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Abstract The sigmoid functionally graded mateiral(S-FGM) theory is reformulated using the nonlocal elatictiry
of Erigen. The equation of equilibrium of the nonlocal elasticity are derived. This theory has ability to capture
the both small scale effects and sigmoid function in terms of the volume fraction of the constituents for
material properties through the plate thickness. Navier's method has been used to solve the governing equations
for all edges simply supported boundary conditions. Numerical solutions of biaxial buckling of nano-scale plates
are presented using this theory to illustrate the effects of nonlocal theory and power law index of sigmoid
function on buckling load. The relations between nonlocal and local theories are discussed by numerical results.
Further, effects of (i) power law index, (ii) length, (iii) nonlocal parameter, (iv) aspect ratio and (v) mode
number on nondimensional biaxial buckling load are studied. To validate the present solutions, the reference
solutions are discussed.

Key Words : Nonlocal elasticity theory, Biaxial buckling analysis, Sigmoid functionally graded material(S-FGM),
Power law index, Aspect ratio, Nano-scale plates
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[Fig. 1] The variation of volume fraction of S-FGM plate

ISR To| TAUEA
S AA7AR the- A Be) TAPHAL

1 v 0 0 0
o, v 1 10 0 0 e,
—v
o e
Uz/y _ E(z) 0 B 0 7yy
1—1°

JTZ 0 0 0 2 0 ’YJ?Z
O—IZ —_— ,Y7Z

y 00 0 0 1 5 v y

4)

SHA A/ ISAR e 2AY Te] G 2(5)0}
k.

Ml(? wa ||
‘M;;) :/ {Uz/y}(z)tdz (5)
i) oo,

[ AD 0 (e
=Silabap o [l
F0 0 syl

1=0,1

5932

)‘{Ew PQ}

h/2
PN
Bl(l) {’m)}

0 BY
A7|A k= ATGEAAG(5/6)0] 1L

=k,

. 1 0 .
AW = = / 2#) (2)dz
o= Y e £
h/2
+f z("'>E't(z)dz]
0
[ o
AW =_ Y f 2B (2)dz
2= Y e &
h/2
+/ z(k)E;(z)dz}
0
B(O) 1 @( ) )
o2(1+y) B2
h/2
+ E;(z)dz}
0
3. HEWHEA
3.1 MCHHE o=
Agdgo] neE HPg2 2(8) Zo] xET
sk
u, (z,y) = ul(z,y)+ 20, (z,y)
u,(2,y) = uy(z.y) + 26, (z,y)
u, = w"(z,y) 8)
A7IA u,, u, = SHE(z= 0)9] g Fo A1) A
50|31, u, = o] FHHA A Heolct 1

2l ¢, ¢, = FHH
4 2l oz 9
[12].

0=6=(U+6V) )
7 WE ovR]= A(10)ak Aok

h/2
U= / / (aijésij) dAdz (10)
—h/2 ’ ’

