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EXECULTIVL SUMMARY

A major part of thiy project used actual field data, as well as
information 1In the literature, to assess the relationship between
rock mass class and actual production support performance, for
several U. S. block caving mnines. Present rock classificarion
systems were developed mostly from non-block-caving data and there-
fore are not appropriate for specifying drift support for typical
caving rock masses. A classification system is proposed, based on
observations of key determinants of drift behavior and collected
data, that more usefully recommends drift support 1n block caving.
The gystem, which sllows manipulation of mine geometry and engineer-
ing factors, is chiefly intended for mine planning.

While an early, correct decision on drift support can be of
great importance to wine operators, especially in view of the greac
capital {and pre-productien) costs of the support systems, there ate
other concerns of critical importance to the economic viability and
safety of a proposed caving mine.

One is cavability. Caving ease can make or break an operation,
yet 1ts pre-production assessment 18 one of the most difficult
questions facing mine plsnners. Rock mass class has been suggested
as a useful index of cavability, sand scme preliminary or site-
specific relationships, based on elementary geomechanical dats, have
been proposed. TFurther research 1s needed to define caving mechan-
isms, to put together a useful classification system. The desir-
ability of such a system extends beyond improvement in mine design
for lowered development costs and improved productivity. Improved
cavebility assessments that result 1in smoother, continuous caving
would mean less need for locsening hang-ups in drawpoints by prodding
er secondary blascing, thus reducing miners' exposure tc literally
tong of potentially unstable rock overhead and reducing the hazards
associated with additional blasting. Improvements in cavability
assessments would result in designs that enhance the flow of rock
through drawpoints, relieving much of the support system distress
resulting from packing of draw raises, and would simplify undercut
design, reducing the incidence of stubs that can have severe effecta
on drift support.

Similarly, classification systems could be used toc specify
drawpoint spacing, predict secondary blasting requirements, and
improve draw control. In short, improved caving has far-reaching
effects, for a simpler and safer, as well as cheaper, mining opera-
tion.

This research effort slsc identiffed that additional basic re-

search in caving mine rock mass behavior iu both necessary and desir-
able. Much data exist, but caving mine drift behavior is defined by

15 ENGINEERS INTERNATIONAL, INC.



a number of factors that are not well underutcod by operators. At
this time, thorough support deslgn based on measutrable geomechanical
properties 1s simply not pgenerally possible. Judgement 1s exten-
sively relied wupon. Computer models need to be developed that
realistically model the large deformations and extremely strong
support systems 1n use In caving mines. An understanding is needed
of caving and rock fragmentation processes, and such an understanding
would be useful for other caving mining methods as well, such as
longwall and pillar removal as widely practiced in the coal industry.

L6 ENGINEERS INTERNATIONAL, INC.



1.0 INTRODUCTION

The suppott of production drifts remains a high-cost item facing
the developer or operator of :n underground caving mine. Support
costs are incurred well in advance of ore production and there is a
strong need to minimize these pre-production capital commitments.
However, the extreme loads developed 1in production drift supports 1n
caving mines, together with safety requirements and a still-
incomplete understanding of rock mass behavior in caving areas, leads
to a high degree of uncertainty in support design.

The research described here has led to the MBR (Modified Basic
RMR) System, a8 rational means to predict drift support requirements
for preliminary design, planning, and cost estimation, through the
use of a rock quality index (RQI).

1.1 Scope of the Project

Presently, support design for caving production drifes {is
largely a trial-and-error process. Established mines have developed
their support practices through years of experience in their respec-
tive orebodies. New or exp:inding mines commonly plan drift support
by comparing rock conditions with other operations and adjusting
support as appropriate.

Varying amounts of geotechnical data may be incorporated, but
fully analytical designs still are not achieved because essential
quantitative information is lacking on the behavior of the rock
masses involved.

Similar problems have existed in civil tunneling because highly
detailed support designs, while worthwhile, are expensive to achieve.
However, there are numerous rock mass classification approachee 1in
past or present use that generate a support recommendation, by
comparing rock mass conditions from the planned tunnel with those of
completed tunnels. These conditions are described by means of a
rating or rock quality index (RQI) that i1s, in turn, based on evalua-
tions of several diagnostic geotechnical characteristics. The
differences between these classification systems relate to the types
of data sought, the manner of combining these data, and the data base
of completed tunnel projects.

Mine production drifts have certain characteristics that distin-
guish them from tunnels (for which most classification systems are

intended) . Unlike most tunnels, caving mine production drifts are
not single, 1solated openings. The imposed loads are not static but
are both dynamic and variable in time and space. Support philos-

ophies are less conservative in mining, and excavation techniques are
less rigorously controlled. Opening shapes may be different.

17 ENGINEERS INTERNATIONAL, INC,



The planned mine can celdom be restiicted to the besc ground
conditions, while in tunnelinp, site dnvestigations seek the hest
ground. In tact, weak ground is a requirement for easy caving and 1is
therefvre a fact of life in many mines.

Despite these differences with civil tunneling. an R@[ approach
has great potential for advance planning of caving mine drift sup-
ports. Such an approach would formalize the comparison approach to
planning that is common in caving mining todav.

The basic objective of the projcct described i1s theretore to
apply presently used RQI methods to block caving drifts, and provide
guideliner for ground support based on empirical data. For this,
attention was focured on the Q system eof Barton, [.{en, and Lunde; the
RMR or Geomechanics system of Bienlawski; and the RSR system of
Wickham, Tiedemann, and Skinner. (These and other RQI systems are
discussed 1in Chapter 2.) In additien, the applicability of the
developed RQI approaclh to other uining methods is addressed.

1.2 Methodology

The number of wvariables that determines drift support and
affects performance is a large one. These variables iInclude overall
rock comperence, variation in rock competence, method and quality of
excavation, method and quality of rock reinforrcement, suitability and
effectiveness of final support, undercutting method and practice,
draw control, and repair techniques. Any one of these variables, 1f
not properly accounted for, could lead to improper support or failed
linings and, at worst, cessation of mining in some areas.

Furthermore, support practice, once established, 1s ordinarily
not varied except under radically different conditions. This means
that the 1installed support 1{s not necessarily diagnostic of rock
competence.

lor these rvreasons, 1t was necessary te visit several active
mines to classify the rock mass and account for variations in ground
condirions, and to observe In detail the excavation and support
practice. It was realized that cthis would be a greater cffort at
some mines than at others, so longer visits were unticipated to those
mines not actively collecting or analyzing georechnical data.

Durirg the field visits, geologic data were obtaincd, where
avallable, from company maps and files, including drill core 1logs.
When necessary, detailed fracture surveys were conducted, and in one
case, core was re-logged for required geotechnical data. Reconnais-
sance led to selection of specific areas for study, and RCI values
were obtained for these avreas by filrst-hand observation of rock
conditions and iIncorperation of geotechnical data.
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The data required by the three KQI systems being applied in this
study (Q, RSR, and RMR) are similar, so that once the fracturing,
rock type and strength, degree of alteration, and water conditions
were assessed, ratings and associated support recommendations could
be obtained for each system.

Concurrent with geologic data collection, the excavation and
support practices were observed. Information was collected on drift
dimensions and layouts, on blasting practice (drillhole pattern,
powder requirements, delays, overbreak and so omn); advance rate,
developnient sequencing, and support sequencing; type, density, and
effectiveness of rock reinforcement as installed; specifications and
as-built characteristics of permanent steel support; type, placement,
and strength of concrete as designed and as placed; and general
observations relating to consistency and installation of support.
These data were collected for the various types of drifts found in
the production area - undercut, grizzly or slusher drifts, ventila-
tion drifts, access or fringe drifts, panel drifts, and haulageways,
snd any 'tailoring" of support practice to rock competence was also
noted.

At each field site, production data were collected so that
production-related factors affecting drift support performance could
also be considered. Such data related to the method, progress, and
direction of undercutting, pulling of swell muck, draw control, and
amount of draw.

The field data were supplemented with published and unpublished
information of utility to the overall project, which related to:
geology and geometry of ore deposits that are amenable to caving,
design and operation of present and inactive caving mines, behavior
of and stresses developed ia rock masses near caving areas, early
classification systems, theotvetical and finite element studies of
rock mass stresses and displacements for various opening geometries
and distributions, tunneling case histories, and vein-type orebodies
and mining methods. This information was used throughout the study.

Following the field work, support recommcndations were formu-
lated according to the threr systems employed, and comparisons were
made with encountered support and its performance. Key variables
affecting drift support integrity were selected and the methods for
rating and combining these variables were formulated. This initial
classification system was evaluated in light of the field and pub-
lished data on support philosophy and performance, and revisions were
made so as to make it better fir the data base. Finally, the system
was evaluated for its potential! for other mining methods.
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t., Previous Work and Parallel] Scudies

becaurse oi 1cs multidisciplinary nature, this investigation made
use ol the efiorts of workers in several areas: rock mass classifi-
c..tion, theoretical and applied rock mechanirs, mining engineering,
and geolugy.

Laubscher (19//, 1981), Laubscher and Tayler (1976), and Taylor
(1980) represent the only published material located durimg this
investrigation that develops an RCT approach specifically for drift
support in block caving wines. McDonough (1976) discusses a subjec-
tive rating svstem for anslyzing rock masses at Climax, and relates
the ratings to support vrequirements. Other wines have ongolng
efforts to develop predictive rtevhniques for their specific cilrcum-
stances; prominent among these techniques are RQIL approaches.

Several mining operations have been studied 1n attempts to
understand the nature of actual rvock loads in block caving mines so
that these loads may be predicted from measurable dats. Such work
cont fnues at cthis writing. Recently, Maier and Brumleve (1981)
discussed rock mechanics 1investigations at Hendevrson and their
experience with RQI systems there. Panek and Tesch (1981) give the
results of measurements of ground movements at San Manvel. Kendorski
(1973) discussen rock mechenics at Climax. Thomas (1971) anulyzed
subsidence at San Manuel,

The development and expansion of the RMR or Ceomechanlcs system
can be traced through Bienlawski (1979(a), 1979(b), 1976, 1973). The
Q system is described by Barton, Lien, and Lunde (1974, 1975). The
development of the RSR concept 1s described by Wickham and Tiedemann
(1974). Further description 1s given by Wickham, Tiliedemann, and
Skinner (1974).

Note should be given to the work of Deere (1964) in which RQD 1is
introduced. RQD 1s widely accepted as a measure of core quality,
depending 1n part on fracture spacing, and in fact 1s a key input
parameter to a number of proposed RQI approaches. The use of RQD
alone to recommend support is seldom practiced tcday, however.

Terzaghi (1946) proposed one aof the eavliest classification
systems, and the method 1s in wuse rtoday for estimating steel tilb
supports Iin horseshoe or arch tunnels.

Rutledge (1978), McCusker (19R0), and Taylor (1980) review rock
mass classillcation systems. Other  prominent classification
approaches were used by Ikeda (1970), Corates (1964), Abel (1967),
Obert and Rich (1971), oand Brekke and Howard (1972) under more
speclalized circumstances.
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Block caving mcthods have been widelvy discussed in the litera-
cure. A summary of current caving practice wss provided by Julin and
Tobie (1973) and Tobie and Julin (1970). Earlier block caving
practice is discussed by Bucky (1945). Mervrill and Johnson (1964)
considered the stress changes due to undercutting in block caving.

The geologic requirements for caving orebodies have beecn exam-
ined by Panek (1981), White (1979), Julin and Tobile (1973), McMahon
and Kendrick (1969), Boshkov and Wright (1973) and McMahon (1967).
Swalsgood, McMahon, and West (1972) discuss geologic investigations
for block caving.

The geologic environments at major caving mines are discussed in
numerous papers, each dealing with a specific orebody. Only
selected, recent papers are mentioned here. The Urad and Henderson
orebodies were studied pgeologically by Wallace, et.al. (1978).
Thomas (1966) discusses the San Manuel orebody; a later paper
(Thomas, 1971) summarizes the caving behavior of San Manuel ore.
Wallace (1968) gives a geologlic overview of the Climax orebody.

An extensive volume edited by Stewart (1981) provides a detailed
overview of present domestic and foreign block caving practices. The
volume includes papers describing the current status of many major
caving operations.

1.4 Report Content

This report describes the research and development of the MBR
(Modified Basic BMR) classification systemn. To this end, Section 2
also includes comparative, parametric, and sensitivity studies of the
Q, RMR, and RSR systems that were undertaken 1in support of this
development. The use of the MBR system the input variables, and the
rationale behind the selecrion of variables, are principal topics.

To preserve confidentiality, the identities of the field sites
are not disclosed but are referred to as Mine A, B, and so on. The
field data are summarized mine-by-mine.

The applicabiliry of the MbLR system to domestic vein mining 1s
discussed in Section 7. The Coeur d'Alene District 1s considered to
be the major active vein mining area in the United States, and
Section 7 therefore addresses itself to the rock conditions and
mining mecthods of that area.

It is assumed that the reader has been 1nvolved with mine
planning and rock mechanics to some degree. Therefore, descriptions
of present RQI approaches and descriptions of block cave mining are
not emphasized 1in this report. These subjects have received wide
attention and the interested reader 1is referred to the references
listed in Section .3 for more extensive discussions of these topics.
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Sperial nore should bLe given Section 6.5, which examines the
vtiliry of the MBR system, its weaknesses and limits of applicabil-
1ev.

Many of the concepts employed in the MBR system could be useful
in other aspects of planning bilock caving minvs. While beyond the
scops of the present investigation, issues of secondary blasting and
cavabllity have applicution in defining performance of drift support
during production. These and other isuues are discussed in Section

#inally, it was thought that a manual for the MBR system would
be most useful to industry 1f it were detachable from the Final
Report. Accordingly, the Manual, Vvolume II, has been writcen as a
separate volume. This report is devoted entirely to the process used
in arrivine at the MBR System. Specific instructioms for the use of
the System are given in the Manual. Volume 11.

ge]
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2.8 ROCK MASS CLASSIFICATIONS

This section 1s inteunded to convev & peneral familiarity with the
purpose and use of rock quality index (RQI) systems. An exhaustive
review of rock classification tuchniques 1s not undertaken; the
interested reader is referred to the works mentioned in Section 1.3,
The RQI systems employed in thls study are outlined in the following
paragraphs; references are given for more complete discussioms.

2.1 Basic Concepts

The attractiveness of an empirical method of tunnel support
design has been recognized for several decades. In fact, mine drift
and tunnel design began as an empirical process, in which the support
was specified by an experienced person based on his impression of
ground competence.

