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Therefore, in this study, the feasibility of using a Rapid Assembly Building (RAB) system for the
temporary pavement with the possibility of rapid construction, which follows the natural
topography of the place, is investigated. The introduced system consists of a high-density

Temporary Roads polyurethane (PUR) foam core as well as two continuous layers of high-density polyethylene
Polyurethane (PU) foam (HDPE) facings. For this purpose, the mechanical properties of the materials and composite
Free form pavement pavement were determined by a series of laboratory tests. Then, the mechanical performance and

bearing behaviour of an element of the presented pavement system was numerically modelled
under AASHTO loading. Since in the post-disaster situation, it is not possible to establish the
subgrade, an un-compacted subgrade is used for modelling. The results show that this system can
be used well in post-disaster situations to provide a rapid, safe, yet robust road without any
permanent deformation.

© 2020 Growing Science Ltd. All rights reserved.

1. Introduction

Crisis management after natural disaster such as floods and earthquakes can be a severe concern of
governments. In the event of crises, quick decision making is a fundamental component of
a successful post-disaster management framework (Tsai, 2014; Dandan, 2007). Specialists appraise that
usually it can take about 8§ years for countries to recoup from the impacts of a natural or unnatural
disaster, which highlights the seriousness of the catastrophe and the significance of RABs (Goodyear,
2014; Goodyear & Fabian 2014). On the other hand, temporary roads are important parts of the urban
post-disaster traffic system. In this regard, rapidly assembled panels are used commonly in all post-
disaster structures, but there is not any rapidly assembled pavement system yet (Development, 2014).
Also, as the size of panelised components increments, a few issues show up in transportation and
erection stages. To respond to such shortcomings, using pneumatic foam filled elements, an effective
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rapidly assembled modular structure is presented that can be used for post-disaster management as a
temporary road system. In this regard, two high-density Polyethylene plates with a thickness of 2 mm
(Fig. 1) are used as the facings and semi-rigid Polyurethane foam is used as the core material with a
thickness of 96 mm. Utilizing the HDPE facings, fabricated with roughly 1200 studs/m2, higher pull-out
strength, better buckling execution and debonding behaviour between facings and foam-core
are achieved.

Fig. 1. 3-D high-density Polyethylene (HDPE) sheets

This system was created at the Centre for Infrastructure Engineering (CIE, Western Sydney
University) for modular RABs and then a feasibility study on its application in post-disaster roads and
sidewalks has been run in Central Queensland University. In this system, after inflating a fabric
formwork, PUR foam is injected between the bottom and top HDPE layers. Therefore, an integrated
volumetric pavement system is built (Fig. 2). In this study, numerical and experimental feasibility
analyses are performed to investigate the structural performance of this system under design loading
conditions.

Fig 2. Specimens of the investigated creative pavement system

2. Research History

Lowe (1997) registered a patent and explained some methods for producing a wall, roadway, road or
floor of cementitious material. Also, Ferris (2002) patented an improved interlocking road block system.
Lizarralde and Johnson (2008) studied on prefabrication for post -disaster reconstruction. They avoided
high-tech industrialized operations and focused on small-scale local entrepreneurs. Foam made elements
are well known because they are light and have excellent insulation properties. Therefore, some
researchers worked on mechanical properties of lightweight and rapidly assembled materials such as
foams. For example, Sabuwala et al. (2010) studied the flexible polyether polyurethane foams under
scissors shear. Noble et al. studied the fatigue crack growth in rigid PU foam under conditions of constant
load-amplitude cycling (Noble & Lilley 1981; Zheng et al., 2010). Toubia and his colleagues studied the
effects of core joints in sandwich composites under in-plane static and fatigue loads (Toubia &
Elmushyakhi 2017). Their research confirmed that despite the face sheets' primary in-plane load-carrying
mechanisms, core junction substantially influences the axial fatigue life of the structure.
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3. Material Properties
3.1. Fabric formwork

Some researchers have run a decision-making system to identify the best pneumatic formwork textile
(Nemati et al., 2017). Tests illustrated that the usage of Barrateen, a high density polyethylene or
polypropylene unbalance woven fabric coated by low density polyethylene is the optimized decision for
fabric formwork in the created system (Fig. 3).

H

Fig. 3. Barrateen fabric sheet

3.2. Core material

3.2.1. Compressive behaviour

To identify the structural behaviour of the rigid Polyurethane foam some compressive tests have run
based on the ASTM E1730 (ASTM 2015) (Fig. 4). The test results as well as the manufacturing properties
are shown in Table 1.

