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Unsaturated Shear Strength Characteristics of
Nakdong River Silty Sand
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Abstract

There are many technical problems, which can not be resolved by the concept of saturated soil mechanics. Unsaturated
soils show an apparent cohesion due to negative pore pressure and relatively lower permeability due to entrapped air
compared to saturated soils. The determination of engineering properties of soils with various moisture content is very
important to evaluate shear strength and stability of natural and engineered soils. So various researches should be made
on unsaturated soils. Especially, sandy soils are widely distributed near Nakdong river, one of the four rivers where
Restoration Projects were carried out. Many structures such as dams, flood control facilities, detention facilities and
reservoirs have been built in this area. In this study, unsaturated triaxial compressive tests were conducted on sands
or silty sands at Nakdong river in order to provide their fundamental characteristics for design and construction of
geotechnical structures. As a result of the tests, the maximum deviator stress increased as the confining stress and matric
suction increased. The cohesion increased non-linearly as the matric suction increased, but the angle of internal friction

was marginally changed.
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Index properties Sit contents Silt
0% 5% 10% 20% 30%

Specific gravity 2.637 2.641 2.640 2.638 2.638 Specific gravity 2.640
D10 (mm) 0.19 0.18 0.08 0.02 0.01 Liquid limit(%) 34.0
D30 (mm) 0.22 0.22 0.22 0.20 0.12 Plastic limit(%) 26.0
D60 (mm) 0.25 0.25 0.24 0.24 0.23 Plastic index(%) 8.0

Cu 1.316 1.378 3.038 10.435 23.200 Pass #4, (%) 100
Cz 1.038 1.084 2.445 7.246 6.207 Pass #200,(%) 100
USCS SP SP SP SM SM UscCs ML
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Table 2. Void ratio and relative density of specimens
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Fig. 2. Matric suction’s range at unsaturated triaxial compressive tests

a

2.3 2AIA| Mg

2 Aol A-8E e AR ASTM(D4253-00, D4254
0l T AEEe Slste] HUBES Aol
Hos, BAA ARHE £EHIRR HFSAsich

23.1 FAH 939+ %’4

ASTMYYHH of A
MBS BHA] G2 Ao
14kPa?] AZ)s15-S 715t A= 3]

ASAH| = 50HZzoA] 108 S9F 0.4810.08mm, 60Hz
oA 82 &<t 0.338+0.08mme| HZFof A AR E=
A& = qlofof

B Lol A 50HzRE 105 EoF AEA| AT AESH
5 0%, 5%, 10%, 20%, 30%°] gt AU = 80%A]
o] 7F=H]o} SH9IETRS AFg3te] Table 20f LheRhIC.

232 FAIA ¥
gt AR B Wlstel Arr] WA
2 A TAEE A A A AR 4

Soil state Relative density, Dr Silt contents Dry denAsity Void ratio. e Inltergralnular
(%) (%) (g/em®) ’ void ratio, e,
0 1.377 0.915 0.915
5 1.452 0.829 0.925
Dense 80 10 1.501 0.759 0.954
20 1.520 0.735 1.169
30 1.513 0.744 1.491




(a) Specimens moulding photograph

Membrane

Ll
o

I I — — Vacuum

Porous stone

Base pedestal

\ |

(b) Wet tamping method

Fig. 3. Specimens moulding

ek i, Y 719 Aol 2
Arietol Ans

7% TA7] 7 )

A =S e & v 2

2]

A7) el YA FE7} ARk
T Atk S ARE o o 4

€

et olel AT HHT B, AR T3

2 248 Ues) A% Aol

7] 3l & AtelA=

CFX) ¥ (under compactlon)% %

2t ol tisf ELe A=

d@sto] Al Ao dde A2 E= QE

/\]E_Htﬂlﬂ}-lﬂo]u]- Fig. 30| &-&chwo| ojsto] A
f Amo] AW 9 wAEES el

10_15!_;’ o]?'; 7]-]/H

OBL [‘Il"

