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Classification of Rock for Engineering Purposes

LEoNARD OBERT, PH.D.
(Science Adviser—Mining Research, U.S. Bureau of Mines)

CHARLES RICH
(Mining Engineer, U.S, Bureau of Mines)

SUMMARY -- Although a number of classifications for both intact rock and rock masses have been proposed,

these classifications, in general, do not relate to specific engineering applications.

This report outlines

research in progress by the U.S. Bureau of Mines to develop rock mass classifications related to two ground
support problems, namely, caveability of ground (as in a block caving mine), and attainable unsupported spans,

(as in an open-stope mine).
tained from cores taken from operating mines.
briefly described.

Many investigators have considered ways of class-
ifying rock on the basis of some mechanical or quan-
tifiable geological property of the rock, or some
combination of these factore. These classifications
can be divided into twg categories; (1) classifica-
tion of intact rock, and (2) classification of rock
masses. The intact properties used in these classi-
fications include the laboratory-determined uncon-
fined compressive and tensile strengths, triaxial
(confined) strengths and friction, deformation moduli,
seismic velocities, and indemtation (or hardness).
Rock mass classifications have used, in addition to
the intact mechanical properties, in-hole and cross-
hole seismic velocities, and geological factors such
as the percentage core recovery and joint (or frac-
ture) spacing. These mechanical and geological
properties can be obtained from measurements in ex-
ploration holes or cores taken from these holes.

However, a review of the literature disclosed
that there is only very limited information on how
these classifications relate to specific mining
problems or applications. For example, it is logi-
cal to suppose that because processes such as pneu-
matic drilling, diamond drilling, or large-diameter
boring (as with a tunneling machine) create mostly
fresh rock surfaces, a classification based on the
properties of intact rock should relate to drilling
and boring capabilities or rates. There is very
little information in the literature showing such a
relationship and, in fact, a questionnaire sent to
tunneling machine manufacturers revealed that they do
not use any such classification. Some manufacturers
do rate their machines in terms of an upper limit on
the unconfined compressive strength of the rock that
the machine will bore, but properties other than
compressive strength affect boring rates. These

1 gcience Adviser-Mining Research, Office of Science
Adviser-Mining Research, U.S. Bureau of Mines,
Denver, Colo.

2 Mining Engineer, Office of Science Adviser-Mining
‘Research, U.S. Bureau of Mines, Denver, Colo.

The mechanical and geological property data used in these classifications are ob-
Techniques for quantizing geological features in the cores are

manufacturers are more likely to estimate bore rates.
on the basis of an index established by boring in an
equivalent rock type with a model drill.

The use of classifications for rock masses 1is
almost as indefinite, TFor example, it might be er-
pected that ground support requirements would relate
to some rock mass classification based on measured
rock properties. One report (1)® does classify
"rock quality'" in terms of RQD (rock quality desig-
nation)* and presents a chart, Table I, giving
nguidelines for Selection of Primary Support for 20-
ft to 40-ft Tunnels in Rock.," However, the litera-
ture does mot contain any equivalent tables for sup-
port requirements for chambers or mine openings clas-
sified in terms of RQD or any other measured rock
property. Moreover, as will be indicated later in
this report, RQD may not be gatisfactory for such
purposes.

If geomechanics is to serve the excavation in-
dustry, it should answer such questions, because the
most critical decision-making period is when the ex-
ploration cores from a project become available for
observation and test. For example, consider a tun-
neling project: At the conclusion of exploration
the following decisions must be made; can the tunnel
be machine bored and, if so, will machine boring be
economically favorable in comparison to conventional
mining? What will be the expected rate of progress?
Will the ground stand unsupported, or will support
ranging from rock bolts, to heavy sets and concrete
lining be required? Errors in judgment at this point
can result in substantial delays that can be costly
to either the contractor or owner, or both.

