisico-Mecanico de Hormigones someti-
dos a Reciclados Sucesivos. Memorias Symposium fib
“Structural Concrete and Time”, La Plata, Argentina,
28-30 September 2005, pp 761-768

3. Hansen TC (1986) Recycled aggregates and recycled
aggregate concrete. Second State-of-the-art. Report
developments 1945-1985. RILEM Technical Committee—
37-DRC, demolition and recycling of concrete. Mater
Struct 19(111):201-246. doi:10.1007/BF02472036

4. Sri Ravindrarajah R, Tam CT (1985) Properties of concrete
made with crushed concrete as coarse aggregate. Mag
Concr Res 37(130):29-38

5. Hansen TC, Narud H (1983) Strength of recycled concrete
made from crushed concrete coarse aggregate. Concr Int
ACI 5(1):79-83

6. Van Mier JGM (1997) Fracture processes of concrete,
CRC Press, USA, 448 p, Chap 2, pp 17-53

7. Mehta PK, Monteiro PIM (1998) Concreto: estructura,
propiedades y materiales. Instituto Mexicano del Cemento
y del Concreto, A.C., Mexico

8. Tasong WA, Lynsdale CJ, Cripps JC (1999) Aggregate-
cement paste interface: part I. Influence of aggregate
geochemistry. Cement Concr Res 29(7):1019-1025. doi:
10.1016/S0008-8846(99)00086- 1

9. Tasong WA, Lynsdale CJ, Cripps JC (1998) Aggregate-
cement paste interface: part II. Influence of aggregate
physical properties. Cement Concr Res 28(10):1453-1465.

doi:10.1016/S0008-8846(98)00126-4
nilem


http://dx.doi.org/10.1007/BF02472036
http://dx.doi.org/10.1016/S0008-8846(99)00086-1
http://dx.doi.org/10.1016/S0008-8846(98)00126-4

202

Materials and Structures (2010) 43:195-202

10. Giaccio G, Zerbino R (1998) Failure mechanism of con-
crete: combined effects of coarse aggregates and strength
level. Adv Cement Based Mater, USA, vol 7(1), pp 41-48

11. Reglamento CIRSOC-201. Proyecto, Calculo y Ejecucion
de Estructuras de Hormigén Armado y Pretensado. Tomo I.
Instituto Nacional de Tecnologia Industrial, Argentina

12. Di Maio A, Gutierrez F, Traversa LP (2001) Compor-
tamiento Fisico-Mecanico de Hormigones Elaborados con
Agregados Reciclados. Memorias 14° Reunién Técnica de
la Asociacion Argentina de Tecnologia del Hormigdn,
October 2001, Olavarria, Argentina, pp 37-44

13. Tavakoli M, Soroushian P (1996) Strengths of recycled
aggregate concrete made using field-demolished concrete as
aggregate. Mater J, ACI, March—April 1996, pp 182-190

PiEM

14.

15.

17.

Hasaba S, Kawamura M, Torik K, Takemoto K (1986)
Drying shrinkage and durability of the concrete made of
recycled concrete aggregate. Trans Japan Concr Inst, vol 3,
1981, pp 55-60 (Cited in [3])

Czarnecka ET, Gillott JE (1982) Effect of different types
of crushers on shape and roughness of aggregates. Cement
Concr Aggreg 4(1):33-38

. Bouquety MN, Descantes Y, Barcelo L, de Larrard F,

Clavaud B (2007) Experimental study of crushed aggregate
shape. Construct Build Mater 21(4):865-872. doi:10.1016/
j.conbuildmat.2005.12.013

Neville AM (1977) Tecnologia del Concreto. Tomo I.
Instituto Mexicano del Cemento y del Concreto, A.C.,
Mexico


http://dx.doi.org/10.1016/j.conbuildmat.2005.12.013
http://dx.doi.org/10.1016/j.conbuildmat.2005.12.013

	Effect of natural coarse aggregate type on the physical �and mechanical properties of recycled coarse aggregates
	Abstract
	Introduction
	Experimental
	Characteristics of NCA
	Results and analysis

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


