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�7KH�FRUQHU�VWRQH�RI�DQ\�SUDFWLFDO�URFN�PHFKDQLFV�DQDO\VLV�RU�URFN�HQJLQHHULQJ�LV�WKH�JHRORJL�
FDO�GDWD�EDVH�XSRQ�ZKLFK�WKH�GHILQLWLRQ�RI�URFN� W\SHV��VWUXFWXUDO�GLVFRQWLQXLWLHV�DQG�PDWHULDO
SURSHUWLHV�LV�EDVHG��(YHQ�WKH�PRVW�VRSKLVWLFDWHG�DQDO\VLV�FDQ�EHFRPH�D�PHDQLQJOHVV�H[HUFLVH�LI
WKH�JHRORJLFDO�LQIRUPDWLRQ�XSRQ�ZKLFK�LW�LV�EDVHG�LV�LQDGHTXDWH�RU�LQDFFXUDWH��
Evert Hoek, 1986.

The statement above clearly indicates the importance and need for good quality rock mass
characterization for use in rock engineering, design and construction. Proctor (1971) has shown that
the estimated cost of an underground excavation depends more upon geological data than does any
other type of civil engineering work. Any work that can contribute to better knowledge and
documentation of rock masses should therefore be of common interest. The importance and need for
improved geo-data has also later been stressed by Einstein et al. (1979) and Einstein and Baecher
(1983).  Bieniawski (1984) stresses that
�LW�LV�H[WUHPHO\�LPSRUWDQW�WKDW�WKH�TXDOLW\�RI�WKH�LQSXW�GDWD�PDWFKHV�WKH�GHVLJQ�UHTXLUHPHQWV�
2EYLRXVO\��LW�PXVW�EH�UHDOL]HG�WKDW�LI�LQFRUUHFW�LQSXW�SDUDPHWHUV�DUH�HPSOR\HG��LQFRUUHFW�GHVLJQ
LQIRUPDWLRQ�ZLOO�UHVXOW��6SHDNLQJ�LQ�FRPSXWHU�MDUJRQ��WKH�IROORZLQJ�H[SUHVVLRQ�ZRXOG�EH
DSSURSULDWH��
JDUEDJH�LQ��JDUEDJH�RXW
��

In the report "Definition of the most promising lines of research " presented by ISRM (1971) the
highest priority research subjects were defined as:
1. Determination of strength and deformability of fissured and massive rock masses as a function of

time.
2. Correlation between the mechanical properties of rocks and geological and petrographic data.

In the same report it was also stated that:��$W�SUHVHQW�WLPH�PRVW�JHRORJLF�DQG�SHWURJUDSKLF�GHVFULS�
WLRQV�RI�VSHFLPHQV�RU�ERGLHV�RI�URFN�DUH�TXDOLWDWLYH��ZKHUHDV�URFN�PHFKDQLFV�GHWHUPLQDWLRQ�RI
PHFKDQLFDO�SURSHUWLHV�RI�URFN�DUH�TXDQWLWDWLYH�
%HFDXVH�PDQ\�HQJLQHHULQJ�GHFLVLRQV�DUH�EDVHG�RQ�D�FRPELQDWLRQ�RI�JHRORJLF�DQG�URFN�PHFKDQLFV
GDWD��LW�LV�LPSRUWDQW�WKDW�D�PRUH�V\VWHPDWLF�PHDQV�RI�FRPELQLQJ�DQG�FRUUHODWLQJ�WKLV�LQIRUPDWLRQ
VKRXOG�EH�GHYHORSHG�
7KHUH�LV�D�QHHG�IRU�EHWWHU�GRFXPHQWDWLRQ�DQG�FRUUHODWLRQ�RI�JHRORJLFDO�DQG�SHWURJUDSKLF�GDWD��DQG
FRUUHVSRQGLQJ�PHFKDQLFDO�SURSHUW\�GDWD�REWDLQHG�IURP�ERWK�ODERUDWRU\�VSHFLPHQV�DQG�RU�URFN
PDVVHV��WRJHWKHU�ZLWK�RSHUDWLQJ�H[SHULHQFH�LQ�WKH�VDPH�URFN�PDVV��RU�WKH�VXEVHTXHQW�SHUIRUPDQFH
RI�VWUXFWXUH�LQ�WKH�URFN�PDVV�FUHDWHG�E\�H[FDYDWLRQ��

