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ABSTRACT: The Eocene flysch in the wider region of Split (Croatia) is characterized by the presence of thin-layers with frequent alternation of layer characteristics. Flysch layers are made of the following materials: marly clay, clayey marls, marls, calcareous marls, limestones and sandstones.


The layers defined as soft rock are those from which it is very difficult to provide samples for testing uniaxial compressive strength. Since PLT can be used for irregular shaped samples testing, the connection between PLT and uniaxial compressive strength test results represent significant simplification in work with those materials.


In this paper are shown the results of parallel testing uniaxial compressive strength and PLT for the same samples. Correlation between these values  are represented for groups of samples that have different carbonate content. Samples used for testing were ones with natural moisture.


In the conclusion it is emphasized that correlation between PLT and uniaxial compressive strength published until this days has been defined for hard rocks and it can not been used for materials which are subject of this work. The samples are classificated in four group according to carbonate content. The samples with the strength under the lower susceptibility limit of the used apparatus were excluded from testing.





	1 INTRODUCTION





The main properties of the Eocene flysch in the greater Split area are its relatively thin layers. The lithological components in the layers can be classified into various groups ranging from hard clays to hard rocks according to their mineralogic-petrographic and engineering-geological properties. This mineralogical-petrographical composition and faults in the structure of minerals and rocks directly influence the general physical-structural and physical-mechanical features of the flysch layers. The characteristics of the coarse clastic rocks mainly depend upon the composition of the binding agent (matrix), whereas the properties of marls and siltit stone depend upon the quantity and types of the clay minerals in their composition. In the Eocene flysch in the Split region, there are fragments of calcareous breccias and the breccia-conglomerates and of calcarenites and detrial limestones bound by biocalcarenite and calcite cement, whereas the marls are mainly composed of calcite and clay minerals with some quartz, feldspars and plagioclase. The Eocene flysch in the Split region mainly includes: marly clay, clayey marls, marls, calcareous marls, calcarenites, limestones and calcareous breccias.


The majority of layers can be classified according to their physical-mechanical properties as soft rock. The use of these materials in geotechnical structures showed that they are susceptible to a change in properties due to weathering processes.


The layers defined as soft rock are subjected to weathering and if we want to shaped sample in cylinder shape it is necessary to do cutting and shaping materials getting from borehole using water and that has additional impact on weathering.


We want to test materials from borehole only with Point Load Test and with correlation equation find out uniaxial strength. Because those are materials from which it is very difficult to provide samples for testing uniaxial compressive strength. Since PLT can be used for irregular shaped samples testing, the connection between PLT and uniaxial compressive strength test results represent significant simplification in work with those materials.


The samples for testing are taken from ten locations. The location are placed in region of towns: Split, Zadar and [ibenik, they belong to region of Dalmatia.





	2  LABORATORY TESTS





The first laboratory test which is done with samples is uniaxial compressive strength. The samples are shaped into cylinder shape with different radius and height. All dimensions and weight were measured, and specific weight of soft rock (() were calculated.


The diameter of cylinder has dimension limited by:


					7.0 cm ( D ( 12.0 cm.


The height of cylinder has dimension limited by:


				10.0 cm ( H ( 20.0 cm.


Specific weight of soft rock is between:


				18.0 kN/m3 (  (  ( 27.0 kN/m3.


The laboratory test of carbonate content (C) were performed for each sample.


Samples were breaking using equipment: MODEL WIKEHAM FARRANCE 55150, England (max. pressure 1100 kN).


After breaking the samples into pieces, greatest of them were suitable for Point Load Test. For Point Load Test  samples can have irregular shape (ISRM: Point Load Test), but minimal edge need to be greater then 2 cm. PLT were perform with this equipment: POINT LOAD TESTER D550, Controls, Milano, Italy.


For each samples for Point Load Test were testing mostly two, sometimes one or three pieces.


 As result is accepted average of measured breaking pressure values. Calculation for Point Load Index(IS(50)) is represented in Table 1 bellow:





Table 1. Laboratory measured values and calculation for Point Load Index: IS(50)





� EMBED Excel.Sheet.5  ���


Point Load Strength Index(IS(50)) is calculated as: 


� EMBED Equation  ���


� EMBED Equation  ���.


The "Size correction factor" is obtained using the approximate expression:


� EMBED Equation  ���.





3 RESULTS OF THE EXPERIMENT





The tests were performed on a group of 89 samples. In Table 2 are shown four main groups with number of testing samples for each group.





Table 2.  Classification of the material of the flysch layers (as examples of soft 			       rock) according to carbonate content





name of group�
Carbonate content


C (%)�
number of  samples�
number of  samples


(reduced)�
correlation coefficient for reduced group


(R)�
�
group A�
35-65�
16�
14�
0.965�
�
group B�
65-75�
7�
7�
0.909�
�
group C�
75-95�
30�
27�
0.621�
�
group D�
95-100�
36�
33�
0.268�
�



Results are represented with correlation between uniaxial compressive strength and PLT for all samples and for the some groups of  samples. Correlation between these values  are represented for groups of samples that have different carbonate content. For correlation is accepted linear correlation, represented with diagrams bellow (Fig.1 - Fig. 5).


The groups with appropriate carbonate content are:


- GROUP A :  MARLS (35% - 65%)


- GROUP B : CALCAREOUS MARLS (65% - 75 %)


- GROUP C : MARLY CALCARENITES (75% - 95%)


- GROUP D : LIMESTONES (95% - 100%).





Extreme values were rejected : 9% of all testing samples. That are results which have biggest departure from correlation line. Some of them have too small Point Load Index (IS(50)) for corresponding uniaxial compressive strength (q), but some have too big Point Load Index (IS(50)) for corresponding uniaxial compressive strength (q). Reason for this lies deep inside in structure of sample - in order of cracking system and in the way how it remembers previous pressure by itself.
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	Fig1. Correlation between PLT and uniaxial compressive strength for 			         all tested samples
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 Fig 2. Correlation between PLT and uniaxial compressive strength for group of 		   samples with carbonate content between  35 - 65 %
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Fig 3. Correlation between PLT and uniaxial compressive strength for group of 		 	  samples with carbonate content between  65 - 75 %
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Fig 4. Correlation between PLT and uniaxial compressive strength for group of 		   	  samples with carbonate content between  75 - 95 %
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Fig 5. Correlation between PLT and uniaxial compressive strength for group of 		   	  samples with carbonate content between  95 - 100 %





According to the results of the correlation presented in Figures 1 to 5 it can be concluded that there are four groups. The presented groups can be characterized with two main forms of correlation.


The first form of correlation has linear form represented with equation :


� EMBED Equation  ���.


That is valuable for group A and it can be written:


� EMBED Equation  ���.


For group B can be written:


� EMBED Equation  ���.


The value of IS(50) for q=0 is almost zero, and it can be neglected.


The other form of correlation has different linear form represented with equation :


� EMBED Equation  ���.


For group C correlation can be written like :


� EMBED Equation  ���.


And for group D correlation is :


� EMBED Equation  ���.


For group C and D value of b can not be neglected, although it should be zero. That is value of IS(50) for q=0. Since in those two groups uniaxial compressive strength q(0, equations for correlation can be accepted.


Correlation coefficient of testing results are : 0.268 ( R ( 0.965.


Require for coefficient of correlation is : R> 0.5. That is valuable for three groups: group A, group B and group C. This is one more evidence for correcting of expe