Terzaghl (1946) wus the first to formalize this process for
general use. His method systematized the assessment of ground compe-
tence by providing definitions of observsble conditions; these defini-
tions are combined, and are linked to support requirements. through
simple formulae that enable the weight of loosened rock over a tunnel
to be computed.

The method 1s not wholly empirical, 1in that an intermediate
value, corresponding to rock load, 1is computed, and certain assump-
tions of the source of support loads are inherent. Because of these
assumptions, the method 1s closely tied to steel rib support in
tunnels of arched cross-section. Rock reinforcement in flat-backed
tunnels, and other options commonly used by present-day tunnel design-
ers, have less applicabilicty in the Ter=zaghi system.

In addition, a common probiem with the Terzaghi system 1s that
the definitions used «are subjective, and the 1nexperienced user {s
likely to misapply them. Monetheless, Terzaghi's system remalns
popular for 1its intended application.

The RQD concept was introduced by Deere (1964) as a deccription
of rock core, and ivas only later proposed as a method of support
design. This use of RUD has not been popular as a result of wide-
spread awareness that RQD is essentially a measure of fracturing, and
does not fully describe rock mass competence. Furthermore, ROD can be
affected by factors such as drilling techniyue that are not directly
related to rock competence. 1oday, however, RQD remains a valuuble
descriptive tool, and is an essential 1input parameter of many RQlL
systems presently in use.

More recent RQI appruaches attempt to rate, 1individually, the

most Iimportant factors that determine ruck mass behavior. Although
there 1is some variation, thesi factor: reduce to the following:
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intact rock strength, mcasures of fracturing intensity, measures of
the shear strength of the fractures, the gcometrical relationship
between fracture patterns and the excavatioo, and groundwater. The
chief differences cente. oi the means of combining these ratings to
achieve the rating for the rock mass, and the way in which the support
recommendation 1s obtuained.

In the deveiopment of & full: empirical RQI system, the imethod of
combining :nd using the ratings 1¢ determined by studying as many
excavations as possible, rating the rock mas:ies present, and associat-
ing these ratings with the support that was installed, while maintain-
ing an awareness of the effectiveness (overdesign as well as under-
design) of such supports.

It 1s therefore clear that the limit of applicabilicy of any ROI
system 1s defined by its base of data. Classification 1s essentially
a means 0f accessing a data base; 1deally, it allows a user to specify
a support system that is the same as the most effective system used by
others under identical geological conditiuns.

For the developer of an RQI system, there 1s always some uncer-
tainty in assoclating each of the observed conditions in the data base
with a rating. The user of an RQL system 1s again affected by
uncertainty when he interprets the language describing the rating for
his own rock mass conditions. Also, the support/rating associations
in the data base, to be fully comparable, must all reflect the same
degree of support effectiveness, and this may be difficult or 1impos-

sible to accurately assess. Because¢ of these situations, RQI
approaches yield support recommendations that arvre approximations of
the optimal design. There 1s stilll no substitute for detailed,

analvtical support design based on measurements of rock mass proper-
ties in the field and laboratory.

RQI systems are therefi.re not ordinarily used as a substitute for
such analytical designs. However, they can afford significant savings
when used for estimation, planning, and preliminary design.

2.2 RQl Systems Considered in This Study

Initially, the three most popular current systems (RSR, 0O, RMR)
were tried, to evaluate their applicability and utility for block
caving drift support. In addicion, the concepts formulated by Abel
(1967) and Laubscher (l976) were used in the development of the MER
system. These five approaches are discussed in 2.2.1 through 2.2.5.

2.2.1 RSR Concept
The RSR Concept, a ground support prediction model, was developed

in the United States in 1972 by Wickham, Tiedemann, and Skinner (1972,
1474). The concept presents a quantitative method for describing the
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quality of a rock ma:s for selecting the appropriate ground support.
It was the first true rock mass classification system proposed :ince
thet introduced by Terzaghi in 1946.

The RSR Concept was a step forsvard in a number of respects:
firstly, it is a quantitative classification unlike Terzaghi's quali-
tative one; secondly, 1t 1s a rock mass classification incorporating
many parameters, unlike the RQD index that is limited to core quality;
thirdly, 1t 1s a complete classification having an 1input and an
output, unlike a classification such as proposed by Lauffer (1958)
that relies on practical experience to decide on a rock mass class,
which will then give an output in terms of the stand-up time and span.

The main contribution of the RSR Concept was that 1t Introduced a
rating system for rock masses. This 1Is the sum of weighted values of
the individual parameters considered in this classification system.
In other words, the relative importance of the various classification
parameters could be assessed. This rating system was determined on
the basls ol case histories as well as reviews of various books and
technical papers dealing with different aspects of ground support in
tunneling.

The RSR Concept considers two general categories of factors
fnfluencing rock mass behavior in tunneling: geologic parameters and
construction parameters. The geologlc parameters are: (a) rock type,
(b) joint pattern (average spacing of joints), (c) jolnt orientations
(dip and strike), (d) type of discontinuities, (e) major faults,
shears, and folds, (f) rock material properties, and (g) weathering or
alteration. Some of these factors are treated separately; others are
considered collectively. The authors point out that in some instances
it would be possible to accurately define the above factors, but in
others, only general approximations can be made. The construction
parameters are: (a) size of ctunnel, (b) divection of drive, and (c)
method of excavation.

All the above factors were grouped by Wickham, Tiedemann, and
Skinner (1972) 1into three basic parameters, A, B, and C, which in
themselves are evaluations as to the relative effect on the support
requirements of various geological factors. These three parameters
are as follows:

Parameter A. General appraisal of rock structure, on the
basis of:

(1) Rock type (igneous, metamorphic, sedimentary).

(2) Rock hardness (hard, medium, soft, decomposed).

(3) Geologic structure (massive, slightly faulted/ folded,
moderately faulted/folded, intensely faulted/folded).
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Parameter B. Effectc of discontinuity pattern with respect tc¢ the
direction of tunnel drive, on the basis of:

(1) Joint spacing.
(2) Joint vrientation (strike and dip).
(3) Direction of tunnel drive.

Parameter C. Effect of groundwater inflow, based on:

(1) Overall rock mass quality dune to parameters A and B
combined.

(2) Joint condition (good, tair, poor).

(3) Amount of water inilow (in gallons per minute per foot of
the tunnel).

The RSR value of any tunnel section 1s cbtained by summarizi.ng
the weighted numerical values determined for ecach parameter. This
reflects the quality of the rock mass with respect to its need for
support regardless ol the size of the tunnel. The relarion between
RSR values and tunnel size is taken into consideration in the deter-
mination of respective rib ratios (&R), as discussed below. Since a
lesser amount of support was expected tor machine-bored tunnels than
when excavated by drill and blast methods, 1t was suggested that RSR
values be adjusted for machine-hored tunnels.

In order to correlate RSR values with actual support installa-
tlons, a concept of the RR was introduced. The purpose was to have a
common basis for correlating RSR determinations wjth actual or re-
quired 1installations. Since 9%®Z of the case history tunnels were
supported with steel ribs, the RR measure was chosen as the thenreti-
cal support (rib size and spacing). Tt was developed from Terzaghi's
formula for determining roof loads in loose sand below the water tablu
(daturi condition). Using the tables provided in Rock Tunneling with
Steel Supports, the theoretical spacing required for the same size rib
as used in a glven case study tunnel section was determined fer the
datum conditiowu. The RR value is obtained by dividirg this theoreti-
cal spacing by the acrual spacing and multiplying the answer by 100.
Thus, RR = 46 would mean that the section required only 46Z of the
suppurt used for the datum condition. However, different size tun-
nels, although having the same RR wuwouldequire different weight or
size of ribs for eauivalent support. The RR for an unsupported tunnel
wonld be zero and would be 100 for a tunnel requiring the same support
ax the datum condicion.

A total of 53 project: was evaluated, but since each tunnel was
divided 1into typical geclogical sections, a total of 190 tunnel
sectinns were analyzed. The RSR values were determined for each
section, and actual support installations were obtained from as-built
drawings. The support was disctributed as follows:
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Sections with steel ribs 147/ ( 89.6%2)

Sections with rockbolts 14 ( 8.6%)
Sections with shotcrete 3 (. 1.8%)
Total supported 164 (100.0%)
Total unsupported 26
Total 190 sections

An empirical relationship was developed between RSR and R&R
values, namely:

(RR + 80) (RSR + 30) = 8800, or
(RR + 70) (RSR + 8) = 6000

It was concluded that rock structures with RSR values less than 19
would require heavy support while those with ratings of 80 and over
would be unsupported.

Since the RR basically defined an ancicipated rock load by
congidering the load-carrying capaclty of different sizes of steel
ribs, the RSR values were also expressed in terms of unit rock loads
for various sized tunnels.

The RSR prediccion model was developed primarily with respect ro
steel vib support. Insufficient data were available to correlate rock
structures and rockbolt or shotcrete support. However, an appruailsal
of reckbolt requirements was wmade by considering rock leads with
respect to the tensile strength of the w»olt. The authors pointed out
thet thls was a very general approach: it assumed that anchorage was
adequate and that all bolts acted in tension only; it did not allow
either for interaction between adjacent blocks or for an assumption of
a compression arch formed by the bolts. JTn addition, the rock loads
were developed for steel supported tunnels. Nevertheless, the follow-
ing relaction was given for l-in.-diamecer rockbolts with a working
load of 24,000 1b:

Spacing (ft) = 24/W
where W 1is the rock load in !,000 psf (ksf).
No correlation could be found between gecloglc prediction and

shotcrete requirements, so that the following empirical relationship
was suggested:
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t = shotcrete thickness, in.

f

W rock load, 1,000 psf {1sf}

o
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tunnel diameter, Ft.

Support ruvquirement charts have been prepared that provide a
means of determining typical ground support systems based on a RSR
prediction as to the quality of rock structure through which the
tunnel 1s to be driven. Charts tor 10-, 20-, uand 24-tt-diameter
tunnels are available; similar charts could be used for other tunnel
sizes. The charts are applicable to either circular or horseshoe-
shaped tunnels of comparable widths.

The RSR Concept has been widely accepted as a very useful method
for selecting steel rib support for rock tunnels. As with any empiri-
cal approach, one should not apply a concept beyond the range of
sufficient and reliable data used ior developings the concept. For
this reason, the RSR Concept 1s not recommended for selection of
rockbolt and shotcrete support. [t should be noted that although the
di:finitions of the classificstion parameters were not explicitly
stated by the the proposers, most of the input data needed will be
normally included 1n a standard joint survey; however, the lack of
definitions (for example, slightly faulted or folded rock) may lead to
some confusion.

To summarize, the followiny steps are rtrequired in app’ying the
RSR concept: (The necessary charts and tablus can be found in Wickham
and Tiedemann, 1972).

Step 1 Divide rock mass into geological regions, such that each
region would be geologically similar and would require
one type of support; that is, 1t will not be economical
to chang¢ tunnel support until rock mass conditions
change distinctly (a new structural region can be distin-
guished).

Step 2 Obtain classificatinn inpuc data for each structural
region.

Step 3 Determine the individual classification parameters A, B,
and C and their sum, which gives the RSR = A + B + C.

Step 4 Adjust the RSR value if the tunnel is to be excavated bv
a tunnel boring machine.
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Step 5 Select a support requirement chart appropriate for the
tunnel size. These charts are applicable to both circu-
lar and horseshoe-shiiped tunnels. From the selected
chart, determine the rib type and spacing corresponding
to the RSR value. Ignore curves for rockbolt and shot-
crete support since they are not based on sufficient case
l.istory data.

Step 6 The rock load is then estimated from a table. The
theoretical RR is given by:

(RR + 80) (RSR + 38) = 8,800

The values obtained are for comparison purposes between
the scructural regions.

2.2.2 Q-System

The Q-System of rock mass classification was developed in Norway
in 1274 by Barton, Lien, and Lunde, all of the Norwegian Geotechnical
Institute. Its development represented a major contribution to the
subject of rock mass classifications for a number of reasons: the
system was proposed on the basis of an analysis of some 200 tunnel
case histories from Scandinavia, it 1s a quantitative classification
system, and it 1s an enginéering system enabling the design of tunnel
supports.

The Q-System is based on a numerical assessment of the rock mass
quality using six different parameters: (s) RQD, (b) number of joint
sets, (c) roughness of the most unfavorable joint or discontinuity,
(d) degree of alteration or filling along the weakest joint, (e) water
inflow, and (f) stress condition.

The above six parameters are grouped into three quotients to give
the overall rock mass quality Q as follows:

In this expression, J 1s the rating corresponding to the number
of joint sets, Jr is thgljoint roughness rating, J 1is the joint
alteration rating, J is the water inflow rating, and SRF 1is the
Stress Reduction Facﬁ%r. which 1s dependent on the rock stress condi-
tion and compressive strength.

Since it 1s assumed that the reader has some familiarity with RQ!
systems, the rating scales uare omitted here for the sake of brevity.
The reader should consult PBRarton, Lien, and Lunde (l!974) for the
ratings' descriptions, 1f desired.
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‘ihe value of Q wvarier from 0.001 to 1,000, where the larger
numbers denote better rock.

'he proposers of the y-Syntem believed that the parameters, J ,
J_, and J_, played a more imporct, nl. role than joint orientation, and
1§ joint orientation had heen inciuded, the ctassification would have
been less pgeneral. However, the orientatlon 1is: implicit in the
parameters Jr and Ja' because they apply to the most unfavoralle
joints.

The Q is related to the tunnel support requirements by defining
the equivalent dimencions of the txcavation. This equivalent dimen-
sion, which 1s a function of both the sfize and the purpose of the
excavation, 1is obtained by dividing the span, diameter, or the wall
height cf the excavation by a quantitv called the excavatiuvn support
ratio (ESR). Thus,

Equivalent dimeusion = Excavation span, diameter, or height, meters.
ESR

The ESR i1s related to the use for which the excavation is
intended and the degree of safety demanded, as follows:

No. of
ESR _Cases
A. Temporary mine openings 3-5 (2)
B. Vertical shafts:
clrcular section 2.5 - -
rectangular/square seccion 2.0 = =

L 2l
-~~~
Qo
(8]
~

C. Permanent mine opeunings,
water tunnels for hyduropower
(excluding high-pressure pen-
stocks), pilot tunnels, drifts,
and headings for lurge
excavations

D. Storajie rooms, water treat-— U3 (25)
ment plants, minor highway
and railroad tunnels, surge
chambers, access tunnels

E. Power stations, majer high- 1.0 (73)
way or railroad cunnels, civil
defense chambers, portal:,
intersections
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No. of

LSk _Cases
F. Underground nuclear power 0.4 (2)
stations, railroad stations,
factories

The relationship between the index Q and the equivalent dimension
is 1llustrated by 38 support categories shown by box numbering.
Support measures that are appropriate to each category are then
listed. Since 1t was decided that bolting and shotcrete support
deserves most attention, case histories featuring steel rib support.
concrete arch roofs, and precast lining have been ignored.

