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ABSTRACT: Stress-dilatancy relationship of sand was investigated in drained cyclic 
torsional shear tests. It is presented in 2D form showing the relation between shear-stress 
ratios with the changes of volumetric strain. In order to obtain comprehensive results on 
stress-dilatancy relationship, a series of tests were conducted by changing several 
parameters such as the over-consolidation histories, specimen initial relative densities and 
strain amplitudes. It was found that over-consolidation history and specimen initial 
relative density have less effect on stress-dilatancy relationships, while shear strain 
amplitude has more predominant effect. The comprehensive studies from these 
experimental results may give important information, which later can be used in the 
modeling of the stress-dilatancy relationship. Volume change characteristics in 
stress-dilatancy relationship can be also used in predicting the excess of pore water 
pressure for liquefaction analysis. 
 
Key Words: Stress-dilatancy characteristics, dilatation, contraction, torsional shear, shear 
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INTRODUCTION 
 
On the soil behavior subjected to drained shear, Rowe (1962) found a unique relationship between the 
stress ratio and the dilatancy ratio (strain increment ratio); so called stress-dilatancy relationship. It can 
be described as the change of volume in the sheared soil element as soil particles sheared override to 
one another. 

In the early studies, researchers obtained the stress-dilatancy relationship by conducting tests 
under drained monotonic loading conditions (Rowe, 1962 and Roscoe et al., 1963, among others). 
However, as the behaviors of soil subjected to dynamic loading cases become more important on the 
recent issues in geotechnical engineering, more studies have been conducted under drained cyclic 
loading conditions (Pradhan et al., 1989, Shahnazari and Towhata, 2002, De Silva, 2008, among 
others). Under drained cyclic loading conditions, the stress-dilatancy relationship shows the 
characteristics of volume change in soils during each of the cyclic loading stages. 

It was found that the stress-dilatancy relationship is also one of the key parameter in understanding 
the behavior of soil during liquefaction. The build-up of pore water pressure in undrained cyclic 
loading test in simulating the liquefaction process is linked to the accumulation of volumetric strain in 
drained cyclic loading test. 

Tatsuoka et al. (1978) among others obtained the stress-dilatancy relationship by using triaxial 
apparatus. In this study, the stress-dilatancy relationship was obtained by conducting a series of tests 
using a hollow cyclinder torsional shear apparatus. Unlike triaxial shear test, torsional shear test is 
capable of simulating the rotation of major principal stress direction during loading process. Pradhan 
et al. (1989) and Shahnazari and Towhata (2002) also used torsional shear apparatus, by performing 
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the tests under simple shear condition (TSS), where the radial and circumferential strain increments 
were kept to be zero ( r=  =0). 

In order to obtain more comprehensive data on the of stress-dilatancy relationship, tests were 
performed in this study under drained cyclic torsional shear condition (TS) by changing several 
parameters such as over-consolidation histories, initial relative densities of specimen and shear strain 
amplitudes. The outcome from these experimental results can be used in modeling more precisely the 
stress-dilatancy relationship. 

 
  

MATERIAL, APPARATUS AND TEST PROCEDURE 
 

Toyoura sand was used as the test material. Its particles have an angular or sub-angular shape with the 
following physical properties: specific gravity, Gs=2.656; mean diameter, D50=0.162mm; fines content, 
Fc=0.1%; max. void ratio, emax=0.992; min. void ratio, emin=0.632. Tests were conducted on hollow 
cylindrical specimen, as shown in Fig. 1(a), having the height of 30cm, the inner and outer diameters 
of 12cm and 20cm, respectively. 
 

Figure 1. Hollow cylinder torsional shear apparatus 
  
 In the present study, five different tests were conducted to investigate the effects of 
over-consolidation histories, initial relative densities and strain amplitudes on the stress-dilatancy 
relationships. The detailed conditions of each test, named SD-1 to SD-5, can be seen in Table 1. 
 Specimens were prepared by pluviation of air-dried sand particles into a mold. In order to obtain 
the specimens with highly uniform density, their falling height was kept constant throughout the 
pluviation process. Double vacuuming was used during the saturation process considering the large 
size of the specimen, and thus B-value was achieved to be greater than 0.96. Volumetric change of the 
specimen during loading process was measured by high sensitive electronic balance, with the accuracy 
up to 1.0 mg. Unlike the volume change measured by LCDPT (Low Capacity Differential Pressure 
Transducer), measurement by the electronic balance was free from the effect of surface tension or 
meniscus forces within the water-retained beaker as illustrated in Fig. 1(c). 
 Specimens were consolidated isotropically from 35 to 100 kPa prior to the shear loading, while 
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applying isotropic unloading and reloading cycles if necessary. Finally, drained cyclic torsional shear 
loading with the specified stress or strain amplitude was applied at constant shear strain rate (d ) of 
2.0 %/min., while attempting to maintain other stresses at z’= r’ = ’ = 100 kPa. 

