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Abstract: The shrinkage/expansion behavior and bond carrying capacities were investigated through 4 micro-expensive 

concrete-filled steel tube(MCFST) and 3 conventional concrete-filled steel tube(CFST) short columns. The results show 

that the temperature field in MCFST is similar to that of ordinary concrete members. Concrete core has obvious effect  

on shrinkage-compensating with the addition of swelling agent. Pre-stress is produced in the core concrete when it is  

confined by the steel tube. Both water cement ratio and expansive agent have obvious influence on expansive behaviors of 

MCFST. The tests also indicate that the pre-stress in core concrete can improve bond strength of core concrete and steel 

tube of MCFST columns and proposed a new method to improve the interface bond strength of composite structures. 
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1. INTRODUCTION 

 In the past few decades, CFST have been extensively 
used in modern structures[1]. This is because they have high 
strength, high ductility, construction and convenient features. 
The structural benefits require stress transfer between the 
steel and the concrete in order to ensure their composite ac-
tion. In practice, this has been attained by relying on either 
shear connectors on the inside of the tubes or the natural 
bond between steel and concrete. This bond stress transfer is 
not well understood.  

 At present, the research work mainly concentrated in the 
interface bond in the common steel tubeCFST [2-7]. Most of 
the research was focused on the bond strength of the speci-
men, and it indicated that there are many factors that would 
influence the bond capacity, such as the concrete compres-
sing strength, the roughness of the concrete-steel interface, 
the ratio of the d/t and the interface length, etc.  

 Yet initial defects will be produced in the process of 
construction. When the structure is enduring load, the defects 
will develop rapidly. Charles [8] pointed out that the shrin-
kage of the core concrete has obvious influence on bond 
strength, the shrinkage will not only lead to structural 
defects, but will also affect the durability of concrete. For 
ordinary CFST, the core concrete shrinkage will lead to 
deterioration or separation between the two materials. 
Adding expansion agent in the core concrete to form the 
micro-expansion concrete can effectively overcome this 
shortcoming, micro-expansive concrete can not only 
compensate for concrete shrinkage, but can also produce pre-
compress in concrete core. It can improve the compactness  
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of the core concrete and offsets the initial defects effectively 
[9]. This will help to improve the interface bond between 
steel and core concrete.  

 This paper focuses on the properties of hydration heat 

and confined expansion, which looks forward to providing 
dependencies for optimal design of MCFST. By adding the 
expansive agent to form micro-expansive concrete to im-
prove the bond strength. In this work, first test on the steel 

limited expansion of micro-expansive concrete, and then on 
the 3 CFST and 4 MCFST push-out tests were introduced. 

2. EXPERIMENTAL ARRANGENMENTS  

 To make the contrasts of confined expansion perform-

ance, 5 specimens with different expansive agents were pro-
duced, one of which adopted conventional concrete and the 

others with expansive concrete. The proportions of concrete 

are shown in Table 1. In alphabetical order P-0, P-8, P-12, P-
15 and P-20, the expansive agent ratio (replace cement 

equivalently) is increasing. The coarse aggregate was gravel 

with a maximum size of 30 mm. The expansive agent  
was UEA and the high-efficient water-reducing agent was 

PCA-IV. 

 In this test, the steel has the same material parameters, all 
square steel tube has the same cross-section length of 180 

mm and the same length of 600 mm, the condition of the 

specimens is shown in Fig. (1). 

 In order to observe the expansive behavior during harde-
ning process, there are two strain gauges on each side of the 
specimens. As shown in Fig. (2), they can measure the longi-
tudinal and horizontal strains at four symmetrical locations at 
the column middle height. Meanwhile, JMZX-215 strain 
gauges were embedded in the center of the specimen, which 
can measure transversal strain and internal temperature of 
the concrete core. All specimens were in the same conditi-
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ons, The strains and temperature are measured from 12 h 
age. Data are collected three or four times each day in the 
first seven days, with once a day in the following twenty-six 
days. 

 

 

Fig. (1). 5 specimens. 

 

 

Fig. (2). Strain gauges arrangements. 