o71A, 0= o8 WA ', g WRE

ijr— O 71 ij Eﬂk] AJ‘H\:O]
i, j=x,y, 2 °|th

ool o3t 7M A2 AU Lk



R BOl2E o8 SN FAVEAR Uie-2AY 1o o]Z H2e)H
SV= / (f,6u;) dady an Al 712w ool o, =00] Hx 234 AR
e At (2,y,2) HEACNA zy-He whe] FYuo]
1A, Fii & e BRI ke A M HRO o o g AeelAe] Se-HEE A4
o 2)(18)7} 2t
ty = Cops (18)
3.2 H2A EtM 0|2 B B 376 =6
- _ o 047]/(‘] 0(2;3",/5: Caﬂ'yé 372 2270 / 7272
Eringen[8]o]] w29 g4 A4|2] & 4 xolA9] &
= TE)a 57 A HEE s 44(19)54 @ur,
B 1 Aol WEEgelw Bl gl o] o
3 AAe] e mE HEd B e Aol =208 19
Eringen[8]2 4|(12)2} &2 v]=4 &3 dIXE A< 0471/‘1 o, B,y i 6 = x,y B FFHC
ek Sz 0|23} ujF4 o] 2olA WS BAE 4(17)
KX ] i3 04 0 /‘\
- / K(x—x] (2 & B EARFOR AEstel A0 ol
v e
714 1;(x) = 1A% SR L] JRolT A T4 £(N,) =NE, £ (M) = M- 20)
Klx—x,r) & 02z egA4s debfel, k—x| ofrl4
£ AU 522 A=yt =i re A&7 Aol N5 N h2 1
aubzlel Fae] WA Stk (3T 2ok M, M, -/ ,}L/Q{%ﬁ’taﬁ}{z}dz @D
t(x) =C(x) :e(x) or t,;= C ey 13) . h/2
. ’ b = 7 d
o714 G 43 B4 slAfolTh {N Ne)= [ ot 2
Hloa B o] 2olM WA Hl=ma 48 WAS qux o 24 33} @rihﬁoa o] 22 LRI h 7o)
REE A4k Zo] yER o= 9l o]t} HlEa o|Zol|A o] WEHUAAL A(14)2
0,5+ f = pu, (14)  FAMEOR ARk AlZe] Tt 0BT wASH
A7 i, @y, 208 BHEIL f,,p 2 u, = A Lol UEhd 4 Qo
A, W Tew we) MeE ouaiek 402 4 NeeT A0 @3)
(el SR ARl viTa Ao 24 AL o mo [ 4 oo Aaao] 22 Bam =
4+ Qlek. BRATE 2 Feje] w AL vl o] v A
3 3lE 7] ol¥th. Eringen[8]2 Hl=ta AF 274 AYFOR HE1et vh ARt R vlEge FAISkL
& A15)sh o] vl Fejz Aeketsct REARNS AMged AHE 9 5 ok
Uj+ ct (f U ) 0 (15) ‘/I/Iaﬂ,gﬁ_]vaz: 0 (24)
oJ7]A AE R Akl £ (160 HolFr) drbH o R 2(16)9] Wl ikt Vi 3 SEets
= A A A
£=1-pv? p=cla’ G DAl 22 BAIS B4 gis) el elak
A ViAo R PR 4 9ck 224 A1 vl A
71 pie HlEA WA ek APOR AL Y7 =
N At L& 2es)et 2t
Aol o W 54 Zoleltt. ),
— 0 1o}
4(16)2] AAFE A1) Mgk Hg 2714o] 4] £ = 1#(82 32) 25)
(17)3 o] ZhEsRILY. e
ol Qabal L& 2l s SYHolck
( U) ”klek[ (7 AHY o]2L gk HYAS 2](23)-24)of iU
HANE i WALl Mool wis) Y By BAE T T e o
Lo 3 ula 3349 AT o2 39 $HS gl B
o] #gollA ©f 7kekshar #elstchEringenls)). LS oot o oo
FYAE FEstr] Yl A(23)-24)= —|(9)9’]' i s bl
22607 F& & Sl
HIZA ERY h
3.3 Bi=A S Nepot¢.=0 (26)
A(13)2 (7L og3te] S8 TAAE vl o
(133 47 o}8310] 82 FAH vt o] M- N, =0 o
22 93 HEE FE2 AT 5 ok FEs st '



Abel7) a5t el mw A A4 A1, 2013

3.4 BHAFY
2)9)e]] A(10)-(1DT} A)(17)S Hjedsla HEz s}
o] Ae|shd 2)(28)-(32)9F 2L HEHWAHAL oS 2= 9

o},

0

Su, : MY, + M0 =0 28)
. ) (0)
Su, + MO+ M0 =0 (29)
suw” : ]\41“ + ]Llyzy
£ g+ N’ + NOw', | = (30)
5¢, = MY, + M) Mi‘i)zo 31
8¢, M), Myyy MY=0 (32)
oA71A, Ny, » Ny = 22t o s W 4%, e v
) grzeolr}.
4, ol M ity
S AA7ISAR Lhe-2AY B AFHA A 1]

