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Abstract

The paper presents the study of creep stresses and strain
rates for a transversely isotropic disc having variable thick-
ness, subjected to internal pressure, by using Seth’s transi-
tion theory. It has been observed that the disc made of
variable thickness for transversely isotropic material has a
maximum circumferential stress at the outer surface in
comparison to disc having constant thickness and this value
further increases with the increase in measure N and K.
Strain rates are maximum on the internal surface for flat
disc of isotropic material for measure n = | and pressure
P; = 0.1, but strain rates decrease at the internal surface
for measure n> 1. The strain rate for flat disc (k= 0)
further increases with increase in pressure at the internal
surface. The disc of variable thickness (k= 1.5) made of
isotropic material has strain rate maximum at the external
surface for P;= 0.1 and measure n = . These values of
strain rates further increase at the external surface with the
increase in pressure and variable thickness ratio, but
decrease with the increase in measure N.

INTRODUCTION

Several researchers have analysed the circular disc with
constant material properties under various conditions. Solu-
tions for thin isotropic discs can be found in most of the
standard elasticity, plasticity and creep books. Disc plays an
important role in machine design. Stress analysis of rotating
discs has an important role in engineering design and struc-
tural engineering. Rotating discs are the most critical part of
rotors, turbine motors, compressors, high speed gears, fly-
wheel, sink fits, turbo jet engines and computer disc drives
etc. Kirkner /6/ discussed the problem if vibration of a rigid
disc on a transversely isotropic elastic half space. Mahalanabis
et al. /7/ discussed the external thermal crack problem in a
transversely isotropic elastic medium. Arnold /8/ has
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Izvod

U ovom radu je prikazana analiza napona puzanja i
brzine deformacija za transverzalno izotropni disk promen-
ljive debljine koji je izloZen unutrasnjem pritisku primenom
prelazne teorije Seta. Uoceno je da se kod transverzalno
izotropnog diska promenljive debljine maksimalni naponi
po obimu javljaju na spoljasnjoj povrsini, u poredenju sa
diskom konstantne debljine, pri cemu se ova vrednost dalje
povecava povecavanjem mera N i K. Brzine deformacija su
maksimalne na unutrasnjoj povrsini u slucaju ravnog diska
od izotropnog materijala za vrednosti n = 1 i pritiska P; =
0.1, ali opadaju na unutrasnjoj povrsini pri vrednostima
n> 1. Brzina deformacije ravnog diska (k= 0) dodatno
raste sa povecanjem pritiska na unutrasnjoj povrsini. Disk
promenljive debljine (k = 1,5) od izotropnog materijala,
dostize maksimalne vrednosti brzine deformacije na spolj-
njoj povrsini kada je P;= 0,1 i n = 1. Brzina deformacije
nastavlja da raste na spoljnjoj povrsini sa povecanjem
pritiska i odnosa promenljive debljine, ali opada sa poveca-
njem vrednosti N.

studied thermo-elastic transversely isotropic thick-walled
cylinder/disk. Chen et al. /10/ discussed the problem of
three-dimensional analytical solution for a rotating disc of
functionally graded materials with transverse isotropy.
Ghadi et al. /14/ discussed the problems of forced vertical
vibration of rigid circular disc on a transversely isotropic
half-space. Akinola et al. /16/ analysed the problem of large
deformation of transversely isotropic elastic thin circular
disk in rotation. Thakur /17/ has investigated the problem of
finitesimal deformation in a transversely isotropic thin
rotating disc with rigid shaft by using Seth’s transition
theory. Seth’s transition theory does not require these
assumptions and thus poses and solves a more general prob-
lem from which cases pertaining to the above assumptions
can be worked out. Seth’s transition theory utilizes the
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concept of generalized strain measure and asymptotic solu-
tion at critical points or turning points of the differential
equations defining the deformed field and has been success-
fully applied to a large number of problems /1, 2, 4, 5, 9,
11,12, 13, 15, 17-30/.

