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Mechanical Properties of a Lining System under Cyclic Loading Conditions
in Underground Lined Rock Cavem for Compressed Air Energy Storage

Dae-Sung Cheon, Chan Park*, Yong-Bok Jung, Chulwhan Park, Won-Kyong Song

Abstract In a material, micro-cracks can be progressively occurred, propagated and finally lead to failure when
it is subjected to cyclic or periodic loading less than its ultimate strength. This phenomenon, fatigue, is usually
considered in a metal, alloy and structures under repeated loading conditions. In underground structures, a static
creep behavior rather than a dynamic fatigue behavior is mostly considered. However, when compressed air is stored
in a rock cavern, an inner pressure is periodically changed due to repeated in- and-out process of compressed air.
Therefore mechanical properties of surrounding rock mass and an inner lining system under cyclic loading/unloading
conditions should be investigated. In this study, considering an underground lined rock cavern for compressed air
energy storage (CAES), the mechanical properties of a lining system, that is, concrete lining and plug under periodic
loading/unloading conditions were characterized through cyclic bending tests and shear tests. From these tests, the
stability of the plug was evaluated and the S-N line of the concrete lining was obtained.
Key words Fatigue, Cyclic loading, Creep, Compressed air energy storage (CAES), S-N line
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Fig. 1. Components in a lined rock cavern for CAES.
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Fig. 3. MPT (Multi-Purpose Testware) procedure (a) and shear
load profile in MPT (b).

MPa, 2|4 1 MPa)ofl =Eshl 1027F 158 2%
F oA Ak 9 AskE whashes Asiick Hd
5008]} REAEsES Zistglon Afsh 3 Ask
ollA] 5 mm o) FkAH7} S AledE Asom
RIS ASIATE. MPTOA oot 4o A
S & AS s 2ukUL Fig. 3(b)2F 2
o} skea Aot o - FAT AR wjA] A
Al B AS7e] FEE E a7k olof ek T Al
2 ARE skl

2.2 Algzdnt

AA/eteld IEjH|o] 2o thste] 1~5 MPad] 4=2]
52 2HolA 18] FEATAHS 83to] 7|2l
715 kit 18] A A A-7|7} gl HHE <l
Ejgo]2o]7] wfiol Aehdgre] TAGle] 4T A
A AR Holdeh 53]9) AJfollA] gt
25- A ol digh A3l At 32.83°9] 7]
wnpEkzto] S FIthFig. 4). QIE|#H|0]~e] 7] EnpEkzt
& 283t Mohr Coulomb #3|7|%& FA=2 & off 4
AR =T 2 MPao] Bji= 41382 3.1 MPao|th
2 Aojils FASY S HIKAA Hdsks/ A= vzt
94~123% W9lolA] WHEHATAIES =aatylch

A@ATH= Fig. 59} o] He-g=/71==100% °|3}
oM mjmme|glo] sk gkout, A/
=116%°l A58 wjziejgo] WA¥st7] Al&kstqict 1
2} o] Ao oFstA 3K hardening) @ o] LAY
gk F ohA] ol akERlS] WA AFASS ot
Ao vepgtt a2y Aohge/ 7 E==123%RE = o
221 njzref o] WhAstglen A3 e 2 MPao
TaekA] Zgon Addert o Al Ast
(softening) F/do] HAYsIGIct. ehgH HH A=Y 7H-¢-

4,=32.83°

Shear strength (MPa)

T T T T T
o 1 2 3 4 5 6

Normal stress (MPa)

Fig. 4. Basic friction angle of the interface between rock
and concrete lining.



