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EVALUATION ON SHEAR CAPACITY OF RC BEAMS USING U-SHAPED
UFC PERMANENT FORMWORK

Puvanai WIROJJANAPIROM "', Koji MATSUMOTO ™, Katsuya KONO™ and Junichiro NITWA™

ABSTRACT

Shear resistance mechanism of RC beams using U-shaped UFC has been examined. Experimental
parameter was effect of thickness of formwork, presence of stirrup and shear span to effective depth
ratio(a/d). The results showed that UFC permanent formwork enhanced the shear capacity of RC
beams and the failure mode changed depending on a/d. Moreover, the shear capacity increased with
increasing in thickness of formwork and presence of stirrup. Finally, the evaluation methods for shear
carried by UFC permanent formwork in RC beams were investigated.

Keywords: permanent formwork, shear capacity, UFC, tension softening relationship, a/d

1. INTRODUCTION

Ultra High Strength Fiber Reinforced Concrete
(UFC) is an advanced cementitious material which has
outstanding properties, such as more than 150 MPa
compressive strength, high ductility and high durability.
The permanent formwork for RC structures is one of
the applications of UFC. The definition for permanent
formwork derived from CIRIA C558 is that the
permanent formwork is a structural element of
whatever material that is used to contain the placed
concrete, mold it to the required dimensions and remain
in place for the life of the structure [1].

Nowadays, UFC permanent formwork has
started to be used in Japan. Shirai et al. [2] reported the
application of UFC permanent formwork for repairing
of Tedorigawa Bridge in Ishikawa prefecture, Japan. It
shows that UFC formwork left in-place increased
durability against chloride attacks, abrasion and impact
wear. Moreover, the U-shaped UFC permanent
formwork with shear keys and screws and bolts system
which were provided to fix the UFC permanent
formwork to the inside RC was introduced by the
authors [3]. The results show that the shear capacity of
RC beams using UFC U-shaped permanent formwork
increased drastically.

However, the available studies on the mechanical
performance of RC beams using UFC permanent
formwork is insufficient and the effect of shear span to
effective depth ratio (a/d) has not been considered. In
addition, the evaluation method for shear carried by
U-shaped UFC permanent formwork has not been
clarified yet. Therefore, the objective of this paper is to
evaluate the shear capacity of RC beams using UFC
permanent formwork with considering the effect of
thickness of formwork, presence of stirrup and a/d. The
specimens were subjected to four-point bending. Shear

capacities, crack patterns and failure mechanism were
investigated.

2. EXPERIMENTAL PROGRAMS

2.1 Experimental parameters and specimens

To evaluate the shear capacity of RC beams with
U-shaped UFC permanent formwork, six specimens
were prepared. Four-point bending test variables and
details of specimens are provided in Table 1 and Fig. 1,
respectively. The experimental cases can be classified
into two series. Series-I was to examine the effect of
thickness of UFC permanent formwork and presence of
stirrups inside RC. Figure 1 shows dimension,
arrangement of reinforcing steel bar and cross section
of all specimens in Series-I. As constant variables for
all specimens, effective depth, width, height and
tension reinforcement ratio were d=220 mm, 5=250
mm, #=300 mm and p,~=1.41%, respectively. In order to
control a shear span of failure, a number of stirrups
were differently provided in each span. Series-II

Table 1 Experimental cases

Name ! Tw a/d Series
(mm) (%)
Ref - 0 3.27 I
UFC20-KB 20 0 3.27 LI
UFC30-KB 30 0 3.27 I
UFC20-KB-r 20 0.28 3.27 I

UFC20-KB-ad21 20 0 2.16 11
UFC20-KB-adl 30 0 1.00 11
t = Thickness of UFC formwork, r,, = Stirrup ratio,
a/d =Shear span to effective depth ratio

Specimen’s name: UFC20-K B -r— 4/ or stirrups

Form thickness Internal surface Bolt & screw
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Fig. 2 Detail of specimens in Series-l

investigated the effect of shear span to effective depth
ratio (a/d). Series-II consisted of three specimens with
different shear span. Effective depth of the beams was
same, but the shear span was varied. The original
specimen was UFC20-KB with a/d=3.27. The a/d of
UFC20-KB-adl and UFC20-KB-ad21 were 1.00 and
2.16, respectively. Figure 2 shows the dimension of
UFC20-KB-adl and UFC20-KB-ad21 specimen. The
shear keys and screws and bolts system was provided to
fix the UFC permanent formwork to the inside
reinforced concrete for all specimens excepted Ref.
Figure 3 shows the detail of UFC formwork and shear
keys.

