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Abstract 
Creep strength of welded joints in high Cr steels decreases due to the formation of 
Type-IV creep damage in heat-affected zone (HAZ) during long-term use at high 
temperatures. This paper aims to elucidate the processes and mechanisms of 
Type-IV failure. Creep rupture and creep interruption tests for the welded joints 
of Mod.9Cr-1Mo (ASME Gr.91) steel were conducted. Number and area fraction 
of Type-IV creep voids were measured quantitatively. The measured distributions 
of creep voids were compared with FEM computations using damage mechanics 
analysis. It is considered that both the multiaxial stress state and strain 
concentration in HAZ influence the evolution of creep voids. 
 
1. Introduction 
High Cr ferritic heat resisting steels have been widely used for boiler components 
in ultra super critical (USC) thermal power plants operated at about 600˚C. Due to 
their excellent mechanical properties, these steels are also regarded as potential 
structural materials for the new generation of nuclear power reactors. Fine-
grained microstructures with lower creep strength were formed in the HAZ during 
weld thermal cycle in the ferritic steels. Type-IV creep damages that develop in 
the fine-grained HAZ under long-term use at high temperatures decrease the creep 
strength of high Cr steel welds. More than a decade has passed from the practical 
application of these steels to USC power plants, and Type-IV damages become 
serious problem for the structural components. Many researches concerning Type-
IV damage and failure were conducted from the metallurgical and mechanical 
aspects [1-3]. However, the mechanisms of Type-IV failure have not been fully 
understood. In the present paper, creep rupture and creep interruption tests for 
Mod.9Cr-1Mo steel welds were conducted using large plate type specimens 
including original plate thickness. Distributions and evolutions of Type-IV creep 
damages in HAZ of welded joints were measured quantitatively, and were 
compared with FEM computations using damage mechanics analysis. 
 
2. Experimental procedure 
The material investigated is a Mod.9Cr-1Mo steel plate 25mm in thickness. The 
plates were welded by gas tungsten arc welding using double U groove and single 
U groove. In this paper, we call the welded joint with double U groove as Weld-A, 
and single U groove as Weld-B, respectively. After welding, post-weld heat 
treatment was conducted. Creep tests were conducted using the plate type 
specimen in order to investigate the effect of groove configuration. The S-welded 
joint specimens shown in Fig. 1(a) were used for creep rupture tests at 550, 600 
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(a) S-welded joint specimen 

(b) L-welded joint specimen 

and 650˚C. The L-welded joint specimens 21mm in thickness, 21mm in width and 
100mm in gage length, which includes the full original plate thickness, shown in 
Fig. 1(b) were used for creep interruption tests of Weld-A. Figure 2 shows the 
cross sectional view of the weld parts of L-welded joint specimen of Weld-A and 
S-welded joint specimen of Weld-B. After creep, the specimens were cut and 
creep damages (voids and cracks) in HAZ in the central cross section of specimen 
width were measured using laser microscope and image analysis software. 
Measuring method of creep voids is explained in Fig. 3. The distributions of area 
and number of creep voids along the plate thickness direction were measured. The 
number density and area fraction of creep voids were calculated as follows: 

 
Number density of creep voids = n / S                     (1) 

 

Area fraction of creep voids =  SS
n

i
i /

1
∑

=

                         (2) 

 
where, n is the number of voids, Si is the area of void i, and S is the measured 
area. 
 
3. Results and discussions 
 
3.1 Processes of Type-IV creep fracture 
The creep test results for the base metal and welded joints of the present 
Mod.9Cr-1Mo steel at 550, 600 and 650˚C are shown in Fig. 4. The failure 
locations of the welded joints are indicated with subscripts attached to the data 
plots. At all temperatures, the welded joints showed Type-IV failure and their 
creep strength decreased than base metal for lower stresses and long-term 
conditions. The differences in creep rupture times between welded joint and base 
metal tended to widen with increasing temperature and decreasing stress. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Creep test specimens of welded joint. 
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Weld-A 
(L-welded joint specimen) 

Weld-B 
(S-welded joint specimen) 

BM: fractured in base metal 
IV: fractured in Type-IV 

 
 
 
 

 

 

Fig. 2 Cross sectional view of the weld part of the creep test specimens.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 An example of measuring procedure for creep voids in the HAZ. 
(Weld-A, L-welded joint specimen) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Creep test results for base metal and welded joint of Mod.9Cr-1Mo steel. 
 