2.4 AEMH| I Al

cocecesssssssse '§

(a) Equipment photograph

3t
SeEHe BEE 539 B
gatack Bachyue
FAE A e ol

[e)

o

Aol meglEE QEA7]7] ¢

O] AMR "l 3}E pedestal &
Soto] 7hstdlon, 22 $HA7IAL F719] olF2 Al
akal7] glatol AkEekaale] sl AlzRRtlo] S00kPa
o] %o 37| 9UNS 2= Heby] o243 Ceramic disk)

al.(1978)0] Wraet AH7t =4S 53l ¢, ¢, ¢b§ o]
] o]F ¢'5 A7) A AFE AEUEAE7
£ o]gsto] d& 4= ATk 1). ] A2 Mohr- Coulomb

Top port le— Loading ram
‘l =
L ! o [T
';:ﬁ:ge, ] Load cell
Cap o Rubber O-rings
N Coarse
haN sk
(6=50mm t=6.35 mm)
T -wats L
pressure. control Soil High air entry disk
and volume change / (9=50mm t=7.14 mm)
indicator
Pore-air
i b r I pressure control
e [ es
B D

L
Pore water—s|
pressure
transducer

(b) Cell schematic diagram

1§
Pedestal

To cell pressure control

Fig. 4. Triaxial compressive test equipment

50 B=XIBIEEE=2E

H29@ H2Z



Table 3. Unsaturated triaxial compressive tests cases FAA AY 9 Az &7 5 Althols o] 2]
Silt contents (%) Suction (kPa) Confine stress (kPa) I oz F7IYe] AZAE T Chamber Cello] A&
0 7t s AR WRe Felo] 87148 Felste]

0. 5. 10, 20 250 50, 100, 200 AlRE 3N 7It) E3tE = Skemptone] BZE =43}
150 o] E3HE 7} 95%0]4 o] EH xS} | Qlckal 7

Hotgieh. 249] Tapwol o] 2w HEUE Aol 44

Mohr-coulomb®] o3| 37%0] FAgL mejg 5 gle o SHEAOR YRS ASt] Folil 5oy —u,)

% 52 Fite] Gl w Augwe] ke FUR(e, w)o) AlE A el S

¢'%) GOz I 4 YES Ak olnf = F HY ATARNS SR

o] Zlo| weh QAT S T Fos msigt. = ArellAs o 7 AdRle) S5 5 ul7]-u
Aol A TR S AWtk ERE S AR

A~
T
r=c +(oy—u,)tan ¢’ + (u, —u,), tan ¢’ ) o SRS FAAS AHHRI Hl@sta el

ol g5te] HEUEAFL AAISTh wl7)-ulus

A7, ¢ R W 2 ol Z5gtel Gag ot ¢
u, 7 27)ot A SAHEZ B AGA T Tt GASHRL Tkstol
- ;; /o\ol- AL E S 0.05%/minC 2 319tk A¢ 2712 Table 3
u A5 T d
) o e oiet