2.2 Materials

The self-compacting concrete was used in this
experiment, and the detail of mix proportion is
summarized in Table 2. The designed compressive
strength of 7-day age concrete was 35 MPa. The
tension bars used in this research were deformed steel
bar with 21.6 mm nominal diameter. The yield strength
was 1026 MPa. The deformed steel bar of 10 mm in
diameter was arranged as compression reinforcement.
The yield strength was 339 MPa.

Mix proportion of UFC formwork is shown in
Table 3. The steel short fibers with 0.2 mm diameter
and 15 mm length were used. The volume fraction of
steel fibers in all specimens was 2.0%.

2.3 Specimen fabrication

Firstly, the U-shaped UFC permanent formwork
was fabricated. After that, reinforcing bars and screws
and bolts were arranged and put in UFC formwork.

Table 2 Mix proportions of concrete

Goax | W/C Unit weight (kg/m?)

mm] [ [%] | w | c| L |s |G |sp| v

13 57 | 165|292 | 249 | 718 | 857 | 438 | 0.25

W: Water, C: Cement, L: Lime stone powder, S: Fine Aggregate,
G: Coarse Aggregate, SP: Superplasticizer, V: Viscosity improver

Table 3 Mix proportions of UFC

Unit weight (kg/m’)
Flow - -
(mm) Water Premix | Steel High performance
binder fiber | water reducing agent
260420 180 2254 157 24

Finally, concrete was cast in the formwork to make a
structural component.

2.4 Loading method and measurement items

Specimens were subjected to a four-point
bending with load applied to both the UFC and RC at
the same time. During the loading test, the applied load
and mid-span deflection were measured. The strain
gauges were attached at the top edge of UFC formwork
and RC part to check the compatibility between UFC
and concrete in the longitudinal direction of the beam.
Moreover, on the side surface of UFC permanent
formwork, four m-gauges were used to measure the
diagonal crack opening width along the diagonal line
between the loading point and support (See Fig. 14(a)).
Figure 4 shows the measurement items and loading
condition. In addition, in UFC20-KB-adl, strains of
concrete and UFC were measured by using the acrylic
bars and concrete strain gauges, respectively. Figure 5
shows the arrangement of acrylic bars inside concrete.
Concrete strain gauges were attached at the same
position of those on acrylic bars.

3. EXPERIMENTAL RESULTS AND DISCUSSION

3.1 Load-deflection
pattern in Series-I
Table 4 shows mechanical properties of concrete
and UFC, and the result of loading tests. Figure 6
shows the relationships between the load and the
mid-span deflection. From Table 4, specimens can be
arranged as UFC20-KB, UFC20-KB-r and UFC30-KB
in order of the ratio of shear capacity (R) which is a

relationships and failure
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Table 4 Mechanical properties of concrete and UFC, and the result of loading tests

Mechf:rfncc('jtrl1 é)rr;gertles Mecharz)lcf:% lg)éopertles Results of loading test
Name 1. f S urc fi urc Fle.xural V., Failure
cracking load mode R
(MPa) (MPa) (MPa) (MPa) (kN) (kN)
Ref 32.8 2.1 - - 45.0 69.0 DT 1.0
UFC20-KB 40.4 2.1 184.2 11.9 82.1 192.0 DT 2.78
UFC30-KB 36.2 2.2 181.8 12.0 92.0 223.5 DT 3.24
UFC20-KB-r 36.4 2.7 170.5 12.4 92.6 213.8 DT 3.10
UFC20-KB-ad21 33.1 2.2 182.7 23.6 142.8 248.1 SC -
UFC20-KB-adl 30.6 2.3 177.8 10.8 334.2 529.3 SC -

