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ABSTRACT

When corrugated board is folded at the severely low humidity condition, crack can occur along the scored 
(or creased) lines of linerboard. This phenomenon is called as score (or crease) crack. It is mainly resulted 
from the excessive concentration of stress on the outer layer of linerboard. To overcome score crack, 
many approaches including the installation of constant temperature and humidity system, displacement 
of low grade raw material by long and strong fibers, or application of water have been tried. We examined 
the effect of the weight fraction of top layer in two-ply sheet, freeness of top layer stock and wet pressing 
on strain and elastic modulus of sheet to prevent score crack. Lower freeness and higher press load 
increased the density and elastic modulus of sheet. Pressing load over the 50 kgf/cm2, however, decreased 
the strain of sheet. The weight fraction of top layer had positive effect on strain as well as elastic modulus 
without increasing the density of sheet.

Keywords : Score(crease) crack, linerboard, strain, elastic modulus, weight fraction, freeness, wet 
pressing, density

1. Introduction

Crack is frequently observed on scored or creased 
line of corrugated fiberboard boxes at the severely low 
humidity condition. After scoring, crack can happen 
when board is folded. This phenomenon is called 
“score or crease crack”(1, 2). Scoring defects are 
attributed to scoring process such as misalignment and 
insufficient clearance of male-female scoring heads, 
damage to scoring anvil or scoring profile. Linerboard 
problems like low quality materials, bad formation, 

fiber orientation, etc. are also causes of score crack (3). 
When a thick linerboard or fiberboard is folded, its 
outmost layer is subjected to excessive stress. If the 
outer layer of linerboard is weak or stretched 
insufficiently because of the above mentioned problems, 
there could bring about a crack on the scored line. 

Score crack has been bothersome to many corrugated 
board manufacturers, since it is a quality trouble in 
final stage just before consumer market. It means 
serious cost loss aspect of material and energy to 
linerboard, corrugated fiberboard and corrugated 
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Top ply Back ply

Weight fraction, %
12.5 87.5
20.8 79.2
29.2 70.8

Freeness, mL CSF 570,485,408 485
Press pressure, kgf/cm2 10, 30, 50, 70

Table 1. Variables of handsheet forming condition

fiberboard box manufacturers.
To solve this problem, many approaches including 

the installation of constant temperature and humidity 
system, displacement of low grade raw material by 
long and strong fibers, or application of water have 
been tried (1). Most of these methods have a defect of 
high cost and modification or replacement of equipment 
is not fundamental remedy. Therefore it is desirable to 
improve the properties of paper by upgrade of fiber 
quality upgrade of fiber quality or proper economical 
allocation of fiber raw materials.

Emslie and Brennman (4) elucidated the theoretical 
principle of scoring and insisted that delamination 
stress should be higher than plybond strength of 
linerboard to carry out the scoring without crack. 
Delamination stress is deeply related with elastic 
modulus of linerboard, score width, depth, etc. 
Especially, there is a linear relationship between 
elastic modulus and delamination stress. In addition, 
Youn et al. (5) reported that strain considerably 
decreased at the low humidity condition. Therefore, 
the increase of elastic modulus and strain of linerboard 
would be one of remedies to prevent score crack.

In this study, we intended to examine the effect of 
the weight fraction of top layer in two-ply linerboard, 
freeness of top layer stock and wet pressing on strain 
and elastic modulus of sheet to prevent score crack.

2. Experimental

2.1 Material

Softwood unbleached kraft pulp (Sw-UKP, Russia) 
was used to make two-ply handsheet.

2.2 Stock preparation

UKP fibers were refined by Valley beater with 3 
levels of freeness: 570, 485, 408 mL CSF. To visualize 
the cross section of sheet and measure the density of 
each ply, pulp stock for top ply only was stained with 
blue color dye.

2.3 Two-ply sheet forming

Handsheet was composed of two plies, top and back 
ply. Basis weight of two-ply sheet was 240 g/m2. 
Weight fraction (grammage) of each ply was shown in 
Table 1. Top ply was formed from stock with different 
freeness, and freeness of bottom layer stock was kept 
at 485 mL CSF. Handsheet forming was conducted 
with laboratory rectangular handsheet former. Couched 
top layer sheet was combined onto back ply sheet, and 
then they were coughed together. After couching, 
two-ply sheet was pressed with different pressure 
(Table 1). Drying was conducted by using laboratory 
drum dryer. 

2.4 Measurement of mechanical properties

Handsheet was pre-conditioned at 23℃ and 50% 
RH before testing. Mechanical properties including 
tensile strength, strain, elastic modulus, compressive 
strength and burst strength of sheet were measured in 
accordance with TAPPI test method T410 om-98, 
T410 om-97, T494 om-96, T822 om-93 and T403 
om-97.

