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Comparison of Bond-Slip Behavior and Design Criteria of High Strength

Lightweight Concrete with Compressive Strength 50 MPa and Unit
Weight 16 kN/m?
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With the recent development of nanotechnology, its application in the field of construction materials is continuously
increasing. However, until now, studies on the bond characteristics of concrete and rebar for applying high-strength
lightweight concrete with a compressive strength of 50 MPa and a unit weight of 16 kN/m? to structural members are
lacking. Therefore, in this paper, 81 specimens of high-strength lightweight concrete with a compressive strength of 50 MPa
and a unit weight of about 16 kN/m® were fabricated and a direct pull-out tests were performed. The design code for the
bond strength of ACI-408R and the experimental results are shown to be relatively similar, and as a result of the CEB-FIP
and modified CMR bond behavior models through statistical analysis, it is shown to describe well on average.
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EIALILEHO| ARO2 XEJt K58t 7oz UK It L} OFEI7IX|= YSZE 50 MPa, HYISE 16 kN/m™ F=2| 11

* Corresponding author E-mail: imysw@gachon.ac.kr

JIHiEn E23ATS} SAFE (Dept. of Civil & Environmental Engineering, Gachon University, Gyeonggi—do, 13120, Korea)
271McHEl . E28ATEM MAFE (Dept, of Civil & Environmental Engineering, Gachon University, Gyeonggi—do, 13120, Korea)
S71MCHEln E28tAEs} w4 (Dept, of Civil & Environmental Engineering, Gachon University, Gyeonggi—do, 13120, Korea)

Copyright (©) 2022 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed 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 original work is properly cited

168



OF.

P
™
o
]
flal

oo

0y

|_ﬂ

a1

=

o

Q)

m

40

O

oY

>

-

=

S~

3 Mo

bl

H

lo

=

oy

H1

oX

oY
—Tm one

=)

oo

El
ol
2
]
Bh
oy
H"
[&x)
(@)
= 0
35
QO
rn
40
O
oM
>
-~
=
~
3
w
Il
i1
10
[
oN Y
H1
oy M
oM =

2.1 MEM=

2 AFolMs 2z = SAIOIM MAE 15 BSEET
E AHIE, KS 7I&0f Hgtet S2t0] o+t 12&ei7 oY
I23ICt MBMRE YTt 2,56 g/em’Ql Z@fot U=
0.75 g/cm™0| WHHE ZIBIHE ARSIFL RS SMRE
7} 2,65 g/em’@l MMt LU=T} 0,92 g/em’™0l WATE a‘a‘o
FEolieH, WAME S HIS2 2f 1.0 20
HALILERB(CNT)| St Hetoty| ot 35 °—| 2
Bigtoll Zei £2F9| 0.115 HE AIISIHLE,

22 22U HALJIM HZE SD400 HIZEC=Z KS 7|&0]

A

= g0l ALSsHRTt,

mo

—
o
|_ﬁ \n

o muH
=

i
|w 2o

Le rm
roh ‘“I |’
:".”:

my e

re
nz

F

17
o
ro
>

22 Z38|E U M2
23020l 25 ¢
oz Haigion, 2020 SENE duap
= 22

PCH 185 Hd4-HME AEs 1, tigd|= Table 12
El

)

ol
X2

0O > o

JH

oo
2
T

0:0)
1

A1
]
o

m
lo
N
[e¢)
e

o
b
o
H-|
rm
ox
pel

uu 4>

o
r
0 m
0115 =

]
P,E
o
40 0

rir
0
i
°
m

>
oo
2
>
00
rn
mm
r|o
w
(W)
I
(@]
O
|0
Hu
w '
Ei
o:
>
iEL
N
=
[o)=]
El
ool

QUEZE 50 MPa, THIEZS 16 kN/m® TUE Z2f 232|EQ|

AEUT 50 MPa, THRIEZ 16 kN/m® 1ZE 22 2I2|E SA-57 HEo| MA7|Znel tlw

SAISS Witsh| 93t AaHARE 232l U 3R
HE T U ONTALS 01, 23 22 3413, 19, 25 mm)
91 30| 25/200] 342 HZ0| 2, 5, 88H)0ICt 0J2fet 4]
SHAE JIE ASAHE & 8171(3 X 3 X 3=277H, 35| HI=Z)0|
B, Al3 P45 Table 30 HlEi0] 0D, ABAIBSO| B4
S Fig. 101, 315 MEHEX| SN2 Fig. 20 LIt

