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Abstract 
Local buckling, post-buckling and energy dissipation of a sandwich box column was investigated 
computationally. Box steel columns are widely used as crushing tubes to improve automotive 
crashworthiness and passenger safety. Sandwich panels, with steel face sheets and soft core, may 
enhance energy dissipation and crashworthiness. Simulations, verified against published 
experimental results, were employed to assess the energy dissipation of sandwich panel columns. 
Computational results indicated noticeable gain in energy absorption over conventional solid 
steel tubes. Sandwich panels were shown to have better crashworthiness than standard steel 
tubes. Sandwich crushing tubes could enable lighter structures or enhanced resiliency if weight is 
not a controlling factor.  
 

1. Introduction 
Energy dissipation is essential for arresting extreme dynamic events such as progressive 
collapse, blast and impact (Stefan Szyniszewski and Krauthammer 2012; Stefan Szyniszewski 
2009; Zhou and Yu 2004; Deng et al. 2014; Eatherton et al. 2010). Among various approaches 
that facilitate dissipation of kinetic energy (Lu and Yu 2003), stub steel tubes are commonly 
employed in automotive applications. The initial buckling response of these members is less 
significant for energy dissipation than post-buckling. In fact, sequential post-buckling wave 
collapse, with large strains and deflections, is responsible for the energy dissipation mechanism. 
Solid tubes have been known for their energy dissipation since early eighties (Abramowicz and 
Jones 1984; Wierzbicki and Abramowicz 1983; Wierzbicki et al. 1992), and are commonly used 
to increase impact safety by automotive industry (Sun et al. 2014). 
 
Foam filled tubes have been studies by (Abramowicz and Wierzbicki 1988; Reyes, Hopperstad, 
and Langseth 2004; Hanssen et al. 2005), and sandwich columns with composite face sheets 
were tested experimentally by (Mamalis et al. 2003; Mamalis et al. 2009). Sandwich panel plates 
have been shown to possess higher capacity than solid plates if width to thickness ratio, b/t > 50 
(S. Szyniszewski, Smith, Hajjar, et al. 2012a; S. Szyniszewski, Smith, Hajjar, et al. 2012b). 
Stability of square columns made of sandwich plates with metallic face sheets and low-density, 
compressible core has been researched over recent years (S. Szyniszewski, Smith, Zeinoddini, et 
al. 2012; Li and Szyniszewski 2013). However, articles on crashworthiness of sandwich tubes 
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have not been found in the available literature. The objective of this paper is to compare energy 
dissipation of a metallic sandwich panel stub column with a conventional crushing tube. 
 
2. Calibration and validation of finite element simulations of crushing behavior 
Experimental results reported by (Abramowicz and Jones 1984) were employed to validate the 
computational approach. Abramowicz and Jones tested crushing behavior of steel tubes: 
49.30 mm wide, 1.625 mm thick and 244.1 mm high. To provide predictions of the ultimate 
buckling strength and post-buckling crushing a series of finite element models was constructed. 
The models were completed in LS-DYNA (Hallquist 2006). Brick elements (100,000 to 900,000 
type 164 solids) were used throughout 50 transverse elements, three elements through the 
thickness of steel tubes, and five elements through the thickness for sandwich columns. Load 
was applied via prescribed boundary motion such that the tube was pushed into a fixed steel plate 
(see Figure 1). Sufficiently slow loading rate was selected such that no kinetic energy was 
observed in the simulations. The steel face sheets were modeled with a standard J-2 plasticity 
formulation and isotropic hardening. The steel properties: E = 203000 MPa, fy = 268 MPa, and 
complete strain hardening regime were obtained from coupon tests of steel sheet shown in Figure 
2 after (Abramowicz and Jones 1984). Buckling imperfections were imposed as a sinusoidal 
wave with a half-wave length approximately equal to the width of the column. Maximum 
magnitude of imperfection displacement was equal to one tenth of the tube thickness, with peak 
perturbations at centers of local buckling half-waves. 
 