 
Table 1. Test details on the stress-dilatancy study  

 

Test eini at 
p’=35 kPa 

Dr(ini) (%) at 
p’ =35 kPa B value OCR Loading conditions Remarks 

SD-1 0.792 55.6 (Loose) 0.97 1 CTS ( z = ±50 kPa) Stress-ctrl.
SD-2 0.801 53.7 (Loose) 0.97 4 CTS ( z = ±50 kPa) Stress-ctrl.
SD-3 0.691 82.1 (Dense) 0.99 1 CTS ( z = ±60 kPa) Stress-ctrl.
SD-4 0.737 70.7 (Med. Dense) 0.96 1 CTS ( z = ±5.0 %) Strain-ctrl.
SD-5 0.728 73.4 (Med. Dense) 0.98 1 CTS (d z = ±2.5 %) Strain-ctrl.

note:  
- OCR = Over-consolidation ratio 
- CTS = Cyclic torsional shear loading while maintaining z’= r’ = ’ = 100 kPa. 

 
 

DATA ANALYSIS PROCEDURES 
 
There are several proposals among researchers to explain the stress-dilatancy relationship under 
different loading conditions such as triaxial, plane strain, etc. In this study, the investigation of 
stress-dilatancy relationship follows the one developed by Pradhan et al. (1989) in torsional shear test,  
presenting the relationship between shear stress ratio ( /p’) and dilatancy ratio (-d d/d p). The dilatancy 
ratio is defined as the ratio between volumetric strain increments due to dilatancy (d d) and plastic 
shear strain increments (d p). 
 
Volumetric strain increment due to dilatancy (d d): The total volumetric strain increment (d vol) 
measured during cyclic loading consists of two components, which are due to dilatancy (d d) and 
consolidation/swelling (d c), as shown in Eq. 1: 
                                                                  

 cd
vol ddd  (1)

 
The component due to dilatancy is perfectly plastic in nature, while the other component due to 
consolidation/swelling consists of both elastic and plastic deformations. 
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 Due to limited accuracy of machine control during cyclic loading, the axial stress could not be 
maintained exactly at z’= 100 kPa, resulting into a change in the effective mean principal stress, p’, in 
the range between 95 to 100 kPa, as typically shown in Fig. 2. Since the change in p’ might induce the 
change of volume due to consolidation (d c), the d c value was calculated by using Eq. (2) as shown 
below, while referring to the swelling curve measured during isotropic unloading and reloading cycles 
in the range of p’ = 50 to 100 kPa, as shown in Fig. 3. 
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where dp’ is the change of effective mean principal stress; p’ and p0’ are the current and the target 
effective mean principal stresses, respectively; Ko is the reference bulk modulus (defined at p’ = p0’), 
and mk is material parameter obtained by curve fitting. 
  
Plastic shear strain increment (d p): The total shear strain increment (d �t) measured externally by 
potentiometer is also decomposed into two components, which are plastic component (d p) and elastic 
component (d e) as shown in Eq. (3): 
 

ept ddd  (3)
 
 The elastic component (d e) was computed by using Eq. 4 and Eq. 5, formulated using the 
quasi-elastic constitutive model developed at the Institute of Industrial Science, University of Tokyo 
(Hong Nam, 2004). 
 

Gdd e /  (4)
n

o
n

rzoo GefefG )().(.)}.()({ ,2/,,  (5)
 
where: G = shear modulus; f(e) = (2.17 – e)2/(1 + e), (Hardin and Richart, 1963); eo = initial void ratio 
at z’= r’ = ’ = 100 kPa, Go = initial shear modulus; o’ = reference isotropic stress state (=100 
kPa); z’ and r’ = vertical and radial effective stresses, respectively; and n = stress induced anisotropy 
material parameter. In this study, Go and n were set equal to 85 MPa and 0.508, respectively. 
   