Thus, already early in the development of rock mechanics the importance of establishing general
methods and systems for improved characterization of rock masses together with a common
language for those engaged in engineering and construction in rock was clearly expressed. This
request has to some extent, been met by some of the classification systems which are presented
later, but few of them are of a general character as they are mainly directed towards a specific
engineering function or design.
From the obvious need and interest for better geo-data mentioned above one should expect that
people involved in rock engineering and construction should have made significant efforts in
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working out methods to arrive at better quality geo-data. However, in the early days in rock
mechanics and engineering geology, people paid surprisingly little interest in the geological aspects.
Karl Terzaghi, in his later years, when he had changed much of his attention from soil to rock
mechanics, wrote in his diary in 1961 about rock mechanics. �,�DP�PRUH�DQG�PRUH�DPD]HG�DERXW
WKH�EOLQG�RSWLPLVP�ZLWK�ZKLFK�WKH�\RXQJHU�JHQHUDWLRQ�LQYDGHV�WKLV�ILHOG��ZLWKRXW�SD\LQJ�DWWHQWLRQ�WR
WKH�LQHYLWDEOH�XQFHUWDLQWLHV�LQ�WKH�GDWD�RQ�ZKLFK�WKHLU�WKHRUHWLFDO�UHDVRQLQJ�LV�EDVHG�DQG�ZLWKRXW
PDNLQJ�VHULRXV�DWWHPSWV�WR�HYDOXDWH�WKH�UHVXOWLQJ�HUURUV��

Later, Poisel  (1990) points out that the same trends have continued also during the last 10 years: �$
ORRN�DW�URFN�PHFKDQLFV�SDSHUV�VKRZV�WKDW�DW�SUHVHQW�LW�LV�RQO\�LPSRUWDQW�WR�SHUIHFW�PDWKHPDWLFDO
SURFHGXUHV�DQG�WR�LQYHVWLJDWH�URFN�OLNH�PDWHULDOV��5RFN�PHFKDQLFV��KRZHYHU��VWLOO�QHHGV
LQYHVWLJDWLRQV�LQ�WKH�ILHOG���QRW�RQO\�WHVWLQJ�WR�JHW�LWV�SDUDPHWHUV���JHRPHFKDQLFDO�PRGHOV��DQG
LQWXLWLRQ�
5HJUHWIXOO\�ZH�GR�QRW�DVN�RXUVHOYHV�RIWHQ�HQRXJK�LI�WKH�UHVXOWV�ZH�UHDFK�E\�PDWKHPDWLFDO
FDOFXODWLRQV�UHDOO\�DSSO\�WR�QDWXUH��5RFN�PHFKDQLFDO�PRGHOV�VKRXOG�EH�GHWHUPLQHG�E\�ZKDW�QDWXUH
VKRZV��QRW�E\�ZKDW�FDQ�EH�GRQH�ZLWKLQ�PHFKDQLFDO�PDWKHPDWLFDO�OLPLWV��7KXV�LW�VKRXOG�ILUVW�EH
DWWHPSWHG�WR�ILQG�RXW�ZKDW�LV�JRLQJ�RQ�LQ�QDWXUH��ZKLFK�SURFHGXUHV�RU�ZKLFK�PHFKDQLVPV�WDNH�SODFH
LQ�WKH�VWUXFWXUH��DQG�RQO\�WKHQ�LW�VKRXOG�EH�FRQVLGHUHG�KRZ�WR�PRGHO�WKHP�E\�PHFKDQLFDO�
PDWKHPDWLFDO�PHDQV��

From the foregoing it is clear that there has been continuous need also to establish a common
language to characterize rock mass parameters of importance for engineering for construction and
treatment of rock.

������2XWOLQH�RI�WKLV�ZRUN

The opinions presented above largely explain the purpose of this work. A main goal has been to
improve the quality of geological input data, which consequently will lead to better design and rock
engineering to be applied in rock construction. No attempt has been made to analyze the science of
either geology or rock mechanics, but rather, only to use and relate geological knowledge to the
characteristics of the material called URFN�PDVV. Fig. 1-1 shows the main structure of the work and
its main applications.

The first step outlined in this figure is the collection of data representative of  the rock mass
composition, based on observations and measurements.

The second step includes characterization of these data into a general rock mass index (RMi). This
index and the definitions of its input parameters can be used in communication as well as for input
in existing and possible future engineering systems.

In a third step, the RMi can be adjusted for parameters or features of importance for the actual
utility or construction to assess the quality of the ground. By combining this with input from the
actual excavation or construction requirements, the system can be used in a fourth step for design
and engineering.
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Fig. 1-1  Main principles of the system presented.

The work has been structured into the following main fields:
1. Collection and characterization of geological and material data  (geo-data) described in Chapters

2 - 3 and in Appendices 1 - 5.
2. Combination of geo-data in RMi outlined in Chapters 4 - 5 and in Appendix 6.
3. Application of  RMi  in practical rock engineering. Chapters 6 - 8 and Appendix 7 describe the

direct use of RMi in rock support and in full face tunnel boring (TBM) capacity assessments.

