C O N T E N T S

 
 
Preface
1 page
Acknowledgement
1 page
 
Summary
10 pages
 
Chapter 1:
Introduction
4 pages
Chapter 2:
Rock masses as construction materials
13 pages
Chapter 3:
Collection of geo-data  - limitations and uncertainties
16 pages
Chapter 4:
The combination of geo-data into a rock mass index
21 pages
Chapter 5:
Rock masses characterized by the RMi
17 pages
Chapter 6:
The use of RMi in design of rock support for underground openings 
46 pages
Chapter 7:
RMi parameters applied in prediction of tunnel boring penetration
14 pages
Chapter 8:
Possible other applications of the RMi in rock mechanics and rock engineering
22 pages
Chapter 9:
Discussion and conclusions
15 pages
Chapter 10:
References
27 pages
Appendices
175 pages
 

 
See also the complete table of contents

Contents of Chapter 1

 
1
Introduction
1-1
1.1  Outline of this work
1-2
Chapter 2:  Rock masses as construction materials

 
 
Contents of Chapter 2:

 
2.1  Rocks and their main features
2-3
2.1.1  Fresh rocks
2.3
2.1.2  The influence from some minerals
2-4
2.1.3  The effect of alteration and weathering
2-5
2.1.4  Geological names and mechanical properties of rocks
2.6
2.2  Discontinuities in rock
2-6
2.2.1  Faults
2-7
2.2.2  Joints and their main features
2-8
2.2.3  The main jointing characteristics 
2-9
2.2.4  The rock mass
2-10
2.3  Rock mass characterization for design and construction purposes
2-11
 
 Chapter 3

 
COLLECTION OF GEO-DATA  - LIMITATIONS AND UNCERTAINTIES
 
 
3.1  Geo-data found before, during and after excavation
3-2
 

3.2  Some methods used in geo-data collection
3-4

3.2.1  Geological observations and mapping
3-5
3.2.2  Joint surveys
3-7
3.2.3  Core drilling
3-8
3.2.4  Geophysical measurements
3-10
3.2.5  Exploratory adits and shafts
3-10
3.2.6  Laboratory and field tests
3-10
 
3.3  Uncertainties and errors in geo-data collection
3-11
3.3.1  Uncertainties caused by spatial variability of rock masses
3-11
3.3.2  Measurement errors
3-12
3.3.3  Model uncertainties
3-14
 
3.4  Summary
3-14
 
 Chapter 4
 
THE COMBINATION OF GEO-DATA INTO A ROCK MASS INDEX
 
 
4.1  The structure of a rock mass index
4-2
4.1.1  The input parameters selected
4-2
4.1.2  The Rock Mass index  (RMi)
4-3
4.1.3  The combination of the input parameters
4-4
 
4.2  Calibration of RMi from known rock mass strength data
4-5
 
4.3  Numerical values of the input parameters to RMi
4-10
4.3.1  The compressive strength of intact rock (σc )
4-10
4.3.2  The block volume (Vb)
4-11
4.3.3  The joint condition factor  (jC)
4.12
 
4.4  Possible areas of application of the RMi
4-18
 
4.5  Discussion
4-19
4.5.1  Limitations of the RMi
4-19
4.5.2  Other similar rock mass characterization methods
4-20

 

Chapter 5

 
ROCK MASSES CHARACTERIZED BY THE RMi
 
 
5.1  On continuous and discontinuous rock masses
5-1
 
5.2  Zoning of the rock masses into structural regions
5-3
 
5.3  Principles in characterizing the variations in rock masses
5-4
5.3.1  Variations in the rock material
5-4
5.3.2  Variations in the jointing
5-5
5.3.3  Singularities and weakness zones
5-14
5.3.4  Summary of the possibilities and methods to determine the block
    
volume or the jointing parameter where the jointing characteristics vary
5-16
 
Chapter 6

 
THE USE OF  RMi  IN DESIGN OF ROCK 
SUPPORT FOR UNDERGROUND OPENINGS
 
 
6.1  Stability analyses and rock support design
6-2
 
6.2  Instability and failure modes in underground excavations
6-3
6.2.1  Special modes of instability and behaviour related to weakness zones
6-5
6.2.2  Main types of failure development
6-6
 
6.3  The main features influencing underground stability
6-7
6.3.1  The inherent properties of the rock mass
6-8
6.3.2  The external ground features
6-9
6.3.3  The excavation features
6-10
6.3.4  The time-dependent features
6-12
6.3.5  Summary of Section 6.3
6-13
 
6.4  RMi applied to assess rock support
6-14
6.4.1  Stability and rock support in continuous materials
6-15
6.4.2  Stability and rock support in discontinuous (jointed) materials
6-29
6.4.3  Stability and rock support of faults and weakness zones 
6-36
6.4.4  Comments to the RMi method for assessing rock support
6-42
 

Chapter 7

 
RMi  PARAMETERS APPLIED IN 
PREDICTION OF TUNNEL BORING PENETRATION
 
 
7.1  Factors influencing the TBM performance
7-2

 
7.2  Prediction models
7-2
7.2.1  The NTH prognosis model
7-3
 
7.3  The use of RMi parameters to characterize rock masses for TBM
7-4
7.3.1  The rock material properties
7-4
7.3.2  The jointing features
7-6
7.3.3  Assessment of the net advance of boring
7-9
7.3.4  Example
7-11
7.3.5  Discussion of the RMi method for TBM penetration assessment
7-12
 