 

TEST RESULT AND DISCUSSION 
 
Effects of over-consolidation history, specimen initial relative density and shear strain amplitude on 
the stress-dilatancy relationship are discussed herein: 
 
Effects of over-consolidation histories: Two specimens, named SD-1 and SD-2, were prepared with 
over-consolidation ratio of OC = 1 (normally consolidated, NC) and OC = 4 (over-consolidated, OC). 
 The relationships between the shear stress ratio ( /p’) and the plastic shear strain ( �p) for NC and 
OC specimens are shown in Figs. 4(a) and 5(a), respectively. In these tests, shear loading was applied 
with constant shear stress amplitude of 50 kPa. It can be seen that during subsequent loading cycles, 
the hysteresis loops became smaller. This phenomenon cannot be attributed totally to the increase in 
density with cyclic loading (i.e., after applying 5 cycles, Dr(N=5) = 61.9 % for NC test and Dr(N=10) = 
63.7 % for OC test), but it is probably due to the cyclic strain-hardening behavior. 
   The relationships between plastic volumetric strain due to dilatancy ( �d) and plastic shear strain 
( p) are shown in Figs. 4(b) and 5(b). During the subsequent cyclic loading, volumetric strains in both 
tests were accumulated in the positive side (contraction). After 5 cycles, NC and OC specimens 
attained total plastic volumetric strains of about 1.3% and 1.2%, respectively. Since both specimens 
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were in the loose state, contractive behavior appeared predominantly in each cycle. It can be noticed 
that dilatation (i.e, d p < 0) started after the second cycle in the case of OC specimen and in the third 
cycle in the case of NC one. During the first half cycle of cyclic loading (virgin loading), the NC 
specimen showed pure contractive behavior; on the other hand, the OC specimen initially behaved 
dilative. 
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Figure 5(a). Shear stress-strain relationship for
over-consolidated sand 
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Figure 5(b). Volumetric strain-shear strain 
relationship for over-consolidated sand 

 
 Stress-dilatancy relationships for NC and OC specimens are presented in Figs. 4(c) and 5(c), 
respectively. In general, the stress-dilatancy curves for each cycle forming two parallel lines which 
consist of two segments of positive slopes (loading/reloading regime) and two nearly vertical 
segments (unloading regime). Numbers 1, 1’, 2, 2’ to 5 and 5’ on Figs. 4 and 5 correspond to the points 
where the loading direction was reversed. It can be noticed that the dilatancy ratio (-d d/d p) changed 
discontinuously from negative to positive one (-d d means the specimen behaves dilative) immediately 
after each of the reversal loading. 
 The vertical line passing the origin at {-d �d/d p} = 0 corresponds to the zero dilatancy state, 
which indicates the changes of behavior from contractive to dilative, or vice-versa. Ishihara et al. 
(1975) called this state as the phase transformation (PT). 
 The major impact of over-consolidation histories on the dilatancy characteristics of sand can be 
seen during the virgin loading in Figs. 6(a) and 6(b). During the virgin loading, the NC specimen 
shows a pure contractive behavior since the curve does not cross the zero dilatancy state; on the 
contrary, the OC specimen clearly shows a change in the dilatancy behavior from dilative to 
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contractive. However, in the subsequent cyclic loading, the over-consolidation histories seem 
disappear, thus, both NC and OC specimens show similar dilatancy characteristics. 
 Figures 4(c) and 5(c) also show the shrinkage of the stress-dilatancy curves toward zero dilatancy 
state in the subsequent cyclic loading; soil becomes more dilative. Shahnazari and Towhata (2002) 
reported similar phenomenon under the torsional simple shear (TSS) condition. The reason of the 
shrinkage of this curve will be explained later based on the results from tests subjected to the constant 
and irregular shear strain amplitudes. 
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Effects of initial relative densities: The test results on a dense state specimen, SD-3, with the initial 
relative density of 82.1% subjected to constant shear stress amplitude of 60 kPa is presented. 
 The relationships between the shear stress ratio ( /p’) and the plastic shear strain ( �p) are shown 
in Fig. 6(a). Similar with the ones conducted in loose state specimens (Fig. 4(a)), the hysteretic loops 
shrink in the subsequent cyclic loading (i.e., after applying 5 cycles, Dr(N=5) = 83.3 %). 
   The relationship between plastic volumetric strain due to dilatancy ( �d) and plastic shear strain 
( �p) is shown in Fig. 6(b). Different from the behavior observed with the loose state specimens, the 
dense state specimen exhibited both contraction and dilatation in each cycle. Even though dilatation 
appears from the first cycle up to the end, the total volumetric strain was still accumulated in the 
positive side. The dense state specimen attained less plastic volumetric strain of about 0.6% at the end 
of 5th cycle compared with the ones with the loose state specimens, which were about 1.2% to 1.3% 
(Figs. 4(b) and 5(b)). 
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 Stress-dilatancy relationship of dense state specimen is presented in Fig. 6(c). The shrinkage of the 
stress-dilatancy curve on the dense state specimen appears similarly with the one on loose state 
specimens. In dense state specimen, the dilatancy ratio (-d d/d p) attained a value of about 0.25 in the 
1st cycle and the value of about 0.10 in the 5th cycle at the unloading regime. These values are similar 
with the ones achieved on loose state specimen. In relation to such behavior, Tatsuoka et al. (1978) 
confirmed that stress-dilatancy relationships are independent of specimen’s initial relative densities or 
their stress levels. 
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Figure 6(c). Stress-dilatancy relationship for dense state sand 
 