T37] 98wl

S o2 ol8F
S04 w2 B4

7t 2HE AT 4¥0] TR
A 7ol Navier ez sidans 73 4= Qicth
Navier ol A o] S WA 2] M= olF Feof
4= 463 gol BAY 4 ok
{ug (x’y) } Z E{ mn’ mn
m=1n=1
{ug(%y)y (;by(z y)}: Zlg{KmN Ymn}A2
{U)U('x7y) q7 z,y } Z { mn’ Q/nn}AB
m=1n=1
(33)
7|4 A = cos Exsinny , Ay=sinfxcosy,
A;=sinfxsinny I3 (= mr , n= TLTW ojct.

tesAd we HF NS ddsk] 4GNS A
@8-l sk YEFe= elskd BFYIA

{O}M (34)
o171 4 {A}m (U Vi Wos Xo» Yo} 28
I [Ilsse “(35)9} 2.

[[]5.5=Kls5 = \nlGls 5 (35)

o17]4 [K]5X5% FEWE, A2 #HEtE 2E|a

o
WA who] S A AuE 2k e[ 14, 15]9] 34 Z;;h,}g—u]
4l 7|51shA g2 2](36)

1831 Fig. 29} 2},
E=30x10% v=0.3, h=0.1 (36)

—

S RO
so mam sol e u}. HEsigolnate e
ABTyE AREste] YER I
— b2
ST o
W27l ol A vl=a ¥s=o] W9l Wangd}
Wang[16]of] A S AM&-3FC} WangZ} Wang[16]

& Bk Ui B HO|A 2(16)2] ¢)a 7} 2nmE T 2R 1 9]
of Qlofof gtrtar A A] it whehA] 2 Aol A A8}
+ Hl=a Hap o] 9= 0014 42 7183l
A% Az Hlma o2 Ule-2A1Y o] o
g 284S AESY] Hok 29 A5 HEPL Ve
AY H(Fig. 3)9] FAY HFoeS FLEAY] 2ot
H|w3}o] Table 10 UERQICE 2898 &S whe 749
of & A Ayt FaEda 2 dAFS &4 5 U
o},
Ny
VI I T
qu S-FGM plate th
S S O

vy

[Fig. 3] S-FGM nano-scale plate under biaxial compression

5934



HlEa ghol 22

o1&

3 S HANSAR A we o)% ey

Table 104 211 &
opke] Aolz} wAlaH
o] HEPAFS) 3
83137 e

[Table 1] Non-dimensional critical buckling loads of
nano-scale plate (b/a=1, b/h="50)

7 Babaei & Shahidi [14] this study

0 19.7395 19.6948
0.25 16.4854 16.4481

1.0 11.0306 11.0053
225 7.1095 7.0993

4.0 4.7470 4.7363
WA AR o]F sl

AsdAAl= AX71%E
3G AN SAE Ye-AA|dTko] &
382 4(38) 121l Fig. 29} Zth

E, =144GPa, E, =1.44GPa,

tistod

u 7]ste

v=0.38, h=17.6 10 %m. (38)
A7l E® Ye-2A1Y o] FHasks Fakd 32
2395 AMESHe] UERY QI

2

Ap=A a 39

cr cr X E hfg ( )

Table 20]| A= X17121115% L}i A?ﬂ {H Z. 27

gﬂ;n}. Thai 7[15]# P-FGM¥}¢] OHM =
H317} o] it p = 19l 29l SFGM %] 799}
FUste) £ o] Ao} Fuael AvtF ANG

[¢)
&9 4 e

[Table 2] Non-dimensional biaxial buckling load of FGM
nano-scale plate (b/a=1, n= 0)