The length of bolts L 1s determined from the equation:
L =2+ 0.15 B/ESR
where B 1s the excavation width. Dimensions are in meters.

The 38 support categories have been specified to give estimates
of permanent roof support since they were based on rool support
methods quoted in the case histories. For temporary support deter-
mination, either Q 1s iIncreased to 5Q or ESR 1s increased to 1.5 ESR.

The maximum limit for permanent unsupported spans can be obtained
as follows:

Maximum span (uasupported) = Z(ESR)Q.'a.

The relationship between Q and permanent support pressure Proof
1s plotted from the followlng equation:

4 il -1/3
T i Q
T
I1f the number of joint sets 1s less than three, the equation 1is
expressed as
_2
oh]

Proof

The proposers of the Q-System emphasized that while the support
recommendations for the large-scale excavations would generally
incorporate thicker shotcrete and longer bolts, the bolt spacing and
theoretical support pressure would remain roughly the same.
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When core is unavailable, the RQU 1s w:stimated from the numher of
joints per unit volume, in whicih the number of joints per meter for
each joint set are added. The conversion for clay-free rock masses 1s

RQD = 115 - 3.3 Jv

where Jv represents the total numher ol joints per cubic nmeter (RQD =
100% for J < 4.5).

The following steps are invelved in applying the Q-System:

Step 1 Divide the rock mass into structural regions, such that
each regyion would be geologically similar and would
require on type of support category.

Step 2 Collect necessary input data for each structursl region.

Step 3 Determinc the ratings of the six classification para-
me ters and calculate the Q value.

Step { Select the excavation category, and allocate the ESR.

Step 5 Determire the support category for the Q value and the
tunnel span/ESR ratio.

Step 6 Select the support measures appropriate to the support
category. Calculate the length of rockholts as above.

Step 7 The sclected support measures are for the permanent
support. Determination of the initial support measurcs
is a= described above.

Step 8 TFor comparison purposes, determine the support pressure
alEP O P purp PP p
as above.

Step 9 TFor record purposes, estimate the possible maximum
unsupported span and the standup time.

2.2.3 RMR (Geomechanic:) System

The Ceomechanics Classificarion or the Rock Mass Rating (RMR)
System was developed by Bleniawski in 1973. The system has been
updated and the reader 18 referred to DBieniawski (1979(a)) for the
current (1983) rating scheme. This engineering classification of rock
masses, especially evolved for rock engineering applications, utilizes
the following six parameters, all of which not only are measurable in
the field but can also be obtained from Lorings:

Uniaxfal compressive strength of intact rock material.
Rock quality designation (RQD).

19 |o
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Spacing of joints (discontinuities).
Orlentation of joints (discontinultles).
Condition of joints (discontinuities).
Groundwater condition.

Im|m [aufo

Initially, five of the abuve parameters (a, b, c, e, and f) ate
grouped into five ranges of values. Since the various parameters are
not equally important for the ouverall classification of a rock mass,
importance ratings are allocated to the different value ranges of the
parameters, a higher rating 1indicating better rock mass conditions.
These ratings were determined from 49 case histories 1investigated by
the originator, while the initial ratings were based on the studies by
Wickham, Tiedemann, and Skinner (1472).

To apply the Geomechanics Classification, the rock mass 1is
divided into a number of structural regions, that 1s, zones in which
certalin geological features are more or less uniform within each
region. The above six classification parawmeters are determined for
each structural region from measurements in the field.

Next, the importance ratings are assigned to each parameter, In
this respect, the typical rather than the worst conditions are evalu-
ated since this classification, being based on case histories, has a
built~in "safety factor'. Furthetmore, it should be noted that the
importance ratings given for joint spacings apply to rock masses
having three sets of joints. Thus, when only two sets of jolnts are
present, a conservative assessment 1s obtained. Once the importance
ratings of the classification parameters are established, the ratings
for the five pavameters are summed, to yleld the basic overall rock
mass rating for the structural region under consideration.

At this stage, the influence of the strike and dip of joints (''d"
above) is included by adjusting the basic rock mass rating. This step
is treated separately because the influence of joint orientation
depends upon englneering application, for example, tunnel, slope, or
foundation. The parameter '"joint wourientation'" 1is not evaluated in
quantitative terms but by qualitative descriptions such as '"favor-
able."” 1In the case of civil engineering projects, an adjustment for
joint orlentations will suffice. For mining applications, other
adjustments may be called for such as the stress at depth or a change
in stress.

After the adjustment for jolnt orientations, the rock mass 1s
classified, according to the final (adjusted) rock mass rating (RMR),
into one of five rock mass classes. The rock mass classes are in
groups of twenty ratings each, »nd are denoted 'very good rock’ (Class
I, PMR = 81 to 100), "good rock" (Class 1I, RMR = 61 to 80), '"fair
rock (Class III, RMR = 4l to 60), 'poor rock" (Class IV, RMR = 21
to 40), and 'very poor rock" (Class V, RMR - 0 to 20).

13 ENGINEERS INTERNATIONAL, INC.



Next, the practical meaning ot each rock mass ¢lass 1s rclated to
specific engineering problems. Foxr tunnels and chambers, chr output
from the Geomechanlcs C(Classification 1is the stand-up time of an
unsupperted rock span for a glven rock mass rating. The stand-up time
1s compared with the design 1life of the tunnel.

Longer stand-up times can be achleved by selectine roc) reln-
forcement mcasures. They depend on such faectors as the depth below
surface (in situ stress), runnel sire and shape, and the method of
excavation. Rock relnforcement measures and other suport recommenda-
tions (Bienlawski, 1979(a)) are defined only for 10-meter- (33-ft-)
diameter tunnels and the determination #f support for tunnels of other
dimensions 1s apparently left to judgement or otlier means.

The system also allows determination of in-situ modulus of
deformation for foundation design, and rock mass cohesion for slope
design.

It should be noted that the support measure: plven represent the
permanent and not the temporary support. Hence, additional concrete
lining 1s not required for structural purposes.

However, to ensure full structural stabllicy, 1t 1s recommended
that tunnel monitoring during censtruction provide a check on stabiili-
zatlon of rock movements.

The Geomechanics Classificatlion recognizes that no single para-
meter or index can fully and quantitatively describe a jointed rock
mass for tunneling purposes. Each of the many factors has a different
slgnificance, and only 1f taken together can they describe a rock miss
satisfactorily. Each of the six parameters employed in thils classifi-
cation is discussced below, since these concepts are drawn upon else-
where in thils report.

Strength of JTntact Rock Material

There 1s a general agreement that knowledge of the uniaxial
compressive strength of intact vock 1s necessary for classifying a
rock mass. After all, 1f the discontinuities are widely spaced and
the rock matevrial is weak, the rock material properties will influence
the behavior of the rock mass. Under the same confining pressure, the
strength of the rock material constitutes the highest strength limit
of the rock masy. The rock waterial strength 1is also important if the
use of tunneling machines 1is contemplated. Finally, a sample oif the
rock naterial sometimes represents a small-scale model of the rock
mass since they have been subjected to the same geological processes.
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Rock Quality Designation (RQ®)

RQD is used as a classification parsmeter, because 3lthough 1t is
not sufficient on its own for a full description of a rock mass, the
RQD index has been found most useful in ctunneling applicatiors as a
guide for selection of tunnel support, has been employed extensively
in the Unicted States and in Europe, and is a simple, lnexpensive, and
reproducible way to assess the quality of rock core,

Spacing of Joints

The term "joint" emcompasses all discontinuities present in the
rock mass that may be rtechnically joints, bedding planes, wniror
faults, or other suriaces of weakness. The behavior of jeints may
govern the behavior of a rock mass as a whole. The presence of joints
reduces the strength of a rock mass, and thelr spacing governs the
degree of such reduction. For exsmple, a rock macerial with a high
strength will yield a weak rock mass a intensely jointed. Spacing of
joints 1s a separate parameter, because the RQD index does not
uniquely define the spacing of joints.

Studies by Wickham, Tiedemann, and Skinner (1972) have emphasized
the effect of joint orientations on tunnel stability. A qualitative
agsessment of favorability is preferred to more elaborate systems for
jeint orientation and inclination effecrts.

Condition of Joints

This parameter 1ncludes roughness of the joint surfaces, thelir
continuity, thelr opening or separation (distance between the sur-
faces), the 1infilling (gouge) material, and weathering of the wall
rock.

Roughness, or the nature of the asperities in the discontinuity
surfaces, is an important parameter characterizing the condition of
discontinuities. Asperities that occur on joint surfaces 1interlock,
1f the surfaces are clean and closed, and 1nhibit shear movement
along the joint surface. Roughness asperities usually have a base
length and amplitude measured in terms of tenths of an inch and are
readily apparent on a core-sized exposure ol a discontinuticy.

Continutty of joints influences the extent to which the rock
material and the discontinuities separately affect the behavior of
the rock mass. In the case of tunnels, a discontinuity i: considered
fully continuous 1f d1ts length 1s greater than the width ot the
tunnel,

Separation, or the distance between the discontinuity surfaces,
controls the extent to which the opposing surfaces can 1interlock as
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well as the amount of water that can flow through the discontinuity.
In the absence of interlocking, the filling (gouge) controls entirely
the shear strength of the discontinuity. As the separation decreases,
the asperities of the rock wall tend to become more interlocked, and
both tbe (1lling and the vock material contribute to the shear
strenj’th of ‘oints. The shear strength nalong a joiut is therefore
dependent on the degree of separation, presence or absence of filling
materials, roughness of the surface walls, and the nature of the
filling material.

The infilling (gouge) has a two-fold influence:

a. Depending on the thickness, the filling prevents the inter-
locking of the {racture asperities.

b. Tt possesses 1ts own characteristic properties, that 1is,
shear strength, permeability, and deformational character-
istics.

The type, thickueses, continuity, and consistency of filling should be
noted.

Weathering of the wall rock, that is, the rock constituting the
joint walls, 1s classified in accordance with the recommendations of
the Task committee of thu American Seciety of Civil Engineers (197.):

a. Unweathered. No visible signs of weathering are noted; rock
fresh; crystals bright.

b, Slipghtly weathered rock. Discontinuities are stained or
dicscolored and may contain a thin filling of altered mater~
ial. Discoloration may extend into the rock from the

discontinuity surfaces ty a distance of up to 20% of the
discontiruity spacing.

In

Moderatelv weathered rock. Slight discoloration extends
from discontinuity planes for greater than 20%Z of the
discontinuity spacing. Discontinuities may contain filling
of u'tered material. Partial opening of grain boundaries
wmay be observed.

d.  Highly weathered rork. Discoloration extends throughout the
rock, and the rock material i< partly friable. The original
texturte of the rock has nainly been preserved, but separa-
tion of the prains has occurred.

e. Cowple:tely weathered rock. The rock 1s totally discolored
and decomposed and in a friable condition. The external
appecarance 1s that of soil. Intirnally, the rock texture is
partly preserved, but grains have completely separated.
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(1t should be noted that the boundary between rock and soil is defined
in terms of the uniaxial comprecsive strength and not in terms of
weathering. A material with the strength equal to or above !50 psi is
considered as rock.)

Groundwaler Conditions

In the case of tunnels, the rate of inflow of groundwater in
gallons per minute per 1,000 ft of the tunnel should be determined, or
a genera) condition can be desrribed as cowpletely dry, damp, wet,
dripping, and flowing. If actual water pressure data are available,
these should be stated and expressed In term8 of the ratio of ELhe
water pressure to the major principal stress. The 1latter can be
either measured or determined from the depth below surface, that is,
the vertical stress increases with depth at 1.l psi per foot of the
deprth below surface.

2.2.4 Laubscher's GCeomechanics System for Mining

The system discussed by Laubscher and Taylor (1976) was intended
primarily for rock mass classifications in block-cave mining. This
method was developed on the basis of Bieniawski's Geomechanics system
and has been in use 1in African asbestos mines since 1973. It has
since been extended and clarified (Laubscher, 1977, 1981). For
purposes of discussion in this report, this system will be referred to
as Laubscher's system.

The input data fur laubscher's system are very similar to those
of the RMR, although the criteria for arriving at the values used are
somewhat different in the two systems. The rock mass in question is
assigned to one of 10 sub-classes (lA, 1B, 2A, 2B, etc.) by dividing
each BRMR class 1into two parts, so that each class has a value of 10
rating units. This in-situ rock mass rating 1s then adjusted for
weathering, field and 1induced stresses, changes 1in stress, joint
orientations, and blasting effects. The support requirements extend
to massive concrete with steel reinforcement, and depend on the
adjusted class and the degree of adjustment.

The ratings may also be related to cavability, stand-up time,
cave angle and failure zone, and applied to slopes, piltlars, and
foundations. These applications are beyond the scope of this discus-
sion. The reader 1s referred to Laubscher and Taylor (197¢) and
Laubscher (1981) for mor¢ on thes: topics.

Since this sy:tem i:i an important model for the MBR system, and
since it 1s lest likely that the readev will be familiar with it than
with the three ROI systems just discussed, the following description
includes considerable detail.
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The five essential input parameters are (as in cthe RMR) the ROD,
intact rock strength, joint condition, joint spacing, and groundwater
condition. The descriptions of these parameters are the same as for
the RMR, as described in Section 2.1.3 above, except in the following
instances.

La RQD - As conventionally determined.
2 Intact Rock Strength - The average uniaxial compressive
strength between joints, and exclusive of alteration zones.

g3 Joint Condition - The joint condition 1s assessed according
to Table 1, which develops percentagcs to be applied to a
maximum possible racing of JO0. Nore that separation and
continulty are omitted. Using this scheme, the rating fer a
straight, polished joint would be 30 x (70% x 50%) = 10.5.

4. Joint Spacing - The ratings avre obtained by means of the
rraph in Figure 1. It 1s necessary to distinguish the
spacings assocliated with each recognized set. The inter-
section corresponding tn~ the intvrmeulate and minimum joint
spacings (AB, for the exawple in Figure !) is first found.
This value is projected to the diagonal line as shown. This
is projected to the right until the maximum spacing (C or D
in the example in Figure I) 1is intersected. The rating 1is
read directly. For a 2-joint system such as AB, the rating
used would be 15. If there are more than 3 sets (such as
ABCD), the lowest 3-set rating would be used (in ¢this
instance, ARC, rated 6).