Effects of shear strain amplitudes: Previous tests on both loose and dense state specimens were 
subjected to constant shear stress amplitude, and as a result the shear strain amplitude decreased 
during the subsequent cyclic loading. The results from these tests showed a phenomenon in which the 
dilatancy ratio changes towards the zero dilatancy state during subsequent cyclic loading. In order to 
understand such a behavior, two specimens, named SD-4 and SD-5, were subjected to the constant and 
irregular shear strain amplitudes, respectively. Specimen SD-4 was subjected to the constant shear 
strain amplitude of 5.0%, while specimen SD-5 was subjected to the progressive increase in the shear 
stain amplitude.  
 The relationships between the shear stress ratio ( /p’) and the plastic shear strain ( �p) for SD-4 
and SD-5 specimens are shown in Figs. 7(a) and 8(a), respectively. It can be seen that both tests 
achieved higher shear stress ratio during subsequent cyclic loading. As discussed earlier, this behavior 
appears to be affected by densification and strain-hardening, hence, shear stress increased in the 
subsequent cyclic loading. 
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   The relationships between plastic volumetric strain due to dilatancy ( d) and plastic shear strain 
( p) are shown in Figs. 7(b) and 8(b) for SD-4 and SD-5 specimens, respectively. Since both specimens 
were prepared at medium-dense state of about Dr0 70%, contraction and dilatation appeared in each 
cycle. However, SD-5 specimen showed remarkable increase of dilatation as shear strain amplitude 
increased. In terms of the accumulation of volumetric shear strain at the end of 5th cycle, SD-4 and 
SD-5 specimens attained about 2.5% and 1.4%, respectively. Such a difference between these two 
values seems to appear even during earlier cycles, where the specimen subjected to the constant shear 
strain amplitude exhibited larger contraction. 
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 Stress-dilatancy relationships for SD-4 and SD-5 specimens are shown in Figs. 7(c) and 8(c), 
respectively. The stress-dilatancy relationships in the constant shear strain amplitude test (SD-4) are 
not affected by the number of cycles, indicating that the stress ratio ( /p’) has a unique relationship 
with the dilatancy ratio (d d/d p). However, in the test where the shear strain amplitude increased 
progressively (SD-5), stress-dilatancy curves appear to be expanded, moving away from the zero 
dilatancy state.  
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  These observations are consistent with the ones in the aforementioned stress-controlled tests 
where the progressive decrease in the shear strain amplitude induced shrinkage of the stress-dilatancy 
curves towards the zero dilatancy state, suggesting that the levels of strain amplitudes have a 
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SD-4

SD-5 

－138－



significant effect on the dilatancy characteristics. Such effect may be qualitatively explained by 
assuming the different extents of disturbance of the particle structure induced by cyclic loading. As the 
structure of particles is disturbed to larger extents when they are sheared with larger strain amplitude, 
soil specimen tends to exhibit more contractive behavior in the subsequent cycle, in particular at the 
states immediately after changing the loading direction. Therefore, the corresponding stress-dilatancy 
curves move away from zero dilatancy state (Fig. 8(c)). On the other hand, the extents of disturbance 
of the particle structure become smaller when the strain amplitude during cyclic loading is decreased, 
as is the case with the constant shear stress amplitude tests, resulting into less contractive response 
with the shrinkage in the stress-dilatancy curves (Figs. 4(c), 5(c) and 6(c)). 
 