Fig, 201 =1 2K HMAIE A2 2,000 kN 822 UTMS
é%‘t”*\é% +AEIRACH, ol HZnt 2320

5 mm/minQ 252 5tES MsheiHM £

112 CloJE 274E 0[8510d st okst

=

OII

MOIQI éEHtﬂ

HRE MY

|§§‘1
TI= 7o

Table 1. Concrete mix proportion

Unit weight (kg/m’)
W/B

ID S G
(%) | W | C | FA |GGBS| SF | CNT

NC 102 - | 475 - -
EC+C| 20 | 91306 77 77 | 51| 12 86
- | 434 582
EC 102 -

NC : normal concrete, EC : lightweight concrete,
+c : including CNT, W : water, C : cement, FA : fly ash,
SF : silica fume, S : sand, G : gravel

Table 2. Concrete properties

Compressive | Elasticity Unit weight
ID strength at 28 | modulus (KN/m?)
days (MPa) (MPa) | Mosture | Saturate | Dry
NC 65.1 30,462 21.1 21.5 20.8
EC+C 422 18,381 16.8 17.2 16.1
EC 50.7 20,078 16.9 17.4 16.5

Table 3. Test variables

Lightweight Reinforcement | Embeded length
D CNT . .
aggregate diameter (x diameter)
NC - - D13, D19, D25 2,5, 8
EC+C Use Use D13, D19, D25 2,5, 8
EC Use - D13, D19, D25 2,5, 8

25ts| =27 2022 62 169
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Table 4. Results of ultimate load and failure pattern
Embeded length (% diameter)
2 dy 5 dy 8 dy
ID - - - Remark
Reinforcement Reinforcement Reinforcement
D13 D19 D25 D13 D19 D25 D13 D19 D25
* * * *
NC 29.9 339 273 253 29.3 224 273 22.7 16.8 * Concrete failure and the
EC+C 29.8 284 19.1 263 25.8* 13.1% 19.1% 13.1% 13.0* others are reinforcement
EC 312 315 213 278 26.1% 16.3* 215+ 16.7% 13.9+ slip failure
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5— Diameter of Reinforcement (mm)
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E 3.5 °
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= 17k £|0) HAF SEIK|0ES Tajslo) 2ARE T 420 Fig. 9. Comparison between tests and results by Orangun
Table 5. Comparison between tests and existing research results by Orangun et al. 1977 (unit : MPa)
Embeded length (mm)
it 2d 5d 8d
D13 D19 D25 D13 D19 D25 D13 D19 D25
Test | Eq(2) | Test | Eq(2) | Test | Eq(2) | Test | Eq(2) | D19 | Eq(2) | D25 | Eq(2) | D13 | Eq(2) | D19 | Eq(2) | D25 | Eq(2)
NC 29.90 | 36.39 | 33.90 | 39.74 | 27.30 | 26.47 | 25.30 | 26.35 | 29.30 | 19.70 | 22.40 | 16.42 | 27.30 | 23.74 | 22.70 | 17.18 | 16.80 | 13.91
EC+C |29.80 | 29.30 | 28.40 | 23.95 | 19.10 | 21.31 | 26.30 | 21.21 | 25.80 | 15.86 | 13.10 | 13.22 | 19.10 | 19.11 | 13.10 | 13.84 | 13.00 | 11.20
EC 31.20 | 32.12 | 31.50 | 26.25 | 21.30 | 23.36 | 27.80 | 23.25 | 26.10 | 17.38 | 16.30 | 14.49 | 21.50 | 20.95 | 16.70 | 15.17 | 13.90 | 12.28
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20 Table 6. Comparison between tests and existing research results by
- CEB-FIP Model Code 2010 & Modified CMR Model