3. 223} AEX Q0| MCIHE

o =
¢ HEPEZ
b myksely 27} u:} Z2x7] HzE o]
¢ . = U= o L= i B | o] [e) =
U golo] AEd maxuke] wi7]-uju A1
=7 |»—E I ‘6‘}-}_—_ ]Jd—71—
/= = =5 oOr=1&l.o = =)
= H]—”'ﬁ‘/\] dS 23S Table 49 _Q_Q_Fol—‘;j\l:]-.
T W
Suction 0kPa Suction 5kPa
| 8 sito% ] | &5 sito% ]
—o— silt5% —6— Silt6%
400 £ Silt-10% 500 £ Silt-10%
= 00— siit20% cesaEEs ] = 00 —e—siit20% 55885EE
§ l B85 658 | § ‘ y o f&
wor #=200kPa 1 #=200kPa |
u 0
e e
& 200 - & -
S S
5 i K BEREE v
s © ¥ ; > =100kPa
] ) #.=100kPa v o
Q- L% . o
F 4 reeaes T
L /& ¢,=50kPa ]
A
! L ! L | L 1 ! L | L L L 1 L ! | L ! L !
5 10 15 0 5 10 15
Axial Strain(%) Axial Strain(%)
(a) Suction OkPa (b) Suction 5kPa
800 ———— T 800 —————— T
Suction 20kPa Suction 150kPa
| —&— silt-o% | | —5— sito% |
—o— silt-5% —o— Silt-5%
Silt-10% £ Sit-10%
= 800 o siit-20% = 80— sit20% PRI S
o o PR v
=3 =3
3 r 7,=200kPa 1 3 r ¢,=200kPa 4
& 00— — & 400~ s -
5 £ 5 ?f ~
w L B/ i ® L /¢ REESESS |
H fo/f: +.=100kPa = #/, 4 #.=100kPa
Dzoo—m//;,\ ann—/// e P
| / _‘/, 5,=50kPa
0 L T | T T W R R T L 0 P R TR W R S T S T | L L
10 15 5 10 15
Axial Strain(%) Axial Strain(%)
(c) Suction 20kPa (d) Suction 150kPa
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Table 4. The results of unsaturated triaxial compressive tests

Silt contents | Suction |Confine stress| gmax ef E M Cohesion Frictiorj angle #0)
(%) (kPa) (kPa) (kPa) (%) (MPa) (kPa) ()
50 151 7.5 6.08
0 100 285 8.9 12.02 1.449 2.1 35.7
200 571 12.3 16.73
50 171 7.7 7.67
5 100 309 9.6 15.36 1.436 8.6 35.4
200 585 12 18.84
0 1.31
50 188 6.6 11.99
20 100 323 7.3 16.43 1.431 13.2 35.3
200 598 13.2 23.08
50 202 4.4 14.14
150 100 329 7.6 19.66 1.423 16.5 35.1
200 606 12.4 29.86
50 162 6.3 6.03
0 100 293 8.7 10.98 1.414 6.9 34.9
200 563 12.4 16.3
50 171 7.1 6.83
5 100 306 9.6 12.42 1.418 9.5 35
c 200 575 1.7 17.67 1%
50 187 5.8 10.12
20 100 319 9.3 14.83 1.41 14.1 34.8
200 586 12.2 20.51
50 204 6.5 13.02
150 100 333 9.1 18.3 1.418 17.4 35
200 607 12.3 27.22
50 164 6 5.37
0 100 289 10.9 9.2 1.396 7.9 34.5
200 557 12.8 14.69
50 171 5.9 5.96
5 100 302 10.1 10.46 1.401 10.3 34.6
10 200 565 12.2 16.61 1 o8
50 185 4.9 7.99
20 100 314 7.7 14.43 1.392 14.7 34.4
200 574 13.2 18.01
50 207 5.6 11.76
150 100 337 8.8 18.41 1.414 18.7 34.9
200 608 10.6 21.43
50 169 7.5 4.84
0 100 297 9.9 8.69 1.370 11.6 33.9
200 548 11.1 14.45
50 183 7.1 5.44
5 100 309 7.8 9.80 1.366 15.6 33.8
20 200 558 12.3 16.27 115
50 193 6.3 8.33
20 100 313 9.5 13.45 1.361 17.8 33.7
200 566 10.5 17.00
50 204 7.7 10.61
150 100 319 9.2 16.96 1.366 20.0 33.8
200 577 10.6 19.74
S AEE oo Xt dHdE |4 53



Mohr-Coulomb @] o}3|4f & Ex Tl Eof| 483 4= 9l
TE Aste] A EE 2ds] flste] gl
g 2 =Yttt olE H835h7] fiste] AdAnE
e 2RV M JRupRzRe 6ke] Table 40
UeR ol 2R7] Fa3E2 AETR-E0] 0%lA &

o1 150kPad 7% 16.5kPaz LERL} 5212 0kPal]