 
A) Steel square column B) Brick elements 

 
Figure 1. Numerical models of a square tube tested by (Abramowicz and Jones 1984) 

Simulation exhibited three distinctive stages: 1) local buckling along the column, 2) localization 
of deformations in a single half-wave, 3) propagation of half-wave collapses. Stub columns 
under axial loads showed multiple half-waves during the initial buckling. However, plastic 
localization in one of the buckling waves followed quickly and led to moderate unloading of the 
remaining buckling waves. The localization was a bit random, and the location of the first half-
wave collapse was most likely influenced by miniscule numerical round-off errors that are 
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inevitable in all numerical calculations. Consecutive half-wave collapses propagated toward the 
top of the column with applied prescribed boundary motion. Once the top was reached, half-
wave collapse spread toward the bottom, fixed plate, starting from the initial collapsed half-wave 
as shown in Figure 3. 
 

 
Figure 2. Steel tube material properties (Abramowicz and Jones 1984) 

 
 

Figure 3. Simulated buckling and post-buckling sequence during crushing of a steel tube 

Simulated resistance to crushing was compared with experimental measurements reported by 
(Abramowicz and Jones 1984). Reasonable agreement was observed between the simulated 
curve and data points from the test (Figure 4). Simulated average crushing force was within 10% 
of the experimental value. Considering noticeable material and geometric nonlinearity, as well as 
likely variation in test results between various test specimens, simulations were judged as 
satisfactory to investigate the effect of sandwich panel walls on the overall energy dissipation. 
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Figure 4. Simulation of steel tube crushing was verified against experiment by (Abramowicz and 

Jones 1984). Simulated mean force agreed with the experimental value within 10%. 

 
3. Sandwich panel tubes. Computational study of crashworthiness. 
Sandwich panels, that combine metallic sheets with a soft core, have become available in recent 
years (Neugebauer and Hipke 2006; S. T. Szyniszewski et al. 2014; Yuan, Rayess, and Dukhan 
2014; Smith et al. 2012; Bhattacharjee et al. 2011). Sandwich panels offer larger bending 
stiffness than a solid plate and higher buckling capacity in comparison to thin plates. 
 

 
A) Sandwich square column B) Brick elements employed in face sheets and core 

Figure 5. Numerical models of a sandwich panel tube 



 5

The steel crushing tube employed by (Abramowicz and Jones 1984) was modified such that steel 
plates were replaced with a sandwich panel. Face sheets had thickness, tf = 0.7 (mm) and core 
thickness was selected as tc = 1.2 (mm). Mild steel material model was employed for face sheets. 
Steel face sheet properties were the same as for the solid plate above. Soft core had the following 
properties: Young modulus, E = 686 MPa, yield stress, fy = 22 MPa, ultimate stress, fu = 27 MPa 
(at 0.26 engineering strain). 
 
Simulated crushing mechanism was similar to a conventional steel tube. Firstly, a series of 
buckling waves formed along the column height, and later deformations localized in a single 
half-wave. The location of localization varied from a simulation to simulation. It was most likely 
influenced by miniscule perturbations produced by numeric round-off errors that are inevitable in 
computer calculations. Similarly to a steel crushing tube simulation, half-wave collapse 
propagated toward the moving boundary first. Simulations terminated after 120mm displacement 
was reached (approximately 50% of column height). 
 

Figure 6. Simulated crashworthiness of sandwich panel tube under axial loading.  

 
Sandwich panel tube dissipated 50% more energy when compared to a conventional steel tube 
(see Figure 7). Mean crushing force of 58 kN was observed for a sandwich panel and was 
significantly higher than 39 kN for a conventional steel tube. Although the sandwich member 
buckled under a 10% lower load than a steel column initially, its post-buckling descent in 
capacity was slower, and the residual resistance did not reduce below 40 kN. Also, the following 
sequence of half-wave collapses produced a relatively constant resistance force that oscillated 
around the mean crushing force of 58 kN. Considering that sandwich column dissipated 50% 
more energy than steel column, sandwich panels could reduce weight of crushing tubes by 33%. 
 
Steel plate exhibited noticeable variation in resistance between post-buckling peaks (60 kN) and 
dips in resistance (20 kN). Stable resistance helps maintain relatively constant deceleration, and 
it is essential for limiting passenger injuries during automotive accidents and collisions.  
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Figure 7. Simulated crushing resistance of sandwich panel tube (red) and conventional steel tube 

(blue). Sandwich panel tube dissipated 50% more energy than steel tube of equal weight.   

 
6. Conclusions  
Dynamic simulations were employed to evaluate energy dissipation of a novel sandwich panel 
crushing tube. Firstly, numerical model was validated against experimental tests reported in the 
literature such that computational results were within 10% of the experimental crushing force. 
Next, validated model was employed to compare two crushing tubes with the same weight: A) 
conventional steel column, B) sandwich panel column made of three layers, namely: steel – 
polymer – steel.  
 