 
CONCLUSIONS 

 
The investigation on the effects of over-consolidation histories, initial relative densities and strain 
amplitudes on the stress-dilatancy relationships of sand under drained cyclic torsional shear conditions 
obtain several observations, which are: 
1. The effect of over-consolidation histories only appear during the first half cycle of cyclic loading 

(virgin loading). During the virgin loading, NC specimen shows a pure contractive behavior, while 
the OC specimen initially behaves dilative. In addition, the effects of over-consolidation histories 
are disappear in the following subsequent cyclic loading, both NC and OC specimens exhibit 
similar behavior. 

2. Initial relative densities of specimen do not affect the stress-dilatancy characteristics of sand. Both 
specimens in loose and dense states condition behave similarly. 

3. The shear strain amplitude appears to be one of the major factors to affect stress-dilatancy 
relationships of sand. As soil particles are sheared with larger shear strain amplitude, specimen 
tends to exhibit more contractive behavior in the subsequent cycle. As a result, the stress-dilatancy 
curves expand, moving away from zero dilatancy state. On the other hand, the shrinkage of 
stress-dilatancy curves in constant shear stress amplitude tests is caused by their stress-strain 
relationships, in which the shear strain amplitudes decreased during subsequent cyclic loading. 

 
 

ACKNOWLEDGEMENT 
 
The authors would like to thank Mr. Takeshi Sato (Technical assistant in Geotechnical Engineering lab, 
IIS) for his contribution in assembling and operating the testing apparatus. 
 

 
REFERENCES 

 
De Silva, L. I. N. (2008), “Deformation characteristic of sand subjected to cyclic drained & 

undrained torsional loadings and their modeling”, PhD Thesis, Dept. of Civil Engineering, The 
University of Tokyo, Japan. 

Hardin, B. O. and Richart, F. E., Jr. (1963), “Elastic wave velocities in granular soils”, Journal of 
soil mechanics and foundation division, ASCE, Vol. 89, No. 1, pp. 33-65. 

Hong Nam, N. (2004), “Locally measured deformation properties of Toyoura sand in cyclic triaxial 
and torsional loadings and their modeling”, PhD Thesis, Dept. of Civil Engineering, The 
University of Tokyo, Japan. 

Ishihara, K., Tatsuoka, F. and Yasuda, S. (1975), “Undrained deformation and liquefaction of sand 
under cyclic stresses”, Soils and Foundations, Vol. 15, No. 1, pp. 29-44. 

Pradhan, T.B.S., Tatsuoka, F. and Sato, Y. (1989), “On stress–dilatancy equations of sand subjected 
to cyclic loading”, Soils and Foundations, Vol.29, No.1, pp.65-81. 

－139－



Roscoe, K. H., Schofield, A. N. and Thurairajah, A. (1963), “Yielding of clays in states wetter than 
critical”, Geotechnique, 13(3), pp. 211-240. 

Rowe, P. W., (1962), “The stress-dilatancy relation for static equilibrium of an assembly of 
particles in contact”, Proc. Roy. Soc., London, Series Am, 269, pp. 500-527. 

Shahnazari, H. and Towhata, I. (2002), “Torsion shear tests on cyclic stress-dilatancy relationship 
of sand”, Soils and Foundations, Vol.42, No.1, pp.105-119. 

Tatsuoka, F. Iwasaki, T. Fukushima, S. and Sudo, S. (1979), “Stress conditions and stress histories 
affecting shear modulus and damping of sand under cyclic loading”, Soils and Foundations, 
19(2), pp. 29-43. 

 

－140－


	Stress-Dilatancy Characteristics of Sand in Drained Cylic Torsional Shear Tests


<<
  /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 1.4
  /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 [612.000 792.000]
>> setpagedevice