Fig. 4. Loading test for determining the compressive properties of selected foam

Table 1. Structural and manufacturing specification of the studied foam
Structural specification

SO }ll\;lell’(all STEGIg 2ol Tensile strength: 1.896 MPa  Shear strength: 1.034 MPa

Density: 192 kg/m?

Manufacturing specification
Cream time: 35-40 sec _ Free rise density: 280 — 300 kg/m®  Tack free time: 115 + 5 sec Gel time: 94 + 4 sec

3.2.2. Flatwise impact resistance

To examine the effect of transverse impacts such as brake effect of vehicles, a quasi-static impact test
was used to simulate a low-velocity impact according to ASTM D2126. The face of each foam specimen
(610 mm long, 610 mm wide and 50 mm thick) is bonded to a 0.8 mm thick aluminum sheet. For
determining the impact resistance a 31.7 kg steel hemispherical cylinder of 80 mm diameter was dropped
vertically from 762 mm distance so that the hemispherical end of the weight strikes the center of the
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outer skin of the specimen on a horizontal plane. Investigation showed impact did not result in rupture
to either skin or core foam. Also, no crushing of core is allowed outside a 76.2 mm radius from the centre
of the impact (D2126 2015). The maximum crushing radius was measured as 21 mm. Therefore, the
result shows an acceptable impact resistance for the specimens. Fig. 5 shows the crushing areas of skin
and core foam, respectively.

R=21mm< 76.2mm O.K. 3

Fig. 5. The crushing areas of skin and core foam

R=21mm< 76.2 mm O.K.

3.3. High density polyethylene facings

To identify the tensile behaviour of the facings, longitudinal and transverse tensile tests were run on
the HDPE plates following ASTM D5199 (Standard, 2012), ASTM D1505 (ASTM 2010) and ASTM
D6693 (Testing and Materials 2004). Results illustrated that the module of elasticity in the lengthwise
(EL) and crosswise (EC) directions are 131.33 MPa and 187 MPa, respectively. Therefore, to model the
HDPE sheets as isotropic materials, the average value of module of elasticity (ESTUD = 159 MPa) was
used (Sharafi et al. 2018a,b) (Table 2).

Table 2. Structural properties of the HDPE facings

Density (g/cm?) Tensile yielding Shear yielding Break Stud pull-out Average module of
strength (MPa) strength (MPa) elongation (%)  strength (kN/m?) elasticity (MPa)
0.94 20.2 5.2 500 670 159

4. Composite Properties
4.1. Flatwise compressive behaviour

Four specimens were tested to determine the flatwise compressive behaviour and module of elasticity
of the core material following the ASTM C365. Fig. 6 shows the results and stress-strain curves. Results
showed that the average module of elasticity and yielding stress of the sandwich panels is 147.6 MPa and
4.3 MPa, respectively.
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Fig. 6. Flatwise compression experiments results
4.2. Bending behaviour
4.2.1. Under uniform loads

In this test, the panels were loaded into the test rig, fixed and sealed before the suction is applied. The
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loading rate can be changed according to the requirements. Fig. 7 shows the vacuum test rig setup and
locations of automatic electrical potentiometers.
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Fig. 7. The vacuum testing rig and arrangement of potentiometers on the specimens

Three monotonic tests were conducted on the specimens. All panels resisted a maximum of 0.77 atm.
Up to a pressure of about 0.23 atm, where shows a large primary deflection, the system is in the adjusting
phase, and the pressure is not directly resisted by the panels. Afterward, the PU foam panels exhibit a
relative liner behaviour up to about 0.77 atm. In addition, the panel showed a symmetric curvature under
the applied monotonic load (Fig. 8).
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Fig. 8. The deflection pattern at longitudinal and transverse sections

4.2.2. Under concentrated loads

According to a series of experimental tests based on ASTM C393 and ASTM D7250, the core shear ultimate
stress, facing bending stress and core shear modulus of introduced pavement system are determined as 1.9 MPa,
96.9 MPa and 11.3 MPa respectively (Fig. 9).

Fig. 9. Bending test of created system specimen
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4.3. Ductility

Ductility plays a vital role in the design of pavement systems. Therefore, the torsional rigidity and
rotational stiffness of the mentioned composite pavement system are investigated. In this regard, three L
shape specimens are tested using a monotonic cantilever loading rig.

43m 4.3t0 9 m (selected: 4.3 m)

Fig. 10. Cantilever configuration of experimental Fig. 11. AASHTO HL-93 truck loading
tests configuration

The relative rotation of any two points can be calculated as the difference of related inclinometers
rotations at each point. Using this test method, the torsional rigidity and rotational stiffness of the
mentioned system are calculated as 93% and 14.5 kN.m/Rad, respectively. Other strength properties
including fracture toughness and crack growth behaviour of foam materials are also important issues that
are investigated extensively in previous works (e.g. Apostol et al., 2015; Aliha et al., 2018, 2019;
Marsavina et al., 201,2015).