 

 To make the contrasts of bond carrying capacities and 
load-slip relationships of CFST specimens with those of 
MCFST ones, 7 kinds of concrete mixes are designed. The 
proportions of concrete are shown in Table 2. The mixes ‘a’, 
‘b’ and ‘c’ are poured with common concrete and their wa-
ter-cement ratios are 0.35, 0.4 and 0.45, respectively. The 
mixes ‘b’, ‘d’ and ‘f’ have the same water-cement ratio but 
expansive agent ratio is increasing. In alphabetical order ‘e’, 

‘f’ and ‘g’, the expansive agent accounts for 12% of the ce-
ment materials based on the mixes ‘a’, ‘b’ and ‘c’. 

 When pouring the specimens, the steel tube was erected 
on the flat steel plate, and then pouring the concrete through 
the funnel, the concrete is cast to about 20mm below the top 
end of the specimen. In this paper, the steel has the same 
material parameters, all square steel tube has the same cross-
section length of 160 mm and the same length of 600 mm.  

 Push-out test arrangements are shown in Fig. (3). The use 
of computer controlled electro-hydraulic testing machine 
feeding stage loading. In the early phase, each stage loads of 
about 1 / 10 of the ultimate loads, the loading speed about 
500N / s, and maintains 3 minutes. When the nonlinear slid-
ing between the steel tube and concrete core has taken place, 
loading speed becomes 200N / s. Two transducers are sym-
metrically attached to the steel tube to measure the slip bet-
ween the concrete and steel tube. Load value directly read 
outs in test machine, from which we can draw the P-S curve. 
The parameters of the specimens are shown in Table 3. 

3. HYDRATION HEAT OF CONCRETE CORE 

 Fig. (4) shows the time-dependent temperature during 
hydration stage for each specimen. It is clear that the hydra-
tion heat rises rapidly in the beginning period and the peak 
comes after a day's pouring. The top temperature of the con-
crete core is about 6.5  higher than that of the room . With 
the heat dissipating, the temperature of the concrete core is 
close to the surrounding temperature 2 days later. Fig. (3) 
indicates that the peak of the curve drops with the increase of 
expansive agent. This may be due to the fact that the amount 
of cement declines as that of expansive agent increases, 
which weakens hydration process on a certain degree. The 
hydration heat of the MCFST rises rapidly in the beginning 
and then drops to near the room temperature, which is simi-
lar to that of ordinary concrete members [10]. 

4. EXPANSIVE/SHRINKAGE BEHAVIOR 

 Figs. (5 and 6) show the expansive behaviors of the con-
crete and steel tube respectively for specimens ‘b’, ‘d’ and 
‘f’. It can be seen that the shrinkage of the concrete core for 
the CFST specimen occurs from 4 days while concrete core 
of the MCFST is kept in compression when in the curing 
stage. This can be seen that the micro-expansive concrete 
can not only compensate for the conventional shrinkage but 
also produces the pre-stress in the core concrete. The trans-

Table 1. Concrete Mix Proportions(Hydration Heat Specimens) 

Mix  

Identification 

Water 

(kg) 

Cement 

(kg) 

Expansive  

Agent (kg) 

Sand 

(kg) 

Gravel 

(kg) 

Water  

Reducer(kg) 

P-0 190 475 0 520.5 1214.5 1.425 

P-8 190 437 38 520.5 1214.5 1.425 

P-12 190 418 57 520.5 1214.5 1.425 

P-15 190 403.75 71.25 520.5 1214.5 1.425 

P-20 190 380 95 520.5 1214.5 1.425 
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versal strains increased obviously before 8-day age and  
almost remain same after 15-day age. 

 

Applied load

Transducer

Gauge

Air Gap
 

Fig. (3). Push-out test arrangement. 

 
 Fig. (6) also shows that in the same geometrical dimen-
sions of the steel tube, the micro-expansive behavior is mainly 

dependent on the expansive agent ratio. The constrained  
expansion increases with the quantity of expansive agent. 

 

 

Fig. (4). Measured temperature versus time relationship. 