5. Groundwater ~ Therut are no differences with the RMR rating
structure, except that 1r is recognized that wmuch develop-
ment work in mining is done in well-drained areas.

Having obtained ratings for these five basic parameters, the
in-situ rock elass 1s obtained from a chart (Table 2). As with the
RMR, the five parsmeter ratings are summed to obtain the in-situ
rating., This rating 1s a description of the rock mass competence for
various engineering purposes.

The key feacture ot laubscher's system 1s the application of
adjustrents to the in-situ ratings. Most of these adjustments are for
conditions that significantly affect rock mass behavior in mining.
L'he adjusrment procedure is to apply sequentinl percentage multipliers
(Table 4) to the in-situ ratings, rather than to subtract values.

The weathering adjustment recognizes that weathering may affect
rocks 1n 3 areas: RQD, 1Intact rock streungth, and joint condition. An
adjustment of 957 to the RQD rating is possible 1f weathering results
in increased fracturing. An adjustment of 96X may be applied to the
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TABLE 1 - Joint Condition Ratings
(after Laubscher and Taylor, 1976)

Percentage
Parameter Description adjustment
Wavy uni-directional 90-99
A. Joint
expression Curved 80-89
(large scale)
Straight 70-79
Striated 85-99
8. Joint
expression Smooth 60-84
(small scale)
Polished 50-59
C. Alteration Softer than wall rock 10-99
zone
Coarse hard-sheared 90-99
Fine hard-sheared B0O-89
Coarse soft-sheared 70«79
D. Joint Fine soft-sheared 50-€9
filling
Gouge thickness < Irregularities 39-49
Gouge thickness > TIrregularities 12-23
Flowing material > Irregularities 0-11
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Fiour | - Joint Spacing Racin s (Laubscher). This chart is
used in conn ctlon witl l.aubscher's Geomechanics
" assificarion for mining. Its use is explained
in the text. Not that spacings are in metric unics.
Spacin s measured in feet must be converted to metric
unitcs befo using the chart. After Laubscher and
laylar (19758).
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TABLE 2 - Ratings :ind Rock Mass Classes (Laubscher).

From Laubscher and Taylor (1876).

1 2 3 4 5
e A B A B A "B A B i B
Rsting 100 - 81 80+ - 61 60 - 41 40 - 21 20 - O
Description Very good Coad Fair Foor Very poor
R.Q.D.% 100- 91| 90-76 75-66 65-56 | 55-46 | 45-36 | 35-26 | 25-16 | 15-6 $ = 0
Rating 20 18 15 23 11 9 7 5 3 0
1.8.S. (MPa) |141-136 [ 135-126 | 125-111 | 110-96 | 95-81 | BO-66 | 65-51 | 50-36 | 35-21 | 20-6 | 5-0
Rating 10 9 8 7 6 5 4 3 2 1 a
Jeiat spating Refer Figure 1
Rating 30 << => 0
t.‘m;;:!itci’znt 450 < Statie angle of frictiagnm > 50
pesty Refer Table 1
Rating 30 = =, 0
Inflov per 10 m length = O 2 25 litres/min = 25 — 125 |> 125 litree/ain
OR litres/min
Joint vater pressure
REPITIINGSS Major primcipal stress s 0@ = 02w W2=10u3 | 0,5
or VYoderate Severe
Completely dry | Moist only pressure -problema
Rating 10 1 7 4 o
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TABLE 3 - Total Possible Adjustments
(after Laubscher and Taylor., 1976)

Joint Condition
Parameter R.Q.D. 1.R.S spacing of joints Total
Weathevring 95% 96% - 82% 715%
Field and induced = = = 120% to L207 te
stresses 716% 16%
Change in stress o B o 1207 to 1204 to
607 607
Strike and dip
orientation - = 70% = 70%
Blasting 93% = = 86X 80%
Maximum
possible adjustment — 2| = - 50%
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intact rock strength for strength reduction due to weathering. An
adjustment to B2%X is posaible for the effect of weathering on joint
conditions. The total adjustment possible 1s 75% hbut could be even
lower for some rock types.

The adjustment for stress tield and induced stresses depends on
whether these stresses cause joinrs to open, to shear, ovr to remain in
compression. The in-situ rating may be increased up te 1204 if joincs
are kept in compression. An enhanced possibility of shear movement
results in a 90% adjustment. Joints being caused to open behave as 1{
they were filled with rhin gouge, and the in-situ rating is decreased
by up to 67%. This field and induced stress adjustment 1s wmainly
intended for large openings and applies to small tunnels only in
exceptional cases.

Stress changes occur adjacent to caving areas, in crown pillars
over extraction levels, in open pits, and due to abutment stresses and
poor face shapes in sublevel wining. Using the same concepts as for
field and induced stresses, possible adjustments range from 607 to
120%.

Laubscher's system considers a distinction between the pure
weakening effects of discontinuities on a rock mass, and the special
role that discontinuities (joints and shear zones) play iIn rock masses
subject to large deformations.

Adjustments due to joint orientations are dependent on the
freedom of rock blocks to move into the excavation. (Although this is
not a condition unique to mining, it is accounted fer as an adjustment
rather than a basic rated item because the in-situ rating must be
independent of the type of opening constructed in it.) The joint
orientation adjustment is made as follows (Table 4).

TABLE 4 - Jeint Orientation Adjustments (Laubscher)
From Laubscher and Taylor (1976)

No. of faces inclined away from
No. of vertical and adjustment percentage
defining
joints

70% 75% 807 85% 907

3 3 2

4 4 3 2

3 5 4 ] 2 1

) 6 4 3 2,1
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The occurrences of she«r zones also require adjustments to be
made to the oxientation term, These adjustmeni:a depend on the orien-
tation of shear zones with respect to development: 0 to 15° = 76%,
15° to 45°:= 84, 45° to 75° = 92%. An additional 90% adjustment is
applied when advancing against the dip.

Blasting may create new fractures and open or generate shear
movement on old fractures and thus demands con:lderation. 7The adjust-
ments to the in-situ rating are none for machine boring, 97% for
stnwooth blasting, 944 for good conventional blasting, and 80% for poor
conventional blasting. They are upplied as shawn on Table 3.

The adjustmencs are summarized in Table 3. Nate that the maximum
total adjustment 1s 507%.

The support requirements depend in part on the in-situ versus the
adjusted values. A rock mass of in-situ clags 5B (Table 2) probably
cannnt be reinforced, whereas a rock mass of 1in-situ class 3A and
adjusted to 5B, could b« rockbolted. Tn view of this, Laubscher and
Taylor (1976) give the following support recommendations (Table 5).
In using Table 5, it should be noted that bolts are 1ineffective in
ground receiving a spacling rating less than 6. The support recommen-
dations apply mainly to mines with field stresses less than (30 MPa)
4,350 psi.

2.2.5 Able's Tunnel Support Nomographs

Abel (1967), 1in a thorough regression analysis of rock mass
behavior and set load response for the Straight Creek Tunnel ({now
Eisenhower Memorial Tunnel) pilot bore 1in Colorado, developed o series
of nomographs for assessing the time to stabilization and ser load
response. While not exactly an RQI system, Abel's approach does
permir the selection of steel rib supports based on a few easily-
obtained genlogical parameters.

Abel (1967) performed computer analysis of set loads, rock
strains, geologic conditions, and construction practices, 1incorporat-
ing regression analyses to determine the parameters most uniquely
influencing inelastic rock mass behavior. This work resulted 1in a
number ol significart findings regarding tunnel mcchanics. Only those
of importance of block caving drift supports are meniioned here; the
nomographs and other conclusions may be found in Abel (1967).

Stabilization time was most 1intluenced by the thickness (not
proximity) of the nearest fault zone and degree of rock alternation,
and to a lesser extent bv water condition, the degree of faulting or
shearing, and the basic rock type.
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TABLE 5 - Drift Support Requirements (Laubscher).
Taken From Laubscher and Taylor (1976).

. . 9
Adjusted In Sftu classes .
SRS L5 1B 24 2B 3A 3B 44 4B 54 SB
1 and 2
3A a a a a
= y -
7R b b b b BB
HA c, d ko Cy d d, %
7 f g h
AB J
‘ . ldl )
54 . h. h
| 1, ] i
L k k 1 1

Gunerally no support but locally joint inter-
sections might requirc bolting.

Patcerned grouted belts at 1 m cellar spacing.
Patterned grouted bolts at 0.75 w collar
spacing.

Patterned zrouted bolts at 1 m collar spacing
and shotcrete 50 mm thick.

Patterned grouted bolts at 1 m collar spacing
and massive concrete 300 mm thick and only
used if stress changes not excessive,
Pattcrned grouted bolts at 0.75 m collar
spacing and shotcrete 100 mm thick.

Patterned grouted belts at 0.75 m collar
spacing with mesh reinforced shotcrete 100 am
thick.

Massive concrete 450 om thick with patterned
grouted bolts at 1 m spacing if stress
changes are not excessive.

Grouted bolts at 0.75 m collar spacing if
reinforcing potential is pruscnt, and 100 mm
reinforced shotcrete, and then vielding steel
arches as a repair technique if srress

changes are excessive.

Stabilize with repe* cover supnort and massive
concrete 450 mm thick if stress changes not
excessive.

Stabilize with rope* cover support followed by
shotcrete to and including face if necessary,
and then closely spaced yielding arches as a
repair technique where stress changes are
excessive.

Avoid development in this ground, otherwise

use support systems "j' or "k".

“NOTE: "'rope cover' refers to the use of old

hoisting cable as spiling sunport in some
African mines.
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Set load response was ohserved as far as 2,500 ft away from the
point ot first penecration ol a msjor shear zone. Set load response
was primarily affected by coustruction variables (section modveius,
number of effective blocking poincts). Ceologically, set load response
was found to depend chiefly on the water conditions, degree of fault-
ing and shearing (if '"moderate" or less), and the thicknes: ot the
nearest fault zone (not proximity),

While emphasizing that every ctunne' 1s wunique, Abel (1967)
nonetheless develops concepts of use 1In rockh classifications for
mining. First, the very strong effect of water on rtunnel stabilicy
that 1s reflected 1in most RQL approaches 1s reasonable. Second, the
role of width of, as opposed to distance to, the nearest fault zone is
a major one and wuyst be accounted for. This 1is difficult in mining,
where faults are ordinarily numerous and widespread (the MBR makes use
of a width-distance relationship based on Abel's rindings). Third,
stabilization time should be considered when installing massive
concrete linings, because 4t is undesirable co mebilize some portion
of the lining capacity to stabilize the drift during development.
Abel's absolute stabilization times and set loads are not necessarily
applicable to mining, because of the geometric complications, but some
ground Intersected by the Strafght Creek pilor bore 1s similar in
structure to that of many caving mines.

2.2.6 McDonough System

McDonough (1Y76) reports on a system of ground classification in
use at the Climax Mine. The system relies heavily on geologic judge-
ment, and involves rating the rock mass competence on a scale of 1l to
9, based on rock type, core recovery, RQD, longest piece of core,
nunber of pieces of core, number of joints per foot (of core), argil-
lization (rated on a scale of O to 9), and distribution of faults and
shears., Not all of these would always be used in assigning a compe-
tence rating, which is done both as part ol the core logging procedurc
and during underground napping.

The system requires considerable experience with cthe Climax
geological conditions. Although it is not strictly limited to Climax,
its use 1n other mines has not been reported. McDonough (19786)
discusses rhe features artributable to rock of each class, ad provides
photographs of representative cove. The method 1s still relied upon
with considerable success for projections ef ground conditions and
development planning. Maps of eround conditions showing the predicted
classes sid in this regard.

Support for each type of ground varied depending on the type of
opening under consideration, and different types nf support may be
installed in the same class of ground in the same type of opening,
depending on conditions as encountered. A table is provided, gilving
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such typical support practices (McDonough, 1976, p. 125). Support
varied from none in the best ground to rigid steel sets with bolts and
reinforced concrete linings in the worst ground, depending on the type
of drifts or intersection.

2.2.7 Correlations Between Systems
Much effort has ben directed at correlating the ratings obtained
when applying the various RQOTl systums to the same rock mass. Most of
these consider Q, RSR, RMR, although there are doubtless many others

that are not reported in the literature.

Rutledge and Preston (1978) developed the following correlations,
based on New Zealand experience:

RMR = 13.5 (logjg Q) + 43

h

RSR = 0.77 (RMR) + 12.4

’

RSR = [3.3 (log;g Q) + 46.5

Bienlawskl (1976) suggested the relation
RMR = 9 (logig Q) + 44
as describing the RMR and Q relationship.

Taylor (1980) observes that the results obtained by the RMR are
somewhat higher than by Laubscher's system, and attributes this to the
fact that the RMR uses a mean spacing criterion, while Laubscher's
system uses a multi-joint rating scale. Taylor (198, p. 37) provides
a graph of ratlings from Laubscher's system versus ratings from the Q
system. It can be determined from this graph that the relationship
can be described by (Laubscher rating) = 19.5 (log Q) + 43.

For conditions at the Henderson Mine, Brumleve and Maier (1981)
found the following relations (uassuming SRF in the Q system equal to
1.0).

RMR = $5.47 (ln Q) + 46.18
RSR = !.119 (RMR.'785) ” 8.19130'0196 RMR
RSR = 11.43 (1n Q) + 38.02

They note that the relation for RMR and Q corresponds to that of
Rutledge and Preston (1978).

At Climav, a number of relationships have been tried in relating
the McDonough system to RMR, and correlations betcer than 0.90 have
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bcen found empirtcally and cheoreticolly, for linear, power, and
exponential relationships (White, oral communication, 1981). Presum-
ably, this 1s due to the subjective nature of the Mclhonough system and
inherent difficulty relating the McDoncugh and RMR values precisely.
One preferred empirical relation is

M L.1197 e0.0326RMR

atthough others have beetv found useful as well.

During the investigations leading to the development of the MBR
system, the relationships of Rutledge and Preston were tried using the
field data. The following trends emerged:

L. Using the RMR, the predicted RSR values were almost always
higher than the rated RSR. The difference is usually less
than 15% of the rated RSR.

2. Using Q, the predicted RMR was always lower than the rated
RMR. The difference was ordinarily at lease 30% of cthe
rated RMR.

A, Using Q, the predicted RSR values were almost always lower

than the rated RSR, between 2% and 42 of the RSR rating.

4, The agreement where Q is involved 1is less relfable in highly
fractured rock bucause Jn is less reliable,

5. Because the Q system 1s designed to be applied to the most
unfavorablv oriented set, it 1s more sensitive to highly
ordered sy!:items than the RMR and RSR, where orientation is
taken 111t.o account.