GOVERNING EQUATIONS

We consider a thin disc having variable thickness and
made of transversely isotropic material and having inner
radius a and outer radius b respectively, subjected to inter-
nal pressure p. The disc is thin and it is effectively in state
of plane stress, i.e. axial stress 7% is zero. The components
of displacement are given by /1, 2/:

u=r(l-p,v=0,w=0 (1
where: u, v, w are displacement components; /3 is the posi-

tion function, depending on r. The generalized components
of strain are given by /2/:

1 :
=~ [1=CA+P)" | eow=- g,
n
X 2
=— 1— l—d n . er =e, Z=ezr=0
1-0-ay ], ep=e,
where: n is measure and f#’= df/dr.

Stress-strain relation: the stress-strain relations for
transversely isotropic material are given:

T, =cpie,, +(c) —2¢46)egp +Ci3€.
Tyo =(c11 —2¢¢6 )€, +Cp 1699 +C13€- 3)
7-;"6’ :THZ _Tzr T =0

Substituting the strain components from Eq.(2) in Eq.(3),
the stresses are obtained as:
¢
22661 1_pB"
-]

:%[2—ﬂ" {1+(1+P)”}J—

A n n n n
Tp=21 [2 B {1+(1+P) }] 6[1—ﬂ a+PY"] (@
T TH_THZ_Tzr_O
where: 4, =c;;—ciy /¢33 and rfB'= P .

Equation of equilibrium: the equation of equilibrium
are all satisfied except

d(h
drty) _r o )
dr
where: T, and Te are the radial and hoop stresses, respec-

tively.
Critical points or turning points: using Eq.(4) in
Eq.(5), we get a nonlinear differential equation in f as:

n+ n— dP 2C n n
PB" (1+P) lﬁ:i/} [1-a+Py |-
_2666h,r _ n “~Ce6

vt B'1-Pp [1+(1+P)] 7 L pp g (6)
2hr hro "

L nAlﬁ [(1+P) +1]

where: i’ = dh/dr and rf8’= [P (P is the function of S and 3
is a function of » only). The transition points or turning
point of #in Eq.(6) are P — 1 and P — too.
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Boundary conditions: the boundary conditions are

T,=-p at r=a, T,=0 at r=>=.

ANALYTICAL SOLUTION

()

For finding the creep stresses and strain rates, the transi-
tion function is taken through principal stress difference
(see /1, 2,4,5,9, 11-13, 15, 17-30) at the transition point
P — —1. We define the transition function { as:

2¢ec 3"
_T 66
¢=T, .

T, - ®)

[1 - (P+1)"]
where: ¢is the function of 7 only.

Taking the logarithmic differentiation of Eq.(8) with
respect to 7 and substituting the value of dP/df from Eq.(6),
we get:

2Pﬁn —%—M-F
nh n4,
2¢, 2c " . 2ceBiTh
_( é/) “~66 66ﬂ (1+P) + éﬁﬂ _ (9)
rg n4, n4h

2C66ﬁnp h'r n n
—_—— 1+P)" +1
R [+ Py +1]

Taking asymptotic value of Eq.(9) as P — —1, we get

d 1 r'"h
E(lné’) —:[—211+C2 (n-D]+ D

[C2_2]+%(1_C2) (10)

Asymptotic value of fas P — —1 is D/r, D is a constant.
Integrating Eq.(10), we get

§=T, ~Tpg=dyr™h™ exp (11)
2
where: 4y =-2n+C,y(n-1), 4,=1-C,, C,=—"2 066 . f=
2-Cy) , and A, is constant of integration. Using
nD"
Eq.(11) in Eq.(5), we get

hT,, = As— As [ Fdr (12)
k()
where: A5 = Ay by, F=rh"! [Zj exp f , and A is

another integration constant. Using Eq.(7) in Eq.(12), we get

k k
b b
() ()
As=—F7——— and 4 =b—[Fdr]r=b (13)
| Fdr [ Fdr
Substituting Eq.(13) in Eq.(12), we get
_ b
1, =MD gy, 1=, + IO (1)