80

234

Asht At del flofok st 2 ddor= AR
o) e AR Qls| ofdt @] WAt Aow
Aoten AAERTE 2 ATEIE(100% ~ 116%)0
A wlTie] HAsHA] o Al AR A3

(0.045 MPa), Ak Hg= 5l 54 22} 5of 719l

Aoz HekHr

olabe] WHEATHAY ATk Folet e AV
ERAAQS HAT B9 kB e
35 AE U WIS 2ste] AW £4S

ES 2
oo /100 S 71EE 739 Ze)0)
[e)

= QPgAS SR 4 93

B AZEHER FEWelA Gl Aee
et ohult AEA o BEo] WA
Zei Az ARle) Bk WEAREel

watch

Shear stress (MPa)

Shear stress (MPa)

3t

il

UE71MA] AUl 2211 QEH ]

25 :
6,=329MPa, <, =212 MPa
Stress/strength = 2/2.12 = 94%
20
1.5
1.0 /
0.5
0.0
0.0 0.5 1.0 1.5
Shear displacement (mm)
a) shear stress/strength = 94%, no slip
25 T
6,=254MPa, 1, =164 MPa
Stress/strength = 2/1.64 = 122%
2.0 /
1.0 /
05
0.0
0.0 0.5 1.0

Shear displacement (mm)
c) shear stress/strength = 122%,

two faces matched after hardening

4 A5t Qg1 AR Rl diet wEsFe daka 937t

31 A=l S2|H, At £

Aol AR Alae FEAS FHsl] flste] 2
A2E HEGAol =ste] AAGE oF 42 MPad| 3
T ZAYUER ARSIt A7) AlFAI S
ARt W ErskE vl Alg dE S of 1 |
O} F7IHE AR T A HE SIGITE AR bt
el 474 FZAY A|ZFE 2l 150 mm x 150 mm X
550 mm] Z}5ER ARt AlbE AlEs E(5.7%),
3FAHE(16.8%), R2(30.0%), AFAIEA, 7.2%), &
3F(0.3%) OB FAEY o, HHEEIdAES
el A A%, HFAdEHe] Azl disf 2z 5314 7]
EE2AEE stk S5E Al@Z 2= Table |

3} o] Uepge,

2.5

T
0,=3.10MPa, =200 MPa
Stress/strength = 2/2.00 = 100%

2.0

A
A
A/

0.0

Shear stress (MPa)

0.0 0.5 1.0 1.5
Shear displacement (mm)

b) shear stress/strength = 100%, no slip

25

T
o =251MPa, 1, =1.62 MPa
" oxpactad
Stress/strength = 2/1.62 = 123%

J/
A/

0.0

2.0

Shear stress (MPa)

0.0 0.5 1.0 1.5
Shear displacement (mm)

d) shear stress/strength = 123%,

continuous slip and softening

Fig. 5. Shear behavior with the ratio of shear stress to shear strength.



edat A5HgL

Table 1. Physical and mechanical properties of concrete used for 4- point bending test.
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Dry condition 2.37 2.92 1,110 4,420 56 21.2 0.12
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Specimen No No. of evele Max. Load, £, ,. | Bending moment, | bending strength, Remark
P : -obey (kN ) My (kN - mm) 0, 5( MPa)
B -1 35 2,625 2.33 Normal
B-2 37 2,775 2.47 bending test
B-3 36 2,700 2.40
B-4 39 2,925 2.60
B-5 37 2,775 2.47
average 36.8 2,760 2.45
B(95) - 1 59 50-95%
B(9S) - 2 1,981
B(9S) - 3 559
B(95) - 4 421
BS) - 5 3,058
average 1,216
B(90) - 1 713 50-90%
B(90) - 2 2,748
B(90) - 3 26,434
B(90) - 4 5,296
B(90) - 5 2,051
average 7,448
B(85) - 1 3,072 50-85%
B(85) - 2 30,957
B(85) - 3 2,473
B(85) - 4 17,904
B(8S) - 5 40,295
average 18,940
B(80) - 1 35 2,625 2.33 50-80%
B(80) - 2 33 2,475 2.20
B(80) - 3 35 2,625 2.33
B(80) - 4 34 2,550 227
B(80) - 5 35 2,580 2.33
average 344 2,580 2.29
B(70) - 1 36 2,700 2.40 50-70%
B(70) - 2 39 2,925 2.60
B(70) - 3 35 2,625 2.33
B(70) - 4 34 2,550 2.27
B(70) - 5 34 2,550 227
average 35.6 2,670 2.37




Eda} Ashgt 83

6.6%2] ZFEAIE HATKFig 8).