The main part of this contribution has been to develop a general system for characterizing rock
masses in which individual parameters representative of a rock mass are combined. The selection
and combination of these parameters are based on a comprehensive study of available literature and
communication with experienced people. The system is calibrated against documented large scale
and in situ test results from real rock masses. The following features have been important during the
development of the work:

- The system should be simple and meaningful in terms, i.e. only few input data have been
selected to arrive at understandable expressions.

- Where possible, existing methods for finding the characteristics of the geo-data required should
be utilized; i.e. simple and practical methods for collecting the input values have been
described.

- The system should have a general form; i.e. constitute a platform which can be applied in rock
engineering; it should be possible to apply it as input in existing engineering systems or
methods.

With reference to the above statements by Terzaghi and by Poisel and also to statements by Müller
(1982) it is a prerequisite that the limitations and uncertainties in geo-data are always considered
when applied in calculations, design and engineering.
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In addition to its contribution to improvements in practical rock engineering, it is hoped that this
work may lead to more systematic use of rock mass descriptions. Together with well defined
expressions for important geological features this may improve

- the quality of rock mass descriptions,
- the use of geo-data from field investigations, and
- the language between geologists and rock engineers involved in rock engineering and

construction.

The basis and goal of this work has, in fact, already long ago been formulated by John (1969):
�5RFN�PHFKDQLFV�KDV�WR�SURYLGH�PHWKRGV�RI�DQDO\VLV�ZKLFK�DUH�UHDOLVWLF�FRPSURPLVHV�EHWZHHQ�WKH
EHVW�UHSUHVHQWDWLRQ�RI�WKH�DFWXDO�JURXQG�FRQGLWLRQV�DQG�SUDJPDWLF�HQJLQHHULQJ��7KH�URFN�PHFKDQLFV
SUDFWLWLRQHU�KDV�WR�IDFH�WKH�IDFW�WKDW�PDQ\�JHRORJLFDO�HQJLQHHULQJ�DQG�URFN�PHFKDQLFV�SUREOHPV
PD\�EH�WRR�FRPSOH[�WR�DOORZ�ULJRURXV�DQDO\VLV�EXW�DW�WKH�VDPH�WLPH�DUH�GHHPHG�VDWLVIDFWRU\�IRU�WKH
FRQVWUXFWLRQ�RI�PDMRU�VWUXFWXUHV��4XDOLWDWLYH�HYDOXDWLRQV��TXDQWLWDWLYH�GHVFULSWLRQV�RI�JHRORJLF
IHDWXUHV�DV�VXFK��DQG�FRPSDULVRQV�RI�VSHFLILF�WHVW�UHVXOWV�DUH�DOZD\V�RI�LQWHUHVW�EXW�PD\�QRW�VXIILFH
DV�EDVLV�IRU�HQJLQHHULQJ�GHFLVLRQV�DQG�GHVLJQV�
1HLWKHU�D�SXUHO\�JHRORJLFDO�QRU�D�FRPSOHWHO\�WHFKQLFDO�FODVVLILFDWLRQ�RI�URFN�PDVVHV�ZLOO�DQVZHU�LWV
LQWHQGHG�SXUSRVH�EXW�VXLWDEOH�SDUDPHWHUV�RI�URFN�PDVVHV�VKRXOG�EH�GHILQHG�DQG�TXDQWLILHG�LQ�URFN
HQJLQHHULQJ�WHUPV��

Before going further, some terms which are commonly used in this work, may need to be clarified:

'HVFULEH is to tell or write about, give a detailed account of;  to picture in words. In a description,
although all the complicated technical terms are recorded, essentially the individual puts down
whatever she feels is important. Thus, in describing a rock material or rock mass it is only by
chance that a system or order is followed. Seldom can the record be compared to that of
another investigator.

&KDUDFWHUL]H is to report the particular qualities, features, or traits of. Rock mass FKDUDFWHUL]DWLRQ is
the designation of rock mass quality based on numbers and descriptive terms of certain features
in the rock mass. Such characterization can include one or more parameters.

&ODVVLI\ is to arrange or group in classes according to some system or principle. Rock mass
FODVVLILFDWLRQ is the process of combining certain features of a rock mass into classes or groups. 
It follows a system and order with information being recorded in a prescribed manner. By this it
is possible to combine different features using mathematical expressions. Classification enables
useful comparisons to be made between the work of two or more investigators.

In this work the term FKDUDFWHUL]H has been selected for the process of indicating the structure,
composition and strength of rock masses. In practice there is, however, often not much difference
between the process of classification and characterization a rock mass. A main difference may be that
characterization also contains descriptive terms.