h|Fdr " h j Fdr

Equation (14) gives creep stresses for a transversely
isotropic disc with variable thickness under internal pres-
sure. We introduce the following non-dimensional quanti-
ties: R= r/b, Ro= a/b, o= T,/p, cvee= Tedp, P1 = plces.
Stresses Eq.(14) in non-dimensional form are given by:
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_Rk Rk 1
o, == 0 [RAETHIAD exp frdr
[ RATITHIA) oy £y R
“ (15)
—Ry*R™! Aok 4
Cop =0+ 0 RATH A exp f,
IRA3—1—k(1+A4)eprldr
Ry
20&
k(bRY'
where: f, = Z—L; —(—j ,As=(1-Cy) and 43 =
1_0173 n\ D
€334
2n+ Cy(n—-1).

Flat disc: for a disc having uniform thickness (k= 0),
Eq.(15) becomes:

1- R—2n+C2 (n—1)

O,.= ,
s 1_R0[—2n+Cz(n—l)J

(16)
{1-2n+Cy (=1} R0 -

1— RO_2n+C2 (n-1)

Ogo =

Particular case: Eq.(15) for isotropic material becomes

-k pk
= Ry R JI‘RA7—1—k(1+A8)epr2dr
I R4 -1k (1+4) expfzdrR
R,
_R—kRkH L
T =0+ 0 RO W exp £, (17)
I RA 1k (1+4g) exp fydr
RO
3-2C\k(bRY' 1
where = ——1, 4,="2n+ n-1),
f2 (2—0 jn(Dj 7 >
1-—
A _1=C , and C=2—‘u .
2-C A+2u

Flat disc (isotropic case): for a disc having uniform
thickness (k= 0), Eq.(17) becomes

—2n+ n-l
1-R 2-C¢
o= —2n+ nl
1- RO 2-C
. n-l1 (18)
1-2n+— LR~ 2C_]
3 2-C
Go0 = n-1
—2n+2_c
1-R,
Equation (18) is similar as given by /12/.
ESTIMATION OF CREEP PARAMETERS
When the creep sets in, the stress-strain is given:
A -2C, A -C
eij: 1 66 51]®_2 1 66 T;J (19)

where: e is the strain component and T'= Tj; be first stress
invariant and H = 4cee(ces — A1). When the creep sets in, the
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strain should be replaced by strain rates. The stress-strain
relation Eq.(19) becomes,

€ij

. A-2C A-Cgq
= H 5,0-2 T (20)

Differentiating Eq.(2) with respect to time #, we get:
cop=—B""$ 1)
For SWAINGER measure (i.e. n = 1), Eq.(21) becomes:
bp =P (22)
where: &g, is the SWAINGER strain measure.

From Eq.(8) the transition value fis given at the transi-
tion point P — —1 by:

ﬂ:(n/2C66)1/n[T;r _Tee]l/n
Using Eqgs.(21)-(23) in Eq.(19), we get

2 2
i = Lil4 (1_ Ay |g 1_01_3},
4|:c66+ ety —I}L 31 33611

(23)

A1 6334
2 2
Py ( c C c
L 1 13 66 13
Eo0 = 2 1= 20, —| 1= To0
4 oo €3 C33011 S €330
S G330
By ( ct C
L 1 13 66
£, = > 1- - (0, +0m), (24)
4| Go6 , Ci3 4 L G3G1 Oy
1 G336

L
n

'
where: P1 = p/ces and y = |:%(GW — Oy )}

For isotropic materials, strain rates Eq.(24) becomes

_Ry@2-O _ (1-C
"= 6-20) |7 (2—(;}0“"’}’

. _By(2-0) (1-C
€o0 = 2(3-20) {Uea (Z—CJGW}’

_Ry(2-0) 1-c
zz — 2(3—2C) (O-rr +o—9¢9)(2_cj s

(25)

—1
R n
where: = |:%(O-rr —Opg )} and P = p/u. These are the

constitutive equations used by Odquist /3/ for finding the
creep stresses, provided we put n = 1/N and N be the meas-
ure.

