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Flexural Performance and Crack Damage Mitigation of Plain Concrete
Beams Layered with Reinforced SHCC Materials with Polyethylene Fibers

June-Su Kim,” Young-Oh Lee,” Young-Yong Shim,” and Hyun-Do Yun"*
"Dept. of Architectural Engineering, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT Required performance for repair materials are strength, ductility, durability and bonding with the substrate concrete.
Various kinds of fiber-reinforced cement composites (FRCCs) have been developed and used as repair materials. Strain-hardening
cement based composites (SHCC) is one of the effective repair materials that can be used to improve crack-damage tolerance of
reinforced concrete (RC) structures. SHCC is a superior FRCC that has multiple cracking characteristic and pseudo strain-hardening
behavior. The expansive admixture, which can be used to reduce shrinkage in SHCC materials with less workability by controlling
interfacial bonding performance between SHCC and substrate concrete. For the application of SHCC as a repair material to RC
structures, this study investigates the flexural performance of expansive SHCC-layered concrete beam. Test variables include the
replacement levels of expansive admixture (0 and 10%), repair thickness (30 and 40 mm), and compressive strength of SHCC (30,
70 and 100 MPa). Four point bending tests on concrete beams strengthened with SHCCs were carried out to evaluate the con-
tribution of SHCC on the flexural capacity. The result suggested that expansive SHCC materials can be used for repairing and

strengthening of concrete infrastructures.
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01429 SHCCE 3 EA3 12 E38E He| 3
2 #AdAle] BsS Brketarat gt o] flsted SHCC
Higol] QoA A oA FFAIRIE F7e 0 H 10%),
3 B7A¢ SHCC 7 F7(30, 40 mm) 2 &=
(30, 70, 100 MPa)E W= slo] 2 Z23TE He| §
9+ EA4S Hriskanh

=
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A ZAYPEE AAYEAE 30 MPagE A F S

I E 9 SHCCY ®3=7AL Table 13 2t} AME Al
=29 A %WM 227 472 Tables 2 2 39
27y Jeplidth. bS5, B8R A 5l wE 3
178 SHCCY ffH 548 Hrtshr] flste] b=, <l
82 FE AIES AAEIAT A2 Ald) ?EL”OH

22 2 AEAN M= A A
o] AFoME F2 EAZE He| § o0 SHCC

E BAS 5 3 2 #gAo] Hee Hrtshr] flske
100 x 100 x 400 (mm)2] 3 B=9] 1218902 B} FAS
A Lgk Fole] FABEE Bt FF7F A A
A 222 F BAAES SHCCE eHiste Whioes

2.4 & AEAE A st o] Wl SHCCY B3 77+ 7 Bt
YEZ 30 E 40mm= HSA|A B FAo mE F 4
2.1 SHCC HiE & M= FEA o] EAE HrIstAl st B A oA v
B g B7Ee 39 AR FREd AR dEE
SHCCE Alxst7] flstd AIRE EAE E2od T&st7] flste] AFA AR = F BAAQ] SHCCE
@l (polyethylene, PE) AFZ H7F3Aom EYUES Al A&ttt Table 4= AEA 45 YeERH Aol
HE F st 1.5%=2 Agstit. B3 A& BE A¥Ale BAA SHCCY B 24417 o] &
& 71E AF"=RE 70 MPat SHCCAA 7HE =& & Fato] 714 *PHMW 289 FAYsESATE. Fig. 12> A3AA
% 04 BAE WA 0% AFHAL BFAE o A1 2 RS ek Zlelt, 48 e 2
YAt Zg Ax gFrjdle] E(calcium sulfo aluminate, ZE 3 7% A@uPHel KS F 2408%) 3t 358274
CSAV KEE AH83ch. =3 B34 Abgel mhe 9 1Sk E=E AUA F9R % S WA strain
ke w3y 915t WAAS gAEA Le TUd displacement transducer, SDT)E A |3t} FGH-9] A
x7e] BE SHCCE AHsiitt. daAl= HAAE < S48kt 24 A2 ES SHCC AlH e 4t v
A TEMIE 261, 47 105120 im)E AHEIROM = mey MAE AZS] s 283 AclNE Bt
Table 1 Mix proportions of cement-based materials
ni ight (kg/m’
Mix type W/B £ repli zz/;lent Fiber‘ volume v tweg.t (kg/m’)
(%) level (%) fraction (%) | W C |EXA| S G Si | PE | MC | SP | SF | AE
Con30 50 | 30 - - 175 | 350 - 770 | 981 - - - - -
PE30-0 - 1,075 -
45 30 489 - - 430 |14.25| 0.52 - - -
PE30-10 10 968 | 109
PE70-0 - 1,281 -
30 | 70 1.5 384 - - 512 |14.25]1 0.52 | 16 - -
PE70-10 10 1,149 | 128
PE100-0 - 1,409 | -
19 | 100 319 - - 163 |14.25| - - 245 | 0.03
PE100-10 10 1,268 | 141
Note) f : specific compressive strength, EXA: expansive admixture, Si: silica sand, MC: methyl cellulose