et compressive strength of concrete, f; : tensile strength of concrete, /. yrc: compressive strength of UFC, f; ypc: tensile
strength of UFC, V,,: Shear capacity, DT: Diagonal tension, SC: Shear compression, R : Ratio of shear capacity

ratio of shear capacity in each specimen divided by a
Ref specimen. It indicates that by using the U-shaped
UFC formwork on the cross section of a RC beam, the
shear capacity increased drastically. In addition, the
shear capacity of RC beams with using U-shaped UFC
permanent formwork significantly increased with
increasing in thickness of formwork. Moreover, the
opening of diagonal crack in concrete was resisted by
UFC formwork and stirrups. Hence, since the stirrups
were provided in RC part, the shear capacity of the
beams was increased.

Figure 7 shows the crack pattern of UFC20-KB
specimen. After the loading test, UFC formwork was
removed and diagonal crack of inside RC part was
observed. The red lines in Fig. 7 represent the critical
cracks. In UFC20-KB specimen, flexural cracks on the
UFC formwork appeared when the load was 82 kN.
When the load reached to the peak (384 kN), the critical
diagonal crack was propagated and widened, and the
crushing of UFC under the loading point occurred as
shown in Fig. 7(a). Figure 7(b) shows the diagonal
crack of inside RC part. It seems that the diagonal crack
of inside RC part occurred at the same location of that
in the UFC permanent formwork.

In comparison, the cracking process and shear
resisting behavior of UFC30-KB and UFC20-KB-r
were the same as that of UFC20-KB mentioned above.
When the thickness of formwork was increased and
stirrups were provided, the compatibility and efficient
bonding of RC and UFC formwork by using shear keys
and bolts can be secured.

3.2 Effect of shear span to effective depth ratio

Figure 8 shows the relationships between the
load and the mid-span deflection of UFC20-KB-ad21,
UFC20-KB-adl and UFC20-KB where the first two
specimens failed in shear compression failure mode.
Table 4 shows the experimental results in Series-II.

For UFC20-KB-ad21, although a diagonal crack
on UFC formwork initiated, the diagonal tension failure
did not occur since UFC prevented widening of
diagonal crack inside RC part. Consequently, the
compressive stress acted above the diagonal crack. As a
result, the top fiber strains of both UFC and concrete
(see Fig. 4) were changed into the reverse direction as
shown in Fig. 9. Here, the tensile strain is shown as
positive, conversely, negative shows the compressive
strain. The flexural tension stress occurred at the upper
edge of both UFC and RC. After that, the load reached
to the peak because of the crushing of UFC near the
loading point as shown in Fig. 10(a1). Moreover, the
visible sliding along the diagonal crack was also
observed.

From the descriptions above, it can be said that
when the a/d ratio changed from 3.27 to 2.16, the
failure mode changed from the diagonal tension failure
to the shear compression failure because of the
compression stress acted above the diagonal crack and
crushing of the UFC occurred near the loading point.

3.3 Compressive strain of concrete in the strut
formation of UFC20-KB-ad1

The failure mechanism of UFC20-KB-adl was
examined by using the strains measured in the
compressive strut of both concrete and UFC. The
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Top Middle Bottom
Fig. 11 Maximum
compressive strain of
concrete

strains of concrete and UFC were measured by using
the acrylic bars and concrete strain gauges, respectively.
Figures 11 and 12 show the development of the
maximum compressive strain of concrete among the
five strain gauges (see Fig. 5) near the loading point
(Top), center of the strut (Middle) and near the
supporting point (Bottom) of concrete and UFC,
respectively. In both concrete and UFC, compressive
strains increased drastically near the peak load because
the compression struts were formed in both concrete
and UFC formwork. Therefore, the compressive strains
reached ultimate strain and the crushing of concrete
occurred. It should be noted that the distribution of
compressive strain of both concrete and UFC seems to
be different.