Thai etc.[15] this study
a/h P-FGM(p = 1) S-FGM(p = 1)
5 6.8576 6.8576
10 7.8273 7.8273
20 8.1142 8.1142
50 - 8.1983
100 - 8.2105
5.2 S HTIISKE Li—AFY Tl 0]

A% F2e) 5T} o) % Hal 5o WS vl mal) glat

al5-2 ratgeh A A i
sk
aslsu =N, (p=0)/A, (1=0) (28)
Fig. 42} 50 2z} Z-27] w]7} 102} 10091 74-9-2] &4
A7 SR e Be] A2 9l 0] 3 24slE v

= eItk Fig. 30)|A1= v]=+4 H7F 0252 AR
< ] 45 22k vlok ol F I8k Hl oA Aol 7t
ERTh Z12fut Fig. SolA] o 4= Qlzo] -7 H] 7} 10021
7850l Bl=4: W] =710 Adatglo] Y5 o) % 226}
H] 9] z2tol= LAY5LA] gttt Fig. 33} 42 5E] Hl=a
Aol &Jgh & k= - H|7F1000] o] | A 9 gk
o] Y52 & 4= AU Th 3L vl A W0 A7) of whet A
% Zh= ol H| 9 M7 sk 912 R R E O ¥t
2 24" 0|5 279 A9 vl fart Hitste et
= A AR e 2ak o] WAshe A0 &2 wkE . Fig.
5014 Y& A o] & =50 Hlo| Mgt gl= A2+ 7
S-of B A HA H=mm gk gk HASE 4= gloh

H
_\:_IE]—

_1

4 p=1.0, bla=1, a/h=10

——&—— Uniaxial
—— Biaxial

Buckling Load Ratio

Nonlocal Parameter

[Fig. 4] Effect of nonlocal parameters on the uniaxial and
biaxial buckling loads of S-FGM nano-scale plate
(a/b=1, a/h=10)

B3 W4=0] Wstol w2 ofe] 7HX) ABAE A4S
THAe SHAF U2 7| O] T3 22152 Fig. 69]
R GIEE. BE ABAE A5l BT W47t Sk
uj 2hga}o] Zasioleh. AEAF 247} sol4olH 7
SAIF Ageoll o3t kol AjA o g2 Zo] S A =39
ok v 3 WA 0 o, 2 S who] 2o o)k K25t
F0 ABAF A%l o7t Ho|7h w|FA gAolR

5935



S| o sl ] A14E A11S, 2013

S o] Apolof vlal 2 o2 FA T

Aty
1.005
1.000 —€
0.995 —
0.990 —
S
2 i
]
[\ 0.985 —
g i
8 0.980 —|
4 .
o 0975 —
S
= i
S 0970
3 _
o
0.965 —
0.960 —
| (p=10,am=1 am=100
—— Uniaxial
0.955 — ——A—— Biaxial
0.950 T T T T T T T T T T

Nonlocal Parameter

[Fig. 5] Effect of nonlocal parameters on the uniaxial and
biaxial buckling loads of S-FGM nano-scale plate
(a/b=1, a/h=100)

b/a=1, ah=10

7 — —&—— Power Law Index = 1.0
——— Power Law Index =20
= ——<&—— Power Law Index = 5.0
——@—— Power Law Index = 10.0

Nondimensional Buckling Load

00 05 10 15 20 25 30 35 40
Nonlocal Parameter
[Fig. 6] Effect of nonlocal parameters on the uniaxial and

biaxial buckling loads of S-FGM nano-scale plate
(a/b=1, a/h=10)

6.0

50 —

40 —

30 —

Biaxial Buckling Load

Nonlocal Parameter = 0.0
20 — ——&—— Nonlocal Parameter = 0.25
——— Nonlocal Parameter = 1.0
——<—— Nonlocal Parameter = 2.25
——@—— Nonlocal Parameter =4.0

Nondimensional Buckling Load

10
\ \ \ \ '
0 20 40 60 80 100

Sede to Thinckness Ratio (a/h)

