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Abstract  
This paper investigated the tensile behavior of metal-plate connected Dahurian larch (Larix gmelini (Rupr.) Rupr) 
lumber joints. Relationships between the ultimate load and metal-plate connector (MPC) length, width, and area 
were analyzed for AA loading (i.e. load parallel to the grain, MPC length parallel to the load direction) and EA 
loading (i.e. load parallel to the grain, MPC length orthogonal to the load direction). Failure modes were studies for 
both AA and AE loading conditions. It was found that the tensile strength of the joint increased as the size of the 
connector increased. Tooth withdrawals, MPC breakage and wood breakage were all failure modes observed for 
the AA loading case. However, tooth withdrawal was the only failure mode observed in the EA loading case.  
Keywords: MPC joint, ultimate tension load, MPC size, failure mode 
1. Introduction 
Metal-plate connected lumber joints can be considered as semi-rigid (i.e. neither pinned nor completely rigid). 
Therefore, the deformations of the joint may have a substantial contribution to the overall deformation of the 
structure. Many studies (e.g. Gupta & Gebremedhin, 1990; Sasaki & Hayashi, 1982; Lau, 1987; Kent et al., 1997; 
Riley & Gebremdhim, 1999) analyzed the mechanical properties of semi-rigid joints in the metal-plate connected 
wood trusses. The average tensile strength of metal-plate connected truss joints fabricated by No.2 Southern pine 
lumber and 20-gage punched metal plates was found to be 27 kN, and a combination of wood and teeth failure 
modes was observed. 
A variety of failure modes may occur at the connections in a truss system. For example, shear or tension in the steel 
elements, tooth withdraw, and wood failure. It has been proven that specimens including short metal-plate 
connectors usually fail under plate yielding while longer plates fail because of tooth withdrawal. An effective way 
to avoid metal-plate connector tearing and withdrawal ia to increase the contact area between connector and trusses, 
and keep the plate length longer than width (see, for example, Riley & Gebremedhin, 1999; Lau, 1987; O’Regan et 
al., 1998). 
Dahurian larch is a popular species in the northeast region of China. It is used for wood frame construction because 
of its high strength, good decay resistance and abundance in resources. The physical and mechanical properties of 
Chinese larch had been extensively analyzed in terms of bending, compression, tension etc. Chen et al. (2001) 
tested small specimens (20×20 mm2 cross section) of clear Chinese larch following the GB1927-1943-91 
standard, “Testing methods for physical and mechanical properties of woods”: the modulus of rupture (MOR), the 
modulus of elasticity (MOE) and the ultimate compression strength (UCS) were found to be 139.0-188.7 MPa, 
4.5-5.0 GPa, and 42.3-61.1 MPa, respectively. Wang et al. (2009) tested full-size specimens (38×89 mm2 cross 
section) of Chinese larch following the GB /T 50329-2002 “Standard for methods testing of timber structure”. The 
MOR, MOE, 5% percentile UCS and ultimate tension strength (UTS) were found to be 62.3 MPa, 13.7 GPa, 
26.4-31.4 MPa, and 14.4-22.4 MPa respectively. Currently, no much data is available on the mechanical behavior 
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of MPC joints for Chinese larch. Gupta (1996) evaluated strength properties of three connections on different 
materials. It was found that the average ultimate load of MPC joints of Russian dahurian larch (the same family as 
Chinese larch) was obtained as 37 kN, which was higher than that of southern pine (28 kN) and Douglas-fir (33 
kN). Joints always failed in the withdrawal mode. Latterly, Wei et al. (2013) completed tension tests of Chinese 
larch MPC joints of four types, including AA and EA, and tfound that the ultimate tension load was reduced by 
18.9% from AA to EA. Its failure modes were analyzed, and the load-deflection curves by Foschi 3-parameter 
model were developed. 
The present study aims to: (i) determine the strength and failure mode of Dahurian larch MPC joints subjected to 
tensile loading; (ii) assess the relationship between the connector dimensions and the ultimate axial load of the 
joint; (iii) analyze the relationship between the joint size and the failure modes. The MPC joints including 
plate-connectors of various sizes were tested in both the AA and EA loading modes. The ultimate tensile loads, 
failure modes, and relationship between MPC size and mechanical properties were analyzed separately for each 
specimen type. 
2. Experimental 
All lumbers were processed with a local sawmill. The modulus of elasticity (MOE), air density and moisture 
content (MC) of each specimen were determined before fabricating the joints in according to the procedures 
described in GB50329-2002, GB/T1933-1991, and GB/T1931-1991 standards. In order to determine the MOE, the 
wood piece was placed flat-wise between the two supports spaced by 1620 mm, while the distance between 
loading points was 810 mm. Displacement was measured at the mid span by a linear variable differential 
transducer (LVDT) and then recorded by a computer. The average MOE, air density and MC determined in these 
experiments were 13.8 GPa, 650 kg/m3 and 12%, respectively.  
 