Fig. 9% WH23 Aol 4 w7} whalshedel v
-0} HeiAaksl S ofmlsh 24 stress level)
o PAE THLE EAIG Zolck ulE ko] 2
Ak SN PAS Doz 7pgeta, whEsiEe] 2]
7} o] QPgAe] ulAL wkEslE At s1sek 1A
Rleki 74 & @Ale] Aaks olrshy 80%2)
PAfststge] A8 ), telre] EaeE oy
oA QA7 Hysteln oF 1409H)(AY LAF
715 7Vgs o 3,835de] aliE o] whaAfsl} ol
of Aok 3h& olulsiet. et 9ot 2 el 2L Hak
o] & MFS|FIREE AZE Aujol] whe] it 4
skt w2 ol 58 e 71 Alge] SaEof
oF & Zelck

shEslEo] O3t A=A} T W ZATE don
T4 ), WEE 9 olavkal e e S4sk. Fig 10
& HeAistsEo] 95%2] Al2o] HHEETIA A &
9l X%, sk e 1e)3 Wagel et et

¢

W

3600 - 235

®  Bending moment
= Average of bending moment
©  Strength
= 3200 e Average of strength
€
z . . 130
E 2800 ' ;_m\
€ | - =
g n L] ‘3’
@ 24004 e
3 ~ 425 @
@ & .
o . .
20001 :
1600 ; : . . 2,0
0.6 0.7 0.8 0.9 1.0 1.1
Stress level

Fig. 8. Degraded mechanical properties due to cyclic loading.

0.9 4

0.8 o

0.7 4

Stress Level (P/Pmax)

0.6 T T T T T 1
0 1 2 3 4 5 6

Fatigue life (Log (N))

Fig. 9. S-N line for a concrete lining.

o MREZZAHN AT AFES A, M2 o
RSITINA HHEARER Qs o] ghE G4 ME Ao
2 WSSRE S BT el vlauialge) A9
AR RG] oIt Sl AR 1) WL AE
o]7] whgo] ofeigh k=Rl UeA] gkat 440
2 Z7kks wag Beth 24N AststEol

r Lo

0.5 4

044

E
é 0.3 4
=
S
8
= 0.2 4
@
fa

0.1

00 T T T T T 1

0 200 400 600 800 1000
Time (sec)
a) Deflection vs. time

2500 ~

2000
w
2
= 1500 4
o
2
=
2
] 1000
(5]

500

o T T T T 1
0 200 400 800 800 1000

Time (sec)
b) AE cumulative hits vs. time

300

Strain of an expected failure area
on bottom surface (ue)

T ¥ T X T L T
200 400 600 800
Time (Sec)

¢) Strain vs. time

Fig. 10. Deflection, AE hits and strain with time in a cyclic
bending test at 95% loading condition.



84 B 26} opE

50%7}F 7Vl R 749 9F 0.145 mme] A o] WAYstE 1L
(Fig. 7), ol F7HA o= 0.145 mme] o] AUt
< ol o=tk ey HjAstslEol 95%¢1 Al
29| REaEA A= w7 g wizhA] =71
o7 UhlEE AL oF 0.12 mmEA FZAF Al
sl o] AA WS AFefollAl w7t Wik &
o= Atk Fig. 108] A=FA19] 4 32t 92452 Al
242 oF 600 sec7} At Fof] & 4> Qli= Wb, wlasa)
Y FAAY] A9 o]Er} oF 50 sec(WHESlG= 100
3lof| a7 W2 550 secollA] mlE] AX|7Hs TR
ek HFE-AIGA AA] oF 550 secoll A ko] H}
AL s & 5 Qe °lb ﬂ%%ﬂdﬂ ez 2l
3f 2EHQIACIA]9] Fho] FFe & Aor wetEr)
SE|)IAIOIA 9] - 32} Aiﬂii upAS 2| A]
8171 sHAIRt o]5o] FAbE =53] dRx|ee] Aut
= A = Q7 el AA 9% Zﬂ%oﬂﬁ% A
= zh=th olof wWhef| mlamhi) S £749] A9 AlATE
AR AFS =R 1 99 B 1*7}—0}71
tzoll FHE golid o] HEslEAstol uhE uE
AiEsk= dl Qo] Hifiet WRE ASET nlauiils A
So] P wtshs Hl Hotk asAdE o 4 Qo
Fig. 112 Aslals-o] 27]9F HHEslaof whe} AllA