Simulation results indicated that a sandwich panel column offers superior energy dissipation and 
smoother post-buckling resistance than conventional steel crushing tube. This study 
demonstrated that sandwich panel members may provide enhanced energy dissipation over 
typical thin-walled steel components. Thus, they have a potential to increase resiliency in 
applications that are exposed to dynamic and extreme loads such as earthquakes, blast, and 
impact.  
 
Although sandwich panels with polymer and other soft cores are widely available on the market 
and employed in a range of industrial applications (civil, shipbuilding, mechanical and 
automotive to name a few), further work is needed to develop cold-form sandwich members. 
Specifically, manufacturing of studs and columns made of thin-walled sandwich panels needs 
further effort such that sandwich panel members become widely available on the market. On the 
theoretical front, columns with various local slenderness of walls as well as a range of global 
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slenderness warrant future studies. Also, direct strength methods could be adopted to enable 
design of sandwich members. This work is part of a larger effort to help develop sandwich 
panels as a structural solution with relevance to civil engineering, infrastructure, and automotive 
applications. 
 
References 
 
Abramowicz, W, and Norman Jones. 1984. “Dynamic Axial Crushing of Square Tubes.” 

International Journal of Impact Engineering 2 (2): 179–208. doi:10.1016/0734-
743X(84)90005-8. 

Abramowicz, W., and T. Wierzbicki. 1988. “Axial Crushing of Foam-Filled Columns.” 
International Journal of Mechanical Sciences 30 (3–4): 263–71. doi:10.1016/0020-
7403(88)90059-8. 

Bhattacharjee, Sarama, Pratik Ranjan Das, Christiane Ohl, Viola Wilker, Mathias Kappa, 
Franziska Scheffler, and Michael Scheffler. 2011. “Novel-Type Inorganic Foams from 
Preceramic Polymers with Embedded Titania Nanoparticles for Photo-Catalytic 
Applications.” Advanced Engineering Materials 13 (11): 996–1001. 
doi:10.1002/adem.201100025. 

Deng, Kailai, Peng Pan, Yukun Su, Tianran Ran, and Yantao Xue. 2014. “Development of an 
Energy Dissipation Restrainer for Bridges Using a Steel Shear Panel.” Journal of 
Constructional Steel Research 101 (October): 83–95. doi:10.1016/j.jcsr.2014.03.009. 

Eatherton, Matthew, Jerome Hajjar, Xiang Ma, Helmut Krawinkler, and Greg Deierlein. 2010. 
“Seismic Design and Behavior of Steel Frames with Controlled Rocking — Part.” In 
Structures Congress 2010, 138–138. Orlando, Florida. doi:10.1061/41130(369)138. 

Hallquist, J. 2006. “LS-DYNA: Theory Manual.” Lawrence Software Technology 
Corporation,Livermore, California. 

Hanssen, A.G., A. Reyes, O.S. Hopperstad, and M. Langseth. 2005. “Design and Finite Element 
Simulations of Aluminium Foam-Filled Thin-Walled Tubes.” International Journal of 
Vehicle Design 37 (2-3): 126–55. 

Li, Z., and S. Szyniszewski. 2013. “Finite Prism Elastic Buckling Analysis and Application in 
Steel Foam Sandwich Members.” In , 654–68. 

Lu, Guoxing, and Tongxi Yu. 2003. Energy Absorption of Structures and Materials. CRC Press. 
Mamalis, A. G., D. E. Manolakos, M. B. Ioannidis, D. G. Chronopoulos, and P. K. Kostazos. 

2009. “On the Crashworthiness of Composite Rectangular Thin-Walled Tubes Internally 
Reinforced with Aluminium or Polymeric Foams: Experimental and Numerical 
Simulation.” Composite Structures 89 (3): 416–23. 
doi:10.1016/j.compstruct.2008.09.008. 

Mamalis, A. G., D. E. Manolakos, M. B. Ioannidis, and P. K. Kostazos. 2003. “Crushing of 
Hybrid Square Sandwich Composite Vehicle Hollow Bodyshells with Reinforced Core 
Subjected to Axial Loading: Numerical Simulation.” Composite Structures 61 (3): 175–
86. doi:10.1016/S0263-8223(03)00069-2. 