Chapter 8

 
POSSIBLE OTHER APPLICATIONS OF THE  RMi  
IN ROCK MECHANICS AND ROCK ENGINEERING
 
 
8.1  Applying RMi to determine the constants in the Hoek-Brown failure criterion
8-2
8.1.1  The original Hoek-Brown failure criterion
8-2
8.1.2  The modified Hoek-Brown failure criterion
8-4
 
8.2  RMi used to evaluate shear strength of rock masses
8-5
 
8.3  RMi used in the input to ground response curves 
8-7
 
8.4  RMi used for numerical ground characterization in the NATM
8-9
8.4.1  The use of RMi in NATM classification
8-10
8.4.2  RMi used for input to Fenner-Pacher ground response diagrams
8-12
 
8.5  The use of RMi parameters in classification systems
8-15
8.5.1  Input to the RMR (Geomechanics) system
8-16
8.5.2  Input to the Q-system
8-17
8.5.3  Input to other classification systems
8-18
 
8.6  A contribution to improved communication
8-18
8.6.1  Identification chart for geologic materials
8-18
 
8.7  Possible use of RMi in numerical models
8-22
 

 Chapter 9

 
DISCUSSION AND CONCLUSIONS
 
9.1  On the layout of the  RMi  system
9-1

9.1.1  Comparisons with the principles in other rock engineering systems
9-3
 
9.2  On the structure of the  RMi
9-4
 
9.3  On the input parameters to  RMi
9-5
9.3.1  The uniaxial compressive strength of the rock
9-6
9.3.2  Jointing
9-6
 
9.4  On the variations and uncertainties in rock masses
9-7
 
9.5  Comparison between RMi and other methods used in rock engineering
9-8
9.5.1  The rock quality designation (RQD)
9-8
9.5.2  Rock support design systems
9-9
 
9.6  The need for a 'language' in rock mechanics and rock engineering
9-12
 
9.7  Benefits and limitations application of the RMi system
9-13
 
9.8   Some concluding remarks
9-14
9.8.1  Future developments
9-15
 
 References

 
320 references
 APPENDICES
 
 
A1
On joints and jointing 
13 pages
A2
On faults and weakness zones
18 pages
A3
Methods to quantify the parameters applied in the RMi
67 pages
A4
An investigation of the quality of various jointing measurements 
12 pages
A5
Using refraction seismic velocities to characterize jointing
15 pages
A6
Description of the tests and data used in the calibration of the RMi
13 pages
A7
Collected data on ground conditions and rock support in constructed
underground openings 
19 pages
A8
Collected data on ground conditions and TBM boring performance
6 pages
A9
A method to estimate the tangential stresses around underground openings 
7 pages
A10
Symbols used  
5 pages
 
Click here to se the complete table of contents of the Appendices  (in pdf  (Acrobat Reader) format)
 
 
A1 (Appendix 1) describes various features of joints and joint sets
Click here to see Appendix A1 (in pdf  (Acrobat Reader) format)
 
A2 (Appendix 2) describes various features of faults and weakness zones
Click here to see Appendix A2 (in pdf (Acrobat Reader) formant)
 
A3 (Appendix 3) shows methods to characterize important features in the rock mass, such as rock anisotropy and strength, joint characteristics (roughness, alteration, size), and degree of jointing.
Click here to see Appendix A3 (in pdf  (Acrobat Reader) format)
 
A4 (Appendix 4) makes comparisons of various methods to measure the degree of jointing, such as block size, volumetric joint count, RQD, etc…
Click here to see Appendix A4 (in pdf (Acrobat Reader) format)
 

A5 (Appendix 5) describes how seismic refraction measurements can be used to estimate degree of jointing and block sizes.
Click here to see Appendix A5 (in pdf (Acrobat Reader) format)
 
A6 (Appendix 6) description of  tests and data used in calibration of the RMi.
Click here to see Appendix A6 (in pdf (Acrobat Reader) format)
 
A7 (Appendix 7) gives a description of the rock mass characteristics and rock support  used in various tunnels for calibrating the RMi rock support method.
Click here to see Appendix A7 (in pdf (Acrobat Reader) format)
 
A8 (Appendix 8) description of TBM data used in calibration of the RMi. TBM method
Click here to see Appendix A8 (in pdf (Acrobat Reader) format)
 
A9 (Appendix 9) presents some information on stresses and a simple method to calculate tangential stresses around underground openings in rock.
Click here to see Appendix A9 (in pdf (Acrobat Reader) format)
 
A10 (Appendix 10) Symbols used.
Click here to see Appendix A10 (in pdf (Acrobat Reader) format)
Who is..

Arild Palmström took his PhD in 1995 at the Oslo University, Norway on rock mass characterization for which he developed the RMi system for rock mass characterization. A wide experience was used to work out this system, including his involvement in many practical tunnelling projects. 
The main fields of more than 30 years work are in engineering geology and rock engineering connected to: hydropower plants, road and railway tunnels, sub-sea tunnels, underwater tunnel piercings, oil storage rock caverns.
For these Dr. Palmström has carried out investigations; planning and supervision of field investigations for conceptual and feasibility studies, as well as planning and design of rock excavation works, rock supports and grouting works.
He has authored/co-authored more than 60 papers and publications presented in professional journals, conferences, and seminars.
At present he is working with Norconsult, the largest consulting company in Norway. More information on Dr. Palmström is found in his CV