From this experience and that report by others, it is clear that
the correlation between RQI systems may vary with different geologic
settings and different lcvels of experience of the user.

2.2.f Sensitivity Analy:ds

Some parameters are more difficult to evaluate than others, so
RQI systems placing o« heavy reliance on such parameters will yield
less reliable results. TIn order tn identify those geologic conditions
most extensively influencing the finusl rating, the Q, RMR, and RSR
were subjected to a sensitivity analysuis.

This analysis was inicially carried out by varying one parameter

while holding the others constant in each system. Recopnizing that
the geological factors being evaluated dre coanmonly asgociated (for
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example, weathering, RQD, and intact rock strength), the resuits of
the initial study were re—examined based on field data. The following
conclusions were drawn.

Q-System

1a RQD - The Q-system 1s uniformly sensitive to ROD. The
principal difficulty 1s assigning an RQD value te the rock
mass value considered.

2, J_ -~ The Q~system 1s very highly sensitive to Jn in rock
with two or fewer jolnts sets. Fortunately, two-set systems
are more readily recognized than systems with more diverse
fracturing. However, recognition of the number ot joint
sets in more highly fractured rock is difficult, and even a
slight misassessment of the number of sets from "two plus
random,'" to "three plus rendom,’" coupled with a 10X error in
RQD can throw Q off by a factor of approximately 2.5.

3. Jr ~ The range of values for Jr is small, and Q is uniformly
sensitive to 1it, to about tiie same degree as RQD. This
parameter presents little problem 1f the most unfavorable
set can be readily identified.

4, Ja - Q is more sensltive where rock wall contact 1s ob-
served, especially for the stronger joint conditions.
However, this nonlinearity 1is less by an order of magnitude
than that for J . This parameter is also difficult to rate,
and serious mi'Scalculations can result, due to the wide
range of possible ratings.

S. J. - Q 1s uniformly, but highly sensitive to Jw. However,
this is one of the most straightforward parameters to rate,
so miscalculations are less likely.

6. SRF - The range of values 1s large and a high degree of
experience is required to properly evaluate this patvameter.
The sensitivity 1s very similar to that of Ja.

At Quotients = In field data from this study, Q was found to be
more sensitive to J /SRF than to J /J . Poor correlations
were obtained for ‘ﬁQD/J . probabf& %ecause of 1ts hi;h
sensitivity (RQD/J mayn vary by 400)). Overall joint
condition determined Q to a greater extunt than RMR or RSR.
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RMR System

L1 The Geomechanics system 1s unifurmly sensitive to all its
input parameters, when they are considered 1ndividually.
Thur, the degree of accuracv required for each is about the
same.

* Only slight variations 1in sensitivity were observed for the

combinations of RMR input variables generated from the field

study sites.

3 The '"support intensity,'" as indicated by recomisended inter-
nal support pressures based on the ratings, are moust highly
dependeat on joint condirions and wacer condirions, arn
somewhat less dependent but about equaliy so on RQD and
joint spacing, and depend the least on intact rock strength.
This: 1s in keeping with the intent of the RMR, which con-
siders joint condition to be the moust important factor tor
tunnel stability.

RSR Conceprt

)< Parameter A: Rock Type, Structure - The response of thce RSR
final ratiug to vatriatiuns of the Parameter A components 1s
fairly uniform cthroughout the ranges of these variables.
Overall, the RSR 1is sglightly more sensitive to structure
than hardness or rock type, and errors can be significant.

2, Parameter B: Spacing, Orientation - The RSR responds fairly
uniformly to individual variation 1in spacing and orienta-
tion; however, errors in assessing spacing can make a great
difference in the RSR.

3. Parameter C: Groundwater, Joint Condition - The RSR 1is
again uniformly responsive changes 1in both groundwater and
joint conditions. Each affects RSR to about the same degree
as hardness and rock type.

4. With regard to recommended 1internal support pressuvre: 1in
our fleld data, spacing 1s by Lar the most important deter-
minant, followed by groundwater, joint <condition, and
scructure, hardness, and orientation, which have only a
slight effect. The rock types in &)1 our field cdata were
igneous.
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3.0 BLOCK AND PANEL CAVE MINING

It is assimed that the reader is familiar wich block cave mining
methods. Much has been written on these mining methods and a complete
discussion of block caving would be lengthy and of doubtful utility to
this report. This section will discuss those features of the caving
method that are considered in the development and use of the MBR
system.

For a general overview, the reader is referred to Julin aml Tobie
(1873) or Tobie and Julin {(1982). Stewart (1981) edited an extensive
volume on various aspects of the design and operation of caving mines,
that {ncludes many general discussions of the methods considered in
the following sections.

3.1 Basic Description

Caving mines utilize the force of gravity to the fullest extent
possible to fragment ore and move it to loading points. In order to
do this, a large area of ore is undercut so that it caves, and in so
doing, breaks itself up. The ore 1is then withdrawn in a systematic
manner.

Caving orebodies must be weak enough to cave yet strong enough to
be supported, must be of fairly homogenous grade, and must break into
manageably smsll fragments. These characteristics generate a concept
of a caving orebody such that certain simplifications and allowances
are made when a RQI approach 1s to be applied to mining as opposed to
tunneling. These are:

1. Weaker rock masses predominace.

~

Z. The geological environment is one of structural discontinu-
ity in the form of fractures and faults.

K v Alctered and weathered rock is common if not predominant.

4. The complex structural fabriec 1s overprinted onto broadly
systematic variations in alteration and mineralization.

Sw Extensive horizontal area.

Similarly, a concept of a block caving mine would have these
components.

i, An undercut horizon where caving is initiated.

P An extraction horizon where the caved ore is withdrawn, with
or without 1intermediate levels to promote efficient ore
handling.
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A haulage level for transporting ore away from the produc-
tion area and eventually to the surface.

4, Connection of undercut, extraction, and haulage hnrizons by
ralses for passage of men and ore.

5\ Attendant service driits and required ventilation drifcs
that may or may not be wholly within the extvaction horizon.

Other general characteristics of importunce to this investigutien
include the following.

¥ Areas 1in production at any given time are extensive, and
sites of ore withdrawa! must be closely spaced, so that a
high density of production wnrkings 1s necessary.

2. A large amount of pre-production develnpment 1is required,
and production lead times are therefore long.

38 The mining method produces extensive changes 1in the initial
stress field, due to the development and maintenance cf a
caved volume.

4, High transient stress levels (strains) may be achieved, and
this 1in conjunction with necessarily weak rock masses
dictates a tenduncy for heavy support.

5. Because of the capital~-and time-intensive nature of the
method, high production rates are emphasized, a highly
systematic approach 1s maintained, and apparent minor
adjustments to the mining system can have far-reaching
effects.

Tobie and Julin (1982) classlfy the form of the cave into three
dis:tinct groups. In true 'block" caving, the orebody 1s divided
horizontally 1into blocks, most commonly square, and draw 1s evenly
distributed over the entire avea so that the ore/capplng contact
remains at its original angle. ‘this method has been used more exten-
sively in the past. More common Iin present-day mining is 'panel"
caving, where the orebody is divided horizontally 1into enlongate
panels, and 1ls undercut and caved by retreating from one e¢nd ro the
other (the panel may be divided into "blocks"™ for this), so that the
ore/capping contact angle 1is changed. Pillars may or may not be left
between panels. 1n "mass' caving, there is no division of the orebody
inty blocks or panels. Undercutting of manageable areas proceeds
across the level from one end of the orebsdy to the other, changing
the initial angle ot the ore/capping contact. The active cave area is
defined by the size of '"block" that will not produce undue stresses,
and by production requirements.
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1.2 Variations of the Method

Aside from the commen aspects listed in Section 3.!, there are
almost as many variations of the block caving wethod as there are
mines, because once it is begun, the method of a given mine inevitably
evolves to fit the particulnr characteristics of the orebody. There
are two major classes that can be distinguished, based on the type of
ore transfer mechanism. Pillar (1981) discusses the advantages and
disadvantages of each.

The full-gravity approach (Figure 2) uses only gravity to move
the ore to the haulage. For thils, a weak, flowing ore 1s required.
The classic example 1s the San Manuel Mine; others include El Teniente
and Rio Blanco 1in Chile and Lutopan in the Phillipines. There are
three or more levels (the Inspiration Emma mine had 4 levels) per
caving 1lift, in order to accommodate the transfer ralses necessary to
isolate the haulage level from the caving area in the weak ore. By
inclining transfer raises, it 1s possible to have a wider spacing of
haulage luading points than drawpoints. A level intermediate between
the haulage and undercut known as the grizzly, pcrmits control of the
size of ore sent down the transfer raises.

The grizzly level 1s normally a short (less than 50 ft) distance
beneath the undercut, and the haulage is much further (up to several
hundred feet) below the grizazly.

The full gravity method uses less mechanized equipment and
requires more development, and therefore higher ore columns, than the
slusher/LHD system, on a per-ton basls.

The other broad class of caving mine layout uses some mechanical
weans of transporting ore to the loading polint. Thus the grizzly
level, and for some layouts, the transfer raises, are omitted. The
weans of ore transfer may be by slusher (Figure 3) or LHD (Figure 4),
and these comprise two distinct subgroups. Although the design and
operation of slusher sysrems 1s rvadically different from that of LD
systems, the basic development frameworks are similar.

Figure 3 shows a classic slusher system patterned after that
currently 1n use at Climax. At other mines, different layouts and
dimensions may be used. The slusher lanes at Lakeshore do not alter-
nate and are longer, 1incorporating more drawpoints, than those 1in
Figure 3; the ventilation drift 1is en the same level. At the King
Beaver Mine, muck 1s slushed into chute raises to the haulage, rather
than directly 1into muck trains. Mucking at several other wines is
similarly done into transfer raises to the haulage. Also, in Figure
J, two sideline drifts are shown feeding each drawpoint. In other
layouts, each drawpoinc 1s served by a single finger railse that may be
vertical or inclined.
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GRIZZLY LEVEL DETAIL - PLAN VIEW
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SECTION THROUGH GRIZZLY ORIFY

Fipure 2 - Typical Cravity Caving Scheme (From Pillar,
198], p. 90) Dimensions and layout details
may vary from mine to mine (m = meters).

Used with prrmission of the Socicty of Minina
Enginesrrc:, of AIME.
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Figure 3 - Typical Slusher Orawing Scheme (Lrom Pillar, 1981, p. 92),
This is for a mass caving mine. Io nacroweyr deposits or
where blockwise development is vsed, the alternating slusher
drifts shown may be replaced by longer drifts running the
same direction (mt = meters). Luoc iext. Use with permission
of the Sociery of Mining Engincers of AIME.
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Slusher draw methods require far less development than pgravity
methods and are better suited to more competent ores. Draw control
mav present problems since it 1s easy to overdraw from more freely-
running drawpoints. Slushers are especilally vulnerable to ground
weight problems, and the maintenance of even draw to prevent this
commonty results in reduced production, because freely-running draw-
points may frequently have to be put on hold.

The example of the LHD method 1is taken from the Henderson Mine
(Figure 4). LHD drawing methods enable mining of coarsely fragmented
ore in more competent massive deposits.

The LHD system affords the besr draw control and €lexibility,
high production, and is preferred where a large degree of mechaniza-
tion, high capital cost, long pre—~production lead times, wide draw-
point spacings, high ventilation requirements, and large opening
cross-sections can be tolerarted.

Varistions on thils method include substitution of direct loading
for transfer raises, the use of rock breakage equipment in the trans-
fer railse area with 1inclusion of a chamber for the purpose, the
configuration of the ventilation network, and a re-design of the
production level layowut to strailghten the cross-cuts between haulage
drifes.

In summary, 1t should be emphasized that present mining systems
of the various types mentioned were developed in response to condi-
tions prevailing at 1individual orebodies. Future mining systems will
certalnly incorporate innovations 1in layout and level design, to cope
with changing and new cronditions.

56 ENGINEERS INTERNATIONAL, INC.



LS

=

Figure 4 - Typical LHD Drawing Scheme (from Brumleve and Maier, 1981).

The production level layour may
differ from mine to mine.

Not shown is a transfer raise and ore pass system thar in this case
transfers ore a vertical distance of 600 fr. At some mines, the producrion drifrs are known as

haulage drifts, which should not be confused with the haulage level. Used with permission of
the Sociery of Mining Engineers of AIME.
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4.0 KLY PARAMETHERS AFFECTING DRIVT SUPPORT

This section addresses the initial work in the development ot the
MBR system, the identification und combinition of thos: parameters
most influential in drift cupport desigmn.

For this selection, it is necessary to consider parameter: acrive
at each point in the caving cycle. During this cycle, the rock mass
undergoes an initial stress change as the development workings are

driven. When the undercut level is developed, the rock mass 1is
partiallv unloaded, and severe stress changes occur as the undercut
apprnaches (abutment stress). These loads then decrease when the

undercut 1s directly overhead. During caving, erritic load changes
occur due to point loadings and ore drawing. g

At different times, the load on a drift support element 1is
cuntrolled by different factors. These factors may be summarized as
geologic varlables, geometric vaoriables (related to mine plan), and
development/production variables {related to the creation and use of
the opening). Drif{t support design must then consider these factors
throughout the mining gequence.

4.1 Geologic Variables

GCeologic variables identifled 3as most greatly affectlng raving
drift support requirements and behavior are rock competence, stress
field, and structural setting. When taken together, these three
elements evaluate basic rock strength, account for the distribution of
various strengths and the interaction of these various strength :ones,
and provide a basls for assessing the modification and migration of
whatever loads are produced by mining.

4.1.1 Basic Rock Mass Class

The overall rock mass competence 1s independent of the tvpe of
opening 1intended. A good measure of rock mass competenece 1s rock
classification, but the ¢lass must be determined in such o way that it
is not unique to any particular type of drift.

As discussed 1in Section 2.l, popular current rock mass classifi-
carfons all consider vrock strength, fracturing, and water conditlion,
in some way. The Q, RSR, and RMR were assessed for each case history
used in developing the MBR.

4.1.2 Field Stresse::
The fileld stress state 13 the 1initial condition frow which the

I1nduced stresses develop. The interplay between mining and the :icld
streiises determines the 1nduced stress at a given polnt. Most
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tunneling classifications do not consider stress state because the
tunnel geometries are simpler and the role of induced stress can be
implicit in the classification.

4.1.3 Structural Setting

Structural setting as used here refirs to the distribution and
character of large-scale structural discontinuities. Small faults and
the fracturing pattern are already accounted for in the basic rock
mass class. Large faults are classified separately. However, struc-
tural setting 1s considered separately because the effects of the
extensive rock mass movements involved 1in caving may move or change 1in
the presence of major structural discontinuities. In rock classifica-
tions for tunneling, faults and other weakness =zones are either
considered in the aggregate, as weakening (producing a lower rating
for) the rock mass in general, or are classified separately.