SP: super plasticizer, SF: silica fume, AE: air entraining additive

Table 2 Physical properties of fiber Table 3 Physical properties of expansive admixture
Specific . Aspect | Tensile | Elastic Specific| . Setting time |Expansion ratio (%)
. .. | Length [Diameter| . . |Finenessf—— -
Fiber | gravity (L mm) | (d, pm) ratio |strength |modulus Type | gravity (cm’/g) Initial | Final T(days) | 28(days)
(kg/m’) | U gy | (MPa) | (GPa) (kg/m’) (min) | (hour) Y Y
PE 0.97 12 12 1,000 | 2,500 75 CSA | 2.83.0 | 3,350 184 5.5 0.072 0.01
362 | st=232|ESlE| =2 M24H M4S (2012)



Table 4 Summaries of beams layered with SHCC

Compressive EXA Layer
Specimen strength of | replacement thickness

SHCC (MPa) ratio (%) (mm)
PE30-0-30 30
PE30-0-40 0 40
PE30-10-30 30 30
PE30-10-40 10 40
PE70-0-30 30
PE70-0-40 0 40
PE70-10-30 0 30
PE70-10-40 10 40
PE100-0-30 30
PE100-0-40 0 40
PE100-10-30 100 30
PE100-10-40 10 40

3. M= AR #xf

Table 5= 3T E 2 SHCCY A& AE AHE HE}

A Aotk FEAIE A3 PE30 AlE|2AA = BEAE o
Alg PE30-10 Wi¥e] 4=7d=7F tiAleHA] 282 PE30-0
Higte] gt wERTE 45% WA YERg oy PE70 2
PE100 v gtolx= A& Eﬂxﬂﬁi A 2 1% 2 6%

Table 5 Mechanical properties of cement-based composites

Fig. 1 Test setup of SHCC-layered beam (unit: mm)
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] k=7 =7F 710tk PE30 Al2]=22] SHCC ¥4 A
TS AAVIEAEE 2 FIAYE @AATY
0%76—1—i A VR o] Aol Az AFT
MPacll4] 100 MPa H<$]¢] SHCC A5+
} F7He ol wet St E AEES B
oA A A whel G L‘rEMXl 34T
PE3O PE70 ¥ PE100 X222 SHCC uﬁﬂcﬂw Jgﬂzﬂ
A wet 24 AdFAEE 24 33%, 1% 2 4%57
st Ao A% HIE-S PE30 AlZ =l sAA o)
Ao wef & ZpolE Ho|X] e3kou PE70 ¥ PE100 4]