, ,{/ g CEB-FIP Model Modified

g g Azl L L 1] D Test 7 81| Code 2010 CMR Model

?sf’ /'j,r ces Fenc || (MPa) | (mm) 5 5
z 1, - a|R| T |a|B|R|T
H 7 e DI3 | 299 | 0.52 [ 034 0.86 [ 29.90.55] 2.78 | 0.88 {29.0
A T N 24 [D19] 339 [ 0.65 030 | 0.84[33.9[1.17] 922 095 338
=i | D25 | 273 | 0.66 | 0.74 | 0.70 | 27.3 |1.89| 3.43 [ 0.73 [25.6
. D13 | 253 | 0.79 [ 021 | 0.68 | 27.6 [0.97| 732 | 0.91 |27.6
(2) D13 Bonded Length = 8d NC| 5d D19 293 | 0.70 | 0.16 | 0.40 | 29.2 [0.46| 5.79 | 0.46 |28.5
v D25 | 224 | 049 | 0.37 | 0.71 | 22.4[3.99| 10.7 [ 0.99 [22.4
DI3 | 273 | 0.06 | 052|027 | 172 |2.17 341 | 034|161
_® 8d | D19| 22.7 | 4.09 | 0.45 | 0.88 | 19.3 |0.85| 4.69 | 0.89 [19.0
= e D25 | 168 | 0.47 | 0.40 | 0.60 | 16.8 [6.23| 7.79 [ 0.79 | 16.8
g 7 1 DI3 | 29.8 | 0.69 | 0.30 | 0.68 [ 29.8 [0.45|3.23 [ 0.70 [29.1
: e || 2d | D19 | 28.4 | 0.63 | 0.47 | 0.84 | 28.6|5.22|33.4 | 0.84 |28.3
e D25 | 19.1 | 0.64 | 0.38 | 0.71 | 19.4 [1.17| 6.62 | 0.84 [19.3
; - EC DI3| 263 | 0.53 | 0.46 | 0.79 | 24.8 |1.53| 8.60 | 0.97 [24.0
ST Teeem T +|5d |DI9| 258 | 059 [0.31]0.59|25.8|44.519.7 | 0.94 |25.8
(h) D19 Bonded Length = 8d C D25 | 13.1 | 0.20 | 0.48 | 0.78 | 13.13.36| 8.79 [ 0.97 | 13.1
» DI3| 19.1 | 0.11 | 1.08 | 0.93 | 17.3|33.3/6.70 [ 0.96 | 16.6
= — 8d [DI9| 13.1 | 041 [0.66[0.80 | 15.1|13.8/8.95 | 0.97 [15.0
. e D25 | 13.0 | 0.16 | 0.57 | 0.56 | 12.9 |1.62[3.21 [ 0.61 |11.9
% VY, S DI3| 31.2 | 061 [031]0385(31.2]0.94] 10.3|0.97 |31.2
£ 2k 77| soaneacomnc 2d |D19| 315 | 1.07 | 1.01 | 0.75 | 31.6 | 674 | 11.8 | 0.98 |31.5
2, 7 D25 | 213 | 0.79 [ 091 [ 0.87 | 21.5]4.18] 6.52 | 0.98]20.1
"7, — DI3| 27.8 | 0.79 | 0.50 | 0.69 | 27.8 [9.04| 11.3 [ 0.99 [27.6
s , — EC| 5d | D19| 26.1 | 0.60 | 0.37 | 0.71 [ 25.7|2.16| 8.81 | 0.90 |25.4
' b st 2 D25 | 163 | 0.44 | 0.59 | 0.66 | 16.710.5| 11.4 [ 0.95 [16.9
(i) D25 Bonded Length = 8d DI3| 21.5 | 0.11 | 1.09 091 | 17.3|79.1| 6.55 | 0.96 | 16.5

Fig. 11. Comparison of tests with design code 8d D19 | 16.7 | 0.43 | 1.08 [ 0.83 | 16.1 | 153 | 7.90 | 0.98 | 15.8

