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Abstract. A reasonable assessment of the dry storage facilities for the seismic behavior after an
earthquake hit is an important issue. This study was aimed to carry out to cast a 1/3 two different
scale-down reinforced concrete specimens of the INER-HPS type cask: the vertical cylindrical
concrete cask and the vertical concrete cask with an add-on shield, which will be used in Taiwan.
A real assessment of the characteristics of the seismic response of the cask was conducted using
shaking table tests. Further, the numerical simulations with finite element software LS-DYNA
were performed to ensure the actual seismic behaviors of the cask under the design base
earthquake. The results indicated that the designed scale-down cask specimen tested in shaking
table is a successful case. Comparison of measured and calculated results demonstrated that the
suggested numerical model is satisfactory and can thus be further used for numerical shaking table
tests and the model can well simulate the experimental records in terms of displacements and
accelerations spectral curves.

Keywords: shaking table test, finite element model, dry storage cask, dynamic response.
1. Introduction

The technological application and development of the nuclear power plant brought us huge
conveniences and benefits, but the disposal of radioactive wastes, hazardous to human and
environment, was became one of the environmental and safety problems [1, 2]. The safe disposal
of nuclear wastes seemed to have become a pressing problem for society worldwide. In Taiwan,
the space of spent fuel pools for temporary storage in Chinshan and Kuosheng nuclear power plant
is running out, and the site of final disposal facility for the long-term storage of high radioactive
waste is still difficult to be decided [3]. Therefore, the installation of dry-type interim storage
facilities is urgent.

For most dry storage facilities for spent fuel, storage casks are freestanding on concrete pads,
which are not anchored to the foundation pads. Thus, relative motion between the cask and the
pad such as sliding, rocking, or even rolling may be induced during earthquakes, leading to
stability concerns [4, 5]. Consequently, it is necessary to establish the test procedures and
simulation techniques on the dry storage cask, one kind of non-anchored structures, for the
reasonable assessment under the designed or historical earthquake hit.

Many previous researchers have studied the effect of nuclear related members and structures
in static mechanical properties or seismic behaviors; however, few studies have evaluated the
dynamic behaviors of dry storage casks considering the dynamic testing using a shaking table. In
the past, some studies reported the casks behaviors under the seismic conditions using 3D finite
element method. Moore was apparently the first to perform a parametric investigation to evaluate
the seismic soil-structure interaction on cask response of the concrete pad using finite element
method and indicated concrete pad was the most significant contributor to the seismic response of
free-standing storage casks [6]. Singh represented that the response of a storage cask subjected to
3D seismic excitation using DYNAMO program [7]. Luk investigated the seismic response of the
cast system using ABAQUS 3D coupled models with explicit time integration and allows a
realistic simulation of soil-structure interaction effects as well as the nonlinear cask behavior after
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the onset of cask rocking or rolling motion under the applied ground motions [8]. Ko investigated
that LS-DYNA finite element analysis was adopted to establish a 3D model of vertical cylindrical
cask considered the frictional contact at the interface between casts and pads [9]. However, few
researchers reported the effect and verification of dry storage facilities using dynamic testing
methods. Shirai performed the excitation test with a scale-down concrete cask using
two-dimensional shaking table and the tipping-over of the scale model cask was not observed
during the seismic testing [10]. In addition, Central Research Institute of Electric Power Industry
in Japan also presented some full scale concrete cask to perform the seismic behavior using
shaking table test from 2004 to 2006 [11]. Nuclear storage facilities are steadily performing key
research studies for seismic behaviors, material degradation and leakage consistently.

This study was aimed to carry out to cast a 1/3 scale-down vertical cylindrical cask specimens
with reinforced concrete of the INER-HPS cask, which will be used in Taiwan. It also was
performed to estimate the friction coefficient at the interface between the cask and the pad
according to the sliding acceleration response of the pedestal sing the shaking table test at National
Center for Research on Earthquake Engineering in Taiwan. Further, the numerical simulations
with finite element software LS-DYNA were performed to ensure the actual seismic behaviors of
this INER-HPS cask under the design base earthquake. Those results obtained from the suggested
numerical model were compared with the experimental measurements in terms of displacements,
accelerations spectral curves and rocking angles.

2. Experiment
2.1. Specimens

The 1/3 scaled-down dry storage cast specimen consisted of a canister, a vertical cylindrical
concrete cask (VCC), an add-on shield (AOS) and a concrete pad. The seismic tests of the cask
were conducted for two different setups, VCC specimen and the concrete cask with an add-on
shield which had a square pedestal (as VCC+AOS specimen), respectively. The dimension and
weight of the VCC and VCC+AOS specimens are summarized in Table 1. In addition, the normal
concrete of 280 kg/cm? was used in accordance with ASTM C211.1. The appearance and details
design of VCC, VCC+AOS, and concrete pad scale-down specimen are shown in Figs. 1 to 2,
respectively.

