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Determination of Coefficient of Consolidation 
from Index Properties of Soil 

Binu Sharma* and Padma K. Bora** 

Introduction 

ne of the areas in soil mechanics where predictions are of profound 
importance is the time required for a specified amount of consolidation and 
the probable consolidation settlement at a given time. A realistic estimation 

of the rate of consolidation settlement or the rate of dissipation of pore water 
pressure depends on the selection of the most appropriate value for the coefficient 
of consolidation (Cv). However, the determination of Cv from laboratory 
consolidation tests requires a great amount of time and effort. Often the Cv 
observed in the field is significantly different from the values determined from 
laboratory experiments. 

Terzaghi and Peck (1967) had found that the laboratory consolidation tests 
could not be made on more than 10 to 15 samples without causing undue delay in 
the project, while the physical properties of clay were likely to be significantly 
different from one point to another even in the case of a relatively homogenous clay 
strata. They worked towards a statistical relationship between compressibility and 
the index properties, especially the liquid limit.   

Several such studies were taken up by other researchers also. Narasimha 
Raju et al (1995) determined the coefficient of consolidation from void ratio at liquid 
limit, eL,  using the stress state - permeability relationship. The equations proposed 
by them  for normally consolidated soils is as follows. 
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where p is the overburden pressure in kPa and Cv is in cm2/sec. Narasimha Raju et 
al (1997) later proposed equation ( 2 )  for normally consolidated soils and equation 
( 3 ) for over-consolidated soils. 
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where v and v0 are the consolidation pressure and the pre-consolidation pressure 
respectively in kPa and Cv is in cm2/ sec. The authors proposed that more tests 
needed be carried out on a variety of soils and the coefficients refined so that the 
equations become applicable to a wider spectrum of soils. 

Theoretical Considerations 

The normalization of void ratio with its value at liquid limit was derived from 
the fact that there were experimental evidences that at liquid limit the fine grained 
soils acquire a unique state. Mitchell (1992) mentioned that at liquid limit the fine 
grained soils have a shear strength of about 1.7 – 2.5 kPa and pore water suction 
of about 6 kPa (Russel and Mickle, 1970; Wroth and Wood, 1978; Whyte,1982). 
Observing that the coefficients of permeability of different clays are very nearly the 
same (1.28  10-7cm/sec to 2.83  10-7 cm/sec) at liquid limit although the water 
contents and void ratios vary over a wide range, Mitchell (1992) concluded that the 
effective pore sizes controlling fluid flow must be about the same for all clays. 
Pandian et al (1993a) and Nagaraj et al (1991,1993,1994) presented that the 
coefficients of permeability values of various clays at liquid limit ranged from 1.28  
10-7cm/sec to 3.4  10-7 cm/sec. According to Nagaraj et al (1994) the physico 
chemical potential per unit volume at liquid limit is constant for all soils and this 
logically explains the macro level constant magnitudes of soil suction or 
consolidation pressure, constant shear strength and the same order of 
permeability. These unique conditions at liquid limit represent a reference state in 
relation to which all other states can be normalized. 

In this study the coefficients of permeability at liquid limit were obtained by 
compressing soils from a slurry state. Thirteen soil samples were used in the 
present study. The soils were reconstituted at water contents slightly greater than 
their liquid limit water contents and kept for a minimum period of 24 hours in the 
form of slurry for uniform distribution of moisture. The slurry was then transferred to 
the oedometer rings. Consolidation tests were carried out using a loading sequence 
of  5 kN/m2 , 10 kN/m2,  20 kN/m2, 40 kN/m2, 80 kN/m2, 160 kN/m2, 320 kN/m2 and 
640 kN/m2. At each pressure after equilibrium was achieved, falling head 
permeability test was performed to determine the coefficient of permeability. A thin 
layer of kerosene was placed over the water to prevent evaporation from the 
burette. The coefficients of permeability at liquid limit void ratio (eL) were obtained 
from the plots of void ratio (e) versus log k for each soil. Table 1 summarizes the 
Atterberg limits, the specific gravity values and the coefficient of permeability at 
liquid limit state.  The liquid limits of the soils were determined using the 60 gm 600 
cone and plastic limits were determined using the 400 gm 300 cone (Sharma and 
Bora, 2003, 2004). It is observed from the table  that  even though the liquid limit 
varies from 33.8% to 78%, the coefficient of permeability at liquid limit is of the 
same order ranging from 1.28  10-7 cm/sec to 3.2  10-7 cm/sec. This range is 
consistent with the range given by Nagaraj et al, (1991, 1993,1994) and by Mitchell 
(1992) also. 

