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ABSTRACT:  

Among the different types of soft sedimentary rocks, mudstones is sensitive against to cyclic wetting and 
drying known as slaking, leading to significant physical degradation even after one cycle of wetting and 
drying. In order to examine slaking effects on engineering behaviour of crushed mudstone, a series of 
direct shear tests were conducted on the crushed mudstone by simulating cyclic wetting and drying under 
different stress conditions by using a modified direct shear apparatus. It is noted that the creep shear 
deformation in the first wetting becomes larger as increase in the stress ratio, while it decreases with the 
progress of cyclic wetting and drying. During the drying process, initially, no appreciable creep 
deformation is found to occur at higher water content. When the water content of specimen has reached 
about 2.5 %, both vertical and shear deformations occur progressively with water loss. A gradual decrease 
of the peak angle of friction is observed with the increasing number of cycles.  
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INTRODUCTION 

Mudstone tends to slake and soften when in contact with water and has given rise to numerous slope 
stability problems (Regues et al., 1995), coal mine roof falls, shale embankment failures (Bragg and 
Zeigler, 1975) and loss of bearing capacity of foundation (Mochizuki et al., 1985) around the world. For 
example, the landslide dam formed by the 2005 Kashmir earthquake was breached in 2010 during 
moderate rainfall. It is assumed that the dam was breached due to the slaking of mudstones (Kiyota et al., 
2011). In addition, slaking of filling mudstone was pointed out one of the causes for collapsing of 
embankment by Suruga Bay earthquake 2009 (Takagi et al., 2010). Similarly, the Ataturk Dam, Turkey is 
the fourth largest clay cored rock-fill dam in the world, constructed in 1990. When the reservoir level 
started to rise, settlement problems started to occur along the crest reaching considerable level. Malla et al. 
(2007) reported that both vertical and horizontal displacements were still taking place even after 15 years 
of construction under more or less constant loading conditions. The vesicular basal rock used in the cross-
section of the dam was found to be slaked (Cetin et al., 2000). Moreover, when high embankment made of 
these materials is considered, long term stability and settlement problems may possibly arise from the 
occurrence of slaking of geo-materials due to repeated wetting and drying cycles (Cetin et al., 2000; Tovar 
et al., 2011).  
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The slaking causes particle size reduces and shape changes with significant reduction in shear strength 
and increase in deformation. The strength and deformation behaviour of such geo-materials becomes very 
complex as different factors such as the water content before wetting, the number successive cyclic 
wetting and drying, density of geomaterials and finally particles crushing largely affects the overall 
behaviour. So, many geotechnical problems specifically on mudstone have demonstrated that conventional 
methods typically used in geotechnical engineering practice are not adequate for stability analysis of such 
unique geomaterials. 

It is necessary to evaluate the durability of such rocks against wetting and drying, their effects on 
physical and mechanical properties, and ultimately the stability of the natural and artificial slopes. Slaking 
of mudstone has been studied by many researchers (e.g., Ladd, 1960; Nakano, 1967; Franklin and Chandra, 
1972; Moriwaki, 1974 and Botts, 1986 etc.). Nakano (1967) conducted a research on the breaking of 
tertiary mudstone with slaking and observed the changes in soil properties. Most of these researches are 
related with the change in physical properties such as density, particle size distribution etc. of mudstone 
due to slaking, do not deal with mechanical properties. Similarly, a large creep deformation and reduction 
in the peak shear strength of crushed mudstone after immersion was reported by many authors (e.g., 
Kiyota et al., 2011 and Yoshida et al., 2002). Some researchers tried to evaluate the impact of slaking on 
the engineering behaviour of mudstones under unconfined condition. However, cyclic wetting and drying 
in the field typically occurs under anisotropic stress condition. Therefore, in order to predict the long term 
response of various natural slopes and other geotechnical structures, a better understanding of the strength 
and deformation characteristics of geomaterials undergoing slaking is essential. So, the author tries to 
achieve a better understanding of slakable geo-materials through this research.  