2.5 Measurement of density by image 

analysis

Handsheet formed with stained fibers was cut as 
size of 15 mm × 1 mm. A specimen was attached to 
slide glass to observe the cross section of sheet. The 
cross sectional image was obtained by using optical 
microscope of 150 magnification. Effective thickness 
was calculated from dividing polygon area of each ply 
by horizontal length of image. From this effective 
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Fig. 1. Cross sectional image of handsheet.

Fig. 3. Elastic modulus of two-ply handsheet with 
weight fraction of top layer.

Fig. 2. Strain of two-ply handsheet with weight 
fraction and freeness of top layer.

thickness and grammage, density of each ply as well as 
sheet was calculated. Fig. 1 shows an example for 
calculating the density of top layer from the image of 
handsheet which was composed of 50 g/m2 of top layer 
and 190 g/m2 of back layer. Polygon area of top layer 
was 39,178 ㎛2 and horizontal length of image was  
502 ㎛. Therefore, the average effective thickness of 
top layer was 78 ㎛, and the density of top layer was 
0.641 g/cm3.

3. Results and Discussion

3.1 Effect of weight fraction and freeness 

of top layer on strain and elastic 

modulus 

Score crack is a seasonal problem. It happens 
dominantly in the winter season. Therefore, it is 
required to improve properties which are weak points 
in low humidity condition. According to Youn et al.’s 
report (5), tensile, burst and compressive strengths 
increased but strain was deteriorated when relative 
humidity was lower than 50% like winter season. We 
tried to improve strain by controlling fiber freeness 
and weight fraction of top layer.

Fig. 2 shows the strain of two-ply sheet which is 

made of top and back ply. As the weight fraction of top 
layer increased, strain increased linearly. About 15% 
of increase of strain was observed with increase of 
weight fraction of top layer from 12.5% to 29.2%. 
Although top layer stock had the same freeness as back 
layer, the strain was dependent on weight fraction of 
top layer. When the grammage of top layer was 
increased, structural unevenness was reduced and 
stress was easily propagated so that strain could be 
increased. It indicates that structural evenness of sheet 
is good for improving strength. The proper allocation 
of grammage for each layer has good influence on 
strain, but it has a limitation of production cost. When 
the freeness of top layer stock was lowered by refining, 
the strain of sheet was increased. About 7% of increase 
of strain was obtained with the decrease of freeness of 
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Fig. 4. Top layer density (a) and overall density (b) of two-ply handsheet.

Fig. 5. Elastic modulus of two-ply handsheet with 
freeness of top layer stock.

top layer stock from 570 mL CSF to 408 mL CSF. It 
also contributed to improvement of the strain, but its 
increase rate was smaller than the case of the top layer 
weight fraction. In other to say, freeness has a 
limitation for improving strain continuously.

Elastic modulus is also critical property which 
affect score crack according to Emslie and Brennman 
(4). Fig. 3 shows the elastic modulus of two-ply sheet 
which is made of top with 408 mL CSF freeness and 
back ply with 485 mL CSF freeness. Similar to the 
strain, elastic modulus also increased with linear 
relationship. Higher elastic modulus was obtained 
with increase of weight fraction of top layer. As the 
weight fraction of top layer was increased from 12.5% 
to 29.2%, elastic modulus increased by 5%.

As the basis weight of top layer increased, the 
density of top layer in two-ply sheet increased (Fig. 
4-(a)). Though there is little change of the overall 
density of two-ply handsheet (Fig. 4-(b)) with change 
of weight fraction of top layer, it seemed higher density 
in top layer contributed to improve elastic modulus of 
sheet. Moreover, lower freeness of top layer led to 
higher density of two-ply handsheet obviously (Fig. 4).

For two-ply handsheet with the top ply weight 
fraction of 12.5%, elastic modulus increased about 3% 
with the decrease of freeness of top layer stock from 
570 mL CSF to 408 mL CSF (Fig. 5). Refining 
generates fibril and fines so that relative bonded area, 
density and mechanical strength increase. Similar 

trend was observed for other weight fractions of top 
layer.

3.2 Effect of wet pressing on strain and 

elastic modulus

Wet pressing is a representative unit process to 
increase paper density. Densification by wet pressing 
is much higher than one by refining. In this 
experiment, density increased remarkably with the 
increase of press pressure up to 50 kgf/cm2. Generally, 
higher density improves the strength of sheet because 
of increase of relative bonded area between fibers. 
Elastic modulus of two-ply sheet was greatly 
improved by wet pressing. As shown in Fig. 6-(a), 
about 30% of elastic modulus was improved when 
pressure was increased from 10 kgf/cm2 to 50kgf/cm2. 
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Fig. 6. Elastic modulus (a) and strain (b) of two-ply handsheet with wet pressing pressure.

