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Estimation of Time-dependent Damage Paths of Armors of
Rubble-mound Breakwaters using Stochastic Processes
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Abstract : The progressive degradation paths of structures have quantitatively been tracked by using stochastic
processes, such as Wiener process, gamma process and compound Poisson process, in order to consider both the
sampling uncertainty due to the usual lack of damage data and the temporal uncertainty associated with the
deterioration evolution. Several important features of stochastic processes which should carefully be considered in
application of the stochastic processes to practical problems have been figured out through assessing cumulative
damage and lifetime distribution as a function of time. Especially, the Wiener process and the gamma process have
straightforwardly been applied to armors of rubble-mound breakwaters by the aid of a sample path method based on
Melby's formula which can estimate cumulative damage levels of armors over time. The sample path method have
been developed to calibrate the related-parameters required in the stochastic modelling of armors of rubble-mound
breakwaters. From the analyses, it is found that cumulative damage levels of armors have surely been saturated with
time. Also, the exponent of power law in time, that plays a significant role in predicting the cumulative damage
levels over time, can easily be determined, which makes the stochastic models possible to track the cumulative
damage levels of armors of rubble-mound breakwaters over time. Finally, failure probabilities with respect to
various critical limits have been analyzed throughout its anticipated service life.

Keywords : stochastic processes, armors of rubble-mound breakwaters, cumulative damages, sample path method,
lifetime distributions
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(a) Wiener process : Additive model

X()
Time
120.0
(b) Wiener process : Accelerated model
X(t)
Time
6.0
(c) Wiener process : Saturated model
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Time

Fig. 1. Cumulative damage paths simulated by Wiener process.
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(a) Gamma process : Additive model
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Fig. 2. Cumulative damage paths simulated by Gamma process.
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Fig. 3. Probability density functions of lifetime calculated by
Wiener process.
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Fig. 6. Cumulative damage paths simulated by gamma process
based on Eq. (9).

1.0

p=0.5
0.8 —
2 06—
§ -
o
o 04 —
0.2 —
i Gamma process
a=6.0
0.0 T T
0.0 5.0 10.0 15.0 20.0

Time

Fig. 7. Reliability calculated by gamma process based on Eq. (9)
= o] gste] AR SER) ] AlRtel] WhE A deE F

Ha}7] e WA alhge] e BA% 54 olof
7Tk o] 2 S8l B A Theel AWahs TRARY

(sample path method)S 73}t

AR AAA 252 TS E g eleh] flate] ATkl
A1:i= Van der Meer(1988)7F AQFst ths 2 (17)¢] I35
7-(damage level)S AHE-3FITHPIANC, 1992).

S =

b I\‘th

BN

(17)

A7 4,9 D, 27 952 2] 98l H 4 (eroded cross-
sectional area)¥} T3%2]7 (nominal diameter)©|Th. LR S
22 (178 A, S IEA] G5, T, AlA
o) 71571 ¢ 7IskeH4], w84 B9 Uisehe 9k, =,
olgtar, H, 9 BT, T, 1831 9ge] AGAIRE Fof| o
Sk Melby(1999, 2005)= tha 21 (18)] A3 241S AHE-38to]
2P| o 2715 2 AEAR] skso] UlsE W ARE, e ot
2 710 a5, § 9] ASEALS e vk ook
%Q = ab NT (18)
714 N,=H/AD,, A=y/%—1, n% no 2
A9} slge] delsFolnh. Bst T, > W] L
AR a, = 0.025, b, = 0.25 °]t}h 2] (18)2] 334
g3t A5 71 4 ssi= A= Fig. 8ol AAIst
T} Melby(1999)2] 22} Series B'¥} C'ofl thdt 2 v}o]
ok 2ol B ool A (18)ll gt Y E A3t
ARAAEET & dAska Qi 53] A5AQ sk Uls
of| whe} kA T EA L] 7]l 2] Tl = Adgo] ofd H]
A8, &, 23t A554E wEths otk mahA 2 AT
o E 2 (18)y& o]&3te] ElF<] Uisel e 7o 4] 7
o] AFEdS dlAskeltt

Burcharth(1992)7} 3|4 ¢t Q1] 2] ZHARAl T Z7def 3
EARIES A3t A (18)S o]4sle] THA|e] 74 7]
o Il =5 28Kk A9k 4.4 mell th3ke] Hudsond]
5% IIAE(K, = 4.0)s 7150 Z AAGAF cota= 1.5,
A = 1.6 1 Zgiolv}. whebA uEAe] 217 D, = 1.5 mo|tt.
o|9} Z-& HAMA FEA ) mid EFo] A&A o= Y5t
of FsfE st B2sksith visshs Bles the 2
(19)8} #Zo] Feju=d Hoff frovtarel] thish Gumbel =