SRR
N 1'” @ o rlr

0 oN

1
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Mix type Compressive Elastic modulus Tensile strength Tensile strain Flexural strength |Deflection at peak
strength (MPa) (GPa) (MPa) at peak (%) (MPa) (mm)
32.8 26.3 3.9
Con30 | 333 | 328" | 187 22.6 - - 34 3.7 -
324 22.8 -
37.8 13.5 4.6 1.2 10.3 1.6
PE30-0 | 454 414 13.6 13.5 3.9 45 1.7 1.4 9.4 10.0 1.8 1.7
40.9 13.4 5.1 1.8 10.1 1.7
412 13.4 5.7 0.9 14.1 22
PE30-10| 39.7 39.5 13.2 13.4 6.2 6.0 1.4 1.3 9.1 12.5 2.4 24
37.6 13.6 6.2 1.5 14.1 2.5
78.7 20.4 5.8 1.5 16.7 23
PE70-0 | 525 60.9 16.4 17.3 6.7 6.1 0.7 1.3 18.1 16.4 0.7 1.1
51.5 15.1 5.9 1.8 14.3 0.4
54.6 16.9 6.2 2.6 20.8 2.8
PE70-10| 75.9 67.9 23.6 19.9 6.7 6.6 2.1 2.1 21.2 20.2 3.5 2.7
73.2 19.2 6.8 1.7 18.7 1.8
79.1 27.8 8.1 0.9 20.5 1.8
PE100-0| 75.0 81.7 26.2 26.8 6.5 7.5 1.0 1.0 23.7 222 23 2.1
91.0 26.5 8.1 1.0 22.3 2.1
87.3 25.1 7.4 1.9 14.8 2.5
PE100-10{ 79.2 86.7 26.5 259 7.6 7.7 2.7 2.5 18.3 16.8 6.6 5.5
93.5 26.0 8.2 2.9 17.4 7.4
An average of three specimen’s test results
Zo|olga HHAMRE E£Q5 SHCCE & 22 Z32(E 2o FhaM Mo & & 45| 363



gz A= A A wE} Skehe AEE B

3 AR A, BEANE ﬂ%iﬂﬂ A% PE30 2 PE70
wigtel ¥ ZAwrt zhzk 25% 2 23% Z7HEde 29
U PE100 A=A E BZAHE thA3 PE100-10 ¥igt
o] 3 Zr=ot 24% AE AT Hul A= Al A2 PE
30 AlgjzolA BAANE A wigte] tiAsA] %2
SR 41% Mol F718 o™ PE70 % PE100 Al
=2 BFAE A g Mol 145% 2 161%
7Vt 73 3e] UErsTh

zF wiglt 270 wE SHCCS A& 24417 2 28U 7
o] 3 Al¥ ZA¥+= Fig. 29 L}EMOM FEIFE E
A ASRE AFS FP3 289 7F 2% 20+1°C, F%
60+1%2] =2 FFHoA ZZstAct. EAQ0 30 MPa
ZAES] A AT 28U7 440 po] FHFo] LS}
2tk SHCC 79, PE30-10 vl = 2719 500 n
o] o] WA £ 1264 WA FHo] BAFAoH
PE70-10 ¥igtollx= ) s§7o] 235 u BT 5 519
o] o] WAEATH PE100-0 MFS W& E-ATA
(W/B) HIZ Qlale] 27] 20 =& 200 wrtA IA A
QA %k, PE100-10 vl ol A o] & AsjA17) 2 s ego]
7VE 3A YErs

BAANE A5 30 D 100 MPaw SHCCE 3 ®7te

Fig. 3 Typical cracking procedure of SHCC-layered beams
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Fig. 2 Results of shrinkage test
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Fig. 4 Sliding between concrete and SHCC layer

Zalo|2 UMRE Solst

-

Z4et AgA o] v A7 AAH ez A 4
Atk ol BAF FAV AAWA FHEH AW Aol
o] Ag)7} #olA|ar, Fato] a3k $Ho| FojEo] A
Aol ZHg-sh= m1e o] FolEe a3E HoFe A
o2 Alg#h

PE30 2 PE70, PE100 =& Al2]=¢] HoAX AFAE=
oA st AR vz Wzt Ho 70% FAse
&332 YeRRITE PE100-0 A@]2 AFA e AR
oA e 1.0mme] wLefd WHeZE Arw FAE
o} SHCC7} #eElse= AFS Hole Zo2 Yyt
a8 AN ES thA| g PE100-10 Al2]2 A A o=
AHo e W7t 04mmE AR EY ole W
W/BZ Zb= PE100-004 %710 Ajdog & $30]
WAy ste] Ao A o] WMR7F A HAYSFAA T, A
A2 FSol st FFo] 7Haste] BAet SHCC At
ol9] mie} W7} AT Ao= rhEc)