[Fig. 7] Effect of side-to-thickness ratio on the buckling
loads of nano-scale plate with variable non-local
parameter (p = 10)

SEA A SAR YA o] Z-57 b W
sho] w2 HFs1E0] WSkE Fig. 70 el 25

7 Bl solA] 100744 ASHAIAT. the-s7 e gho]
S 50] GHE 00IHRE 47 WBHAIT| A HZel

Zo| WEE Utk 25 v7h EASSE, 5 1
LA o) 2717} ARG ARl A% 7
e o 4 QIolek. Z-%7 w7} 100 o)4fo] WY, = £
A7 S Gre Agol, HTAEE Ha nAA W o)
o] Aol AR, ulFA Wo] HIE L o]
257 w7} 5004 o]l FolEt WA e L.
Fig. 7040 u]54 Achig o ol2o] oJ5t ko] 24
2 197 o] 2o] ula] HolH|iL o]z 8] & 2
FolEe AEe & 5 AT EF o2 AH 9l e
HjEe WgEolA B e e 253 4 gk

Fig. 8ol A% 324 w47} 0o 43 47b%] wahs
5 SPAF QSRR YA To] A9 12
8152 Uehhadeh the-2719d o] Z-57] H)k 100
HRE 100711 Z7H02 B BEEE the-s

A o] A W} LT, HlFa Wl ARG
S 2 ey Azelge] Aol HlEa W) 3

5% HH 2 ek

5936



2 ol g3t sY4 WA

F AN AR A o) o]F Hae|A

6.0

Nondimensional Buckling Load

Nonlocal Parameter

[Fig. 8] Variation of biaxial buckling load of nano-scale
plate with variable non-local parameter (p = 10)

6.2 E

2olH FA7) AR E3E HotelA e
SHAL B2 ARSI Eak WA B0l

2 g

4 Ho] A7)0 et 2Eeks
ale] Wsp} waslsich. sE4 WA715AR U
e 2AY o) QU AL A 9%
9 o]% zh@sjalo] BAle| Sayslofof B o

= 9lck

() Hl=A Wt ASAF a7t AdeE S
HAZ1SAR Yie-2AY o] HFe15e da
BHATL AGAE A57t solidold FR A=

A7} skl -9
St
) 7EAlE At H=4d

| wlsto] ArjHom hast

BTt B7HE0E SHY

5937

(1]

[2]

[3]

(4]

[3]

(6]

B it AY 2] ol Gl
A2 FolEE AL T 4 Adrk
| IEAE ALE A8 415

sAE Ule-2A|Y B
S Hzol AF7E ABET Y= Aol 22
/k]-ﬁ-L/\% L3t HAR7|5A8 Ye-AAY Tof]
1Ee] A AR} At %o]n}. 2 03494

References

T. Hirano and T. Yamada,
system architecture based upon the inverse design
Workshop — on  Artificial
Intelligence for Industrial Applications, Hitachi, Japan,
1988.

DOI: http://dx.doi.org/10.1109/AI1A.1988.13301

F. Delale, F. Erdogan,
nonhomogeneous plane”, J. Appl. Mech.(ASME), Vol.
50, pp. 609 - 614, 1983.

DOI: http://dx.doi.org/10.1115/1.3167098

G. Bao, L. Wang, “Multiple cracking in functionally
Int. J. Solids Struct.,

“Multi-paradigm expert

concept”,  International

“The crack problem for a

graded ceramic/metal coatings”,
Vol. 32, pp. 2853 - 2871, 1995.
DOI: http://dx.doi.org/10.1016/0020-7683(94)00267-Z
Y. L. Chung, S. H. Chi,

functionally graded materials”,

“The residual stress of
Journal of Chinese
Institute of Civil and Hydraulic Engineering, Vol. 13,
pp. 1 -9, 2001.

S. H. Chi, Y. L. Chung, Y.L. “Cracking in sigmoid
functionally graded coating”. Journal of Mechanics, Vol.
18, pp. 41 - 53, 2002.