 
 The expansive behaviors of the steel tube for specimens 
‘e’, ‘f’ and ‘g’ are shown in Fig. (7). It is clear that the wa-
ter-cement ratio has obvious influence on the confined ex-
pansion of the MCFST columns. The constrained expansion 
reduces with the increase of water-cement ratio. This is be-
cause more energy will be consumed in filling pores due to 
the existence of pre-stress. Meanwhile, the compressive 

Table 2. Concrete Mix Proportions(Push-out Test Specimens) 

Mix  

Identification 

Water 

(kg) 

Cement 

(kg) 

Expansive  

Agent (kg) 

Sand 

(kg) 

Gravel 

(kg) 

Water  

Reducer(kg) 

a 160 457.2 0 619 1149.6 1.425 

b 190 475 0 520.5 1214.5 0 

c 190 422.5 0 572 1215.5 0 

d 190 437 38 520.5 1214.5 0 

e 160 402.2 55 619 1149.6 1.425 

f 190 418 57 520.5 1214.5 0 

g 190 371.8 50.7 572 1215.5 0 

Table 3. Summary of Test Specimens and Results 

Specimen D (mm) L (mm) T (mm) FN(kN) u (Mpa) S(mm) 

a 160 600 4 142.5 0.41 1.348 

b 160 600 4 132 0.38 0.917 

c 160 600 4 126.4 0.36 0.345 

d 160 600 4 171.3 0.49 1.474 

e 160 600 4 193.5 0.55 1.433 

f 160 600 4 182 0.52 1.615 

g 160 600 4 174.1 0.49 0.427 
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strength reduces with the increase of water-cement ratio, 
which leads to the increase of elastic deformation and creep 
deformation, therefore the restriction expansion rate reduces 
[11]. 
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Fig. (5). Time-dependent transversal strain plot of concrete core for 

specimens b, d and f. 
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Fig. (6). Time-dependent transversal strain plot of steel tube for 

specimens b, d and f. 
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Fig. (7). Time-dependent transversal strain plot of steel tube for 

specimens e, f and g. 

5. PUSH-OUT TESTS OF SPECIMEN 

 The bond strength is defined in the following equation: 

            
(1)

 

where FN is the applied load at which the bond failure oc-
curred. D and L are the square steel tube cross-section length 
and the concrete-steel interface length, respectively. The test 
results are summarized in Table 3. 

 At the beginning of loading period, little sound can be 
heard and no displacement occurs. The slip increases with 
the increasing of the applied load, both in linear growth. For 
most of the specimens, a sudden brittle sound can be heard 
when bond failure reaches and then rigid body motion be-
tween the concrete and the steel begins with increasing slip 
displacements. The typical bond failure of specimen is 
shown in Fig. (8). 

 

 

Fig. (8). The typical bond failure of the push-out test. 

 

 The load-slip relationships of specimens ‘b’, ‘d’ and ‘f’ 
are shown in Fig. (9), it can be seen that the bond carrying 
capacity of the CFST is lower than that of MCFST. The fail-
ure loads for specimens ‘b’, ‘d’ and ‘f’ are 132, 171.3 and 
182 KN , the bond strengths are 0.38, 0.49 and 0.52 Mpa, 
respectively. It indicates that expansive/shrinkage behaviors 
of the concrete are important factors of the bond strength. 

 

Fig. (9). Load-slip displacement curve for specimens b, d and f. 
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The different expansive agent ratio in the concrete can pro-
duce different pre-stresses in the concrete .The characteris-
tics of the load-slip curves between the CFST and MCFST 
have obvious difference. In the curves’ linear part, MCFST 
specimens have longer slip displacement and slip at a higher 
rate before failure load than do CFST specimens. 

 The load-slip relationships of specimens ‘e’, ‘f’ and ‘g’ 
are shown in Fig. (10). For these specimens, any parameters 
of specimens are the same except the water-cement ratio. 
The failure loads for specimens ‘e’, ‘f’ and ‘g’ are 193, 182 
and 171.3 KN , the bond strengths are 0.55, 0.52 and 0.49 
Mpa, respectively. Obviously, bond strength reduces with 
the increasing water-cement ratio of the concrete. This is due 
to the fact that bigger water-cement ratio results in smaller 
constrained expansion in the concrete, which induces lower 
bond strength. 
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Fig. (10). Load-slip displacement curve for specimens e, f and g. 