Aol vy Heeh ¢ Ao AAAAE A
HH BAjel SHCC AHoA o] W7 ALl glo](E+
0.1 mm) 32 A7kA] dA =2 A% PE30 AF=ET}H A
He] HL7F He 0.8 mm TS PE100 AJ2]=olA] 1
Al #E A 540 S5 YerETh ol E2Al9}
By 074 Aol dAZ Asste AX FEEE
zh= A8 A (rough surface)2.th Aol 2] M7} o=
A dAste vy FARAHE 2= A A (smooth
surface)’t Pl #€ F4F S04 feElgh Aoz AR
=, AW 543 #824 54 371e Kamadad]

F AR AA et

Lo W

438 HE 5%

Fig. 5= 8 &8-33 #A Fdoim 7 2z 37)
AA e A8 Axe] g veRd Zeolth AF
Aol 749 sket | Sl WA= KS F 24089 1+
& wh o3 7o) AHgEidny?

Pl
Js e
od71A, £, : B =(MPa) (=N/mm’)
P AR7I7F vElE Ad ek
[ : ZZHmm)
b : I @Ae] 4] (mm)
h o 9 ©HHe] =] (mm)
SHCCS] & w7 F7

£ FZIgE Ho I
HslE Wwaste] BT PE30, 70 2 1009 ZE A=
ol S 30 mmit} 40 mmzE RS wel Y=
S7tete A3 B ol& sHi-e] SHCC FA7F 5
Vs o B tEre] ZuEe] § Also] saE A

o2 JdEn
30 @ 70 MPa® SHCCE E7}3 A3A|=
Aot Skl uet o 3 A=t SEAARE, 100

N
»
%
an
Q
a
Lo

SHCCZ & =ZE Z32|E 22| w4y Mol & & 451365



Fig. 6 Definition of toughness by JSCE-F-4°

Fig. 7 Toughness of SHCC-layered beams
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Fig. 8 Strain and stress distribution of SHCC-layered beam
for calculating flexural strength

Fig. 9 Tensile strength of SHCC defined by JSCE"™
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Fig. 10 Comparison of calculated and observed strengths

A Al H&7FsAol e AeR ddHE
5.4 =

o] AFolME WA AWE BFA=Z 3 witd
2 Z3YE Ko thate] SHCC AAYEAE, B7
A 2 BAA A R mE T 2 FLEA
H sttt ol
=hia=

1) AHESFS] 10%ZS CSAA FHAZE thA| g SHCC
Mgt 545 AuEd QAT 3¢
WAAE A wigto] tiAEA] &
7kttt wheka SHCCO] 17 deo] Wx
o wgt A MAEE Aoz et =
¥ PE30 Al2|Z wigtellA 71 & FFo]
W AAYFAEE STl wet BARANE
At wigte] 5 FAgo] A YehsTh

2) SHCC ®B7F A&Ae] 3 A% A3, FAAE Al
st AEA A WL A T3 b
et wEbA] HAAE AHES SHCCE B - 1B
Aate Ag AW mey Mol A F
thre] vl g Ao EapHolgta ek

to o 41

>

g 1o

N

==
o 10 >

£ o of ofo of

EETQ

3) A,  SH-AF AA FA, AA 5o e
2 SHCC 27} ARAe] 8 d5S Hris 2, 3
AAE A AFA e 8 Fo] AAHoRE T
He A4S HATE TS SHCC 274 ‘:771]7} 30 mm
ANA 40mm=E F7HEe wet APA BT E Ax
3o BASIATLE ol A o %%fz} U
B4 1ol 3 s St 4 vxl 2oz #
ezi=

4) SHCC-J B 8 w}%— e oZsy

i =
GaBART Ak AL @ 5 AT ol
A Zzoz ys) 2w F A= o A 2 A
= S AoE A, A Be| & B A
g2 Sstel 4 Frel FaFEaE v g o



7t F7t2 Fesita Al E

=L

1. &85, A83, A, “HH4F T/ s HEH
s}& *1 WE HAS AEER)” dHedFes =iy
TZA, 244, 5%, 2008, pp. 141~148.