In this study, a series of direct shear tests were performed with the advanced direct shear apparatus 
under different stress ratio, R. Specimens were consolidated at prescribed stress ratio, R, then they were 
wetted and dried alternatively under constant shear loading and finally monotonic shear load was applied 
after third wetting to observe shear strength and deformations characteristics. Sieve analysis was also 
performed to investigate the changes in particles size distribution and degradation index.  
 
 

MATERIAL AND EXPERIMENTAL PROCEDURE 
 

The Hattian Bala mudstone used in this investigation was obtained from the earthquake induced landslide 
dam, formed by the 2005 Kashmir earthquake, which is located southeast of Muzaffarabad, Pakistan. As 
already mentioned, the earthquake induced landslide dam was suddenly breached on 9th February, 2010 
just after moderate rainfall preceded by drought. Slaking of mudstone was assumed to be one of the major 
causes of the failure (Sattar et. al., 2010 and Kiyota et. al., 2011). From a geological point of view, the 
source area is formed of Miocene aged Murree formation (Mirza et. al., 1996), composed of alternate 
layers of mudstone and sandstones with minor intercalations of limestone and conglomerates indicating its 
fluvial deposition environment. The fine grained mudstones are mostly deep red in color as shown in Fig. 
1, being indicative of high iron contents. The specimens of oven dried crushed mudstone were prepared by 
removing particles finer than 2 mm and larger than 4.75 mm as a necessary adjustment to the apparatus 
dimension. The specimens were not thoroughly compacted to prevent from particle breakage and to make 
similar conditions as those of the landslide dam, which was dynamically deposited without strong 
compaction. The slaking index (JGS 2132) of the mudstone was evaluated as level 1, while the slaking 
ratio (NEXCO-110, 2006) was 96.86 %.

The performed laboratory tests comprise a series of direct shear tests with a modified direct shear 
apparatus in order to examine effect of slaking on engineering behaviours of crushed mudstones. A  
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Fig. 1 Stress path for MS001, MS002 & MS003Fig. 4 Stress path Fig. 3 Moisture sensor and larger 
container outside of shear box 

  

Fig. 2 Schematic diagram of modified direct shear apparatus 
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Fig.1 Hattian Bala mudstone 
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schematic view of the modified direct shear apparatus used in this study is shown in Fig. 2. The inside 
specimen size is 20cm x 20cm x 9.14 cm. The initial opening between upper and lower boxes was fixed as  
10 mm. The apparatus has the following essential features: 1) a possible feedback control on both normal 
load and shear load to impose any prescribed stress path in the shear stress-normal stress space; 2) a lower 
shear box  moving on a very low-friction rail, with two friction load cells to evaluate any friction at the 
bottom of the lower shear box; 3) shear load applied by a high precision gear loading device driven by a 
servo-motor, allowing easy and exact control of arbitrary shear displacement ratio as well as sustained 
loading (by a feedback control on the shear load). The importance of all these features to obtain reliable 
data of direct shear tests on granular material was demonstrated by Shibuya et al. (1997). A moisture 
sensor was inserted into shear box to measure the water content of the specimen instantaneously as shown 
in Fig. 3. 