 

 The load-strain relationships for specimen ‘e’ are shown 
in Fig. (11), which is typical for all the specimens. The steel 
tube strain increases from the top to the base at certain load 
level. This is due to the interface bond through which the 
load transfers from the concrete to the steel tube, as Shakir-
Khalil [2] has pointed out. 
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Fig. (11). Load-strain relationships for specimen e. 

CONCLUSION 

 The hydration heat of the MCFST is similar to that of 

ordinary concrete members. It rises fast in the beginning and 
then drops to the approximate room temperature. 

 Through the expansion behaviors and push-out tests, we 
can get the conclusions as follows: 

 For MCFST specimens, both mixture ratio of expansive 

agent and water-cement ratio have an important influence on 
the constrained expansion in the concrete. Generally, the 

transversal strain of the steel tube increases before 8-day age 

and almost remains constant after 15-day age. 

 The push-out test results show that bond strength of 

MCFST specimens is 1.36~1.38 times as that of the CFST 
ones. The constrained expansion rate is an obvious factor for 

the bond strength of the MCFST specimens. The bond 

strength increases with the increasing expansion rate in the 
concrete.  

ACKNOWLEDGEMENT 

 The work reported in this paper was supported by Na-

tional Natural Science Foundation of China( No.50968006); 

the Natural Science Foundation of Jiangxi Province 
(No.2009GZC0021) and the foundation of Jiangxi Provincial 

Office of Education(GJJ09664). The support is gratefully 

acknowledged. 

CONFLICT OF INTEREST 

 None 

REFERENCES  

[1] C. Shao-huai. Modern steel tube confined concrete structures. 

Beijing: China Communication press; 2003. 

[2] H. Shakir-Khalil, “Push-out strength of concrete-filled steel hollow 

sections”, The Structural Engineer, vol. 71, no.13, pp. 230-233, 

1993. 

[3] H. Shakir-Khalil, “Resistance of concrete-filled steel tubes to  

push-out forces”, The Structural Engineer, vol. 71, no.13, pp. 234-

243, 1993. 

[4] Y. J. Liu, J. J. Chi, “Push-out test on shear bond strength of CFST”, 

Industrial Construction, vol. 26, pp.78-80, April 2006.  

[5] Y. F. Yang, L. H. Han, “Research on bond behavior between  

steel and concrete of self-compacting concrete filled steel  

tubes with rectangular sections”, Industrial Construction, vol. 36, 

pp. 32-36, Nov 2006.  

[6] Y. J. Liu, J. P. Liu, J. J. Chi, “Shear bond behaviors at interface of 

concrete-filled steel tube”, Journal of Guangxi University, vol. 35, 

pp.17-23, Jan 2010.  

[7] Y. J. Huang, J. Y. Xue, H. T. Zhao, J. B. Chu, “Experimental  

study of bond strength of concrete-filled square steel tube”,  

Journal of Architecture and Civil Engineering, vol. 27, pp. 44-47, 

Jan 2010.  

[8] C. Q. Rocker, B. Cameron, C. B. Brown, “Composite action in 

concrete filled tubes”, Journal of Structual Engineering, vol. 125, 

pp. 477-484, May 1999.  

[9] X. Chang, C. K. Huang, D. C. Jiang, Y. C. Song, “Push-out test  

of pre-stressing concrete filled circular steel tube columns by 

means of expansive cement”, Construction and Building Materials, 

vol. 23, pp. 491-497, 2009.  

[10] Y. M. Wei, Y. G. Zhou, B. Tomita, “Hydration behavior of  

wood cement-based composite I: evaluation of wood specimens  

 



178    The Open Civil Engineering Journal, 2011, Volume 5 Kai-Cheng et al. 

 

 effects on compatibility and strength with ordinary Portland  

cement”, Journal of Wood Science, vol. 46, pp. 296-302, April 

2000. 

[11] X. Lei, H. Chengkui, L. Yi, “Expansive performance of self-

stressing and self-compacting concrete confined with steel tube”, 

Journal of Wuhan University of Technology, vol. 22, pp. 341-345, 

Feb 2007.  

 
 

Received: November 23, 2010 Revised: August 06, 2011 Accepted: September 03, 2011 

 

© Kai-Cheng et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License  

(http://creativecommons.org/licenses/ by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the 
work is properly cited.  

 



<<
  /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