2. drhAl AT Ao A0, “PET Ao ELxA9)
e ARE %%Liﬂgl HY 733t 54, e E5es] =
3 FZA, 244, 103, 2008, pp. 37~44.

3. A8E, ATl EHo T BEE FAAg A{RT}

A
RE2E2(ECC)9| o3t 543 B s S2YES
, 1549, 3%, 2003, pp. 462~469.

4. Kamada T. and Li, V. C., “The Effects of Surface Prep-
aration on the Fracture Behavior of ECC/Concrete Repair
System,” Cement and Concrete Composites, Vol. 22, Issue
6, 2000, pp. 423~431.

5. Li, M. and Li, V. C., “Behavior of ECC/Concrete Layer Repair
System under Drying Shrinkage Conditions,” Proceedings of
ConMat 05, Vancouver, Canada, 2005, pp. 22~24.

6. Hassan, K. E., Brooks, J. J., and Al-Alawi, L., “Compat-
ibility of Repair Mortars with Concrete in a Hot-Dry,”
Cement and Concrete Composites, Vol. 23, Issue 1, 2001,
pp. 93~101.

7. 019, &%, “BAA A& wE AFET A

E i‘{}zﬂ_,] stz EA” g ESH3] =53, 224,

5%, 2010, pp. 617~624.

8. frEEAle)s], mazlEe] 3 2w AFUHKS F 2408),

10.

11.

12.

13.

14.

15.

=EEH 3, 2010.

. JSCE Standard SF-4, Method of Test for Flexural Strength

and Flexural Toughness of Fiber Reinforced Concrete,
1984, pp. 58~66.

Whitney, C. S. and Cohen, E., “Guide for Ultimate Strength
Design of Reinforced Concrete,” ACI Journal Proceedings,
Vol. 53, Issue 11, 1956, pp. 455~490.

TAREEr a7 — MRERE, “HENHIO OEIRUY R
SREN Y NVOFMELFIH, 2 v 27— MEiEY ) -X, No.
64, 82 pp.

Mohammed, Seddik meddah, Masahiro Suzuki, and Ryoichi
Sato, “Influence of a Combination of Expansive and
Shrinkage-Reducing Admixture on Autogenous Deforma-
tion and Self-Stress of Silica Fume High-Performance Con-
crete,” Construction and Building Materials, Vol. 25, Issue
1, 2011, pp. 239~250.

Minoru Kunieda and Keitetsu Rokugo, “Recent Progress on
HPRFRCC in Japan - Required Performance and Appli-
cations,” Journal of Advanced Concrete Technology, Vol. 4,
No. 1, 2006, pp. 19~33.
FUE, FUE, BPD, DAS, Aol2d, P, “u
9 SAM FHFE AHET I AUE BIA Y 5
a7 EH6P74ZUL§] 24, 214, 9%, 2005, pp. 51~58.
Lim, Y. M., Wu, H. C,, and Li, V. C.,, “Development of
Flexural Composite Properties and Dry Shrinkage Behavior
of High-Performance Fiber Reinforced Cementitious Com-
posites at Early Ages,” ACI Materials Journal, Vol. 96, No.
1, 1999, pp. 20~26.

k=4 o HE - BAAE e, HEA, WT7A,

& ol wAAel 95 wEAs A S g
T A= SHCC B7FA19] 7

48 A 7z ARE B8 omx} #e).

UHAIgO.I

= O

0!

—— =4

368 | =R ESS

EN=
[

| M247 M4z (2012)

_/

=, A A o8 2 B

WA, HYYUY NME =on, 24, 83, Y 2

R o} —tv'j—]
5-3}A (strain-hardening cement- based composite, SHCC)7} 7]<&
AL ek WY SHCCE BAHAE o]&ste] 50 W




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /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
  ]
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