Based on the above observations, further experiments in the present work 
were undertaken to develop a correlation between the coefficient of consolidation cv 
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and the liquid limit. In this work, refined correlations for the coefficient of 
permeability (k) and the coefficient of volume compressibility (mv) using the liquid 
limit and the consolidation pressure have been developed using the stress state 
permeability relationship  (Nagaraj et al. 1994). These values are then substituted 
in the equation CV = k/mv w as defined by Terzaghi. 

Table1 Values of Permeability at Liquid Limit Water Content 

SL.No. 
Liquid limit 

wL(%) 
Plastic limit

wP (%) 

Specific 
Gravity 

GS 

Permeability at 
Liquid limit 
(cm/sec) 

1 77 28 2.68 2.5  10-7 

2 38.5 17 2.63 1.42  10-7 

3 42 20 2.65 1.28  10-7 

4 60 24.2 2.71 1.42  10-7 

5 52.5 21 2.71 2.6  10-7 

6 33.8 16 2.68 1.95  10-7 

7 76 29.5 2.74 3.2  10-7 

8 45.8 16.2 2.65 1.62  10-7 

9 44 16 2.7 2.2  10-7 

10 61 22.5 2.68 2.6  10-7 

11 78 29.5 2.71 3.1  10-7 

12 69 24 2.72 2.38  10-7 

13 56 24.2 2.694 1.62  10-7 

Generalised Permeability Behaviour 

Using the void ratio at liquid limit (eL) for generalization, Nagaraj et. al (1993) 
presented a method for predicting the coefficient of permeability k of fine grained 
soils at different void ratios as follows. 

L

e
= 2.38 + 0.233 log k

e
                 (4) 

where k is in cm/sec with a correlation coefficient of 0.93.                           

Nagaraj, Pandian and Narasimha Raju (1994), later correlated the 
permeability k of over-consolidated  soils with the generalized state parameter e/eL  

as follows 

L

e
= 2.162 + 0.195 log k

e
         (5)                           

where k is in cm/sec with a correlation coefficient of 0.98. In this paper the authors 
showed that the e - log k paths did not reflect the effect of stress history. 
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Pandian, et. al. (1993b) studied the changes in permeability due to drying of 
soil. The normalized plot for natural, partially air dried and dried conditions of  Parur 
clay was given by the following expression. 

L

e
= 2.25 + 0.21log k

e
     (6)                        

where k is in cm/sec with a correlation coefficient of 0.989. 

Similarly the authors expressed the normalized relationship for the air dried 
conditions of red, brown and black cotton soils as follows. 

L

e
= 2.375 + 0.223 log k

e
    (7) 

with a correlation coefficient of 0.934. 

Narasimha Raju, et al (1995) found the following correlation for red, black 
cotton and marine soils.                     

L

e
= 2.23 + 0.204 log k

e
                                                            (8) 

This was later modified by the same authors (1997) as 

L

e
= 2.398 + 0.098 In k

e
         (9) 

 At liquid limit, since e/eL equals 1, the value of coefficient of permeability (k) 
works out to be 1.19  10-6 cm/sec from equation (4). Similarly the value of  k is 
1.099  10-6 cm/sec, 1.116  10-6 cm/sec and 6.82  10-6 cm/sec respectively from 
equations (5), (6) and (7) respectively at liquid limit water content. Equations (8) 
and (9) give the permeability coefficients as 9.3 10-7 cm/sec and 6.3810-7 cm/sec 
respectively. These values do not agree with the range of values of permeability at 
liquid limit  mentioned by Nagaraj et al (1991,1993,1994), Pandian et al (1993a) 
and Mitchell (1992) implying some inconsistencies in the results from equations (4), 
(5), (6), (7), (8) and (9).  