3 ypnderlined numbers in parentheses refer to items in
the list of references at the end of this report,

% Rock quality designation (RQD) is the ratio of
length of core recovered, counting only those
pieces of intact rock 4 inches in length or longer,
to the total length or core rum.
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In an exploratory investigation for an under-
ground chamber such as that for a power station, the
principal problem is to determine the span that will
stand either unsupported, or with minimum support
such as rock bolts and a wire-mesh-shotcrete surface
treatment. Considering that spans ranging from 50
to BO ft or more are generally required for such
chambers, a critical evaluation of the rock that will
form the roof of the chamber must be made,

In mining the problem is even more complex, Pre-
suming that an ore body has been delineated by ex-
ploration, a mining method must be selected that will
provide for a satisfactory recovery and rate of pro-
duction from the deposit, and be otherwise economic,
The selection of this method will be determined pri-
marily by the properties of the rock that comprise
the ore body, the immediate rock surrounding the de-
posit, and the rock forming the overlying cover.
Assuming that a rational selection of the mining
method can be made, it is generally necessary at this
time to decide on production capabilities and hence
the size of the shaft, the mill capacity, and other
surface facility requirements. Also, a substantial
part of the mining machinery must be ordered consid-
erably in advance of the start of production., These
decisions must be made almost immediately following
exploration because of the large capital investment
that is involved in bringing a modern mine into pro-
duclion., This capital investment may be in excess of
$10 million, and in some instances over $100 million,
Thus, the judgments that must be made on the basis of
observations and tests on core or boreholes must be
reliable or costly delays, and losses incurred in the
purchase of improper equipment will result,

Because previous classifications based on obser-
vations and tests on exploration cores or in explor-
ation cores or in exploration holes have been only
indefinitely related to specific excavation problems,
an investigation was initiated in which the problem
was approached from a different direction. Two geo-
mechanical problems were selected; namely, the cave-
ability of rock (as experienced in block caving
mines), and the attainable unsupported span (as ex-
perienced in open stope mines). Operational data re-
lated to ground support were collected (and are con-
tinuing to be collected) from a number of operating
mines. Also, exploration cores were obtained from
these mines (either from past explorations or from
present borings). The cores included the rock types
that comprise the ore body, the immediate rock sur-
rounding the ore body and, whenever possible, from
the overlying cover. A routine set of geological ob-
servations and mechanical property tests are per-
formed on these cores., These data are than analyzed
to ascertain which or what combination of these
measured properties are significant in relation to
the specified excavation problem, These selected
data will form the basis for classification.

In so far as possible the mines selected for
study have been chosen to include operations in a
variety of rock types. Also, preferential consider-
ation has been given to mines in which uncontrolled
failures have been experienced, that is, failures due
to misjudgments, because these failures are in effect
a limiting test of the rock structure,

The combination of operational and geomechanical
data that have been collected to date are much too
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extensive to present in detail. However, Table II
includes the more significant operation data obtained
from a number of block caving mines, together with a
part of the geomechanical data. Table III presents
the same informaticn obtained from open stope mines.

Several interesting inferences already have been
made from the analysis of these data. First, the un-
confined compressive strength of the rock comprising
or surrounding the ore body is only secondarily re-
lated to the unsupported span that can be mined. For
example, borax ore (see Row 1, Table II), which is a
combination of borax, kernite, and shale, is one of
the weakest rock tested to date, having an unconfined
compressive strength ranging from 1100 to 6000 psi.
However, an unsupported area approximately 140 x 270
ft. has been mined in this rock type (2). Rooms 150
ft. wide are routinely mined in dome salt (halite), a
rock that has an unconfined compressive strength of
about 5000 psi and, hence, would be rated as one of
the weaker rocks. On the other hand, a monzonite por-
phyry with a compressive strength of about 20,000 psi
taken from a block caving mine (see Row 9, Table TT)4
will cave freely if the span exceeds 10 ft. A com-
parison of these results leads to the rather obvious
conclusion that some factor other than compressive
strength dominates the length of span that can stand
unsupported. As might be expected, in the cases
cited this factor is the absence or occurrence of
joints and fractures. Both borax ore and salt are
virtually massive and unfractured rock types, whereas
the monzonite porphyry has a joint and fracture spac-
ing of about 3 to 24 inches. However, in an open-
stope mine (see line 11, Table III) rooms with a span
of 75 ft. have been mined and remained stable for
many years in a jaspilite (roof rock) that has a
joint spacing of 4 to 6 inches. Thus, there is some
other factor than joint spacing that must be consid-
ered in relation to unsupported spans. This factor
is not attributed to the type and extent of fill ma-
terials in joints and fractures, and the degree to
which these fill materials indurate and recement,

The strengthening ability of even a weak bond
across a joint plane is not too surprising if ome corr
siders that an average bond strength of, say, 5 psi
across a horizontal joint plane will support 5 feet
of underlying rock against the force of gravity. It
is improbable that a diamond drill core can be taken
across a joint plane that only has a bond strength
of 5 psi.