Top Middle Bottom

Fig. 12 Maximum
compressive strain of UFC

Fig. 13 Shear carrying model
for UFC formwork in diagonal
tension

4. INVESTIGATION OF SHEAR CARRIED BY
U-SHAPED UFC PERMANENT FORMWORK

4.1 Shear Carried by UFC Permanent Formwork
Failed in Diagonal Tension
(1) Shear carried by UFC permanent formwork
observed in the experiment

The shear carried by UFC formwork was
calculated by subtracting the shear carried by concrete
and stirrups from the total shear capacity obtained from
the loading test as calculated from Eq. (1)

VUFC :Vu _Vc _Vs (1)

where, Vygc is the shear carried by UFC formwork, V.
is the shear carried by concrete, V is the shear carried
by stirrups.
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In this research, the shear carried by stirrups was
calculated using stirrup strain measured by strain
gauges and the shear carried by concrete was obtained

by Eq. (2)

V=020 (p)
where, V. is the shear capacity of normal RC beams
without stirrups (kN), /. is compressive strength of
concrete (MPa) , p,, is tension reinforcement ratio (%),
b, is web thickness (mm) and d is effective depth
(mm).
(2) Shear carried by UFC permanent formwork
obtained in the calculation

The shear carried by UFC formwork was
computationally obtained based on a simplified shear
carrying model as shown in Fig. 13. The crack length
of permanent formwork and the angle of diagonal crack
are represented by / and 0, respectively. Therefore, the
shear carried by UFC formwork based on this model is
given by Eq. (3).

)”4(0.75+%)de )

Z't'UUFC 'd

tan & )

Vire =

where, ¢ is the thickness of UFC permanent formwork
(mm), and d is effective depth (mm).

According to the tension softening curve of UFC
measured by Kakei et al. [4], the tensile stress (oyxc)
was determined. Investigation procedures of tensile
stress are shown in Fig. 14. The diagonal crack width
measured by using four m-gauges along the diagonal
crack. Then, the diagonal crack width along the shear
span was transformed to the tensile stress by the tension
softening curve. Then, the average value of tensile

stress was substituted into Eq. (3) and the shear carried
by UFC permanent formwork can be calculated.
(3) Result of the calculation

The ratio of experimentally observed shear
carried by UFC formwork to computationally obtained
value by using the tension softening curve is shown in
Table 5. In all specimens, the calculation values
present a good agreement with the experimental values.
Thus, the proposed model was able to give a reasonable
result by using the tensile stress that was obtained from
the tension softening curve of UFC. This is because the
diagonal crack on both UFC formwork and RC part was
located almost the same position, and also the diagonal
crack width of UFC was measured.

4.2 Shear carried by UFC permanent formwork
failed in shear compression

As mentioned, UFC20-KB-adl specimen failed
in the shear compression failure mode. The shear
carried by UFC permanent formwork failed in the shear
compression failure mode is examined in this session.
(1) Compressive stress distribution and width of strut

Figure 15 presents the method for determining
width of the compressive strut. The maximum strain
point and both minimum strain points at 95 percentage
of peak load (0.95P,,.) were connected by straight
dashed lines and the width of compression strut was
assumed to be the distance between the 2 points where
the dashed lines cut the x-axis which means that the
strains equal to 0. Assuming that the strains of acrylic
bars and concrete were the same and the stress state
was assumed as uni-axial compression and the strain
measured on UFC was considered also in the same way.
From the stress-strain model, the measured strains of
both concrete and UFC were transformed to stress. For

Table 5 Experimentally observed and calculation obtained shear carried by UFC formwork

. t H ﬁ UFC OUFC VUF C-ex; VUF C-cal VUF C-ex; / VUF C-cal
Specimens o - ? P
P (mm) | (°) | (MPa) | (MPa) | (kN) (kN)
UFC20-KB 20 22.1 11.9 3.8 127.3 118.8 1.07
UFC30-KB 30 21.0 12.0 5.0 160.9 156.3 1.03
UFC20-KB-r 20 253 12.4 4.0 102.7 103.0 1.00

ourc: the tensile stress obtained from tension softening curve, Vypc.ey,: €xperimental value of shear carried by UFC permanent
formwork, Vyrc.cqz: calculated value of shear carried by UFC permanent formwork
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Tensile stress (MPa
e 8000
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(a) Picture of test span at the peak load (b) Load-diagonal crack width