In this study, loading process during the test consisted of three stages as shown in Fig. 4: 1) the 
specimen was subjected to shear and average normal stresses keeping their ratio, R (= / v) constant (R= 
0.3, 0.5 and 0.7). Both shear stress (  and normal stress ( v ) were steadily increased up to respectively 15 
kPa and 50 kPa for R= 0.3, 25 kPa and 50 kPa for R= 0.5 and 35 kPa and 50 kPa for R= 0.7; 2) After the 
prescribed shear ( and normal stress ( v) values were reached, these values were kept constant until the 
stabilization of both shear and vertical deformations are achieved. After both shear and vertical 
deformations stabilization, the first wetting was carried out by supplying distilled water from the bottom of 
shear box until the specimen was fully immersed. Two cylinders with valves were used to control the 
water flow inside and outside of the shear box as shown in Fig. 5. The overflow of water was collected by 
fixing an external container around the shear box as shown in Fig. 3. This creep loading process represents 
a situation that slope ground is saturated by rain fall under constant stress condition. When deformation 
due to immersion led to stabilize, water was drained out (the first drying). Dry air was pumped from the 
bottom of the shear box and the shear box was covered by silica gel (Fig. 6) to absorb moisture from 
specimen while room temperature was maintained at 30°C. When both shear and vertical deformations as 
well as water content had reached an almost constant value, water was supplied again to the specimen (the 
second wetting). The same process of drying and wetting was repeated (the second drying and the third 
wetting); 3) After the third wetting and deformations stabilization, a monotonic shear loading was applied 
at a constant rate of shear deformation (0.2 mm/min) under constant normal stress ( v) until the specimen 
reaches the residual state. A series of the monotonic loading tests on dry and saturated specimens were 
also performed to compare strength and deformation characteristics with those of the cyclic wetting and 

Fig. 5 Experimental setup to saturate 
specimen inside the shear box 

Fig. 6 Shear box covered by silica gel and 
temperature and humidity measurement 
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drying creep test. After completing direct shear test, the tested sample was dried in oven and sieve analysis 
was performed.

Table 1: Basic properties of tested specimens (Hattian Bala crushed mudstone) 
 

Sample 
Stress ratio 

during 
creep, R 

Initial 
density 
(g/cm3) 

Density 
before ML 

(g/cm3) 
Test condition during creep and Monotonic loading (ML)

MS001 0.3 1.482 1.508 Creep with cyclic wetting and drying for 3 times and ML 
under saturated condition 

MS002 0.5 1.529 1.549 Creep with cyclic wetting and drying for 3 times and ML 
under saturated condition 

MS003 0.7 1.553 1.577 Creep with cyclic wetting and drying for 3 times and ML 
under saturated condition 

MS004 0.3 1.478 1.491 Creep & ML under dry condition 
MS005 0.5 1.558 1.567 Creep & ML under dry condition 
MS006 0.7 1.556 1.565 Creep & ML under dry condition 
MS007 0.3 1.479 1.518 Creep (dry and wetting) & ML under saturated condition 
MS008 0.5 1.529 1.549 Creep (dry and wetting) & ML under saturated condition 
MS009 0.7 1.529 1.569 Creep (dry and wetting) & ML under saturated condition 

 
 

TEST RESULTS AND DISCUSSION 
 

Figure 7 shows the instantaneous response of creep deformations and water content of the specimen during 
the wetting and drying cycles under stress ratio (R) 0.5. Each cyclic wetting and drying creep test took 
about one month to complete. The influence of wetting in the first cycle upon shear deformation appears 
to be significant for all specimens. Similarly, negative vertical deformation (expansion) occurs due to 
wetting. Positive value of vertical deformation is taken as contraction. This expansive behavior of crushed 
mudstone would consist of two phases, swelling caused by water absorption of clay mineral and dilatancy 
due to shearing. 

For the second and third wetting processes, the increment of shear deformations are relatively small, 
almost 1/8 times the increment of shear deformation in the first wetting. However, substantial negative 
vertical deformation occurs during the second and third wetting processes. Figure 7 also shows that water 
content decreases gradually during the first and second drying processes. Initially, no appreciable creep 
deformation is found to occur at higher water content. When the water content becomes about 2.5 % (point 
A and B in Fig. 7), both vertical and shear deformations occur progressively with water loss and finally 
tend towards an asymptotic value at water content of about 0.7 %. As seen from the Fig. 7, both creep 
curves during drying are composed of two well defined curvilinear parts. Figure 8 shows schematic sketch 
of crushed mudstone particles which consist of two pore systems, inter (macro) and intra-primary (micro) 
porosity (Braudeau et al., 2004). It is assumed that water leaves the crushed mudstones from the inter-
pedal (macro) pores causing shrinkage of inter-pedal (macro) pores (first part of curvilinear). When the 
inter-pedal (micro) pores empty out, intra-primary (micro) pores begin to shrink, losing its water content 
(second part of curvilinear). The shear deformation during first wetting is found dependent on initial 
density of specimen before wetting as shown in Figure 9.  