Unfortunately, there has been no means of numer-
jcally evaluating the bond strength across joints ex-
cept when the bond is strong enough so that a core
can be taken across the joint plane. A research pro-
ject, under the direction of Pincus® and Wipf®, has
been started to identify the alteration and decompo-
sition products that form on joint planes and to de-
termine which of these materials tend to indurate and
recement. The rock materials used in these studies

§ Howard J. Pincus, Dean and Professor, College of
Letters and Science, The University of Wisconsin,
Milwaukee; and U.S. BuMines Consultant.

8 pobert A. Wipf, Graduate Student, University of
Wisconsin, Milwaukee; and Intermittent employee,
U.S. BuMines.
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Fig. 1 -- Photograph made from acetate peel (2X),
Granite No, 1.

are from the various mines in which other operational
and geomechanical data are obtained. If this study
can lead to even a rough quantitative classification
of joint filling materials it would assist in assess-
ing the ground supportability of the rock materials
in exploration cores,

In block caving mines it is frequently reported
that some areas are easy to cave, whereas others are
more difficult to cave, This difference is due in
part to the degree in spacing of joints and frae-
tures. However, it is also due in part to the de-
gree of alteration in the host rocks which, in turn,
is probably related to the rock strength. An inves-
tigation, also under the direction of Pincus and
Wipf, is in progress to determine if an alteration
index for rock can be developed, that is, some quan-
titative measure of the degree of alteration, It is
hypothesized that alteration is accompanied by the
development of microfractures, and that the degree
of microfracturing is related to the degree of alter-
ation. Also, alteration may produce preferred spa-
tial orientations of microfractures. The degree of
microfracturing is being investigated by two tech-
niques, The first involves applying a fluorescent
dye penetrant to a sawed rock surface and observing
the microcrack in this surface under ultraviolet
light. In the second technique an acetate sheet
softened in acetone is pressed against a sawed rock
surface, When the sheet hardems it is peeled from
the rock and the fractured detail observed on the
peel,

Fig. 2 -- Photograph made from acetate peel (%),
Granite No. 2.

The dye penetramt-ultraviolet light technique
produces some visual enhancement of the microfrac-
tures, and even better detail is shown in the photo-
graph of the peel. Photographs of peels taken from
two granite specimens are shown in Figs. 1 and 2.
The peel has a further advartage in that it can be
subjected to an optical processing technique devel-~
oped by Pincus (3,4), a technique that is helpful in
determining if the microcracks lie in preferred di-
rections. Using these methods, both the extent and
orientation of microfractures can be quantized.

An up-hole or cross-hole seismic method is also
being developed for evaluating in situ "rock qualicy!
In this method s small charge is detonated in an ex-
ploration hole and the generated seismic signal pick-
ed up either at distant points within the same hole
(up-hole) or in other exploration holes {cross-hole}.
From an analysis of the amplitude-frequency spectrum
of the received signals, a seismic absorption coef-
ficient for some specified frequency can be deter-
mined, This coefficient is semsitive to both rock
type (3) and the degree of jointing and fracturing
within a given body of rock {6). A "rock quality"
index is being developed by comparing the absorption
coefficient for a rock mass to the coefficient for an
intact specimen taken from the same mass,

Collectively, the results from these studies in-
dicate that at least three factors affect the caving
properties of rock, or the ability of rock to sustain
a specified unsupported span; namely, and in order of



importance, the joint and fracture spacing, the de-
gree of bonding across joints and fractures, and the
rock strength or the degree of alteration.

In relation to problems other than ground sup-
port, this investigation suggests that there will
probably be as many rock classifications as there
are engineering problems. Thus, there may be a
classification for pit slope angles, drillability,
boreability and blastability of rock, as well as
other factors that enter into the excavation pro-
cess, Also, it would appear that performing mechan-
ical property or geological tests omn rock is an un-
profitable exercise unless the test results are re-
lated to some specific engineering problem,
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