In the present study the void ratio (e) versus log k plots of the 13 soils tested 
came out to be linear. All the e - log k plots were then normalized with the 
respective void ratios at liquid limit water content. This is presented in Figure 1. It is 
observed from the plot that all the points fall within a narrow band which can be 
fitted with a linear equation of the form 

L

e
= 3.606 + 0.392 log k

e
       (10) 

with a correlation coefficient of 0.9745.  From equation (10) at e/eL = 1, i.e, at liquid 
limit water content, k comes out to be 2.22  10-7 cm/sec which is well within the 
range of values  stated by Mitchell (1992) and Nagaraj et al(1991,1993,1994). 
Hence equation (10) can be considered as a refined version of equations (4), (5), 
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(6), (7), (8) and (9).  Equation (10) was generated from experimental results and 
can be treated as the generalized permeability equation for reconstituted soils.  The 
equation can be rewritten as,  

Le/e -3.606

0.392k =10 cm/sec

 
 
   (11)  

 

 

 

 

 
                          

 

 

Generalised Compressibility Behaviour      

Nagaraj, Srinivasa Murthy and Vatsala (1991) used the void ratio (eL) at 
liquid limit to generalize compressibility behaviour of eleven, normally consolidated 
uncemented soils as follows 

L

e
= 1.122 - 0.234 log P

e
    (12) 

where P is the consolidation pressure in kN/m2 of the soils. In the present work 
compressibility characteristics of reconstituted soils were obtained by performing 
slurry consolidation tests on 17 soil samples with liquid limit ranging from 33.8% to 
82%. The soils were reconstituted at water contents slightly greater than the liquid 
limit water contents and kept in the form of a slurry for a minimum period of 24 
hours for uniform distribution of moisture. The void ratio versus log of consolidation 
pressure (P) plots were normalized with the void ratio at liquid limit water content 
(eL). All the seventeen e versus log P plots got clustered into a narrow band as 
presented in Figure 2 that can be fitted with a linear equation of the form 

L

e
= 1.2315 - 0.2933 log P

e
  (13) 

with a correlation coefficient of 0.985. In the equation P is the consolidation 
pressure in kN/m2. Equation (13) was generated from experimental results and can 
be treated as the generalized compressibility equation for reconstituted soils. 

Fig. 1 e/eL Versus Coefficient of Permeability 
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The coefficient of volume change (mv) which is volume change per unit  
initial volume due to a unit increase in pressure can be written as  
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   (14)    

where e1 and e2 are the void ratios corresponding to consolidation pressures P1 and 
P2 respectively. 

From equation (13), one can write 
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  (17)         

where e1/ eL is the generalized state parameter corresponding to a consolidation 
pressure  P1 which can be computed from equation (13). Equation (17) can 
therefore be used for predicting the coefficient of volume compressibility using the 

Fig. 2 e/eL Versus Log P  
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knowledge of only the liquid limit and specific gravity of the soil. Using equation (11) 
and (17) for k and mV respectively, the coefficient of consolidation (CV) can be 

obtained as  V
V W

k
C =

m 
 where the numerator is the coefficient of permeability in 

cm/sec, denominator is the coefficient of volume compressibility in m2/kN and  w is 
the unit weight of water in kN/m3. 
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Equation (18) shows that coefficient of consolidation is a function of stress 
and liquid limit of the soil and that it is possible to determine coefficient of 
consolidation for a given pressure increment by knowing only the liquid limit and 
specific gravity of the soil.  

In equation (18) the generalized state parameter (e/eL) that can be 
computed from equation (13) corresponding to any pressure P exists in both the 
numerator and the denominator. In the denominator, the generalized state 
parameter corresponds to the stress level before the pressure is applied. In the 
numerator e/eL is the generalized state parameter to determine permeability of the 
soil. Since permeability gradually decreases as the void ratio decreases, it is 
reasonable to take the e/eL values which correspond to the mid point of the 
pressure increment considered. For example, for a pressure range of 160 kN/m 2 to 
320 kN/m2, e/eL could be determined from equation (13) corresponding to 240 
kN/m2. Hence the generalized state parameter in the numerator of equation (18) 
may be rewritten as (e/eL)m (‘m’ corresponding to mid point of the pressure 
increment considered.)  
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 (19)        

Test Results and Discussion   

Nineteen soil samples with liquid limits ranging from 33.8% to 78% were 
tested to determine their consolidation, permeability and other relevant physical 
properties. The coefficients of consolidation based on consolidation tests were 
determined by the Taylor’s square root of time fitting method, Casagrande’s 
logarithm of time fitting method, the method proposed in this study and by 
Pandian’s bilinear method (Pandian et al., 1992).  By examination of Terzaghi’s 
theoretical degree of consolidation (U) and theoretical time factor (T) curve,  
Pandian et al (1992), showed that log U/T versus log T  plot exhibits a bilinear 
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behaviour. The intersection point corresponds to a theoretical time factor of 0.793 
and a degree of consolidation of 88.5%. Using this property, the following equation 
for the coefficient of consolidation was proposed 

2
v 88.5C =0.793d /t         (20) 

where, time t corresponds to 88.5% consolidation which can be obtained from the 
log /t versus log t plot. Figures. 3, 4, 5, 6 and 7 show a comparison between the 
CV values obtained from the four methods used in this study. 