 

Figure 1. Experimental set up utilized in the tensile tests performed on MPC join 
 
The Gannail-GN20 MPC obtained from a local supplier was used in this study. The plate thickness was 1.0 mm, 
the tooth length was 9.5 mm, a dn the tooth density was 8/in.2. For the AA loading mode, MPCs with the following 
dimensions (width×length) were considered: 40×75 mm2, 50×50 mm2, 50×75 mm2, 50×100 mm2, 50×125 mm2, 
50×150 mm2, 75×100 mm2, 75×125 mm2 and 75×150 mm2. The MPCs’ dimensions considered for the EA 
loading mode were: 50×50 mm2, 75×40 mm2, 75×50 mm2 and 75×75 mm2.  
In order to minimize the variations in MOE, density and MC of connected pieces, each joint assembly was 
fabricated from a single piece of lumber cut in two halves then re-jointed by two MPCs applied by a hydraulic 
press. Three replicates were used in order to obtain statistically significant data. 
Tension tests were carried on with a 50 kN universal testing machine at about 1 mm/minute loading speed and the 
specimens were failed in about 5 minutes. The load was applied by a hydraulic cylinder and load and deformation 
data were collected by a data acquisition system until failure. Two holes of diameter 20 mm were predrilled across 
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the specimen width at 100 mm from both ends of the MPC jointed specimen. Two steel bars were inserted into the 
holes to transfer the tensile load to the specimen. The experimental set-up utilized in the tensile tests is shown in 
Figure 1. 
 
Table1. Experimental results of the tensile tests performed on MPC joints 
Orientation MPC size（L.×W.）（mm） Specimen number Ultimate load (kN) Failure mode
 
 
 
 
 
 
 
 
 
 
AA Orientation 

40×75 1 10.77 Tooth withdrawal
2 10.83 Tooth withdrawal
3 13.85 Tooth withdrawal

50×50 1 8.41 Tooth withdrawal
2 6.17 Tooth withdrawal
3 10.87 Tooth withdrawal

50×75 1 12.02 Tooth withdrawal
2 13.93 Tooth withdrawal
3 14.47 Tooth withdrawal

50×100 1 17.9 Tooth withdrawal
2 31.52 Tooth withdrawal
3 25.95 Tooth withdrawal

50×125 1 21.33 Broken MPC 
2 17.43 Broken MPC
3 21.33 Broken MPC

50×150 1 25.11 Broken MPC
2 23.41 Broken MPC
3 - - 

75×100 1 24.07 Tooth withdrawal
2 25.58 Tooth withdrawal
3 31.62 Tooth withdrawal

75×125 1 33.18 Broken MPC
2 32.45 Broken wood
3 11.77 Broken wood

75×150 1 43.97 Broken wood
2 38.96 Broken MPC
3 - - 

 
 
 
 