2 gholl Zpol= AT BR7| FAREL FRlgo] &
71kl et S71eks AR el qick ol=gt A
S Wheeler(1988)2] 344 &, Krahn et al.(1989)2]
Notch Holl A E, Im(2007)2] AP E0] thgt AL ZAx}o)
A& Yebgth ol &0go] S7iste whet Fol dx
HHA A2 E 7HAA Hol vt SRNE Ae
Olu]gtcHIm, 2007).

o o ZH7] Mzl HIlE Hrt &A1
staal 7]29] AATtol|A] Fredlund(1978)0] A A|Et
AL 0] 8519t} Fredlund et al.(1978)0] A

(

>~
o,

ol
o o
i
D
rlr
t
£
i
B
1
)
S}
e
0%
h
1o
o|\
N

O
*
2

ogh

= skl glo Ar7| upEz(¢)oR e

Shear stress, © (kPa)

Shear stress, © (kPa)

(c) Dense-Silt 10%

54 E=RELESe =28 H29d H2S

il

Shear stress, © (kPa)

Shear stress, © (kPa)

kel

1

o

N oF
ftlo

N
£
ja)

N

o
)

ot

ol
o

ol

ﬁm&
fm
Loy

1>

o

4 oo o BN rlr

I~ ofl
o4

o

C,=c +ytang’

= z7] 71&719F A Ao s #9
Ao tigt 7] H
THho= A3} slgink o] F o
of w2 ZE7| Hztg o] ujdy Al Wt
c}. o] ATLo)lA] Lee et al.(2002)0] 3}t
o]-§-5to] H]

A7) Yzl

(d) Dense-Silt 20%

Fig. 7. Extended Mohr-Coulomb failure envelope

it)

—_




30 " T T T T 30 " T T T T T 38 T T | — T T

T
r - Trendline Silécont%g/: T B Sll(t)conterst 7 Sgl)t C%r(;:ents
—_ | 5% —_— L 0 <
g G ow & 2 o
=3 L o 20% o =3 — <o 20%
Oj 20 _\ézooggg;mu 56 Ei:o.o;srxﬂo.ai/__:‘E‘::,T 0‘: _; 36 |
f= - T c - o]
K=} B -7 - b S %’ o
»n P »n
% e ‘g s ] % / ”;?:’\ =11.6, C,,,,=18.5 E 5 ]
° ro ,2;::":/" 7 S r @Ii,’;/’/» €148, Corm170  Rem0094 2 & o
§ 10 ’—,:;i}’ e R=0.70 § 10 |- ! R?2=0.999 — S s o
g ETR-TX i s L o ] = > o
=3 L8 Y=0.066"X+7.19 o A
< 5 R2=0 577 — < 51 — - B
J L) ]
o 1 L 1 L 1 . 1 ° | . 1 1 1 1 I a2 1 L I . 1 L 1
50 100 150 0 50 100 150 (1] 50 100 150
Matric suction (kPa) Matric suction (kPa) Matric suction (kPa)
(a) The apparent cogesion(by linear) (b) The apparent cogesion(by hyperbola) (c) The friction angle
Fig. 8. The apparent cohesion and friction angle according to suction
_ 1 3} B 3lA 24X 7] A28 17.0kPa
a1 27718719 A= o) 2t =SS o A& F T | H2EL 17.0kPaz
Uebstth AESRE0] 5, 10, 20%2 S7Fghol whehA
- 1 - -
b ZRAEIRE A=) = Ao @wy) Haiele) Z7h80] 168.5%, 1544%,

Ao 2RV FFHP= ?Lﬁ%‘o 7P6*°ﬂ HJrEP 14.9,
11.6, 12.2, 8.6kPaZ tjH|Z oz AEFS Qo] =73}