AR LS 20T ARSI,

to [ &
o, &

o

32

78—;\‘()( -9

Fu(x)=e (19)

A7IA k&F &= A7 F AT (scale parameter)2} 91X 7]
“*(location parameter)°| T} & -9 A41:= Burcharth(1992)
ol 24, k=1.83m", £=4.08m= AT @ Ao
frolukare] S o] gslglthe AL o dell sk
S & 7P a7t 2 AR s Ho HiEel &gt
3Rk gk omjolt



254 olHdg

12.00
(a) Series B'
@
&0
g 900 —
=]
° ORY
= T @,.@..
k5 .
Z  6.00 — C][D@
g e
5 R
s _ 0-8-00
g @
g 0.5
2 3.00 — e
% .
53] & g Q)] Melby(1999)'s experimental data
T @ ------------- Estimated result by Eq: (18)
0.00
T I T I T I T | T I T
0 2000 4000 6000 8000 10000 12000
N, =t/T,
12.00
(b) Series C'
5 .
S 000 —f et &
E T e
= eeesant”|
A FumoreidoIoluly
2 D
g
E 6.00 — <0
£ A
S |
E v
2 3.00 — ..@
Gj '''''' 3 ) Melby(1999)'s experimental data
- @ @ ----------- Estimated result by Eq. (18)
0.00
T T T T T T T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000
N, =t/T,

Fig. 8. Comparison of the estimated results of expected cumulative
damage level with the experimental results.

EEAEIMHE sk dAle v 2k WA A (19)
E olgsto] vid sk BlE) foluhaE MCS 1M
olg3lo] A7 BT TS Goda(2010)7} A|kEF th

= 21 20y ol &3t TV & Atsith

=(33H'")/1.16

~
e}
(=]
=

o

npAuko & Al (18)S o]-&3ke] N, 9 S = A st
/‘Wl 542 WdaE s0dolet Ak 50
2 Fgste] Z4zte] Zlvjulel e} 71l 4 e
/}_}ﬁ‘jr. Castillo et al.(2012)°0] 253 2714 Eo]]
%71 (compatibility condition)©] R+ E% 5‘}‘?4_7\
& e ofz] Wl wh Sas 7o)
be 7h7te) 322 248 5 ok
ool e TRAZS e Slato] AVgE A 7%
2] 2 71d) vafs=2] A3= Fig. 99 A ST ol
2F 1000 27} iszdivhar Azkete] 2} elE-2] ASAIRES: oF
3.0 Aztolglkar 7 Eke] B 50x100001 2] HHE-S AA] 5}
SHl L AR5 A Zlofot, T1-ell A 47 & 5 %
o] ARl S BA 9] A AT EahBE uhE,
%3k Fig. 10> Fig. 92] 2% 5 shte] =5 vebd A
o Akl Wt of@l sjo] WAEE v ofw A7)0 %
2k 71 dellpee] BAsk=AlE AT EY] 218t AlASI3
th ol oW =31 7] dellrEEe] Bof v i vlE]

(o3 l_, FE

e rI o
o g g B

o ml md b

-4

Aa
ol
ki
N o

¢

i

O

12.0

D,=15m

Expected cumulative damage

Time

Fig. 9. Expected cumulative damage levels generated by MCS.

12.0
, D, =15m
2 T
5 9.0
g | Z.Geo
§
S
o 6.0 —
8 H,(m)
g 1 A

8.0

0.6 —

Instantaneous damages
o
w
1 I 1

0.0 T I T I 1 | T | T
Time

Fig. 10. Expected instantaneous damage level generated by MCS.

o] AR EAE FANY] fIgolek. mepd 2z
£29] st weh WAsHs 7 7)) SRS YA
o A 4 U

2714l eJate] 1efxl Fig. 99 74 &)

55 sAIACE djAskd Azl i A vEiee] 3
s 98 F Utk ol A ()% vlmskd g, =25,
=03 1283 v, = 0.3 0] 2Pt MEAFE Agsh]

Oy = 0.5 150y @21

utebA Ao AR, 4 oM A v Bas g

VX(t) Ve e ol B dellde Hx,=10)
= 47859 ARE o] 881AT). Fig. 9] A}E BAH O o

_10]-1:14 VX(t _10y=025% F A3}t FAFsE. whekA A8t
T3S o]l 1A Lo ASEAS FAEr 4
QoA 4 elee) Eat A% S48 o4

«
St WPk GPE ol g-39ir.