 
EA Orientation 

50×50 1 8.05 Tooth withdrawal
2 7.1 Tooth withdrawal
3 - - 

75×40 1 7.4 Tooth withdrawal
2 9.27 Tooth withdrawal
3 - - 

75×50 1 11.47 Tooth withdrawal
2 12.01 Tooth withdrawal
3 15.38 Tooth withdrawal

75×75 1 18.28 Tooth withdrawal
2 17.32 Tooth withdrawal
3 25.4 Tooth withdrawal
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3. Results and Discussion 
3.1 Relationship Between MPC Joint Tensile Strength and Joint Size  
Experimental results gathered for the tested MPC joints are shown in Table 1. It can be seen that the ultimate 
tensile load was in the range of 8.41-43.97 kN for the AA loading mode and 7.4-25.4 kN for the EA loading mode. 
The tooth withdrawal, plate breakage and wood rupture are the three main failure modes observed for the AA 
specimens, while only the tooth withdrawal was seen for the EA loading mode. 
The dimensions of the metal plate connector greatly affect the mechanical properties of MPC joints, especially the 
strength and stiffness. The requirements on MPC size given in some standards (TPI 1995, TPI 2002, 
GB50005-2003) indicate that no failure should occur regardless of the plate width and length. The dimensions of 
the MPC element should be determined considering the size of lumbers and the joints to be realized. Larger plates 
allow the fraction of load supported by each tooth to be reduced. However, increasing the length of the plate will 
increase the costs and material waste, and might not necessarily improve the overall tensile strength of the joint. 
Triche and Suddarth (1998) found that the bearing capacity of teeth decreased by 39% in spite of tripling the MPC 
length. 
The ultimate tensile load determined for joints with 50 mm and 75 mm wide plates for the AA loading mode are 
presented in Figures 2 and 3, respectively. The plotted values were averaged from the experimental data reported 
in Table 1as 8.48, 13.4, 21.97, 20.03 and 24.26 kN, for the 50×50 mm2, 50×75 mm2, 50×100 mm2, 50×125 mm2 
and 50×150 mm2 plates, respectively. The ultimate tension load always increased with MPC size except for the 
joint realized with a 50×120 mm2 plate. A linear relationship was found between the ultimate tension load and the 
MPC size with a coefficient of correlation R2 of 0.865. 
The average ultimate tensile loads for AA type joints were determined as 27.09 kN, 32.8 kN, and 41.47 kN, for the 
connectors with sizes of 75×100 mm2, 75×125 mm2 and 75×125 mm2, respectively. A linear relationaship between 
the ultimate tension load and the plate length also presents in Figure 3. A better correlation was obtained compared 
to the 50 mm wide specimens (R2: 0.99). 
 

 
Figure 2. Ultimate tensile loads at different connector lengths for the 50 mm wide specimens loaded in AA mode 
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Figure 3. Ultimate tensile loads at different connector lengths for the 75 mm wide specimens loaded in AA mode 
 
Figure 4 summarizes the experimental evidence gathered from the experimental tests carried out on the AA type 
specimens: (i) for a goven width of the connector, the ultimate tensile load increases with the plate length; (ii) for a 
given length of the connector, the ultimate tensile load of the joint becomed higher as the width increases. 
 

 
Figure 4. Comparison of the ultimate tensile loads for AA specimens with different plate widths 

 
Figure 5 shows the average ultimate load determined for the 75mm width MPC joints tested under the EA loading 
mode: 8.34, 12.95 and 20.33 kN, respectively, for the joints including 75×40mm2, 75×50mm2 and 75×75mm2 

plates. It can be seen that strength of the joints with longer MPC plates (i.e. 75×50mm2 and 75×75mm2) increased 
by, respectively, 55.3% and 143.8% with respect to the 75×40mm2 joint. 
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Figure 5. Ultimate tensile loads at different connector lengths for the 75 mm wide specimens loaded in EA mode 
 
The MPC joints in the AA loading mode are stronger than that in the EA loading mode with the same joint 
dimensions. The ultimate tensile loads as a function of the MPC area are shown in Figure 6. It is seen from Figure 
6 that the ultimate load increases linearly as the joint area increases. The R2 values were determined as 0.73 and 
0.83, for AA and EA specimens, respectively, with an average of 0.77. 

 
Figure 6. Relationship between the ultimate tensile load and the area of the metal plate connector 

 
3.2 Relationship Between the Failure Modes of MPC Joints and the Joint Sizes 
Figure 7 summarizes the failure modes observed in the experimental tests for the MPC joints. Tooth withdrawal, 
MPC breakage and wood rupture were the predominant failure modes. Tooth withdrawal was the most common 
failure mode for MPC plates shorter than 100 mm. Tooth withdrawal occurs when the teeth located on the plate 
edge cannot bear the axial tensile load transferred from the wood. Plate breakage is the most common failure mode 
for the MPC with a length of at least 100 mm and the plate width of smaller than 75 mm. In this case, the strength 
of MPC is not enough to bear large axial loads. Therefore, the MPC is more likely to fail when the connector slot is 
located at interface of the two pieces of wood. 
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Figure 7. Failure modes observed for the Chinese larch MPC joints tested in this study 