4.2 Geometric Variables

Geomettric variables are non-geologic veriables that determine the
magnitude and distribution of stresses that can develop due to devel-
opment and production. Geometric variables are related to the mine
plan or layout and influence both the static loads experlenced during
development, and the dynamic and transient loadings experienced during
production.

4.2.1 Distance to Cave line

During wundercutting and caving, the stresses generated are
transmitted through rock to the drift support systems. Of particular
importance are abutment stresses, which are concentrated at some
distance around the margin of the caved volume. The empha:nis 1s on
abutment stresses because if caving proceeds smoothly and draw control
1s effective, abutment stresses pose the greatest potential for drift
damage. The greater the volume of rock between the drift in question
and the point of stress application, the less will be the stress
realized.

The point of stress application 1s assumed to be at the floor of
the undercut, beneath the leading edge of the cave line, vlien abutment
stresses are being considered.

Other sources of caving stress (stubs, point loads, packed draw
points) are operational 1in nature and cannot be 1implicit in arn RQI
approach without prior knowledge of caving behavior. However, the
point of application is still nesr the floor of the undercut.

When considering this effect, the distance used 1s the shortest
distance to the point of application of the stress. This may be a
vertical or horizontal distance, depending on the type of drift in
question.
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4.2.,2 FExtraction Ratio

The drift spacing and size determines the volume of ruck avail-
able to bear the load imposed on the level. The more rock 1is left,
the less 1s the demand on the driit support system. A convenient
measure of this 1s the extraction ratlo.

The extraction ratio is commonly used 1in coal wmiulng as an
expression of the iraction of the resource removed, 1t is obtained by
dividing the volume by the volume of the resource originally present,
For a single level, it may be considered the fraction of area occupied
by workings. See Appendix A for calculation of extraction ratios.
Tor purposes of computing the extraction ratio in the MBR, 1t 1is
assumed that the 1impused loads act at the springline, where the
opening is the widest and the extraction retio is the highest.

4.7, Panel Size

Small panels or blocks develop less weight than large ones,
because the volume oi caved material is not as large and therefore the
necessary redistribution of stresses 1s not as extensive. Also, 1t is
less likely that caving stresses will be thrown outside the production
area with large blocks than with small ones.

This effect becomes negligible once the block size exceeds a few
hundred feet, although a slight dependence on ore competence 1is
probable in this regard.

4.2.4 Depth

The role of depth in the generation of caving stresses 1s not
well understood. It seems clear from operating experience that ores
of & given conpertence generally cave more readily 1if deep than 1f
shallow, and that shallow drifts are more readily supported chan deep
drifts 1n ores of similar cowmpetence. Depth would also affect the
stress firld and thereby the induced stresses. Depth weuld affect the
magnitude of abutment and caving stresses if highec ere columns are
used.

%.2.5 Location Within Panel

Caving, stresses arc higher towards cthe center of caving blocks
than towards the boundaries. [During undercutting, polnts near the
stert of the undercut will experience only partially-developed abut-
ment stresses. lhesc factors will affect the Jloads exerted on the
drift support, but are most likely to be oveirsshadowed by other (nflu-
ence::.
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4.3 Development/Operational Variables

Production and development variables are tied direcrly to the
creation and use of the opening. 1In other disciplines, they might be
described as construction and cngineering variables. These affect
rock mass competence and loading.

4.3.]1 Excavation Practice

The creation of an underground opening unavoidably affects the
rock surrounding the opening. Rock competence is reduced 1f blasting
damage occurs. Even with controlled blaating or mwachine horing,
simple elastic relaxation will occur due to excavation, and the
resulting dilation will be beneficial for some rock types and will be
detrimental to others.

Regardless of rock competence, poor blasting practice will create
new fractures and widen and lengthen others, reducing the effective
load-bearing area of pillars. Poor blasting practice is exhibited by
excessive overbreak and barring-down requiremwents, loose, drumny,
ravelling ribs and crown, and unshot blastholes.

Ideally, one should have prior excavation experience specific to
the rock mass 1in question in order to assess blasting damage fur
classification purposes. Although this will not be the case 1in
advance of mining, it 1is felt that the large base of experience with
blasting that 1s available at most operations will enable good esti-
mates.

4.3.2 Necessary Standage Time

Standage time is used here as an expression of the length of time
the opening must remain stable before permanent support is installed.
This includes standup time, which is related to unsupported span, and
1s used in tunneling to determine the necessary proximity of the
support to the face.

Standage time therefore is a matter of the development-production
sequencing. Openings requiring long standage times should be more
conservatively supported than openings with short standage times.

4.,3.3 Degree of Acceptable Repailr

Some types of openings must be more durable than others. For
example, fallures of supports in fringe drifts, panel drifts, and
haulageways are far more disruptive to mine operations than are
failures 1in grizzly drifts or slusher lanes. Furthermore, deforma~
tions at the extraction level are more tolerable 1in some mining
methods than others. For example, grizzly drift deforumstions in
gravity caving are not nearly as serious as the same deformation in a
slusher lane or LHD crosscut,
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Lach operation has its own requirements for drifc support pevior-
mance, but atr every operation, the support philosophy applied will
recognize the purpose for the drift in question. Those drifts not
commanding as conservatlve a support philosophvy will have a higher
depgree ol acceptable repalr. The assessment of repair freyuency will
then determine the drift support selected.

4.3.4 Mining Stresses

Mining stresses include initial Iinduced stresst:s due to devclop-
ment, abutment stresses due to undercutting, and caving stresses due
to production. The first two types have been accounted fer by vari-
ables dilscussed previously., Caving stresses however, are not ade-
quately described by mine lavout and rock mass conditions, Human and
operational factors c¢ssentially govern the wagnitude that caving
stresses will obtain, and these are only indirectly related to RQI.
It is felt that caving stresses can be kept atr levels lower cthan
abutment stresses as long as careful draw control is practiced.

There 1s not vyet sufficient informntion available to derermine
ewpirically a relarlonship between RQI and draw control, LE IS
recognized that poor draw control can override all other mechanisms ot
drift support distress. Possible approaches for predicting such
problems on the basis of RQI are mentioned in Section 8.

4.4 Uncertainties in the Assessment of Variables

Uncertainties in evaluating the variables listed in the preceding
sections are found chiefly in the areas of geology and excavation
practice. Even with considerable underground exposure, the assignment
of typical values for the rock mass competence, structural setting,
and stress fleld 1s not straightforward and requires considerable
judpement and experience. Consequently, great effort has been devoted
in the MBR system to clarifyirg the method of rating each parameter.

It is recognized that fleld stress determinations may notr be
available, even at mines that have been in operation for many years,
so the impact of this paraveter 1is minimized.

The method of combining the individual parameters, and indeed the
choice of the parameters themselves, has been drawn from field obser—
vations by the project team and from published reports on caving rock
wd5s behavior. Through continued and widespread use, 1t 1is expected
that modificatrions will be suggesred as a broader base of data becomes
available.
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5.0 MELD DATA

In support of this investigation, field data were collected at
four United States mines using block, panel, or mass caving methods.
These data, as discussed 1n Section 1.2, include general geologic
conditions, rock mass ratings for the Q, RMR, and RSR systems, excava-
tion and support pructice, production statistics, and support perfor-
mance. Interviews with knowledgeable personnel were of great value.
The mines were most cooperative in providing access to requested data.

These data are summarized in the following sections. To avoid
disclosure of proprietary or otherwise sensitive 1infotrmacion, the
mines are not identified by name.

5.1 Mine A
S.1.1 Ceologic Overview

Mine A is 1in a large, low-grade, disseminated porphyry deposit.
Ore formation occurred upon 1intrusion of a porphyry i{nto earlier

granites, accompanied by pervasive alteration. The intrusion was
followed by emplacement of unmineralized, acidic dikes and later,
large-scale faulting that truncates the ore. Several major faults

transect the orebody. In general, the ore Is weak and caves readily.

The portion of this large orebody that was studied in detail
contains one major fault zone trending northwest and dipping moder-
ately to the southwest, accompanied by subsidiary east-west faults.

The geologic setting, for purposes of this analysis, was general-
ized 1into three structural domains, corresponding to the intrusive
porphyry, the host granite, and a severely faulted area. The charac-
teristics for each of these domains in the area of interest are
discussed in Section 5.1.4.

The area considered comprises half a level and 1incorporates
active, worked-out, and development panels. The faulted zone occurs
within the western third of the study area and trends acros: the short
dimension of the level.

5.1.2 Mining Practice

5.1.2.1 General

Mine A uses a full gravity caving system. Undercutting 1is by
blocks of various sizes (at least 210 ft long), slong panels 140 ft
wide. Ore is caved in 11ifts of either 300 or 600 ft, depending on the
attitude of the mineralized zone. Caving is presently being performed
at depths from 2,000 to 3,000 ft.
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Mining is accomplished through a pair of levels. The upper level
is the wmining or grizuly level :ind the lower Jevel 1s the haulage
level. Caving is initiated by completely undercutting the bloeck above
the grizzly level. Broken ore flows down through finger raises; to the
grizzly level. Here, the ore is manually reducred in size as neces-
sarvy, so it passes the grizzly. 1Tt then flew's down transfer raise- to
the haulage level by the action of gravity. Ore trains at the haulage
level load and haul the muck to the production shafts where skips
hoist the ore to the surface.

5.1.2.2 Development

In the primary development stage, peripheral cdrifts called fringe
drifts are driven both at the grizzly and haulage levels along the
orebody contacts. These are usually driven 12 ft wide by 12 €t high
with conventrional drilling and blasting.

Once the fringe drifts have sufficiently advanced, haulage panel
drifts are started. These cross the orebody on /0 ft centers and are
centered below ench half of each panel. Panel drifts are connected
with vent crossovers at various places to facilitate venLilation and
emergency access. The haulage pancl drifts, which have an arched
section, are driven much the same way as the fringe drifts and have
the same dimensions.

Concurrent with haulage pancl development, grizzly panel drifts
are driven on the grizzly level. These are driven across the orebody
on 290-ft cunters to serxve pairs of panels. These have an arch-shaped
cross-section, about L0 ft by 10 ft in size. Uverbreak amounts to
about ] ft at the crown and ribs,

Secondary development, ot block preparation, starts as soon as a
sufficient amount of primary develupment 1: accomplished to allow
access to the mining area.

At the haulage level, secondary development starts after the
excavation of raise stations, which axe spaced every 135 fr along the
haulage paznel drifts. ‘Transier raises are driven from each side of
the raise station at an angle of 63". They are normally 4-ft sgyuare
and are driven blind with a bell at the top.

After the transfer vaisc¢ reaches rhe grizzly level, the grizzly
drifts are driven. These are on 35-ft centers, =t right angles to the
panel drifrs, over the tcps ol the raiwses. The griz:ily drifts are
driven 9 ft high by 8 fr wide.

When several grizzly lines are complete, an access drift 1is
driven paralle’ to the panel drift at the far end of the block ta
provide ventilatlon connections and emergency access.
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Next, finger raises are driven from the grizzly drifts to the
undercut elevation. These are roughly circular in ecross-section with
5 ft minimum diameter.

5.1.2.3 Undercutting and Caving

The undercut drifts are driven 5 ft wide by 7 fr high on 17.5-ft
centers over the tops of the draw ruises, 15 ft above the grizzly
drift floor, and at right angrles to the grizzly drifts. Caving 1is
initiated by drilling and blasting the pillar between drifts or at a
boundary of the block. Before each pillar is blasted, the drift is
widened on one side about 4 ft. ‘'the remaining pillar, about 8 ft
thick, is shot to a height of (3 ft above the floor of the undercut by
means of ring drilling. Generally, a 15 ft section along the drift
length 1is taken with each blast and the swell muck 1is drawn off
immediately thereafter.

The mining sequence has gone through a number of changes, finally
envolving into diagonal retreat panel caving by blocks. With this
system, undercutting 1is usually started against a caved block, re-
treating diagonally toward solid corners.

5.1.3 Ground Support Systems
5.1.3.1 Fringe Drifts

Support practices in the fringe drifts vary depending on the
nature of ground encountered and the span to ke supported. In areas
of relatively stronger grvound, support is afforded by 12 in. by 12 1in.
timber sets on about 5-ft centers, with 4 in. by 6 in. spreaders near
the crown atid the floor.

In areas of anticipated heavy grnund and sections close to active
mining blocks, 4 in. or 6 1n. wide-flange arch steel sets are in-
stalled for initial ground support. There are usually 3 blocking
points on the ribs and 4 at the crown. Poured monolithic concrete 1s
then applied for permanent support up to a thickness of 18 to 24 in.

Variants of this support practice exist in some areas where steel
sets may be used for permanent support, or concrete may be applied
over timber sets.

5.1.3.2 Grizzly Panel Drifces

Pre-concrete support in griz:ly panel drifts generally consists
of 5/8 1in. diameter ungrouted mechanical bolts with steel straps.
Concrete 1s applied to a nominal thickness of 18 in. for permanent
support, On deeper levels, however, most panel drifts are supported
with 12 1in. by 12 in. timber sets or 4 in. to 6 in, wide :1lange steel
sets and concrete.
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The average life ol grizzly panel drifts Is about 3 to 4 years.
5.1.3.3 Haulage Panel Drifts

Haulage drifts are supported =similarly to the fringe drifts with
either timher or steel sets for initial support. However, since these
are wholly beneath the orebody 1limits, they are usually fully con-
creted.

5.1.3.4 Grizzly Drifts

Unfess the ground dictates otherwiser, all grizzly drifts are
driven using 6 ft rock bolts and wire mesh for pre-concrete support.
If necessary, 6 in. x 8 in. timber sets are used to supplement rock
bolt support. Grizzly drifts are concreted within a few weeks of
being driven, with a minimum of 18 1in. of concrete on the side and ™
fr in the back. Finger raise¢ windows arr formed, and an 8 in. wide
flange wear cap is placed across the top of the windows to protect the
brow. In areas where heavy ground weight is anticipated, 5/8 1in.
reinforcing bars are placed on 6 in. by 12 in. centers at cthe finger
raise openings. The reintorcing also tends to reduce the damage
created by secondary blasting during draw operations. Crizzly drift
life averages about l'; years.

5.1.7.5 Undercut Drifts

Undercut drifts are timbered with 6 in. round posts and 6 in. by
8 in. caps. The timber is drilled with wood augers and shot with the
undercut round. Due tu the short lifc of these drifts and their
position relative to the mining block, undercut drifts rarely exper-
ience ground control problems.