3 A e ol askag SRS ek Solck
BEEEIAH) M) Hlat e FAIALS QurAe)

AYPAFTT o] 3PAR FEEHAHNS & = o,
T3 Xiao et al.(2009)0] LE3F ZAGF 1} GAGHS

Bt mlamty]d =R A ofgt g2AF] A9,
Aslslgol wel 4ol meFo] gepA|H, Astslgol
2rS4 5 22 A9 vlauhy] 3] A& ET} Yoy
< Holrh wekA w|AiutaSe] HALEE HAdl=
A A71F < A TSl T7W° A= At

o

4000
95% stress level

3000 85% stress level

2000

Cumulative hits

1000

70% stress level

T T T 1
0 7000 14000 21000 28000
Time (sec)

Fig. 11. Classification of AE cumulative hits with different
stress levels.

4. 2 E
A AT Sotet 22 A7t Awdaadl
= HIAIE B AES AsH A HE E

AlEER Z90s FeUiiolA A=l A8
785 bt AbsA o2 ghEyo] ARt webs &
9oL AR AR|O] ATt Ao tate] S5
Sfthel AEg7loun AgEEe) PiAe gue
Aoz et
WHEZTA oA Aol WE AEAs
sferstgon, el TRy Al
. 85%9] ZAIEIEIES W AR 79 oF 18,940
WREAS) 5w 7h Akl o 80% ) Z|chAtst
Bl5S W 9 of 140%tsle) whEAs} Fof 1)
7h s Aos ARtk EFEAFHA 27
H AR njaub]S A= ZoRAke. ol g8
AFa} o] AR FRE ASS wylon, ujant
1 =Ao] HEo|} HY=A o vl A&l ok
e HSR o BRH ASPHAL B 5 9
Qrk. E& AhAsisiEe] Ae4s mEAEe 2%
Al 4l SasEst ol g oF 4 A
ouf, nlamtalg e sl2skalsl el Mol
AsHA WS HAth

2~ 0]
TM

f
Sk
9;

ﬂ_ﬂ m]o

2 AT AR AT 7
A oAl ARSIt
2 A5k

A1 At

W7\ A dgo

REFERENCES

1. Amadei B. & Curran J. H., 1980, Creep behaviour of
rock joints, 13th Canadian Rock Mechanics Symposium,
Toronto, 146-150.

2. Badge M. N. and Petros, V., 2009, Fatigue and dynamic
energy behavior of rock subjected to cyclical loading, 46,
200-209.

3. Byung-Ki Park and Seokwon Jeon, 2006, Dynamic
Frictional Behavior of Artificial Rough Rock Joints under
Dynamic Loading, Journal of Korean society for rock,
16, 166-178.

4. Byung-Ki Park and Seokwon Jeon, 2006, Dynamic Fric-



EERREE R 85

tional Behavior of Saw-cut Rock Joints Through Shaking
Table Test, Journal of Korean society for rock, 16, 58-72.
. Chang-Woo Hong, Seokwon Jeon and Hae-Moon Choi,
2002, Shear Deformation and Failure Characteristics of
Rock-Concrete Interfaces, Journal of Korean society of
civil engineers, 22(6-c), 673-680.

. Dae-Sung Cheon, Eui-Seob Park, Yong-Bok Jung,
Chulwhan Park and Joong-Ho Synn, 2008, Monitoring
Technique using Acoustic Emission and Microseismic
Event, Journal of Korean society for rock, 18, 1-9.