The above test results are summarized in Fig. 10, showing the increment values of creep shear and 
vertical deformations at each stress ratio, R. The wetting-induced maximum creep shear deformation of 
3.4 mm was observed at R= 0.7 during the first wetting (see Fig. 9a). Similarly, wetting-induced creep 
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failure was observed at R= 0.8 on the same material as the one in this study. Therefore, it seems that the 
creep shear deformation during wetting is proportional to the value of R, which would indicate high risk of 
slaking-induced instability at steep slopes.  

Panabokke and Quirk (1956) reported that the slaking level of clay aggregates became higher as the 
initial water content of the specimen became lower. Therefore, it can be understood that the maximum 
deformation was observed during the first wetting because the specimen in this study was prepared by 
oven-dried crushed mudstone. Figure 7 a) shows a larger shear displacement during the first wetting phase, 
compared to the second and third wetting. This can be explained by the fact that the pre-emersion drying 
condition was more severe for the first wetting than the following ones. As a matter of fact, the mudstones 
prior to testing were oven-dried for 6 hours at a temperature of 105°C which corresponds to a much higher 
drying rate than the following ones. It can be deduced from this result that longer and more severe 
droughts before rainfall events could be more detrimental to slope stability. 

   In addition, from Fig. 10 a), the creep shear deformation caused by wetting seems to be decreased with 
progress of wetting and drying cycle, almost zero during the third wetting, even the water content of 
specimen before wetting is relatively lower about 0.7 %. This may be attributed to the specimen 
densification due to previous wetting and drying processes (see Fig. 11). Figure 10 b) shows considerable 
vertical deformation that occurred in each wetting process. The vertical deformation in case of R= 0.3, 
however, is almost negligible except in the first wetting because of having higher water content (more than 
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3 %) of specimen before the second and third wettings. The vertical deformation in the first wetting is 
affected by both R values during creep shear loading and the progress of wetting and drying cycles. 

 One of the noticeable behaviors observed in these experiments is a quite large creep deformation 
during the drying processes. As shown in Fig. 10 a), the creep shear deformation during drying increase 
with the increase in the stress ratio, R. However, in the case of sress ratio, R= 0.3, the lowest water content 
during the drying step is quite large (about 3 %). This may be reason for relatively small creep 
deformation during the drying process at stress ratio, R equal to 0.3. Reduction of pore water which lead to 
shrinkage and disaggregation of fabric especially around discontinuities during dry process. Consequently, 
such an evolution of soil grains produce rounded particles with relatively high sphericity and smooth 
circumference which sequentially decreases the interlocking behaviour (angle of internal friction) of 
granular medium (Moropoulou et al., 2004 and Aung et al., 2010). Similarly, particles slide on each other 
during shrinkage causing shear deformation. The strength and stiffness gained during drying process are 
opposing to the further increase in shear displacement with drainage and evaporation of pore water which 
lead to shrinkage and disaggregation of fabric especially around discontinuities. Therefore, the drying 
induced deformation of crushed mudstones is very complex which could be challenging and crucial 
importance for strategic geotechnical structures. 