Fig. 7. Elastic modulus (left) and strain (right) with the density of two-ply sheet.

Above 50 kgf/cm2 of press pressure, the elastic 
modulus was insignificantly changed because of little 
increase of density. Fig. 6-(b) shows the strain with wet 
pressing load. Contrary to elastic modulus, the strain 
of two-ply sheet decreased slightly with the increase of 
press load. It means that densification by wet pressing 
made the sheet brittle. Consequently, wet pressing is 
not suitable to improve the strain. To prevent score 
crack, it is needed to improve the elastic modulus 
without deteriorating strain.

3.3 Effect of density on elastic modulus 

and strain 

Fig. 7 describes the effect of the weight fraction and 
freeness of top layer and wet pressing on elastic 
modulus and strain of two-ply sheet. Higher weight 
fraction of top layer, higher effective elastic modulus. 

When the weight fraction of top layer (solid line) 
increased from 12.5% to 29.2%, about 5% of increase 
of elastic modulus was observed. Increased density of 
top layer by refining (dash line) improved the elastic 
modulus. Wet pressing (two point line) up to 50 
kgf/cm2 contributed to the increase of elastic modulus 
by 30%. Wet pressing made the sheet much denser. On 
the other hand, strain was improved by refining 
treatment and the increase of weight fraction of top 
layer, but wet pressing treatment decreased the strain 
despite of higher densification. Refining led to 
increase of strain as well as density. It is noteworthy 
that control of weight fraction of top layer enabled the 
sheet to have high elastic modulus and strain without 
increase of density. In the case of three-layer 
linerboard with a limitation of increasing top layer 
weight fraction, it can be suggested to control freeness 
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of the middle layer stock while keeping top layer 
weight fraction as high as possible. 

4. Conclusions

To prevent score crack which is a major quality 
problem of corrugated fiberboard box in winter 
season, several factor including the weight fraction 
and freeness of top ply and wet pressing load were 
investigated in this study. Lower freeness and higher 
press load increased the density and elastic modulus of 
sheet. high pressing load, however, decreased the 
strain of sheet. The weight fraction of top layer had 
positive effect on strain as well as elastic modulus 
without increasing the density of sheet. It could be 
considered as a good solution for alleviating score 
crack of corrugated fiberboard. 

Acknowledgement

This work was supported by Ministry of 
Commerce, Industry and Energy and partially by 
Brain Korea 21 Project, Korea Research Foundation.

Literature Cited

  1. Kim, S.C., Corrugated board technology, Yejin, 
pp.156-163 (1997).

  2. Savolainen, A., Papermaking Science and Technology, 
vol.12, TAPPI Press, pp.228-235 (1998).

  3. Corrugating Defect/Remedy Manual, 6th ed., TAPPI 
Press, pp.176-177 (1999).

  4. Emslie, A.G. and Brennman, R.S., Theoretical and ex-
perimental study of the scoring and bending of box-
board, Tappi Journal 57(6):289-297 (1967).

  5. Youn, H.J., Lee, H.L., Chin, S.M., Choi, I.S., Physical 
properties of linerboard and corrugated fiberboard at 
the cyclic condition of low humidity, Journal of 
Korea Technical Association of the Pulp and Paper 
Industry 39(2):38-44 (2007).



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondPro-Regular
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Apple-Chancery
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChosunilboNM
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /ExpoM-HM
    /FranklinGothhvy
    /FranklinGothic
    /FranklinGothic-Bold
    /FranklinGothic-BoldItalic
    /FranklinGothicCondensed
    /FranklinGothic-Italic
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinGothlte
    /FZSY--SURROGATE-0
    /FZXBSFW--GB1-0
    /FZXBSJW--GB1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadlineR-HM
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-HeavyCond
    /HelveticaNeueMedium
    /Helvetica-Oblique
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Medium
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MagicR-HM
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /Mhansek
    /MHunmin
    /MicrosoftSansSerif
    /MingLiU
    /Mla
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NSimSun
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /PyunjiR-HM
    /Raavi
    /San02M
    /SandJg
    /SandKm
    /SandTg
    /SandTm
    /SeoulHangangM
    /SeoulNamsanM
    /SeUtum
    /SHeadG
    /Shruti
    /SimHei
    /SimSun
    /SinMyungJoyakja
    /Sylfaen
    /SymbolMT
    /TaeM
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSThgrgl
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDIGasiIIB
    /YDIYGO120
    /YDIYGO330
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDSAH
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