".1.4 Scope of Fileld Data

The rock masses at Mine A were divided 1into three structural
domains (intrusive porphyry, host granite, and faulted area) as
mentioned sbove. Geotechnical information for e:¢ch domain was assem-
bled so that classifications, ac¢ording to the Q, RMR, and RSR sys-
tems, could be made. Additional geotechnical {information in the
mine's files, pertaining to stress fileld, fracture strength, and
support design, was also considered.

Joint orientation and spacing data were assembled from publica-
rions and were spot-checked 1n the field. Joint conditions and
groundwater were determined underyjround. RQD, core recovery, and
intacr rock strength were obtained from core logs in the mine's files
and :rom published data.

The general structural setting was derived from mine maps,
inte-views with geological staff, and first-hand observations.
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Together with this, the excavation and support practices, includ-
ing blasting, were observed, ~nd historical informarion on this
subject was obtained through interviews with knowledgeable mine
personnel. Support performance was evaluated through first-hand
observations in the area selected for study.

5.1.5 Rock Mass Conditlons

Representative basic gfeotechnical data for Mine A are summarized
in Table 6. Q, RMR, and RSR ratings for Mine A are given in Table 7.
Data for che acid dikes were collected but were not used in MBR
computations, Acid dikes are the most competent rtocks 1in the ore
zone, but are 1irregular in occurrence. Their cowmpetence is due to a
combination of high compressive strength, weak or no alteration, and
widely-spaced, rough fractures.

Due to pervasive alteratfon and fracturing, the host granite and
intrusive porphyry have similar ratings. The difference in Q value
for host granite in Table 7 arises from a slight difference in joint
roughness (J_) and a difference in compressive strength, which affects
SRF. The inirusjve. possibly because of its greater strength, exhib-
its sharper, more angular fracturing than does the host granite. The
two rtock types respond similarly to mining stresses, although some
feel that the intrusive porphyry 1s slightly more competent.

It 1s clear from Table / that all threc RQI systems are sensitive
to faulting.

5.1.6 Encountered Support Performance

Fringe drifts on the grizzly level evidence ground movement and
excessive weight. Large-scale spalls in concrete at the crown and
ribs are seen within about 70 ft of nearly all panel drift turnouts.
Similarly, damage extends down panel drifts for about the same di:-
tance from the fringe drift junction, indicating that the wedge of
rock between 1Is highly stressed, Elsewhere, cracks and spalls do
occur, but are not as severe or systematic. Timber supports are
exposed near some turnouts and, although noct failed, generally exhibit
ground problems in the [orm of crushed wedges sad blocking, split caps
and posts, and deformed or broken lagging. The distance Ctrom the
grizzly fringe drift to active production areas varies from 100 ft to
over 300 ft, and dawage, although present, does appear to be less
severe at the greater distance. 7The wnost severe damage was found
within 100 ft of the faulted zone.

Grizzly panel drifts all show damag. «due to ground movement.
Spalling of the crown and shear at the back are widespread. This 1is
ordinarily arrested through the application of jump sets and shot-
crete.
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TABLE 6 - Ceological Datu for Mine A

Rock Mass Category

INTRUSIVE HOS'Y
PORPHYRY GRANTTE FAULTED
Tntact Rock 7
Strength, psi'!) 19,300 13,500 8,000
RQD/Recavery, 702 30/50-30 40/68-100 15/30-80
Joint Spacing, fL 'V 0.40 0.45 0.2
Joint Condition®)
Roughness rough slightly rough slickensided
Separation, in. 01-.05 .01-0.1 0.1
Filling clays, chlorite clays, chlorite clay, gouge
Weathering sottened softened very soft
Jnint Orientations(ﬂ
Set 1 N60OE, 80ONW N75E, 80NW N30W, B80NE
Set 2 N30W, 73SW N4OW, 8ONE N3OW, BOSW
Set 3 N1OE, 15SE N4OW, 7085w E-W, vertical
Set 4 - N20E, LSSE N-S§, 15E
Groundwater ) dry dry wet

Stress Field:

¢y vertical, 200 psi, measured hv others

vy horizontal NE/SW, 1,600 psi, measured by others

Structural Setting: Major fault 20one NIOW, 30-50W, widch averages
75 ft, subsidiary EBE-W near-vertical faults on

hangingwall.

(1) From exlsting mine data on unconflined compressionn tests.
() From mine core lags.

(%) From prior published studieg and underground observation:.
(4) From underpround observations measured during this study,
(5) From prlor publlshed stvdles using detalled fracture data.
(¢) From underground ubservations,
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TABLE 7 - RQI Rutings for Mine A

Q RMR RSR

Faulted, (all) 0.008 20 27
Intrusive Porphyry

Area 1 1.25 51 57

Area 2 2.2 52 59
Host Granite

Area 3 S.N 53 54

Area 4 0.83 44 49
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Failure sufficient to prohibit passage is confined to the faulted
area, where large slabs of concrete have separated from the back and

ribs. In this area. mining could not be curried to completion.
(kroduction records indicate fairly uniform draw throughout this ares,
although somewhat less from the interior of the block. Packing of

draw ruises became a problem within a month «fter production, presum-
ably due to high eclay content; the notes also mention an abundance of
water.)

Problems with grizzly drifts that were available for inspection
appear malnly to be related to secondary blasting. The sheer buik of
the concrete used apparently prevents «losure in all but the most
severe cases. Cracking and spalling are widespread; however, it
should be appreciated that a considerable amount of damage can bhe
tolerated in these drifts.

Unfortunately, the deteriorated conditions prevalling 1in the
panel drifts 1in the faulted area precluded access to examine the
grizzly drifts that were affected. Reportedly, most remained open.

Haulage panel drifts beneath production areas show cracks 1in the
concrete, as evidence of ground weight, but nowhere was damage seen
that approaches that of the production level. Apparently, the verti-
cal separation of 60 ft 1Is responsible for this. Some at the mine
feel that nearly all cracking wruld be eliminated if this separation
were increased to 100 ft, but the lack of many serious ground control
prublems at the haulage level suggests that this may not be necessary.

Haulage fringe drifts appear to bu largely unaffected.
5.1./ Summary
This investigation reached the following conclusions at Mine A.

by, For classification purposes, the intrusive porphyry and host
granite behave similaily under mining stresses.

2. All three classification svstems greatly overestimate the
competence of the rock for block caving and drift support.

3 A pattern of lining damage was seen that corresponds to the
mining sequence. Filrsec. springline cracking oceurs during
undercutting. Second, diagonal cracking, inclined away from
the caving area, occurs 1in response to deformations towards
the cave. Third, rib spalls may be developed 1in response to
abutment pressures. Fourth, continved ground weight results
in strong lateral pressures, producing crown spalls and
shearing of the back.

70 ENGINEERS INTERNATIONAL, INC.



4, Mine A provides an excellent illustration of the effects of
level separation und lateral isolation of the most critical
driftes.

v The lining behavior 1s responaive to rock mass conditions as
indicated by RQI. Planned development in the area of a
second major fault 1is being critically reviewed in light of
the experience in the fault zone area described above.

6. Extensive weight problems on the grizzly level are seen on
the haulage, but it is unclear if this 1s due to the trans-
mission of stress or the presence of common geologic influ-
ences. Limited (50 fr by 50 ft) weight problems on the
grizzly level are ordinarily not reflected on the haulage.

Other points of interest include:

7. Experience has suggested that weight factors of two are
found 1immediately beneath the undercut, and 1increase to
three, parallel and within 35 ft el the undercut abutment.

8. Rock mass movements have been detected as far as 400 ft from
the cave boundary.

o Caving is certain 1in undercut widths of 70 ft or more,
except in acid dikes, which are very difficult to cave.

5.2 Mine B
9.2.1 Geologic Overview

Mine B 1s in an extensive sequence of intrusive porphyries that
invaded earlier granites. A characteristic feature of this orebody is
a high degree of structural control, in the form of shattered zones
and breccias, as well as a number of major faults that displace or
truncate portions of the oreboay. Rock strength and alteration
patterns are such that this ore would be difficult to cave, were it
not for this structural control.

This large orebody was studied in a general way. Because of the
wide variation in rock competence that commonly occurs over limicted
distances, no single area or group of areas was selected for study.
Rather, several levels of rock competence that are typical of the
range of conditions were analyzed 1individually, and related to the
support practice. At Mine P, support practice 1is necessarily respon-
sive to these geolugic conditions.
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The weakest rock considered in this study corresponds to fault
zone material, and the stronfiest type 1s exceedingly competent and
difficult to cave, being essentially free of fractures.

5.2.2 Mining Practice
5.2.2.1 General

Mine B is a mass (as delined in Section 3.1) caving mine, locally
veferred to as continuous re¢treat panel caving. Draw is from draw-
points using slushers. Muck is slushed directly into muck ctrains in
the haulage. Haulageways are on 200-ft centers and are drivemn such
that the back of the haulage drift 1is at the same elcvation s the
floor of the slusher drift. An exbausr ventilation drift lies halfwnvy
between and parallel to each liaulage drift and is connected to the end
of the slusher drift by a small raise. Each successive slusher «(!rift
is driven in an oppesite direction from the last, and the spacing
between loading points along the haulage is 34 fr.

Mine P uses multiple levels 300 ft apart. Present mining depth
1s variable due to irregular surface topography, but may be taken as
700 ft on the average,

5.2.2.2 Development

Initial level development consists of fringe driits, whlch are
driven peripheral to the orebody, about 300 ft from the actual caving
area, to isolate them from caving stresses. Fringe drifts are driven
14 fr wide by 1. ft high.

Haulageways and vent drifts are turned off the fringe drifts and
alternate at 100-ft center-to-center spacings, as indicated above.
Haulageways are driven 14 ft wide and 12 ft high. Vent drifts are
smaller than liaulage drifts, 8 ft wide by 8% ft higl.

Slusher lanes are driven directly over the haulageways and at
right angles to them, with che drop points over the haulage cénter-
line. Successive slusher drifts are driven in opposite directions,
such that the center-to-center spacing of similarly-oriented slusher
drifts is 68 ft. Slusher drifts are {2 ft high by 9 ft wide and are
driven on a +5 percent grade. These drifts are wider (1l ft) near the
loading points and slusher cutouts. To a)low for the slushers, the
end of each slusher drift opposite the haulage 1s extended past the
haulage drift rib. This extension 1s known as the haulage cut-out.
Siusher drifts are notwmally 112 ft long, including the haulage.

In developing :lusher driftr, access 3s gained from the haulage
either through the drawhole ur up 4 ramp to a cross-cut dritt (8% by
8% ft) that 1ls parallel to the haulage and abuve 1it. This cross-cut
drift 1s driven such that it Intersects every other slusher drift at
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the first set of finger raises. The slusher dritts driven the other
direcrion are therefore 1intercepted at the end of their haulage
cut-outs (HCOs). There {s one cross-cut drift per haulage drife,
alcernaterly intercepting finger raise line, haulage cut-out, finger
raise line, haulage cur~out, and so on.

As slusher drifts are driven, LHDs tram the muck to the drop
point for haulage. Ramps are driven frum selected slusher drifts to
provide access and muck removal during ventilation drift development.

The cross-cut drift, where used, 1s backfilled with muck and
bulkheaded with concrete where 1t intercepts either finger raises or
HCOs. This is done after the last two sets of finger raises have been
driven.

Three pairs of finger raises are driven at right angles to the
slusher drift, at an upwards angle of 45°. The first pair of fingers
is 21 ft center-to-center from the drop point; the second pair is 31
ft center-to-center from the first; and the third pair is 32 ft
center-to~center from the second. Finger raises are 9 £t high by 11
ft wide in cross-section, and are 21 ft long.

The 9% ft by 9 ft undercut drifts are driven over the top of the
fingers, parallel to cthe slusher drifts. The undercut drifts are
connected by similar crosscut drifts driven parallel to and over the
haulage.

5.2.2.3 Undercutting and Caving

The first step in undercutting 1is fan drilling from the undercut
drifts. The lowermost holes are inclined upwards at 45° and are of
sufficient lcngth to overlap with holes drilled from the adjacent
uitdercut drift. After blasting, this forms an apex of rock over the
crown of the slusher drife.

The 3-inch fan drill holes are pneumatically-loaded with ANFC and
are blasted 3 to 6 at a time.

After blascing, swell muck 1is drawn through the fingers to be
sure no stubs are left.

Caving can proceed in any direction, since there are no desig-
nated blocks for undercutting. At Mine B, block concepts are used
cnly to keep track of reserves and grade; blocks measure 97.5 ft by
100 ft. The width of the cave 1s approximately 300 ft, and it ad-
vances uniformly across the level.

Boundary cut-off work may be used along the hanging wall and
footwall of the ore. A raise and sublevel system develops a fracture
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called a "presplit" with 3-in. holes drillled between sublevels.
Sublevel interval and other dimensions vary, depending on the height
of the presplit required.

5.2.3 Ground Support Systems

Yine B uses a variety of ground support system:z for each type of
dvrift, depending on rock conditions.

Fringe drifts are supported with rockbolts, shotcrete, timber,
concrete, or combinations as dictated by rock conditions.

llaulage drifts are initially supported wich rockbolts, or rock-
bolts and mesh, in better ground. Rigid steel sets or 12 in. by
12 in. timber may be used when required in poorer ground. Haulageways
are normally concreted prior to caving, except in the best ground.
Intercsections and loading (drop point) sections are concreted, with
rigld sceel sets and/or rebar reinforcement in poorer ground. Lf
haulageways are to be concreted, this 1s done concurrently with drop-
point lining.

Ventilation laterals are supported in a similar way, except that
Bernold linings may be used with or without concrete in poor ground.

Initial slusher drift section support is most commonly rockbolts,
mesh, or shotcrete, depending on ground cunditions. Combinations may
be employed, as required, and steel sets are used in poorer ground.

h)ver the haulage cut-outs and drop points, steel sets are placed
during development, in poor to average ground. IWhere rock conditions
are more favorable, bolts, mesh, and possibly shotcrete are used for
initfal support,

Pirmanent slusher drift support is afferded by massive formed
concrete, with or without rebar reinforcement, placed over the Ilnitial
suppart. Concrete provides a wear surface in addition to support.
For a time, shotcrete perwanent support was tried, but was not wholly
satisfactory. The finished dimensiun of the concreted slusher drifts
is Y9 ft high bv 7 ft wide. The finished linings have flat backs with
angled corners.

Finger raises are concreted for the first 15 ft to a 4% fr high
by 8 ft wide cross-scction. To combat the typically extensive brow
wear, finger raise linings are reinforced at the cutout in the slusher
drife.