NUMERICAL RESULTS AND DISCUSSION

For calculating creep stresses and strain rates on the
basis of above analysis, the following values of measure n,
D and pressure P have been taken n =1, 1/3, 1/7 (i.e. N=
1,3 and 7) and P, = p/ces = 0.1, 1.0 and D = 1. Elastic con-
stants ¢; have been given in Table 1 for isotropic material
(i.e. brass, o= 0.33) and transversely isotropic material (i.e.
cadmium).
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Table 1. Elastic constants c;; (in units of 10'° N/m?).

cii|cialciz|ca| cas
Isotropic material
(brass, o= 0.33 or C1 = 0.50) 3.011.011.073.010.999
Transversely isotropic material
(cadmium C>= 0.40) 11.0{4.04(3.83]4.69| 1.56

Curves are present in Fig. 1, between stresses along the
radii ratio R = r/b for k= 0 and 2.0 respectively. It has been
seen from Figs. 2, that the disc having a constant thickness
(k= 0) subjected to internal pressure and made of a trans-
versely isotropic material (cadmium) has maximum circum-
ferential stress at the outer surface for measure n = 1/3 and
this value further increases at the outer surface with the
increase in the measure n =1/7 in comparison to disc made
of isotropic material (i.e. brass). The disc made of variable
thickness for transversely isotropic material has maximum
circumferential stress at the outer surface in comparison to

P

K=0,n=1

K=0,n=1/3

flat disc (k= 0) for measure n= 1/3 and k= 2, and this
value further increases with increase in measure n and
thickness k. Curves are presented Figs. 2 and 3, between
creep strain rate along the radius (R = r/b) for n =1 and 1/7,
and pressure P;= 0.1 and 1.0 respectively. It has been
observed from figures that strain rate are maximum on the
internal surface for flat disc (k= 0) made of a transversely
isotropic material for measure » =1 and pressure P; = 0.1
but strain rate decrease at the internal surface for measure
n> 1. The strain rate for flat disc further increases with
increase in pressure at the internal surface. The disc having
variable thickness (k = 1.5) made of isotropic material have
strain rates maximum at the external surface for P; = 0.1
and measure n = 1. These values of strain rates further
increase at the external surface with the increase in pressure
and variable thickness ratio, but decrease with the increase
in measure 7.

K=0,n=1/7

- |potropec MaterialC =0 S0 Brass)

_ Transvarsely Isclropic Matenal(C2=0 40 Cadmium)

y 7 o8 1
04 05 06 07 08 y o4 05 06 0
| T T
——— R=rlb ———p ———R=rb — - R=r/b - »>
15
6 -
K=2,n=1 K=2,n=1/3 K=2,n=1/7
--- Isotropic Material(C=0.50 Brass)
5 4 Transversely Isotropic Material(C2=0.40 Cadmium)
g e

R=rlh ——p

R=rlb — —— R=rlb —»

Figure 1. Creep stresses of a transversely isotropic disc with variable thickness under internal pressure, i.e. k= 0 (constant thickness, top),
k=2 (bottom).
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3.00E-15 -
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2E-18 Material(C2=0.40 Cadmium)
2.00E-15 -
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2
b4
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R —»p R > R —»
18 -2E-16 - -3.00E-15 A

P1=0.1,n=1,K=1.5

P1=0.1,n=1,K=2

Figure 2. Creep strain rates for a transversely isotropic disc with variable thickness under internal pressure (P1 = 0.1) for measure n =1
(top) and n = 1/7 (bottom).
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Figure 3. Creep strain rates for a transversely isotropic disc with variable thickness under internal pressure (P1 = 1.0) for measure n =1
(top) and n = 1/7 (bottom).

REFERENCES

1.

2.

3.

Seth, B.R. (1962), Transition theory of elastic-plastic defor-
mation, creep and relaxation, Nature, 195: 896-897.

Seth, B.R. (1966), Measure concept in mechanics, Int. J Non-
Linear Mech., 1(1): 35-40.