. Dohyun Park, Hyung-Mok Kim, Dong-Woo Ryu, Joong-Ho
Synn and Won-Kyong Song, 2011, Numerical Study on
the Optimal Shape of Concrete Plug for Compressed Air
Energy Storage Caverns, Journal of Korean society for
rock, 21, 164-173.

. Euiseob Park, 2000, Mechanical behaviour of a concrete
plug in storage cavern: by experimental and numerical
method, PhD Thesis.

Mo
19973 A&dishar Fafeiet A

3} gt

1999 A gTishit oshl Aelesta
Fakaah

20069 A&hstal jshel X724
.

I
I~

e

al
o

Tel: 042-868-3248

E-mail: cds@kigam.re.kr

A TR AAE AT A2 A
SEBEER

yg=

199413 A-eofsfa Fries; 2ekzer
*‘4' .J_U]—,{]—

1996\ Aefatin ot Adaatat
q_‘é‘]—/\“ /\}

20004 AeTieha sk AFebgAl
28 gy Fshubat

Tel: 042-868-3097

E-mail: ybjung@kigam.re.kr

AA A=A LAAATA AL AT
RERBEED)

g
e
oM

ol
4

o
1982 A
*‘4' .J_ﬁ]—,{]—

q_‘é‘]—/\“ /\}

19664 253 ofgRl A AT} B
spap}

Tel: 042-868-3247

E-mail: songwk@kigam.re.kr

A7) A AR AT 2|7 AT
REREED

o

1L gkt Aelaet

Mo
|

10.

12.

13.

16.

. Hyung-Mok Kim, Jonny Rutqvist,

. Hee-Suk Lee, 1999, A study for the mechanical and

hydraulic behavior of rock joints under cyclic shear
loading, PhD Thesis.

Hyung-Mok Kim, Dong-Woo Ryu, So-Keul Chung and
Won-Kyong Song, 2009, State of the Art for the Under-
ground Unlined Rock Cavern Storage Technology for
Compressed Air Energy Storage (CAES), Journal of the
Korean society for geosystem engineering, 46, 614-624.
Dong-Woo Ryu,
Choon Sunwoo and Won-Kyong Song, 2011, Sensitivity
Analysis of Design Parameters of Air Tightness in
Underground Lined Rock Cavern (LRC) for Compressed
Air Energy Storage (CAES), Journal of Korean society
for rock, 21, 287-296.

Jafari, M. K., Hosseini K. A., Pellet F., Boulon, M,
Buzzi, O., 2003, Evaluation of shear strength of rock joints
subjected to cyclic loading, Soil Dynamics & Earthquake
Engineering, 23, 619-630.

KIGAM, 2009, Development of Underground Energy
Storage System in Lined Rock Cavern, Research Paper.

. PAC, 2009, Acoustic emission level 1 course note.
15.

Xiao, J. Q., Ding, D. X., Jiang, F. L., Xu, G., 2010,
Fatigue damage variable and evolution of rock subjected
to cyclic loading, Int. J. Rock Mech. Min. Sci., 47
461-468.

Zhang, J., Stang, H., Li, V. C.,
tion of fiber reinforced concrete under flexural load, Int.

1999, Fatigue life predic-

J. Fatigue, 21, 1033-1049.
gy
198841 steFeistal Fujelsh #ped-ash
i
2000 At Fapefst EEgsh
3 FEAAL
20069 ZEhsha Fatst EEy

st Fapabat
Tel: 042-868-3245

E-mail: chan@kigam.re.kr
A A=A Z‘Xl—d?i?% A2

SFEE o)L
ut 3
19799 Aok Bhet g

a3t it

1981 A&t
3 FAL

19873 Aathstal sk Ahd3-st
3} gorepAp

Tel: 042-868-3244

E-mail: cwpark@kigam.re.kr

A 2= Z‘Xl—d?i—?%l AT
SFEE o)L





<<
  /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