5. Pavement bearing and deformation control

In this step, a longitudinal element of composite pavement is modelled using finite element analysis
commercial software of ANSYS. In this regard, AASHTO HL-93 truck (vehicular live load) is applied
on the top surface of composite pavement (Fig. 11). Because the main application of the presented system
is related to post-disaster management, a typical un-compacted soil including clay and sand is selected
from literature as subgrade with a modulus of 0.00951 N/mm?. As can be seen in Fig. 12, the maximum
equivalent stress and the maximum shear stress are 1.46 MPa and 0.77 MPa, respectively, which are less
than elastic limits of composite material.

Fig. 12. Maximum equivalent stress (left) and maximum shear stress (right) in the pavement body

Also, the total deformation of the pavement under the AASHTO axles would be about 10.8 mm (Fig.
13). As mentioned above, the pavement remains in the elastic area under the AASHTO axles. Therefore,
this deformation is temporary and will disappear after passing the live load. Other researchers have also
performed similar finite element analyses for investigating the loading and deformation behaviour of
pavements under traffic loading (Ameri et al., 2011; Aliha & Sarbijan, 2016; Loizos et al., 2009; Aliha
et al., 2012; Nezhad & Fakhri, 2015; Fakhri et al., 2009)
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Fig. 13. Maximum elastic deformation of pavement system (scale 50x)

6. Conclusion

Based on the test results and numerical modelling the following conclusions are drawn:

e The maximum equivalent stress at the pavement body under the AASHTO loading truck is 0.77
MPa, which is less than the elastic limit of the composite system (4.3 MPa).

e The maximum shear stress at the pavement body under the AASHTO loading truck is 1.46 MPa,
which is less than the ultimate shear stress of the composite system (1.9 MPa).

e Under monotonic loads, the created pavement has integrated and symmetric bending behaviour.

e The maximum deformation of the presented pavement system under temporary loading, even if
it is supported to an uncompacted subgrade is in the elastic range and reversible.

e The rigidity and rotational stiffness of the mentioned temporary pavement system are about 93%
and 14.5 kN.m/Rad, respectively. On the other hand, the created pavement system has acceptable
impact resistance and damping behaviour under temporary traffic loads. Therefore, it has
advantages of both rigid and flexible pavements at the same time.

References

ASTM (2010). Standard test method for density of plastics by the density-gradient technique.

ASTM (2015). ASTM-E1730, Standard Specification for Rigid Foam for Use in Structural Sandwich Panel Core,
in ASTM International.

Aliha, M. R. M., & Sarbijan, M. J. (2016). Effects of loading, geometry and material properties on fracture
parameters of a pavement containing top-down and bottom-up cracks. Engineering Fracture Mechanics, 166,
182-197.

Aliha, M. R. M., Ameri, M., Mansourian, A., & Ayatollahi, M. R. (2012). Finite element analysis of a new test
specimen for investigating mixed mode cracks in asphalt overlays. In 7th RILEM International Conference on
Cracking in Pavements (pp. 359-367). Springer, Dordrecht.

Aliha, M. R. M., Linul, E., Bahmani, A., & Marsavina, L. (2018). Experimental and theoretical fracture toughness
investigation of PUR foams under mixed mode I+ I1I loading. Polymer Testing, 67, 75-83.

Aliha, M. R. M., Mousavi, S. S., Bahmani, A., Linul, E., & Marsavina, L. (2019). Crack initiation angles and
propagation paths in polyurethane foams under mixed modes I/Il and I/III loading. Theoretical and Applied
Fracture Mechanics, 101, 152-161.

Ameri, M., Mansourian, A., Khavas, M. H., Aliha, M. R. M., & Ayatollahi, M. R. (2011). Cracked asphalt
pavement under traffic loading—A 3D finite element analysis. Engineering Fracture Mechanics, 78(8), 1817-
1826.

Apostol, D. A., Constantinescu, D. M., Marsavina, L., & Linul, E. (2015). Mixed-mode testing for an asymmetric
four-point bending configuration of polyurethane foams. In Applied Mechanics and Materials (Vol. 760, pp.
239-244). Trans Tech Publications.

D2126, A. (2015). Standard Test Method for Response of Rigid Cellular Plastics to Thermal and Humid Aging.