Odquist, F.K.G. (1974), Mathematical Theory of Creep and
Creep Rupture, Clarendon Press, Oxford.

INTEGRITET I VEK KONSTRUKCIJA
Vol. 18, br. 1 (2018), str. 15-21

4. Gupta, S.K., Dharmani, R.L., Rana, V.D. (1978), Creep transi-

tion in torsion, Int. J Non-Linear Mech., 13(5-6): 303-309. doi.
org/10.1016/0020-7462(78)90036-7

. Gupta, S.K., Rana, V.D. (1980), Torsion of a transversely

isotropic cylinder in the theory of creep, ZAMM, 60(11): 549-
555. doi.org/10.1002/zamm. 19800601102

STRUCTURAL INTEGRITY AND LIFE
Vol. 18, No 1 (2018), pp. 15-21



Thermal creep analysis of pressurized thick-walled cylindrical ...

Termicka analiza puzanja cilindri¢nih debelozidih posuda pod ...

6. Kirkner, D.J. (1982), Vibration of a rigid disc on a transversely
isotropic elastic half space, Int. ] Numer. and Anal. Methods in
Geomech., 6(3): 293-306. doi.org/10.1002/nag.1610060303

7. Mahalanabis, R.K., Chakrabarti, A.K. (1982), On an external
thermal crack problem in a transversely isotropic elastic me-
dium, Ind. J Pure and Appl. Math., 13(11): 1393-1407.

8. Arnold, S.M. (1989), A thermoelastic transversely isotropic
thick walled cylinder/disk application: an analytical solution
and study, NASA, Techn. Memorandum, TM- 102320, NASA
Lewis Research Center; Cleveland, OH, USA, 1-43.

9. Gupta, S.K., Thakur, P. (2006), Elastic-plastic transition in a
thin rotating disc with inclusion under steady-state tempera-
ture, Ganita, 57(2): 107-124.

10. Chen, J., Ding, H., Chen, W. (2007), Three-dimensional ana-
Iytical solution for a rotating disc of functionally graded mate-
rials with transverse isotropy, Arch. Appl. Mech., 77(4):241-
251. doi 10.1007/s00419-006-0098-5

11. Gupta, S.K., Thakur, P. (2007), Creep transition in a thin
rotating disc with rigid inclusion, Defence Sci. J, 57(2):185-
195.

12. Gupta, S.K., Thakur, P. (2008), Creep transition in an
isotropic disc having variable thickness subjected to internal
pressure, Proc. National Acad. of Sci., India, Section- A, 78
(Part-1): 57-66.

13. Thakur, P. (2009), Elastic-plastic transition stresses in a trans-
versely isotropic thick-walled cylinder subjected to internal
pressure and steady-state temperature, Thermal Sci., 13(4):
107-118.

14. Eskandari-Ghadi, M., Fallahi, M., Ardeshir-Behrestaghi, A.
(2010), Forced vertical vibration of rigid circular disc on a
transversely isotropic half-space, J Eng. Mech., 136(7): 913-
922.

15. Thakur, P. (2011), Elastic-plastic transition stresses in rotating
cylinder by finite deformation under steady-state temperature,
Thermal Sci., 15(2): 537-543.

16. Akinola, A.P., Fadodun, O.0., Olokuntoye, B.A. (2012), Large
deformation of transversely isotropic elastic thin circular disk
in rotation, Int. J Basic & Appl. Sci. IBAS-IJENS, 12(5): 22-
26.

17. Thakur, P. (2013), Finitesimal deformation in a transversely
isotropic thin rotating disc with rigid shaft, J for Techn. of
Plast., 38(2):143-156.

18. Thakur, P. (2014), Steady thermal stress and strain rates in a
rotating circular cylinder under steady state temperature,
Therm. Sci., 18 (Supp. 1): S93-S106.

19. Thakur, P. (2014), Steady thermal stress and strain rates in a
circular cylinder with non-homogeneous compressibility subjected
to thermal load, Thermal Sci., 18 (Supp. 1): S81- S92. doi: 10.
2298/TSCI110315080P

20. Thakur, P. (2015), Analysis of thermal creep stresses in
transversely thick-walled cylinder subjected to pressure, Struc.
Integ. and Life, 15(1): 19-26.