Figure 12 shows the shear deformation-volume change relationship for the three testing conditions 
under same stress conditions. All specimens under the three different testing condition exhibited dilative 
behavior during monotonic shear loading. However, it is seen that the residual state is no longer unique. In 
general, the position of residual state is unique under constant stress. The position of the residual state also 
varies with the degree of saturation (Kyokawa, 2011). Although, both  the specimens with one time 
wetting and the one with three times wetting and drying history failed due to monotonic shear loading 
under fully saturated conditions, there is a considerable difference in the position of residual states 
probabaly because of particles crushing occurred during cyclic wetting and drying process.  

The relationship between the stress ratio, R (= / v) and shear displacement during monotonic loading 
is shown in Fig. 13. The specimen with one time wetting and the one with cyclic wetting and drying 
history exhibited largely different stress-displacement features from that of dry specimen. The peak shear 
strength of the saturated and cycle test samples are reduced by about 20 % as compared to the dry test.  

Fig. 10 Increment value of creep a) Shear b) Vertical displacement at each stress ratio, R 
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Significant amount of particles are crushed due to immersion and cyclic wetting and drying. After 
experiment, it is found that about 1.5 % particles by mass become finer than 2.0 mm for the dry test, 
where as in the case of saturated and cyclic test 6.0 % and 9 % particles by mass become finer than 2.0 
mm respectively. Similarly, the Degradation indexes were 0.067, 0.11 and 0.16 for dry, saturated and 
cyclic test. This results show higher value for the cyclic test due to repeated wetting and drying (see Fig. 
14). 

Finally, one of the important finding of these experiments is a gradual decrease of the peak angle of 
friction with the increasing number of cycles as shown in Fig. 15. This may be attributed to particles 
crushing due slaking of crushed mudstone as described in previous paragraph. As already mentioned the 
slaking index and the slaking ratio of crushed mudstone used in this research are 1 and 96.86 which 
indicates the durable mudstones against slaking. So, the decrease of the peak angle of friction with the 
increase number of cycles is not significant for less number of wetting and drying cycles.  
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CONCLUSIONS 

 
In order to investigate slaking effect on engineering behaviors of crushed mudstone, a series of direct 
shear tests were conducted. The following conclusions were obtained in this study. 

A significant creep shear deformation could be found in the first wetting process. However, the amount 
of creep shear deformation during wetting is decreased with step of the drying and wetting cycles. Almost 
equal vertical deformation occurs in each wetting step if the water content of the specimen before wetting 
becomes quite smaller. Creep shear displacement during the wetting phase increases with a higher stress 
ratio, R which would indicate a higher slaking-induced instability at steeper slopes. Shear displacement 
during the first wetting phase is very large as compared to the second and third wetting.  This could be 
explained by the fact that the pre-emersion drying condition was more severe for the 1st wetting than the 
following ones. As a matter of fact, the mudstones prior to testing were oven-dried for 6 hours at a 
temperature of 105°C which corresponds to a much higher drying rate than the following ones: longer and 
more severe droughts before rainfall events could be more detrimental to slope stability. 

During the drying process, a significant creep deformation is found to occur when water content 
becomes less than 2.5 %. Creep deformation during drying is increased with the increase in stress ratio, R. 
A gradual decrease of the peak angle of friction is observed with the increasing number of cycles. 
Moreover, a 20% reduction in the peak shear strength for the cyclic wetting and drying was obtained 
compared to the dry condition test. Similarly, about 3 % more particles crushing of the mudstones samples 
after cyclic wetting and drying is found. 

 
 

REFERENCES 
 

Aung, K. K. S., Osada, M., Thandar, T. N. W. (2010). “Drying-induced deformation behaviour of 
Shirahama sandstone in no loading regime.” Engineering Geology, Vol. 114, 423–432 

Kiyota, T., Konagai, K., Sattar, A., Kazmi, Z. A., Okuno, D. and Ikeda, T. (2011). “Breaching failure of a 
huge landslide dam formed by 2005 Kashmir earthquake.” Soil and Foundation, Vol. 51, No. 6, 1179-
1190. 