Dandan, T. A. N., Wei, W. A. N. G, Jian, L. U., & Yang, B. I. A. N. (2007). Research on methods of assessing
pedestrian level of service for sidewalk. Journal of Transportation Systems Engineering and Information
Technology, 7(5), 74-79.



252

Development, U. S. D. o. H. a. U. (2014). ESG Minimum Habitability Standards for Emergency Shelters and
Permanent Housing. USA.

Fakhri, M., Fakhri, M., & Kheiry, P. T. (2009). Modeling of top-down cracking (TDC) propagation in asphalt
concrete pavements using fracture mechanics theory. Adv Test Charact Bituminous Material, 681-692.

Ferris, S. (2002). Interlocking sidewalk block system, Google Patents.

Goodyear, R. (2014). Housing in greater Christchurch after the earthquakes:Trends in housing from the Census of
Population and Dwellings 1991-2013. New Zealand, Statistics New Zealand, Tatauranga Aotearoa.

Goodyear, R. K., & Fabian, A. (2014). Housing in Auckland: Trends in housing from the Census of Population
and Dwellings 1991 to 2013. Statistics New Zealand.

Lizarralde, G., & Johnson, C. (2008). Myths and realities of prefabrication for post-disaster reconstruction.
Building resilience achieving effective post-disaster reconstruction i-Rec.

Loizos, A., Partl, M. N., Scarpas, T., & Al-Qadi, I. L. (2009). Modeling of top-down cracking (TDC) propagation
in asphalt concrete pavements using fracture mechanics theory. In Advanced Testing and Characterization of
Bituminous Materials, Two Volume Set (pp. 713-724). CRC Press.

Lowe, M. (1997). Method for producing a wall, roadway, sidewalk or floor of cementitious material, Google
Patents.

Marsavina, L., Constantinescu, D. M., Linul, E., Apostol, D. A., Voiconi, T., & Sadowski, T. (2014). Refinements
on fracture toughness of PUR foams. Engineering Fracture Mechanics, 129, 54-66.

Marsavina, L., Constantinescu, D. M., Linul, E., Voiconi, T., & Apostol, D. A. (2015). Shear and mode II fracture
of PUR foams. Engineering Failure Analysis, 58, 465-476.

Nezhad, S. R., & Fakhri, M. (2015). Studying the effect of vehicle speed on concrete pavement with finite element
modeling (FEM). International Conference on Research Science and Technology, Malaysia.

Noble, F., & Lilley, J. (1981). Fatigue crack growth in polyurethane foam. Journal of Materials Science, 16(7),
1801-1808.

Sabuwala, T., Dai, X., & Gioia, G. (2010). Elastic Polyether Polyurethane Foams Under Punching: Experiments,
Theory and Simulations. ASME 2010 International Mechanical Engineering Congress and Exposition,
American Society of Mechanical Engineers.

Nemati, S., Rashidi, M., & Samali, B. (2017). Decision making on the optimised choice of pneumatic formwork
textile for foam-filled structural composite panels. International Journal of GEOMATE, 13,220-228.

Sharafi, P., Nemati, S., Samali, B., Bahmani, A., Khakpour, S., & Aliabadizadeh, Y. (2018). Flexural and shear
performance of an innovative foam-filled sandwich panel with 3-D high density polyethylene
skins. Engineering Solid Mechanics, 6(2), 113-128.

Sharafi, P., Nemati, S., Samali, B., Mousavi, A., Khakpour, S., & Aliabadizadeh, Y. (2018). Edgewise and flatwise
compressive behaviour of foam-filled sandwich panels with 3-D high density polyethylene skins. Engineering
Solid Mechanics, 6(3), 285-298.

Standard, A. (2012). Standard Test Method for Measuring the Nominal Thickness of Geosynthetics.

ASTM. (2010). Standard test method for determining tensile properties of nonreinforced polyethylene and
nonreinforced flexible polypropylene geomembranes. D6693-04.

Toubia, E. A., & Elmushyakhi, A. (2017). Influence of core joints in sandwich composites under in-plane static
and fatigue loads. Materials & Design, 131, 102-111.

Tsai, M. K. (2014). Designing Postdisaster Temporary Housing Facilities: Case Study in Indonesia. Natural
Hazards Review, 16(3), 05014007.

Zheng, N., Liu, J., Wang, Q., & Liang, Z. (2010). Heavy metals exposure of children from stairway and sidewalk
dust in the smelting district, northeast of China. Atmospheric Environment, 44(27), 3239-3245.

© 2020 by the authors; licensee Growing Science, Canada. This is an open access article
@ @ distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license

(http://creativecommons.org/licenses/by/4.0/).





<<
  /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 <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