Neugebauer, R., and T. Hipke. 2006. “Machine Tools With Metal Foams.” Advanced 
Engineering Materials 8 (9): 858–63. doi:10.1002/adem.200600095. 

Reyes, A., O.S. Hopperstad, and M. Langseth. 2004. “Aluminum Foam-Filled Extrusions 
Subjected to Oblique Loading: Experimental and Numerical Study.” International 
Journal of Solids and Structures 41 (5-6): 1645–75. doi:10.1016/j.ijsolstr.2003.09.053. 



 8

Smith, B.H., S. Szyniszewski, J.F. Hajjar, B.W. Schafer, and S.R. Arwade. 2012. “Material 
Characterization and Microstructural Simulation of Hollow Spheres and PCM Steel 
Foams.” In Structural Stability Research Council Annual Stability Conference 2012, 
602–19. 

Sun, Guangyong, Fengxiang Xu, Guangyao Li, and Qing Li. 2014. “Crashing Analysis and 
Multiobjective Optimization for Thin-Walled Structures with Functionally Graded 
Thickness.” International Journal of Impact Engineering 64 (February): 62–74. 
doi:10.1016/j.ijimpeng.2013.10.004. 

Szyniszewski, S., B.H. Smith, J.F. Hajjar, S.R. Arwade, and B.W. Schafer. 2012a. “Local 
Buckling Strength of Steel Foam Sandwich Panels.” In Structural Stability Research 
Council Annual Stability Conference 2012, 620–37. 

Szyniszewski, S., B. H. Smith, J. F. Hajjar, S. R. Arwade, and B. W. Schafer. 2012b. “Local 
Buckling Strength of Steel Foam Sandwich Panels.” Thin-Walled Structures 59 
(October): 11–19. doi:10.1016/j.tws.2012.04.014. 

Szyniszewski, S., B.H. Smith, V.M. Zeinoddini, J.F. Hajjar, S.R. Arwade, and B.W. Schafer. 
2012. “Towards the Design of Cold-Formed Steel Foam Sandwich Columns.” In 21st 
International Specialty Conference on Cold-Formed Steel Structures - Recent Research 
and Developments in Cold-Formed Steel Design and Construction, 355–71. 

Szyniszewski, Stefan. 2009. “Dynamic Energy Based Method for Progressive Collapse 
Analysis.” In 2009 Structures Congress - Don’t Mess with Structural Engineers: 
Expanding Our Role, April 30, 2009 - May 2, 2009, 1259–68. Proceedings of the 2009 
Structures Congress - Don’t Mess with Structural Engineers: Expanding Our Role. 
Austin, TX, United states: American Society of Civil Engineers. 
http://dx.doi.org/10.1061/41031(341)138. 

Szyniszewski, Stefan, and Ted Krauthammer. 2012. “Energy Flow in Progressive Collapse of 
Steel Framed Buildings.” Engineering Structures 42 (September): 142–53. 
doi:10.1016/j.engstruct.2012.04.014. 

Szyniszewski, S. T., B. H. Smith, J. F. Hajjar, B. W. Schafer, and S. R. Arwade. 2014. “The 
Mechanical Properties and Modeling of a Sintered Hollow Sphere Steel Foam.” 
Materials & Design 54 (February): 1083–94. doi:10.1016/j.matdes.2013.08.045. 

Wierzbicki, T., and W. Abramowicz. 1983. “On the Crushing Mechanics of Thin-Walled 
Structures.” Journal of Applied Mechanics 50 (4a): 727–34. doi:10.1115/1.3167137. 

Wierzbicki, T., S. U. Bhat, W. Abramowicz, and D. Brodkin. 1992. “Alexander revisited—A 
Two Folding Elements Model of Progressive Crushing of Tubes.” International Journal 
of Solids and Structures 29 (24): 3269–88. doi:10.1016/0020-7683(92)90040-Z. 

Yuan, Ziyang, Nassif Rayess, and Nihad Dukhan. 2014. “Modeling of the Mechanical Properties 
of a Polymer-Metal Foam Hybrid.” Procedia Materials Science, 8th International 
Conference on Porous Metals and Metallic Foams, 4: 207–11. 
doi:10.1016/j.mspro.2014.07.602. 

Zhou, Q., and T.X. Yu. 2004. “Use of High-Efficiency Energy Absorbing Device to Arrest 
Progressive Collapse of Tall Building.” Journal of Engineering Mechanics 130 (10): 
1177–87. 

  



<<
  /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