7}_4_—5].& ﬁﬂ@- 2~ olt}h Hplzlzlo] A0
Weleh AEATIE Table 4 of whak o o Utk WHopEze] 9=
o . Zo1g o] Wsto] w2 & Wsk= yEREA] Rt

1ol uhe Axy] A%

4 @)%} 0% ol 85tol
of et 9o, Fig. 8o 8

9 9 Uelazel HakE tehie. Fie @St 2 e
o MHNe) A HWAA 057707612 vepy B
WA B RAEA £ ol 28 A
o) A e ze) 1ol il B QT 7Aool WA £261T G A2
20) A9 B FALNAE ALRHe] W) A X

NN " mee] ARSI FRslaA G FRA
Aol Wabl gob dolet. HY0R mAT -

=2

Avp= 115°~131°= I;E—JEH —7}01] T2 74571 &
R

29 A Fig. §(b)o|A] elx]o] Ag Ao
H)&lo] AFA4=7} 0.994~0.999= A1 gﬁ = 2 HA}
o}

2o soldo A Akt o] 2 HIlE
A ‘ﬁ_“q” e ! R Aol A ZapeEe a0t Felg o] Ztol| w
o} AFEARA] HeE elgo] FLEATA Al .

2
whe vios BN AREn WIS A8

2
olg] 150kPadth Hx 7] A2}

H 2] A 151 5 H ol 2@l A
_EL}%_’ ne 751_(,101]/&‘] _g_ 3 (2) =4 E-Tq' ??__GL].' ﬂ'ﬂ]*oﬂ%ﬁﬂ EEOI‘L s HBE
=0o fe=] 0] AEFOCQ soly =
Eﬁ‘o] ’%@7{/&}94 _%]EH @1%1_‘9_& :,7-?‘5]— —;:‘—]EH Z_i_iﬂ ;fj 740‘?_ EMQ’ o =2 e—u‘rrEoﬂH \:ll_.—‘:('ﬁol ©
] . 7ol whet 7147 MRHe gjRlHo® FrastAL
Zejais 2 Aolr} U] got & qlgold H8at 591
Ml B 7 AR tehton], $U F9l

do) WeIt FEPE & 4 ek
HE 0%l A ZepgdeofA Fr7] 222 2.1kPa
7} et on Aoz 3l AR L

_I



(€)

4)

56

. ASTM D4253-00,

. ASTM D4254-00,

Mohr-Coulomb®] T}3| 722 F3) Helelo] me
Z2H 7] Hzeyl JyHopze st

Arele AyHoR tehiA) o ulagao
I3

e Ao Yt

&0l 5, 10, 20%= F7Fgte] mebA= X

Hzr o] Z7180] 168.5%, 154.4%, 74.3%
S8 YEhg o, Z*l%toi o A

AERS

g g

2 st 3

9

gl m}a} Fe

A9 e A
S -

y =
= |

. Andrew M. R. and J. B. Burland. (1999), “Use of the Tensil Strength

of Water for the Direct Measurement of High Soil Suction”. Can.
Geotech. J., 36: pp.178-180.

. ASTM D2325-68 (1994) el, “Standard Test Method for Capillary-

Moisture Relationships for Coarse- and Medium-Textured Soils by
Porous-Plate Apparatus”.

“Standard Test Methods for Maximum Index
Density and Unit Weight of Soils Using a Vibratory Table”.
“Standard Test Methods for Minimum Index
Density and Unit Weight of Soils and Calculation of Relative
Density”.

. Bishop, A. W. and Donald, I. B. (1961), “The Experimental Study

of partly Saturated Soil in the Triaxial Apparatus”, Proceedings
5th ICSMFE, pp.13-21.

. Craig. A. B. and C. D. Shackelford (2001), “Soil-Water Characteristic

Curves and Dual Porosity of Sand-Diatomaceous Earth Mixtures”,
J. of Geotech. and Geoenvir. Engrg. ASCE, 127(9): pp.790-800.