Fig. 1. I;pearancé of th CC' V Fig. 2. Appearance of the AOS specimens
specimens

2.2. Shaking table test
The shaking table has 3 degree of freedom system with a frequency range between 0.1 to 50 Hz

and the maximum specimen weight is 50 tons. In addition, the maximum acceleration for lateral,
longitudinal and vertical direction is 3 g, 1 g and 1 g, respectively. The testing cases of uni-axial
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white noise wave testing and a set of tri-axial artificial motion testing and impact pulse testing
were implemented for each testing item. The testing programs and associated input motion were
scheduled as shown in Tables 2 and 3, which was considered the seismic soil-structure interaction.
The acceleration time histories of fictitious seismic input motion in N-S, E-W and vertical
direction are shown in Figs. 3. The appearances of VCC and VCC+AOS specimens installed in
the shaking table are illustrated in Figs. 4(a) and 4(b), respectively. Besides, the maximum
artificial motion is 0.4 g, and the time history has a duration of 24 s. The accelerometers and laser
Doppler displacement meters were applied in the top of the specimen for the measurement of the
acceleration and displacement response of the scale-down specimen.

Table 1. The dimension and weight of the scale-down specimens

Components Dimension Weight
. Diameter 83 cm
Canister Height 100 om 1340 kgf
Outer diameter | 115 cm
Cylinder Thickness 15cm | 2760 kgf
VCC Height 160 cm total 3980 kgf
Outer diameter | 115 cm
Pad Height 30 om 1220 kgf
Diameter 142 cm
Top cap Height 5 om 520 kef
Outer diameter | 142 cm
AOS | Cylinder Thickness 12cm | 2140 kgf | total 3620 kgf
Height 160 cm
Length, width | 150 cm
Pad Height 30 cm 960 kef
Table 2. Harmonic excitation tests for the cask/pad interface (1D)
Input motion Specimen Scheduled max acceleration Actual max acceleration
3 Hz sin wave AOS pad 14¢ 1419¢g
(EW) VCC pad 08¢g 0.883 g
5 Hz sin wave AOS pad 15g 1.837 g
(EW) VCC pad 09g 0948 g
Table 3. Seismic tests for the cask (3D)
Input motion Outcropping Specimen Scheduled max Actual max
pu acceleration (ZPA) p acceleration acceleration
VCC+AOS 0.699¢g
design base 03¢ VCC 0588 ¢ 0.758 g
earth-quake VCC+AOS 0.892 ¢
04¢g VCC 0712 g 0.927

2.3. Finite element model

The 3D finite element model for the scale-down VCC and VCC+AOS specimens was modeled
using LS-DYNA software. Based on the frictional and seismic properties at the cask and cask/pad
interface obtained from the test results, numerical simulations were performed to ensure the actual
seismic stability of this INER-HPS cask under the design base earthquake. The major frames of
the VCC, AOS and pad specimen were represented by constant stress solid element in the 3D
model. The simulation of the cask/pad interface was generated by the function of contact
automatic single surface. Besides, the cast 3D model was generated as the actual cast specimen
tested in shaking table as illustrated in Figs. 5(a) and 5(b), respectively. The numerical models of
the pad specimens in harmonic excitation test for AOS and VCC actual pad are shown in Figs. 6(a)
and 6(b), respectively.
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Fig. 3. Designed acceleration time histories and spectral curves (ZPA = 0.4 g)

a) VCC+AOS specimen

b) VCC specimen

Fig. 4. Specimen setup in shaking table

a) VCC+AOS specimen
Fig. 5. Numerical model for seismic test
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a) VCC+AOS specimen b) VCC specimen
Fig. 6. Numerical model for harmonic excitation test

3. Results and discussion
3.1. Harmonic excitation test

In order to calculate the friction coefficient and understand the kinematic behavior between
concrete cask and pad interface, it was useful to perform the harmonic excitation test using shaking
table. Based on the Newton’s second law of motion as follows:

f = may, (1)

where f is the friction, m is the mass of the cast and a, is the acceleration of the cast. However,
Coulomb’s law of friction can be used with Eq. (1) as:

f<uN or f=uN, (2)

where u is the friction coefficient and N is the normal force. When the cast was slipped, the
motion equation can be used as follows:

ma, < umg or ma, = umg, 3)
ap/g <u or ap/g =g 4)

where g is the gravity. In inclusion, the critical friction coefficient can be defined as the Eq. (4).
Comparison of test and numerical simulation results of the acceleration and displacement time
history curves for AOS and VCC pad specimens are illustrated in Figs. 7 and 8, respectively. It is
seem that the suggested numerical model can well simulate the experimental records in time
domain. From the suggested numerical model and test results, the friction coefficient could be
assumed to be constant and set to about 0.70 and 0.25 for the AOS pad and VCC pad scale-down
condition.