In order to clarify the formation and growth processes of Type-IV damages, creep 
interruption tests were conducted using the L-welded joint specimen of Weld-A. 
The creep tests were conducted at 600˚C and 90MPa using six specimens, and 
were interrupted at about 0.1, 0.2, 0.5, 0.7, 0.8 and 0.9 of rupture life 8853h. 
Figure 5 shows the binary images of creep voids and cracks observed in the HAZ 
on the central cross section of the L-welded joint specimens after interruption of 
creep tests. It is found that a small number of creep voids have formed at 2000h 
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(about 0.2 of life), creep voids increased with elapse of time, and then coalesced 
to form a crack at 7040h (0.8 of life). The number density and area fraction of 
creep voids were measured according to the method shown in Fig. 3.  
 
Figure 6 shows distributions of the number density and area fraction of creep 
voids in HAZ with creep time. This result indicates that creep voids were formed 
in the area 3-4mm below the surfaces of the plate. The number of creep voids was 
fewer near the specimen surfaces and the center of thickness. The number density 
of creep voids increased with elapse of time till 6000h (0.7 of life) and then 
saturated, while the area fraction of creep voids increased after 6000h. The total 
number of creep voids per 1mm2 and average area fraction of creep voids in 11 
areas shown in Fig. 3 was plotted against the normalized time by creep rupture 
time in Fig. 7. Because the creep voids coalesced to form a crack, the number of 
voids was saturated at about 0.7 of life, whereas the area fraction of voids was 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Binary images of creep damages in HAZ in the central cross section of 
the L-welded joint after interruption of creep tests.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Measured distributions of the number density and area fraction of creep 
voids in HAZ of the L-welded joint of Weld-A with time at 600˚C for 90MPa.  
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Fig. 7 Evolution of total number of creep voids per 1mm2 and average area 
fraction of voids in HAZ of the L-welded joint specimen during creep. 

 
accelerated after that. From these experiments, it was clarified that Type-IV creep 
voids formed at the early stage of creep life inside the specimen, about 20% 
below the surface of the plate, increased with elapse of time till 0.7 of life, and 
then coalesced to form a macro crack at 0.8 of life. 
 
3.2 Creep damage analysis 
Distributions of stress, strain and creep damage in the L-welded joint specimen of 
Weld-A were investigated by three-dimensional FEM analysis. The damage 
mechanics constitutive equation was used for creep analysis as follows [4]:  
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where, σ1 is the maximum principal stress, σeq is the equivalent stress, ω is the 
damage variable, and α is the parameter that describes materials behavior under 
triaxial stress state. A, m, n, M, φ and χ are the materials constants. These 
constants except for α were decided to best fit the uniaxial creep curves of base 
metal and simulated fine-grained HAZ (f-HAZ) of the present Mod.9Cr-1Mo 
steel at 600˚C as shown in Table 1. The FE model for the L-welded joint 
specimen of Weld-A is shown in Fig. 8. The width of the fine-grained HAZ was 
1.3mm, which was decided from the microstructural observations. Because the 
creep test of weld metal was not conducted in this research, materials constants of 
weld metal were substituted by those of base metal. 
 