A. M. Zenkour, “On vibration of functionally graded
plates according to a refined trigonometric plate theory”,
Int. J. Struct. Stab. Dyna., Vol. 5, pp. 279-297, 2005.
DOLI: http://dx.doi.org/10.1142/S0219455405001581

[71 W. H. Lee, S. C. Han, W. T. Park, "Bending, Vibration

[8]

and Buckling Analysis of Functionally Graded Material
Plates, J. Industrial
Society, Vol. 9(4), pp. 1043-1049, 2008.
DOI: http://dx.doi.org/10.5762/KAIS.2008.9.4.1043

A. C. Eringen, "On differential equations of nonlocal

Korea Academia- cooperation

elasticity and solutions of screw dislocation and surface
J. Appl. Phys., Vol. 54, pp. 4703-4710, 1983.
DOI: http://dx.doi.org/10.1063/1.332803

waves",




S| o sl ] A14E A11S, 2013

[91 A. C. Eringen, Nonlocal Continuum Field Theories,
Springer-Verlag, New York, 2002.

[10] S. Narendar, D. R. Mahapatra, S. Gopalakrishnan,
"Prediction of nonlocal scaling parameter for armchair
and zigzag single-walled carbon nanotubes based on
molecular structural mechanics, nonlocal elasticity and
wave propagation ", Int. J. Eng. Sci., Vol. 49, pp.
509-522, 2011.

DOI: http://dx.doi.org/10.1016/j.ijengsci.2011.01.002

[11] S. Narendar, "Buckling analysis of micro- /nano-scale

plates based on two-variable refined plate theory
incorporating nonlocal scale effects", Compos. Struct.,
Vol. 93, pp. 3093-3103, 2011.
DOI: http://dx.doi.org/10.1016/j.compstruct.2011.06.028
[12] J. N. Reddy, Theory and Analysis of Elastic Plates and
Shells, CRC Press, London, 2007.
[13] W. H. Lee, S. C. Han, W. T. Park, "Nonlocal elasticity

theory for bending and free vibration analysis of nano

plates, J. Korea Academia- Industrial cooperation
Society, Vol. 13(7), pp. 3027-3215, 2012.
DOL: http://dx.doi.org/10.5762/KAIS.2012.13.7.3207
[14] B. Babaei, A. R. Shahidi, "Small-scale effects on the

buckling of quadrilateral nanoplates based on nonlocal

elasticity theory using the Galerkin method", Arch.
Appl. Mech., Vol. 81, pp. 1051-1062, 2011.
DOI: http://dx.doi.org/10.1007/s00419-010-0469-9

[15] H. T. Thai, D. H. Choi, “Size-dependent functionally
graded Kirchhoff and Mindlin plate models based on a

modified couple stress theory”, Comps. Struct., Vol. 95,

pp. 142-153, 2013.

DOI: http://dx.doi.org/10.1016/j.compstruct.2012.08.023
[16] Q. Wang, C. M. Wang. "The constitutive relation and

small scale parameter of nonlocal continuum mechanics
for modelling carbon nanotubes". Nanotechnology, Vol.
18, pp. 075702- 075709, 2007.

DOI: http://dx.doi.org/10.1088/0957-4484/18/7/075702

5938

0| ¥ =(Won-Hong Lee) (M3

e 19879 29 : A=distw ok
28} (53H4IAD

e 19949 29 : At sk
28t (shhh

e 19979 39 ~ &Ax] : Adus}
7)estiet ERgsit Hug

<o
Ao, ulAE pxajA, BTz A7, AseA,
e zo] 84

St A F(Sung-Cheon Han) [AH3]|]

e 1991 29 : A2A Yt o
e Eneht (FeH4AD

® 1996\ 8 : A2AHstw tf
shel Empslat (FohuAh

e 19964 3¢ ~ X : Qe
P AwAdT R




<<
  /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
  /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