. Fredlund, D G., Morgenstern, N. R., and Widger, R. A. (1978),

“Shear strength of unsaturated soil”, Canadian Geotechnical Journal,
15(3): pp.313-321.

. Fredlund, D. G. and Morgenstern, N. R. (1977), “Stress State

Variables for Unsaturated Soils”, Journal of the Geotechnical
Engineering, ASCE, Vol.103, No.GTS, pp.447-466.

s=XIgtESsisl=2d 29 Hi2E

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Fredlund, D. G. and Rahardjo, H. (1993), “Soil Mechanics for

Unsaturated Soils”, John Wiley & Sons Inc., pp.64-123.

. Jeong, S. S., Yu, N. D, and Kim, J. H. (2004), “Characteristics

of unsaturated weathered soils with varying clay contents”, Korea
Society of Civil Engineers Conference, pp.2487-2492.

Jubert, A. P. and Colmenares, J. E. (2006), “Stress-strain-suction
behaviour of two clayey materials under unconfined conditions™.
Unsatureted Soils. Geotechnical special publication. No.147, ASCE,
pp.109-1120.

Kim, Y. S. and Kim, D. M. (2008), “Characteristics of Undrained
Cyclic Shear Behavior of Nak-Dong River Sand by Silt Contents”,
Journal of the Korean Geotechnical Society, Vol.24, No.ll,
pp-79-89.

Kim. C. K. (2003), “Characteristics of Stress-strain Behaviour for
Unsaturated Weathered Granite Soil”, Journal of Korea Society of
Civil Engineers-C, Vol.23, No.3, pp.177-184.

Krahn, J., Fredlund, D. G., and Klassen, M. J. (1989), « Effect of
Soil Suction on Slope Stability at Notch Hill”, Canadian Geotechnical
Journal, Vol.26, No2, pp.269-278.

Lee, H. K. and Lee, 1. (2009), “A Study for Unsaturated-Character
of Weathered Granite Soil
Geo-Environmental Society, Vol.10, No.3, pp.13-20.

Lee, S. J., Lee, S. R, and Jang, B. S. (2002), “Unsaturated Shear
Strength Characteristics of Weathered Granite Soils”, Journal of
Korea Society of Civil Engineers-C, Vol.22, No.l, pp.81-88.
Leong E. C. and Rahardjo, H. (1995), “Characteristic Curves for
two Residual Soils from Granitic and Sedimentary Formations”,

in Korea”, Journal of Korean

Preceeding of the International Conference on Unsaturated Soils,
UNSAT’95, Paris. France, pp.519-524.

Lim, S. Y. (2007), “The Shear Characteristics of Unsaturated
Sandy Soils”, Journal of the Korean Geotechnical Society, Vol.23,
No.10, pp.57-64.

Moon, J. B., Kim, S. K., and Jang, Y. S. (1993), “Development
and Verification of Negative Pore Pressure Tip for unsaturated
Flow Analysis”, Korea Society of Civil Engineers Conference,
Vol.1993, No.1, pp.385-388.

Song, C. S. and Chang, P. W. (1994), “Development of Constitutive
Model for the Prediction of Behaviour of Unsaturated Soil(T)
-Study of Characteristics of Unsaturated Soil”, Magazine of the
Korean Society of Agricultural Engineers, 36(4), pp.87-94.
Song, C. S. and Choi, D. H. (2007), “Characteristics of Shear
Strength for an Unsaturated Soil with the Matric Suction”, Journal
of Korean Env. Res. Tech., Vol.10, No.1, pp.82-83.

Wheeler, S. J. (1988), “A Conceptual Model for Soils Containing
Lage gas Bubbles”, Geotechnique, 38(3), pp.389-397.

(A%} 2012. 10. 22, AAFLE A 2013, 2. 18)




<<
  /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