1 1

IR aa T ———
S U sp P e E e

-0.2
-0.4
-0.6
AW I -0.6

208 ! ! -0.8
-1 -1
16 16.5 17 17.5 18 16 16.5 17 17.5 18

08 | — Test
—FEA

ayg
-
ayg
-

Time (sec) Time (sec)
a) AOS pad specimen b) VCC pad specimen
Fig. 7. Acceleration time history curves
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Fig. 8. Displacement time history curves
3.2. Seismic response for VCC+AOS specimen

The measured and numerical displacement responses of the VCC+AOS specimen in N-S and
E-W direction for ZPA of 0.30 and 0.40 g are shown in Figs. 9 to 10, respectively. It is seem that
the suggested numerical model can well simulate the experimental records in testing duration. It
indicated that the numerical results were slight higher than the measured results in NS direction.
It was due to that the friction coefficient used in numerical model was performed in EW direction.
Thought the specimen was symmetric, the non- homogenous of concrete led to the extremely
heterogeneous.
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Fig. 9. Displacement versus times curves for VCC+AOS specimen (ZPA = 0.30 g)
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Fig. 10. Displacement versus times curves for VCC+AOS specimen (ZPA = 0.40 g)

The measured and numerical rocking angles of the VCC+AOS specimen in NS and EW
direction for ZPA of 0.30 and 0.40 g are shown in Figs. 11 to 12, respectively. It is seem that the
suggested results were significant lower than the measured results. It was due to that the
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assumption of the base in the numerical model was smooth, but the actual state of the specimens
has a coarse or irregular surface. However, the rocking angles during the testing were lower than
0.2 and 0.5 degrees for ZPA of 0.30 and 0.40 g, respectively. Rocking behavior and tipping-over
of the scale-down cask specimens were not observed during the seismic testing. It was also ensured
the actual seismic stability of the VCC+AOS cask under the design base earthquake.
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Fig. 11. Rocking angle versus times curves for VCC+AOS specimen (ZPA = 0.30 g)
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Fig. 13. Displacement versus times curves for VCC specimen (ZPA = 0.30 g)
3.3. Seismic response for VCC specimen

The measured displacement responses and rocking angles of the VCC specimen in NS and EW
direction for ZPA of 0.30 and 0.40 g are shown in Figs. 13 to 16, respectively. The numerical
results are also plotted in Figs. 13 to 16 for comparison. It indicated that the suggested numerical
model was well simulated the experimental records in testing duration of 10 second. The
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maximum experimental displacement for ZPA of 0.30 and 0.40 g was 41.0 and 133.8 mm and the
displacements of the numerical model were significant lower than the experimental records.
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Fig. 14. Displacement versus times curves for VCC specimen (ZPA = 0.40 g)
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Fig. 16. Rocking angle versus times curves for VCC specimen (ZPA = 0.40 g)

However, the maximum experimental rocking angle for ZPA of 0.30 and 0.40 g was 0.375 and

0.352 degrees and the rocking angle of the numerical model was also approach the zero level. It
also indicated that the surface smoothness of the specimen between concrete cask and pad
interface was an important and a key index for non-anchored structures in shaking table test.

4. Conclusions

The performance of the scale-down vertical cylindrical cask under specific earthquake
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excitation is investigated in this study through shaking table test and numerical simulations using
LS-DYNA program. And the designed scale-down vertical cylindrical cask specimen tested in
shaking table is a successful case of the civil engineering and nuclear energy industry field in
Taiwan. Comparison of measured and calculated results demonstrate that the suggested numerical
model is satisfactory and can thus be further used for numerical shaking table tests and the model
can well simulate the experimental records. In addition, the friction coefficient was used as a
constant and set to about 0.70 and 0.25 for the AOS pad and VCC pad scale-down condition under
harmonic excitation test. Further, the surface smoothness of the specimen between concrete cask
and pad interface was an important and a key index for non-anchored structures under the design
base earthquake.

References

[1] Chapman N., Hooper A. The disposal of radioactive wastes underground. Proceedings of the
Geologists Association, Vol. 123, Issue 1, 2012, p. 46-63.