 

 

 

 

 

 

 
                    

 

 

 

Figure 8 shows the test results of Figure 6 in a log-log plot. These CV values which 
happen to be within the range of CV values of remoulded soils recorded in 
NAVFAC- DM 7.1 – 1985, show their characteristic inconsistency usually observed. 
(Terzaghi and Peck, 1967; Lambe and Whitman,1969).   

In general, the Taylor’s and Pandian’s methods give higher values of CV  
compared to the Casagrande method and the proposed new method yields CV 
values that are mostly higher than those of Taylor’s and Pandian’s methods. It has 
been observed (Duncan,1993; Lerouseil, 1988 ) that the actual rates of settlement 
are faster – often two to four times faster (Lambe and Whitman, 1969) than the 
rates predicted on the basis of laboratory consolidation tests. In view of this fact, 
the rates of settlement generally predicted by the new method which is based on 
reconstituted soil behaviour are likely to serve as an upper bound for prediction for 
a wide pressure range and thus be close to the actual observations of settlement. 
Therefore, the proposed method with its inherent simplicity and convenience is 
likely to be of help for the practicing engineer in the initial predictions of the rate of 
consolidation in the field. However, the method cannot be recommended in 
situations where the rate of consolidation is critical to the design of the structure. 
Actual field measurements of excess pore pressure generated and its dissipation 
become necessary in such cases.  
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The proposed method is limited to one dimensional consolidation of 
inorganic clays. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5  Comparison of CV Values between 
Proposed Method and Taylor's Method 
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Fig. 6 Comparison of CV Values between 
Proposed Method and Casagrande's  
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Conclusions 

The coefficient of volume compressibility, permeability and hence the 
coefficient of consolidation can be determined corresponding to any pressure for 
reconstituted soils by using a simple generalized state parameter. The parameter 
consists of void ratio of the soil at any required pressure normalized with respect to 
its void ratio at liquid limit. 

Results obtained from the new method for determination of CV are in broad 
agreement with those of the conventional methods with indications that the new 
method is likely to give better estimates of the actual settlements over a wide 
pressure range. In view of the time and effort needed in the conventional methods, 
the new method would be of help for the practicing engineer in the general situation 
where an approximate rate of settlement is all that is required. 

Notations 

Cv = coefficient of consolidation of soil; 

 = compression 

γw= unit weight of water; 

e = void ratio; 

eL = void ratio at liquid limit; 

e1 = void ratio at consolidation pressure P1; 

e2 = void ratio at consolidation pressure P2; 

Fig. 8 Comparison of CV Values between  
Casagrande's Method and Proposed Method in Log- Log Scale 
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d = Length of drainage path 

k = coefficient of permeability of soil 

mv = coefficient of volume compressibility 

P1 = consolidation pressure P1 

P2 = consolidation pressure P2 

t = time 

References 

Duncan, J.M.(1993): ‘Limitations of conventional analysis of consolidation 
settlement’, Journal of Geotechnical Engineering, American Society of Civil 
Engineers, 119(a): pp 1331 – 1359. 

Lambe , T.W., and Whitman, R.V. (1969): Soil Mechanics, John Wiley and Sons, 
New York. 

Lerouseil, S. (1988): ‘Recent developments in consolidation of natural clays’. Tenth 
Canadian Geotechnical Colloquium. Canadian Geotechnical Journal, 25.                
pp 85 – 107. 

Mitchell, J. K. (1992): Fundamentals of Soil Behaviour, John Wiley, New York. 

Nagaraj,T.S., Pandian,N.S., and Narasimha Raju, P.S.R. (1991): ‘An approach for 
prediction of compressibility  and permeability behaviour of sand – bentonite 
mixes’, Indian Geotechnical Journal, 21(3), pp 271- 282. 