D25 | 139 | 0.63 | 1.21 | 0.74 | 13.8 |71.6| 6.50 | 0.84 | 13.4

= =

2 =20Ms ZTRIUAIES 23510 16 kKN/m’, 50 MPag Zot HIot RHTIO| WP} EXf5 =
nAE Az 232|EQ| BAUIEE SOGI¥OH EXENS M A QASH= Zioz micteEct
A7Ent vlmatRict 2 Ao A2E QOofetH ChSht 2t

Conflicts of interest

1. D= Az 2300 AH gk A[H Zuh U=SHEef Hat

ZE7Hol HiH &, oA ZO| 24, 2E20|Q B2fUe7t None.

o HH|H A §2 &olE 4+ It
2. ACI-408RQ| Eate APYAID} AX| MHZADR| HUE &

sif 28107t 25 oSzt 07t 2| LIEfSeH, o=

174 vol. 10, No. 2 (2022)



Oot=7

]

#Ae =2
2 A7s ZEUST/REUSHSY SIS X[H(IHH
5 22NANO-CI56177-03) X 20195 JhEIC St MLy t|

o

X|$(GCU-2019-0307)22 43|}

References

ACl 408R-03, (2003),
Reinforcing Bars in Tension, ACl Committee 408, 49,

Baldzs, G.L. (1993). Cracking Analysis Based on Slip and Bond
Stresses, ACl Materials Journal, 90(4), 340-348,
(1995).
modelling of bond between FRP reinforcing bars and concrete,

Bond and Development of Straight

Cosenza, E., Manfredi, G, Realfonzo, R Analytical
non—metallic(FRP) reinforcement for concrete structures, In
Proceedings of the Second International RILEM Symposium
(FRPRCS-2), University of Naples, Naples, Italy, 165—171,

Eligehausen, R, Popov, E, Bertero, V. (1983). Local bond

2& 50 MPa, HHIZZF 16 kN/m* 1

ZAZ|E Ba-gg /89 dAl el Hluw

stress—slip relationships of deformed bars under generalized

excitations, University of California, Berkeley, Calif, 83(23),
Jung, SW. (2010). The

Environmental—Friendly Utilization of Pond Ash Technical

Standardization  Technology for
Report, R—2007—2-151, Korea Conformity Laboratories, Seoul,
1—15 [in Korean].

Orangun, C,, Jirsa, J., Breen, J. (1977). A reevaluation of test data
on development length and splices, ACI Structural Journal, 74(3),
14-122,

Sim, J.I., Yang, KH. (2010), Air content, workability and bleeding
characteristics of fresh lightweight aggregate concrete, Journal
of the Korea Concrete Institute, 22(4), 559-566,

Sim, J.I, Yang, KH, (2011). Mechanical properties of lightweight
aggregate concrete according to the substitution rate of natural

sand and maximum aggregate size, Journal of the Korea
Concrete Institute, 23(5), 551-558.

Taerwe, L., Matthys, S, (2013), Fib Model Code for Concrete
Structures 2010, The International Federation for Structural

Concretel(fib), Lausanne, Switzerland, 244,

OIEZIT 50 MPa, THE2F 16 kN/m® DT A ZJ|E Hi-42 AHSo| MA7|=11Q| H|w

Z|2 Lo =ol g2 HAMTH=Z 200 019 Ms0| X[EHoZ SItet = AF0ICE, ofX[P Si7iK|l= YSHE 50
MPa, EFRIZES 16 kN/m® HEo| TZE 22 232|ES RS0 H8s| 9Ist 232|E9t Ho| Rat SMof 25t
7 BESE AIMOICE TRt B SR20AS QIEZE 50 MPa, THIEEF 16 KN/m® MEo| T2t: Zi2F 233|E 81719
NES HEIGIo] Zi Ol RAASIS Ssioioin, Asiziniol 318 A7 ET} blmolod BRSNS BIIGIACH AC-408R
of RAZIE AT ABATIE HIDE QAR 2R BTN, SHEMS So CEB-FIP, 2HE CMR £ADIS DY
AYSH Z2op WHAo=2 Z QAlsle Ao HEHEC

stRzAMRsIxISts| =27 2022 62 175




<<
  /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


