
Contents 

1 Introduction 6 

1.1 Motivation 6 

1.2 Goals of the Project 7 

1.3 Outline 7 

2 Theory 8 

2.1 Stress Dependency of Elastic Properties 8 

2.2 Porosity Deformation Approach (PDA) 10 

2.2.1 Orthorhombic rock 10 

2.2.2 Tl rock under triaxial load 12 

2.2.3 Compliant porosity and stress sensitivity 13 

2.2.4 Tl rock under isostatic load 14 

2.3 Further development of the Porosity-Deformation Approach 15 

2.3.1 The coordinate system 15 

2.3.2 Theory for a HTI rock under triaxial load 15 

2.3.3 VTI rock under uniaxial load 16 

2.3.4 HTI rock under uniaxial load 17 

2.4 Applicability on Saturated Rocks 18 

2.4.1 Influence of Saturation on the Results 19 

3 Application of PDA, Part I 20 

3.1 Application on literature data 20 

3.1.1 Description of Data set 20 

3.1.2 Determination of Compliance Matrix and Fitting Routine 21 

3.1.3 Isostatic Dataset 23 

i 

http://d-nb.info/107904938X

http://d-nb.info/107904938X


3.1.4 Discussion Isostatic Dataset 23 

3.1.5 Stress Sensitivity Properties 25 

3.1.6 Triaxial Dataset 27 

3.2 Dependence of on Stress Sensitivity Properties 29 

3.2.1 Dependence of S^° on Stress Sensitivity Properties 29 

3.2.2 Dependence of on Stress Sensitivity Properties 30 

3.2.3 Dependence of S^1 on Stress Sensitivity Properties 31 

4 Experimental Methodology and Investigated Rock Samples 32 

4.1 Experimental Setup 32 

4.1.1 Primary Equipment 32 

4.1.2 Extended Equipment 32 

4.1.3 Sensors, Clamps, Errors 33 

4.1.4 Deformation Measurement Equipment 36 

4.2 Stress Distribution in the Sample under Uniaxial Loading Conditions .... 37 

4.2.1 Model setup 38 

4.2.2 Results 38 

4.2.3 Discussion 39 

4.2.4 Conclusions 41 

4.3 Phase or group velocity? 41 

4.4 Measuring Procedure 42 

4.4.1 Incomplete datasets 42 

4.4.2 Complete datasets 42 

4.5 Samples - incomplete datasets 45 

4.5.1 South African Sandstone SAS 45 

4.5.2 Obernkirchner Sandstone OK 45 

4.5.3 Sandstone from Quarry Bilshausen: BiSu 46 

4.5.4 Posidonian marl shale, Dotternhausen Do and DH 46 

4.5.5 Opalinus-Clay SG02 48 

4.6 Samples - complete datasets 49 

4.6.1 Upper Carboniferous BaZ VTI 49 

4.6.2 Late Cretaceous Dr01 HTI 50 

ii 



5 Experimental Results 51 

5.1 Results - incomplete datasets 51 

5.1.1 Sandstones 51 

5.1.2 Discussion 53 

5.1.3 Shales Do VTI & HTI, DH VTI and SG02 VTI & HTI 56 

5.1.4 Discussion 59 

5.2 Results - complete datasets . 61 

5.2.1 Upper Carboniferous BaZ VTI 61 

5.2.2 Late Cretaceous Dr01 HTI 64 

6 Application of PDA, Part II 72 

6.1 Application on Incomplete Datasets, VTI samples 72 

6.1.1 Incomplete Datasets 72 

6.1.2 Results and Discussion of Modelling 73 

6.2 Application of PDA - complete datasets 77 

6.2.1 Upper Carboniferous BaZ VTI 77 

6.2.2 Late Cretaceous Dr01 HTI 78 

6.2.3 Discussion 81 

7 Uniaxial Stress Data: Summary and Discussion 82 

7.1 Samples and Measuring Procedure 82 

7.2 Sandstones 82 

7.2.1 Interpretation of Data 82 

7.2.2 Application of Porosity-Deformation Approach 83 

7.3 Shales 83 

7.3.1 Interpretation of Data 83 

7.3.2 Application of Porosity Deformation Approach 84 

7.4 Discussion 84 

8 Conclusions 85 

iii 



A Elastic Properties 93 

A.1 Determination of Stiffness Tensor 93 

A.1.1 Tlrock 93 

A. 1.2 Orthorhombic Rock 94 

A.2 Determination of Compliance Tensor 95 

A.2.1 Tlrock 95 

iv 