3

wel 0
-1>.-\11

#A 2] ()2 WS o]-§310] F3 Alke] W 7] 3]
=l AR Fig. 1] AN THA 2 5 A
o] wEARIM 02 245 Fig 99] A3} ul§ 2 2



SIS SHEIGE ol 88 A SAEA] A7 m 8] A F4 255

Fek M= 2 Aol AL BB R 0= E ARl uf
2 24 0Fes 283 5= gl o) A8k e rEyle o)
EA At 2 FAd e o] Bkl Y dare] B
B2 Al Ek 5= Qlu), we APRE0] A7) whE Auk A
FEAS 5407 il Yslo] FATE SERES AL
ah= olfolek. BAFES M7 IHA Wl 4 (6% ©]
slo] A3 JM%~ Fig. 1201 #A|x]83iet. h gh-Eo]
A AT oF 239 FES v

Q150 7} ZolASE w2 A7l Tk
7H BT 53] o = 6.0 9] 7%= AR 35 Aell A ARG

Aol s Avfolt). WA Fig 129} & AT T
Z59) A pelo] Lo 7|ZARE $-35p) o83 & ik,

4]
HZ WPEE ARl i 2] Jjsee] AR5 548
T ot s she] ArE ueprivt B A EEA |
A oke AaE vehla Qlvk A SEi et Skt
7&1}71 sk rRto] EAET

A A (9)F FE e myiisE o)8-8ke] Gpell ¢
sto] 3215 Algtel| whE 4 el e Fig. 139 A48kl
o} ARl o] BEAEIHC 2J5te] F4¥ Fig. o
WPell €5k A3} Fig. 113 5Lkt wpell 28] 374 €
Az} B} Gpe A}l ok ®e 2o 7 Z2AF= AFES

Wiener process

X(t)

S I I L R B
0.0 10.0 20.0 30.0 40.0 50.0
Time
Fig. 11. Expected cumulative damage levels of armor simulated by
Wiener process.

Wiener procegs""

Probability of failure

0.0

0.0

Time

Fig. 12. Failure probability of armor with respect to failure limits
calculated by Wiener process.

7HIet 28 GPE kel v et WPt 7= A S
S5 5 vk =GP A (10 o] g3to] eAFES
A 7IHA APYSE w955 Fig. 1490 AAskSit. wp
o] A¥I Fig. 129F frAkst 7185732 Bolut 7} 6.05.t}
A2 oA i) AltellA 9k ghEo] wpe] At
oy A st 2y o 7F 6.0 Bk 3 270A =
o] BaFe wola vk

opd¥} o] FAISH SEIE o8-8l Akl w5 A
o] ARtel| e A HEE FAT e WS A4
siAtt. FAIS A E S o] &ahd ARl Alge] W
e e AR el ke B S Sk e
ek, w3k 4 def o] B9} STl i vl
e AR SR AP 5 Qi) whebs A o

L%

F3Pgo) Zh= o 7HA] B S| 908kl Agstd gt
F2EO) HARA oPIA G| ele] Wed V) ZARS
AL 5= glrt

5.4 E

A 5 =Af0] A7kl

A
FAT 5 9 PES AT west

X(t)

0.0 10.0 20.0 30.0 40.0 50.0
Time

Fig. 13. Expected cumulative damage levels of armor simulated by
gamma process.

Gamma process
=40 "

Probability of failure
1

———t

0.0 — = T T--I T T T T T

0.0 10.0 20.0 30.0 40.0 50.0

Time

Fig. 14. Failure probability of armor with respect to failure limits
calculated by gamma process.



256 SEE

L
T

]61—

4
)

GP 183 CPP 7}4] @A) 7}3F who] o] 2531 9] 5}
A SFEIYS ANSAE 421e) FASH FEAREL o]

g3jo] A A=k Akl whek ol WA AFSEAE F
el on, W] HEHg Sl T st

& A7e) Sz Argsich.
Aol ke 2y

E3) B AP E 229
Wk ohjel Ajzbe] Qeel whe wo

1

ANE Sl T 4 Qe B AN e 7
FASE B A vl Folslof she Foe 54
S A3 4 sl

2 o Fers SEAAS A DA 2
shick. AR S8l A g Slste] 7} sl )
A R 4 S ARl Al A
A, A A A
%8 whErhs AR skl
o RSl ol FASE HEIL A 15
o AE5P7] A WEA Bed ARE F
ok wheb A 981 e Selwr)
WA ABH=AZT PRH T FAY 5 9)
o] RERTS) AT
A8k 2= 9lelT).
R = AR ERR R BRI
B hde EAA Aoleo] BE5E SolE 488 4 9t
Wb B ATl AN S gt A e e
olgatel Theret gk TEEES A4 A2

WA o] BeE

Foll e A REE A7k §4

_(

~

PN
=1 T
dEQU ARE AL 5

AT 20149 gt sty g = A9tet
R0 (FHAH 2-120141380) Aol A=)

References

Barlow, R.E., and Proschan, F. (1965). Mathematical theory of reli-
ability, New York, NY., John Wiley & Sons.