Figure 9 shows the distributions of maximum principal stress, equivalent stress, 
stress triaxial factor (TF) and equivalent creep strain in the HAZ on the central 
cross section of the welded joint with creep at 600oC and 90MPa. The equivalent 
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creep strain is high near the specimen surfaces and low inside the plate thickness; 
about 4-16mm from the surface. The TF increases to about 5.0 with time inside 
the plate thickness. It shows high values in the areas about 4-16mm from the plate 
surface, while it is the smallest in the surface areas. In the experimental results of 
Fig. 6, creep voids are mostly observed at the area 3-4mm below the plate 
surfaces and are scarcely near the surfaces and center of plate thickness. From the 
above comparisons, it can be considered that both the concentration of creep 
strain and the high multiaxial stress condition in fine-grained HAZ influence the 
distributions of Type-IV creep damages.  

 
Table 1 Materials constants for the Mod.9Cr-1Mo steel at 600˚C. 

 
Materials constants Base metal Simulated f-HAZ 

A 1.04E-33 4.07E-23 
N 13.14 9.16 
M -0.530 -0.282 
M 1.24E-30 1.82E-22 
φ  4.5 4.3 
χ 12.01 8.99 

 
 
 
 
 
 
 
 
 

Fig. 8 FE model of L-welded joint specimen of Weld-A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 Distributions of stress, TF and equivalent creep strain in HAZ in the central 

cross section of the L-welded joint of Weld-A with creep at 600oC for 90MPa. 
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Fig. 10 Changes of creep damage ω with time in HAZ of the L-welded joint. 

 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 11 Distributions of creep damage ω in the thickness direction of HAZ  
for the L-welded joint of Weld-A.  

 
Figure 10 shows changes in the maximum value of creep damage ω with time 
calculated using α=0.3 and 0.5, which compares the predicted life with 
experimental rupture time for 90MPa and 600˚C. For the present Mod.9Cr-1Mo 
steel, it appears that about 0.3 is better for α to predict creep rupture time. Figure 
11 shows the calculated distributions of damage ω in the HAZ of the central cross 
section of the L-welded joint for α=0.3. The creep damage ω shows the maximum 
value in the areas about 3mm from the specimen surfaces. The computed damage 
distributions appear to correspond well to the observed distribution of creep voids 
in Fig. 6. These results mean that it is important to take into account the effect of 
stress triaxiality, both maximum principal stress and equivalent stress, in life 
prediction and damage evaluation of high Cr ferritic steel welds. 
 
Creep damage can also be evaluated based on a ductility exhaustion approach. 
Creep rupture ductility under multiaxial stress condition is given as follows [5]: 
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Fig. 12 Distributions of creep damage based on the ductility exhaustion approach 

in the HAZ along the thickness direction of the L-welded joint specimen. 
 
where, σm is the mean stress and εf* and εf are the rupture strain under multiaxial 
stress and uniaxial stress condition, respectively. Creep damage can be defined as: 
 

                      */ feqD εε=                                                    (6) 
 
where, εeq is the equivalent creep strain. Figure 12 shows the calculated 
distributions of creep damage in the HAZ using Eq. (6). Creep damages in Fig. 12 
peaks at about 3mm below the specimen surfaces: this corresponds closely to the 
experimental results in Fig. 6. Because the equivalent strain shows a high value in 
the surface areas and ductility decreases in the central areas of plate thickness due 
to high stress triaxiality, the creep damage described in Eq. (6) shows a high value 
in areas about 3mm below the specimen surfaces. It can thus be concluded that 
both the concentration of creep strain and the high multiaxial stress conditions in 
HAZ influence the distribution of Type-IV creep damage.  
 
3.3 Effect of groove configuration  
Figure 13 shows the distributions of number density and area fraction of creep 
voids along the thickness direction for the S-welded joint of Weld-B at 650oC and 
70MPa. For the creep interrupted specimen at 820h (0.6 of life), creep voids were 
observed in the area from about 3mm below the surfaces to the center of thickness. 
For the ruptured specimen, a creep crack was observed at the area 3-4mm below 
the upper surface of the specimen. Creep voids were scarcely observed near the 
specimen surfaces. Figure 14 shows another case of the Weld-B ruptured for 
18331h at 600˚C and 80MPa. In this case, creep crack was formed at about 3mm 
from the lower surface of the specimen, and number and area fraction of creep 
voids increased around here. For the Weld-B with single U groove, creep voids 
were formed inside the plate thickness and the crack initiation site was about 
3mm from the upper or lower surface of the plate. These results of Figs. 6, 13 and 
14 indicate that creep damages were mostly formed in the area about 20% below 
the surface of the plate for both the Weld-A and Weld-B. 
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Fig. 13 Creep void distributions of the S-welded joint for Weld-B  

at 650˚C for 70MPa. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14 Creep void distributions of the S-welded joint for Weld-B 
at 600˚C for 80MPa.  