Fig. 14 Investigation procedures of tensile stress (UFC20-KB-r)
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(mm)
Fig. 15 Definition of
the compressive strut
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Opening width (mm)
(c) Tension softening

curve of UFC
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Fig. 16 Stress-strain relationship for
concrete and UFC in compression

concrete, the stress-strain model proposed by
Thorenfeldt et al. [5] shown in Fig. 16(a) was used to
calculate the compressive stress. For UFC, the
stress-strain model of UFC based on the experimental
results proposed by Kakei et al. [4] shown in Fig. 16(b)
was used to calculate the compression stress. Figure
17(a) and (b) show the compressive stress distributions
of concrete and UFC permanent formwork, respectively.
In a concrete part, the strut width at the middle was
wider than that near the loading point and near the
support. It means that the stress concentrations were
observed in both near loading and supporting points.
(2) Calculation of the compressive force

The stress distributions of both concrete and
UFC were converted to the vertical component of the
compressive force acting on the concrete strut and UFC
strut by using Egs. (4) and (5).

F,=Dxb,
F'= F X sin &

“)
)

where, F, is the compressive force acting on the
concrete or UFC strut, D is the force per unit width
under the compressive stress distribution curve, b;is the
width of cross section of concrete or both of UFC
formwork thickness, F'’ is the vertical component of F;,
o is the angle of the strut with respect to the longitudinal
axis of beams.

Figure 18 shows the comparison of the
summation of calculated value F’ from RC and UFC
with the experimental shear capacity V., The
summation of F’ at the middle provided the good
agreement with V,,,. However, the summation of F’
underestimated V.., at the top and bottom location. It
can be predicted that because the uni-axial stress-strain
model (Thorenfeldt’s model) was used while the
compression strut of inside concrete was constrained by
the formwork with screws and bolts.

5. CONCLUSIONS

(1) The failure mode of RC beams using a UFC
U-shaped permanent formwork changed depending

?1

(b UFC

Fig. 17 Compressive stress
distributions
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Fig. 18 Shear resisting force of
UFC20-KB-ad1

on the shear span to effective depth ratio (a/d).
Compression strut was formed in a UFC formwork
in the case of a/d equal to 2.16 and 1.0.

The shear carried by a UFC formwork in RC
beams failed in the diagonal tension mode was
investigated by assuming and using the tensile
stress obtained from the tension softening curve.
The computational values showed the good
agreement with the experimental values.
Compression forces of a UFC formwork and RC
part in the specimen with a/d=1.0 calculated by
using uni-axial stress-strain model did not show the
good agreement near the screwed bolts. It indicated
that the constraint effect of screwed bolts should be
considered to evaluate the shear compressive
capacity.

REFERENCES

Wringley, R. G., “Permanent Formwork in
Construction (CIRIA C558)”, CIRIA/Concrete
Society, 2001, pp. 13-16.

Shirai, K., Matsuda, K. and Tanaka, S.,
“Durability of UFC Formwork Left In-Place and
Its Application”, Proceedings of 8th International
Symposium on Utilization of High-Strength and
High-Performance Concrete, 2008, pp. 870-875.
Wirojjanapirom, P., Matsumoto, K., Kono, K. and
Niwa, J., “Shear Behavior of RC Beams using
U-Shaped UFC Permanent Formwork with Shear
Keys or Bolts”, Proceedings of Japan Concrete
Institute, Vol. 33. No. 2, 2011, pp. 1537-1542.
Kakei, T., Kawaguchi, T., Niwa, J. and Hyodo, H.,
“Fracture Properties of Ultra High Strength Steel
Fiber Reinforced Cementitious Composites”,
Proceedings of Cement and Concrete, 2003, pp.
870-875. (in Japanese)

Thorenfeldt, E., Tomaszewicz, A. and Jensen, J. J.,
“Mechanical  Proporties of  High-Strength
Concrete and Application in Design”, Proceeding
of the Symposium on Utilization of High-Strength
Concrete, Tapir, Trondheim, 1987, pp. 149-158.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