[2] Yoshida H., Aoki K., Semba T., Ota K., Amano K., Hama K., Kawamura M., Tsubot K. Overview
of the stability and barrier functions of the granitic geosphere at the Kamaishi Mine: relevance to
radioactive waste disposal in Japan. Engineering Geology, Vol. 56, Issues 1-2, 2000, p. 151-162.

[31 LiusS. J., Soong K. L., Yang J. T. Final disposal of spent nuclear fuel in Taiwan: a state-of-the-art
technical overview. Waste Management, Vol. 9, Issue 3, 1989, p. 171-188.

[4] Ko Y.Y., HsuS. Y., Chen C. H. Analysis for seismic response of dry storage facility for spent fuel.
Nuclear Engineering and Design, Vol. 239, Issue 1, 2009, p. 158-168.

[S] ChenK. C,, Ting K., Li Y. C., Chen Y. Y., Cheng W. K., Chen W. C., Liu C. T. A study of the
probabilistic risk assessment to the dry storage system of spent nuclear fuel. International Journal of
Pressure Vessels and Piping, Vol. 87, Issue 1, 2010, p. 17-25.

[6] Moore D. P., Bjorkman G. S., Kennedy R. P. Seismic analysis of plant hatch ISFSI pad and stability
assessment of dry casks. Proceedings of ICONE 8, Baltimore, MD, USA, 2000.

[71 Singh K. P., Soler A. L., Smith M. G. Predicting the Structural Response of Free-Standing Spent Fuel
Storage Casks under Seismic Events. SMiRT 16, Washington DC, USA, 2001.

[8] LukV.K., Spencer B. W., Lam L. P., Dameron R. A. Parametric Evaluation of Seismic Behavior of
Freestanding Spent Fuel Dry Cask Storage Systems. NUREG/CR-6865 Report, Sandia National
Laboratories, 2005.

[9] Ko Y.Y., Yang H. C., Huang C. C. An investigation of the seismic response of a free-standing dry
storage cask for spent fuel using the finite element method. Nuclear Engineering and Design, Vol. 261,
2013, p. 33-43.

[10] Shirai K., Hirata K., Saegusa T. Experimental studies of free-standing spent fuel storage cask
subjected to strong earthquakes. SMiRT 17, Prague, Czech Republic, 2003.

[11] Saegusa T., Shirai K., Arai T., Tani J., Takeda H., Wataru M., Sasahar A., Winston P. L. Review
and future issues on spent nuclear fuel storage. Nuclear Engineering and Technology, Vol. 42, Issue 3,
2010, p. 237-248.

Wei-Ting Lin received the M.S. and Ph.D. degrees in Department of Harbor and River
Engineering, National Taiwan Ocean University, Taiwan, in 2001 and 2009, respectively.
Now he is an Assistant Professor in Department of Civil Engineering, Ilan University,
Taiwan and an Associate Engineer in Institute of Nuclear Energy Research, Atomic Energy
Council, Taiwan. His research interests include structural engineering, seismic behavior
and testing, cement-based composites, durability, nuclear safety-related structures,
corrosion engineering and construction waste treatment.

Yuan-Chieh Wu received Civil Engineering Master degree in National Central
University, Taiwan, in 1995. Now he is an Associated Researcher at Institute of Nuclear
Energy Research, Taiwan. Currently, he leads the Structural and Earthquake Engineering
Group for seismic hazard assessment, geotechnical engineering analysis, soil-structure
interaction analysis, aging structure safety evaluation, containment structure construction
technique on nuclear power facilities and low/high level waste disposal facilities.

1380  ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. MAY 2015, VOLUME 17, ISSUE 3. ISSN 1392-8716



1600. SEISMIC TESTING AND NUMERICAL VERIFICATION FOR A ONE-THIRD SCALE-DOWN VERTICAL CYLINDRICAL CASK SPECIMEN.
WEI-TING LIN, YUAN-CHIEH WU, MENG-HSIU HSIEH, CHIN-CHENG HUANG

Meng-Hsiu Hsieh received Civil Engineering Master degree in National Chiao Tung
University, Taiwan, in 2007. Now he is an Assistant Engineer in Institute of Nuclear
Energy Research, Taiwan. His current research interests include soil structure interaction
and site response.

Chin-Cheng Huang is currently a Director of Mechanical and System Engineering
Program at the Institute of Nuclear Energy Research, Taiwan. He received his Ph.D. degree
from the Department of Power Mechanical Engineering at the National Tsing Hua
University in Taiwan in 1990. He is a Senior Research Scientist with over 23 years of
experiences in the structural engineering analysis and structural integrity assessment for
nuclear power plant structures systems and components.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. MAY 2015, VOLUME 17, Issue 3. ISSN 1392-8716 1381




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /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 <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
  >>
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