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15 Distributions of creep damage ω in the HAZ along the thickness direction 

of the S-welded joint specimen of Weld-B (600˚C, 80MPa, 15000h). 
 
Figure 15 shows the calculated distributions of damage ω in the HAZ of the S-
welded joint specimen of Weld-B. Because the distributions of ω are dependent 
on the path in HAZ, the data for each path are plotted in Fig. 15. The creep 
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damage ω shows the higher values inside the plate thickness more than 2-3mm 
below the surfaces. The maximum value of ω locates in the areas 2.2mm below 
the upper surface for path 4 and 2.2mm below the lower surface for path 2. These 
computed damage distributions appear to correspond well to the observation 
results that crack initiation site of Weld-B was about 3mm from the upper or 
lower surfaces of the plate. 
 
4. Conclusions 
Aiming to elucidate the processes and mechanisms of Type-IV failure, 
distributions and evolutions of creep voids in HAZ of the Mod.9Cr-1Mo steel 
welds were investigated. Results are summarized as follows;  
(1) Creep voids of Mod.9Cr-1Mo steel weld form at the early stage of creep 

rupture life (0.2 of life), increase with time till 0.7 of life, and then coalesce to 
form a macro crack after 0.8 of life. Creep voids mostly form at the area about 
20% below the surfaces, inside the plate thickness, for the welded joint with 
double U groove. 

(2) For the welded joint with single U groove, creep voids increased inside the 
plate thickness and the creep crack formed at the area about 20% below the 
upper or lower surface of the plate. 

(3) It can be considered that both the concentration of creep strain and the high 
multiaxial stress condition in fine-grained HAZ influence the formation of 
Type-IV creep damages. Stress triaxiality should be taken into account for life 
prediction and damage evaluation of high Cr ferritic steel welds 

 
Acknowledgement   
A part of this study was financially supported by the Budget for Nuclear Research 
of the Ministry of Education, Culture, Sports, Science and Technology, based on 
screening and counseling by the Atomic Energy Commission. 
 
References 
[1] G. Eggeler, A. Ramteke, M. Coleman, B. Chew, G. Peter, A. Burblies, J. 

Hald, C. Jefferey, J. Rantala, M. deWitte, R. Mohrmann, Analysis of creep in 
a welded P91 pressure vessel, Int. J. of Pressure Vessels and Piping 60 (3) 
(1994) 237-257. 

[2] J.A. Francis, W. Mazur, H.K.D.H. Bhadeshia, Review: Type-IV cracking in 
ferritic power plant steels, Materials Science and Technology 22 (12) (2006) 
1387-1395. 

[3] H. Hasegawa, T. Muraki, M. Ohgami, Identification and formation 
mechanism of a deformation process determining microstructure of Type-IV 
creep damage of the advanced high Cr containing ferritic heat resistant steel, 
Tetsu-to-Hgane 92 (10) (2006) 609-617 (in Japanese). 

[4] T.H. Hyde, W. Sun, A.A. Becker, Creep crack growth in welds: a damage 
mechanics approach to predicting initiation and growth of circumferential 
cracks, Int. J. of Pressure Vessels and Piping 78 (11-12) (2001) 765-771.  

[5] A.C.F. Cocks, M.F. Ashby, Intergranular fracture during power-law creep 
under multiaxial stress, Metal Science 14 (8-9) (1980) 395-402. 



<<
  /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