 
4. Conclusions 
The relationship between the tensile strength of metal-plate connected Dahurian larch larch lumber joints and the 
size of the connector were analyzed. Two different loading modes (AA and EA) were considered. 
The ultimate tensile loads were found in between 8.41 and 43.97 kN for AA specimens, and 7.4 and 25.4 kN for 
EA specimens. Increasing the size of the connector (i.e. the length of the plate for a fixed plate width and 
vice-versa) allows a higher ultimate tensile load to be obtained. The A linear relationship was found between the 
ultimate tensile load and the joints dimensions.  
Tooth withdrawal, MPC breakage and wood rupture were the three failure modes observed for AA type joints, 
while tool withdrawal was the only failure mode for the EA type joints. Tooth withdrawal, MPC breakage and 
wood rupture occur in sequence as the axial tension load increases. The AA orientation is more appropriate for 
evalauting the axial tension properties of MPC joints. 
Acknowledgments 
This study is part of one Science & Technology Supporting Program during China’s 11th Five-year Plan 
(2006-2010) on wood structural materials that includes other fasteners connection properties in wood construction 
research at Beijing Forestry Machinery Research Institute of State Forestry Administration and full-size Larch 
dimension lumber tests at Research Institute of Wood Industry, Chinese Academy of Forestry. 
References 

Guo, W., Song, S., Zhao, R., Ren, H., Jiang, Z., Wang, G., ... & Fei, B. (2013). Tension Performance of 
Metal-Plate Connected Joints of Chinese Larch Dimension Lumber. BioResources, 8(4), 5666-5677. 

Kyoto University. (1982). Bulletin of the Wood Research Institute, 68, 22-36. 
Chen, G. S., Yu, H. Q., & Zhang, S. F. (2001). Comparison on physical mechanics property of Larch wood in 

different planting density. Journal of Northeast Forestry University, 29(3), 7-12 (in Chinese). 
GB50005-2003. (2005). Code for design of timber structures (in Chinese). 
GB50329-2002. (2002). Standard for methods testing of timber structures (in Chinese). 
GB1931-91. (1992). Method for determination of the moisture content of wood (in Chinese). 
GB1933-91. (1992). Method for determination of the density of wood (in Chinese). 
Gupta R, Gebremedhin KG (1990) Destructive testing of metal-plate-connected wood truss joints. Journal of 

Structural Engineering, 116(7), 1971-1982. 
Gupta R, & Vatovec, M. (1996). Evaluation of dahurian larch in mechanical connections, Forest Products Journal, 

46(9), 89-93. 



www.ccsenet.org/jmsr Journal of Materials Science Research Vol. 3, No. 3; 2014 

47 

Kent, S.M., Gupta, R., Miller, T.H. (1997) Dynamic behavior of metal plate-connected wood truss joints. Journal 
of Structural Engineering, 123(8), 1037-1045. 

Lau, P. W. C. (1987). Factors affecting the behavior and modeling of toothed metal-plate joints. Canadian Journal 
of Civil Engineering, 14, 183-195. 

O’Regan, P. J., Woeste, F. E., & Lewis, S. L. (1998). Design procedure for the steel net-section of tension splice 
joints in MPC wood trusses. Forest Products Journal, 48(5), 35-42. 

Riley, G. J, & Gebremedhin, K. G. (1999). Axial and rotational stiffness model of metal-plate-connected wood 
truss joints. Transactions of the ASAE, 42(3), 761-770. 

Sasaki, H., & Hayashi, T. (1982). Static tensile strength of wood butt joints with metal plate connectors. Wood 
Research, 68, 22-36. 

Triche, M. H., & Suddarth, S. K. (1988). Advanced desing of metal plate connector joints. Forest Products 
Journal, 38(9), 7-12. 

Truss Plate Institute. (1985). Design specifications for metal-plate connected wood trusses. Truss plate Institute, 
Inc., Madison, WI. 

Truss Plate Institute. (2002). ANSI/TPI1-2002 chapter 5-performance evaluation of metal connector plated 
connections (pp. 22-38).  

Wang, Z. H., Ren, H. Q., Luo, X. Q., & Zhou, H. B. (2009). Mechanical stress of larch dimension lumber from 
Northeastern China. China Wood Industry, 23(3),1-4 (in Chinese). 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