Nagaraj,T.S., Pandian,N.S. and Narasimha Raju, P.S.R. (1993): ‘Stress – state – 
permeability relationship for fined grained soils’, Geotechnique, 43(2),                       
pp 333 – 336. 

Nagaraj,T.S., Pandian,N.S., and Narasimha Raju, P.S.R. (1994): ‘Stress – state – 
permeability relationship for overconsolidated soil’, Geotechnique,                     
44(2), pp 349 – 352. 

Nagaraj, T.S., Srinivasa Murthy, B.R., and Vatsala A. (1991):  ‘Prediction of  soil      
behaviour. Part 1–Saturated uncemented soils’, Indian Geotechnical Journal, 21(1), 
pp 137 – 160. 

Narasimha Raju, P.S.R., Pandian, N.S. and Nagaraj, T.S.  (1995): ‘Analysis and 
estimation of coefficient of consolidation’, Geotechnical testing journal, ASTM, 
18(2), pp 252- 258. 

Narasimha Raju, P.S.R., Pandian, N.S. and Nagaraj, T.S.  (1997):  Determination    
of coefficient of consolidation from independent measurement of permeability and 
compressibility. Geotechnical Engineering (London), 125, pp 224- 229. 

NAVFAC. (1985): Soil Mechanics, DM 7.1, Naval Facilities Engineering Command, 
Alexandria, VA, page 144. 



COEFFICIENT OF CONSOLIDATION FROM INDEX PROPERTIES 435

Pandian, N.S., Sridharan, A. and Kumar, K.S. (1992): ‘A new method for the 
determination of coefficient of consolidation’, Geotechnical Testing Journal, 
GTGODJ, 15(1),  pp 74 – 79. 

Pandian, N.S., Nagaraj, T.S., and Sivakumar Babu, G.L. (1993a): ‘Behaviour of 
tropical clays. Part 1 – Index properties and microstructural considerations’, Journal 
of Geotechnical Engineering, American Society of Civil Engineers 19 (5):              
pp 826-839. 

Pandian, N.S., Nagaraj, T.S., and Sivakumar Babu, G.L. (1993b): ‘Behaviour of 
tropical clays. Part 2 – Engineering Behaviour’, Journal of  Geotechnical 
Engineering,  American Society of Civil Engineers.  119(5) : pp 840-861 

Russel, E.R., and Mickle, J.L. (1970): ‘Liquid limit values by soil moisture tension’, 
Journal of Soil Mechanics and Foundation Engineering Division, American Society 
of Civil Engineers 96: pp 967 – 989. 

Sharma, B., and Bora, P.K. (2003): ‘Plastic limit, liquid limit and undrained shear 
strength of soils – Reappraisal’, Journal of Geotechnical and Geoenvironmental 
Engineering. ASCE, 129(8), pp 774 – 777. 

Sharma, B., and Bora, P.K. (2004): ‘Determination of plastic limit of soils by  cone 
penetration method’,   Indian Geotechnical Journal. 34(4). pp 297 – 312. 

Terzaghi, K., and Peck, R.B. (1967): Soil Mechanics in Engineering Practice.  John 
Wiley and Sons, Inc, New York. 2nd  Edition. 

Wroth, C.P., and Wood, D.M. (1978): ‘The correlation of index properties with some 
basic engineering properties of soil’, Canadian Geotechnical Journal,15(2), 
pp 137 - 145 

Whyte, I.L. (1982): ‘Soil plasticity and strength. A new approach using extrusion’, 
Ground Engineering. 15(1), pp 16 – 24. 



<<
  /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 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BaskOldFace
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /CityBlueprint
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GDT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicE
    /GothicG
    /GothicI
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GreekC
    /GreekS
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCPEUR
    /ISOCPEURItalic
    /ISOCT
    /ISOCT2
    /ISOCT3
    /ISOCTEUR
    /ISOCTEURItalic
    /Italic
    /ItalicC
    /ItalicT
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MesquiteStd
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Mistral
    /Modern-Regular
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MS-Mincho
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PanRoman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /RosewoodStd-Regular
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /ScriptC
    /ScriptMTBold
    /ScriptS
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /Simplex
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /StylusBT
    /SuperFrench
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolMT
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /Technic
    /TechnicBold
    /TechnicLite
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Txt
    /UniversalMath1BT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /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 (None)
  /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 [447.874 674.646]
>> setpagedevice