0 1 2 3 4 5 6

36

38

40

42

44

46

48

50

Decreases gradually

Decreases gradually

Hattian Bala mudstone
            SI = 1

 

satsat

dry

satPe
ak

 a
ng

le
 o

f f
ric

tio
n(

p)

Number of cycles (N)

dry

0 1 2 3

Fig. 15 Effect of cyclic wetting and drying on 
peak angle of friction ( p) 

－81－



Kyokawa, H. (2011). “Elastoplastic constitutive model for saturated and unsaturated soils considering the 
deposited structure and anisotropy”, Doctoral thesis, Nagoya Institute of Technology, Nagoya, Japan. 

Karoglou, M., Moropoulou, A., Maroulis, Z. B., Krokida, M. K. (2005). “Drying kinetics of some building 
materials.” Drying Technol. Vol. 23, No. 1&2, 305–315. 

Ladd, C. C. (1960). “Mechanisms of swelling by compacted clay.” Highway Research Board Bulletin, 
abstract, Vol. 245, 10–26. 

Malla, S., Wieland, M. and Straubhaar, R. (2007). “Assessment of Long-Term Behaviour of Ataturk Dam.” 
Proc., 1st national symposium and exposition on dam safety, Turkey, 28-30 May, 2007. 

Mirza, M. A. (1996). Geological map of Azad Jammu and Kashmir, Geological Survey of Pakistan (GSP). 
Mochizuki, A., Mikasa, M., and Kawamoto, S. (1985). “Investigation of settlement of clay fill at a housing 

development site.’’ Tsuchi-To-Kiso, Vol. 33, No. 4, 25–32 (in Japanese) 
Moriwaki, Y. (1974). “Causes of slaking of argillaceous materials.” Ph. D dissertation, Department of 

Civil Engineering, University of California, Berkeley.  
Moropoulou, A., Karoglou, M., Giakoumaki, A., Krokida, M.K., Maroulis, Z.B., Saravacos, G.D. (2004). 

“Drying kinetics of some building materials.” Proc. 14th International Drying Symposium, Sao Paulo, 
Brazil, Vol. A,145–151. 

Nakano, R. (1967). “On weathering and changes of properties of tertiary mudstone related to landslide.” 
Soils and Foundation, Vol. 3, 1-14. 

Panabokke, C. R. and Quirk, J.P. (1987). “Effect of initial water content on stability of soil aggregates in 
water.” Soil Science, Vol. 83, No. 3, 185-196 

Sattar, A., Konagai, K., Kiyota, T., Ikeda, T. and Johansson, J. (2010). “Measurement of debris mass 
changes and assessment of the dam-break flood potential of earthquake-triggered Hattian landslide 
dam.” Landslides, DOI: 10.1007/s10346-010-0241-9. 

Shibuya, S., Mitachi T., and Tamate, S. (1997). “Interpretations of direct shear box testing of sands as 
quasi-simple shear.” Geotechnique,Vol. 47, no. 4, 769-790. 

Takagi, M., Yokata, S., Suga K., Yasoda S. and Ota H. (2010). “The actual situation of the slope of 
earthfill that collapsed by an earthquake disaster in the Tomei Expressway Makinohara district.” Proc. 
of 55th Geotechnical Engineering Symposium, 2010, 193-196 (in Japanese).

Tovar, R. D. and Colmenares, J.E. (2011). “Effect of drying and wetting cycles on the shear strength of 
argillaceous rocks.” Unsaturated Soils – Alonso & Gens (eds), Taylor & Francis Group, London, ISBN 
978-0-415-60428-4, 1471-1476. 

Yoshida, N., Enami, K. and Hosokawa, K. (2002). “Staged compression-immersion direct shear test on 
compacted mudstone.” J. Test. Eval., Vol. 30, No. 3, 239-244. 

－82－


	Effect of Slaking on The Engineering Behaviour of The Crushed Mudstones


<<
  /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