21. Thakur, P., Singh, S.B., Lozanovi¢ Saji¢, J. (2015), Thermo
elastic-plastic deformation in a solid disk with heat generation
subjected to pressure, Struc. Integ. and Life, 15(3):135-142.

22. Thakur, P., Kumar, S., Singh, J., Singh, S.B. (2016), Effect of
density variation parameter in a solid disk, Struc. Integ. and
Life, 16(3): 143-148.

23. Thakur, P., Kumar, S. (2016), Stress evaluation in a trans-
versely isotropic circular disk with an inclusion, Struc. Integ.
and Life, 16(3): 155-160.

24. Gupta, N., Thakur, P., Singh, S.B. (2016), Mathematical
method to determine thermal strain rates and displacement in a
thick-walled spherical shell, Struc. Integ. and Life, 16(2): 99-
104.

INTEGRITET I VEK KONSTRUKCIJA
Vol. 18, br. 1 (2018), str. 15-21

25.Kaur J., Thakur, P., Singh, S.B. (2016), Steady thermal
stresses in a thin rotating disc of finitesimal deformation with
mechanical load, J Solid Mech., 8(1): 204-211.

26. Thakur, P., Kaur, J., Singh, S.B. (2016), Thermal creep transi-
tion stresses and strain rates in a circular disc with shaft
having variable density, Eng. Comput., 33(3): 698-712. doi.
org/10.1108/EC-05-2015-0110

27. Thakur, P., Gupta, N., Singh, S.B. (2017), Creep strain rates
analysis in cylinder under temperature gradient materials by
using Seth’s theory, Eng. Comput., 34(3): 1020-1030. doi.org/
10.1108/EC-05-2016-0159

28. Thakur, P., Pathania, D., Verma, G., Singh, S.B. (2017),
Elastic-plastic stress analysis in a spherical shell under inter-
nal pressure and steady state temperature, Struc. Integ. and
Life, 17(1): 39-43.

29. Thakur, P., Shahi, S., Gupta, N., Singh, S.B. (2017), Effect of
mechanical load and thickness profile on creep in a rotating
disc by using Seth’s transition theory, AIP Conf. Proc., Amer.
Inst. of Physics, USA, 1859(1): 020024. doi.org/10.1063/1.49
90177

30. Thakur, P., Singh, S.B., Pathania, D., Verma, G. (2017), Ther-
mal creep stress and strain analysis in a non-homogeneous
spherical shell, accepted for publication, J Theor. and Appl.
Mech., Warsaw, 55(4): 1155-1165. doi: 10.15632/jtam-pl.55.4.
1155

© 2018 The Author. Structural Integrity and Life, Published by DIVK
(The Society for Structural Integrity and Life ‘Prof. Dr Stojan Sedmak”)
(http://divk.inovacionicentar.rs/ivk/home.html). This is an open access
article distributed under the terms and conditions of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License

STRUCTURAL INTEGRITY AND LIFE
Vol. 18, No 1 (2018), pp. 15-21


http://link.springer.com/search?facet-author=%22Jiangying+Chen%22
http://link.springer.com/search?facet-author=%22Haojiang+Ding%22
http://link.springer.com/search?facet-author=%22Weiqiu+Chen%22
http://link.springer.com/journal/419
http://divk.inovacionicentar.rs/ivk/home.html
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	CREEP STRESSES AND STRAIN RATES FOR A TRANSVERSELY ISOTROPIC DISC HAVING THE VARIABLE THICKNESS UNDER INTERNAL PRESSURE
	naponi puzanja i brzina deformacije u transverzalno izotropnom disku promenljive debljine izloženom unutrašnjem pritisku
	INTRODUCTION
	governing equations
	analytical solution
	estimation of creep parameters
	numerical results and discussion
	REFERENCES



<<

  /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 1.5

  /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 [595.276 841.890]

>> setpagedevice