Basu, S. and Lingham, R.T., (2003). Bayesian estimation of system
reliability in Browian stree-strength models, Ann. Inst. Stat.
Math., 55(1), 7-19.

British Standards Institution (1984). BS3811 Glossary of mainte-
nance terms in Tero- technology, BSI, London.

Burcharth, H.F. (1992) Reliability evaluation of a structure at sea,
Short course of 23rd ICCE., 470-517.

Castillo, C., Castillo, E., Fernandez-Canteli, A., Molina, R. and
Gomez, R. (2012) Stochastic model for damage accumulation in
rubble-mound breakwaters based on compatibility conditions
and central limit theorem, J. Waterway, Port, Coast., and Ocn.
Eng., ASCE, 138(6), 451-463.

Doksum, K.A. and Normand, S.L. (1995). Gaussian models for
degradation processes-Part I: methods for the analysis of biom-

arker data, Lifetime Data Anal., 1, 134-144.

Ellingwood, B.R. and Mori, Y. (1993). Probabilistic methods for
condition assessment and life prediction of concrete structures
in nuclear power plants, Nucl. Eng. Des., 142(2-3). 155-166.

Frangopol, D.M., Kallen, M.J. and van Noortwijk, J.M. (2004).
Probabilistic models for life-cycle performance of deteriorating
structures: review and future directions, Prog. Struct. Eng.
Mater, 6(4), 197-212.

Goda, Y. (2010). Random seas and design of maritime structures,
World Scientific Publishing Co., Singapore.

Heutink, A., Beek, A., Noortwijk, J.M., Klatter, H.E. and Baren-
dregt, A., (2004). Environment-friendly maintenance of protec-
tive paint systems at lowest costs, In: XXVII FATIPEC congress,
19-21.

Karlin, S. and Taylor, H.M. (1975). A4 first course in stochastic pro-
cesses, 2nd. ed., San Diego, Academic Press.

Melby, J.A. (1999). Damage progression on breakwaters, Ph.D.
thesis, Dept. of Civ. Engrg., Univ. of Delaware, USA.

Melby, J.A. (2005) Damage development on stone-armored break-
waters and revetments, ERDC/CHL CHETN-III-64, US Army
Corps of Engineers.

Nakagawa, T. (2010). Shock and damage models in reliability the-
ory, Springer- Verlag, London.

Nicolai, R.P., Dekker, R. and Noortwijk, J.M. (2007). A compari-
son for measurablr deterioration: An application to coatings on
steel structures, Rel. Eng. and Sys. Saf., 92, 1635-1650.

Noortwijk, J.M. (1995). Bayesian failure model based on isotropic
deterioration, Eur: J. Oper: Res., 82(2), 270-282.

Noortwijk, J.M. (2009). A survey of the application of gamma pro-
cesses in maintenance, Rel. Eng. and Sys. Saf., 94, 2-21.

Pandey, M.D., Yuan, X.-X. and van Noortwijk, J.M. (2009). The
influence of temporal uncertainty of deterioration on life-cycle
management of structures, Struc. and Infrastruc. Eng., 5(2),
145-156.

PIANC (1992). Analysis of rubble mound breakwaters, Supplement
to Bull. N. 78/79, Brussels, Belgium.

Ross, S.M. (1970). Applied probability models with optimization
applications, New York.

Ross, S.M. (1980). Introduction to probability models, Academic
Press, N.Y.

Singpurwalla, N. (1997). Gamma processes and their generaliza-
tions: an overview, In: Cooke, Mendel, Vrijling, editors. Engi-
neering probabilistic design and maintenance for flood
protection, Dordrecht, 67-75.

Van der Meer, J.W. (1988). Deterministic and probabilistic design
of breakwater armor layers, J. Waterway, Port, Coast., and Ocn.
Eng., ASCE, 114(1), 66-80.

Weide, H. (1997), Gamma processes, In: Cooke, Mendel, Vrijling,
editors. Engineering probabilistic design and maintenance for
flood protection, Dordrecht, 77-83.

Weide, J.LA.M., Pandey, M.D. and Noortwijk, J.M. (2010). Dis-
counted cost model for condition-based maintenance optimiza-
tion, Rel. Eng. and Sys. Saf., 95, 236-246.



FASE dEIdE ol &% AR FEA L] ARl whE s P2 4 257

Weide, J.LAM. and Pandey, M.D. (2011). Stochastic analysis of
shock process and modelling of condition-based maintenance,

Rel. Eng. and Sys. Saf., 96, 619-626. Received 22 July, 2015
Whitmore, G.A. (1995). Estimating degradation by a Wiener dif- Revised 20 August, 2015
fusion process subject to measurement error, Lifetime Data Accepted 25 August, 2015

Anal., 1, 307-319.




<<
  /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 <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