Undercut drifts are supported with bnolts and mesh, and shotcrete
or timber ray be used in the poorest ground. Steel sets are avoided
}ecaut,e of the problems they create in ore drawing.
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5.2.4 Scope of Fleld Data

Mine B employs a full-time geclogical enginecering staff with
responsibility for evaluation of ground conditions. Because of this
avallable expertise and highly variable rock conditions, u general
approach was preferred to the derailed study of a few specific areas.
This approach incorporated first-hand inspections of typical ground
conditions and support performance, extensive interviews with the
engineering staff, and review of published, unpublished, and mine file
geotechnical 1information. A characterization of ground support
procedure, based on RQI, was then developed, and the results used 1in
the support prediction model for the MBR.

5.2.5 Rock Mass Conditions

Rock mass conditions were generalized into categories of very
weak rock, weak rock, competent rock, and highly competent rock, for
the purposes of this analysis. The various geotechnical properties
and parameters applied to these categories are given in Table 8.

Rock conditions in Table 8 are generalized and simplified some-
what to provide a spectrum of RQIs. The different types of rock
alteration (which range at Mine B from strong argillization, to strong
silicification and healing of fractures with quartz) are represented
in Table 8 by variations due to weathering of a fresh granite. Joint
1111ings are assumed to be varying proportions of clay and crushed
rock, the effect of which 1s modified by the separation and by intact
rock strength.,

The resulting classifications are given in Table 9.
5.2.6 Support Performance

Cracking of the concrete linings in the haulage cut-out and drop
point sections of the slusher drifts is common and is severe in very
wesk and weak ground. Where this occurs, damage 1is ordinarily re-
{lected in the haulage as well. Normally these problems are remedied
with repair shotcrete or jump sets.

In general, support performance 1is satisfactory (mining opera-
tions are not significantly disrupted) except in very weak ground,
where rtepalr 1s cowmon. However, severe problems and even drift
closure: extending to haulage drifts can occur 1if stubs are left.
Although great care 1s taken to be sure that complete undercutting has
occurred, problems still arise. During the field visit, one area of
near-total closure of a haulage drift was observed. Caving all around
ttis area had lefr a large stub and resulted in excessive stress on
the haulage support.
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9/

TABLE 8 - {eolczical Data for Mine B

Very Weak Weak Coapetent Very Competent

Intact Rock

Strength, PSi(O 1,000 5,000 16,000 25,000
RQD/Recovery, (2 0-20/<80 35-50/<50 50-70/80-100 80-100/100
Joint Spacing, t3) | <0.2 0.2-0.5 0.5-1.0 >1.0
Joint Condition () poor fair-poor fair good

Roughness sl. rough sl. rough sl. rough rough

Separation, in. >0.1 0.1 .05~-0.1 <0.05

Filling

Rock Mass Category

gouge, clay

clay, crushed rock

clay, crushed rock

minor clay

Weathering strly. altered | mod. altered wk. altered v. wk. altered
Joint Orientation (%)
Favorability poor—-fair fair fair fair-good
Number of sets 4 3+ I+ 3
No. vertical sets 1 1 1 1
Groundwater (8 wet ¢amp damp/dry dry

Assumed lithostatic stress field, no excess horizontal stress.
g, vertical, BOO psi; 03 horiezontal, 350 psi.

Structural setting: Variable. Assumed structural setting is eguivalent to a steeply
dipping 2-ft wide fault every 40 ft with no other significant

structures. See Section 6.3.2 and 5.2.7.

Stress field:

(1) Generalized from published and unoublished mine data.

() Unpublished mine data.

(3) Unpublished mine dara.

(v) Published and unpublished data and mine pbservations.

(?) Ceneralized from published and unpublished renorts.

(") Generalized from published reports and mine observations.
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TABLE 9 - RQI Ratings for Mine B

Q RMR RSR
Very Weak Rock 0.023 21 24
Weak Rock 0.21 34 39
Competent Rock 1.14 49 56
Very Competent Rock 5.0 70 84
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5.2.7 Summary

A continuing effort at Mine B is the projection of zones of weak
rock. The distribution of these zones is highly complex and does not
lend 1tself to simple characterization.

A further complication is the intevaction nf weak and competent
rock. Competent rock, that would pose no particular suppotrt problem
by itself, may deform excessively under caving stresses 1f it is
surrounded by very weak or weak rock. This is a prevalent condition
at Mine B, and to 1incorporate it into the MBR suppnrt scheme, it was
necessary te develop a means to account 1or this Interaction. This
was done by equating this effect of very weak rock zones with that of
regularly distributed (40-ft spacing), unfavorably oriented 2-ft-wide
fault zones that bound and isolate areas of uniformly competent rock.
The aggregate effect of such hypothetical faults en an area of more
competent ground is thought to be similar to general mine conditilons.
Where the interactive effect is especially severe, the width of these
hypothetical faults could be increased and ctheilr spacing decreased;
the above spacing and width approximates typical mine geologic condi-~
tions.

53, Mine' £

The study of Mine C was undertaken in this investigation because
the depth, geological environment, and slusher-gravity layout make it
distinct from the other field sites. Caving at Mime C during the
study perilod was to have been an experiment to determine the feasibil-
ity of the method, and the single planned level was therefore of
linited extent.

Considerable detailed data had been obtained on rock conditions
from the underground workings, in a sucression of mine visits, when a
decision was made by the wine operator to indefinitely suspend the
trial caving project. Consequently, production was never attained and
support perfermance could not be evaluated, Nonetheless, the case
history has some aspects of interest that will be discussed here.

5.3.1 Geologic Overview

Mine C is 1in a large mining district that has seen continuous
production for many decades. Ore mineralizatiorn is known to exteud to
ar least ! mile in depth. The present caving project was directed
towards mass mining of veins, stringers, and old stopes backfilled
with low-grade ore. The caving blocks were centered about one mejor,
steeply dipping, mined-out vein, and several smaller, partially-mined
veins.
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The mineralization occurs in sltered quartz monzonite. The type
aud intensity of alteration at any given point has te¢ do with proxim-
ity to one of the many mineralized zones. At Mine C, argillization
and sericitization bracket the important veins. These zones are over-
printed on one another, presenting a complex geological picture.

Major prevailing structural and mineral trends in the district
are east-west, east-northeast, northwest, and northeast, occurring 1in
that approximate sequence. Dips range from woderate to vertical;
mest are steep.

The orebodies of present Iinterest at Mine C have moderate to
steep dips and are bracketed by intense quartz-~sericite-pyrite altera-
tion, grading to argillization with increasing distance away. This
imparts a marked contrast 1in rock strength and overall competence.
The weakest waterilal, however, 1s the backfill from early stoping
operations. Much of this contains sufficient mineralization to be
regarded as ore under present ecnnomic conditions. The backfill is
consolidated but still weak, and includes; old timber, junk iron, and
lagging.

These various alteration and structural zones provide a clear
basis for grouping the ground conditions 1into structural domains,
reflecting the relationship uf these domains to the main minevral zone
to be recovered by the trial caving project. These domains are the
Argillized Quartz Monzonite (AQM), Quartz-Sericite Footwall (QSF),
strongly altered Hangingwall (HW), and Backfill (B).

5.3.2 Mining Practice
$.3.2.1 C(General

Block caving had becn successfully carried out at shallower
levels (600 ft depth) some three decades before this investigation.
At that time, full-gravity and slusher gravity systems were in use.
The ore caved well but had a tendency to stick, resulting in frequent
packing of draw raises.

At the time of the field work, the mine operator was evaluating
the feasibility of caving at greater (2,000 ft) depth. Key concerns
were for cavability, run-of-mine ore grade (conventional sampling
methods were not wholly reliable in this heterogeneous ore), drift
support in the argillaceous and backfill material, and the identifi-
cation of operational problems. Both gravity-slusher and LHD blocks
were planned, beginning with the former. At the time of cancellation,
development was almost complete on the slusher and haulage levels and
was under way on the grizzly level. No development was ever begun on
the LHD blocks.
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There were to be three blocks at the outset; this was subsequent-
ly reduced to two. GElocks are 70 ft wide and 150 ft long.

Each block is served by one slusher drlft and two grizuly drifrs.
Onc block is located su that the slushex drift would be driven almost
entirely in backfill, to assess 1its behavior.

5.3.2.2 Development

Initiai development consists of a single haulage cross-cut, 13 ft¢t
by 13 ft, of horseshoe cross-section. This drift trends N34°W and was
driven using conventional drill and blast methods.

Some 200 ft outside the block area the slusher level access driftc
departs from the haulage cross-cut and ramps up to the slusher level,
just above the haulage crown turning back parallel to, and about L75
ft center-to-center from the haulage in the block area. Several
hundred feet dowwndrift, the access turns back towards the haulage and
1s connected to it at the far end by a vertical raise.

Slusher drifts, driven off the access drift, are 165 ‘ftr long on
70-ft centers and are opened to an ll-ft wide by 13-ft high horseshoe
cross-section. At transfer raise windows the design width is 12 ft.
Slusher drifts are laid out perpendicular to the haulage drift and the
slusher level 1s immediately above the haulage back.

Transfer ralses are angled upwards from the slusher drifts at 60°
from the horizontal and ar¢ about 30 ft long, intersecting the floor
of the grizzly drifts. They are 5 ft square in cross-section and are
on L7.5 ft spacings; there arc 8 pairs o. transfer raises, directly
acros:: from each other, in e¢ach slusher drift. Transfer raises are
perpendicular to slusher drift axes.

The grizzly level floor is 29 ft abovi the elevation ot the
slusher drift inverts. Grizzly drifts are parallel to slusher drifts
and are spaced uniformly 35 ft apart.

There are two grizzly drifts tor each slusher drift. They are
driven 9 ft wide by 10 £t 9 in. high with a horsushoe cross-section.
Near each transfer raise collar location, finger ralses are drivun
vertically upwards to the undercut Jevel (planned 19.5 ft above). The
finger raises are f ft square at the midpoint but flare sligthtly
towards the top.

Access to the grizzly level 1s via a trackless ramp that leaves
the ¥o. 1 haulage cross-cut ~about 300 ft northwest of the slusher
acces: drift intersection, or about 500 ft from the edge of the first
block. The access drift has a 12 rt by 12 ft horseshoe cross—section,
and is quite sinuous in plan.
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All development was by conventional drill-blast methods, using
jacklege.

In the haulage, each 1-3/8 in. by 6 ft hole was loaded with Ireco
slurry and en advance rate of 6-1/2 to 7 ft per round was achileved.
The powder factors and blasthole patterns were flexible. Overbreak
reached 1-~1/2 ft on sidewalls and 2 to 3 ft or more at the crown.
This high level of overbreak may be attributed to a combination of
unfavorable flat fracturing, and poor control of perimeter holes,
which were drilled with a jackleg and commonly diverged from parallel-
ism with the driveage. Extensive scaling was commonly required,
especially within the Argillized Quartz Monzonite (AQM) domain (Sec-
tion 5.3.4), where loose rocks due to blasting damage were a subject
of concerm. In this domain, ribs are drummy through about half the
drift length, wherever joint spacings are close. More widely spaced
jolnts and less intense mineralization result in markedly less drummy
rock.

Blasting and excavation practice in the slusher access drift was
observed at a point 100 ft or so past the block area. Excavation
practice was essentially the same as for the two slusher drifts in
AQM. Overall, overbreak is somewhat less than in the slusher drifts,
averaging a foot in ribs and back and 1 to 2 ft in the area where the
backf1ll 1s crossed. Most of the rib rock seemed tight, except where
the HW domain is crossed, where the ribs are drummy throughout.

As indicated above, the three slusher drifts were excavated by
drill-and-blast methods. Although blasthole patterm and loading were
flexible, each shot was in general composed of 20 (twenty) 1-3/8 in.
by 6 ft holes plus a 6-hole burn cut. Powder factors are said to have
been 150 1lbs per shot, and used water gel in 1 x 16 sticks packed 6 ft
in each hole for the lifters, and bulk ANFO packed 5 ft for the rest
of the shot. Most fragments were fine to 0.5 ft or so; about 20% were
1 ft or more. Overbreak was up to I ft or so on the ribs but up to 3
or 4 ft in the back in the AQM domain. No hole casts were noted. The
adverse over-break is due to divergent perimeter holes and 1is of
particular concern in areas of flat jointing. Barring requirements
were minimal to moderate and drummy areas are limited to 30% or less
of the drift length. There i1s a strong tendency for the blast break-
age to occur along jcints rather cthan through intact rock blocks.

The slusher drift in backfill posed special problems. Initially,
the same blasthole pattern and loading practice was used in backfill
as the other slusher drifrs, with similar results in a 30-ft section
of the QSF domain. Conditions began to worsen as the backfill bound-
ary was approached. At about 80 ft downdrift, with bad overbreak in
the backfill a chronic problem, blasting practice was changed to a
drastically reduced powder factor. Although practice was very erratic
(some rounds consisted of only a few holes and a few sticks of Iremite
40), results were markedlv improved.
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The backlill was found to be a hererogeneous mixture of o0ld
timber square sets, rock fill that has hardened and packed over che
years, and fine muck. Intact chutes and lagging were found. The
backfill is dry and most of che timber is intact but greatly weakened
by age.

Overbreak ranged from the usual } ft or so on the ribs and 2 to J
ft 1n the back for the first 35 ft, to 4 or S fr in the back in the
backfill portion. After changing the blasting practice, overhreak was
reduced to 1l to 2 ft, on the vibs and crown.

Barring down requirements were extenslve. In many ingtances,
oversize excavation that might be attributed to overbreak was actually
produced by severe ravelling after the shot. In the later excavation
practice, the drift was enlarged to its finished dimensions by Larrting
and scaling.

The undercut level, 17.5 ft above the grizzly level, was planned
to consist of S fr by 7 tt subdrifts on 17.5-ft-centers, driven
perallel to the grizzly and slusher drifts, over cthe finger raises.
Similar cross-cuts were laid out on l7.5-ft-centcers. The undercut
level was not developed.

The grizzly level was begun prior to suspension of the project,
but these workings were not available for esur inspectien.

5.3.3 Ground Support Systems
5.3.3.1 Inicial Support

At the time of the field visits, only initial support was in use.
All drifts under development were either unsupported or used 5-ft
Split Set bolts with wire mesh for the more competent AQM and QSF
domains. The bolt spacing varied from a 3-ft circumferential spacing,
due to additional spot bolting and requiremente for holding the mesh
in close contact with the irregular rock surface.

The less competent HW domain is intercepted by the slusher level
access and haulage drifts. Steel strepping supplements belts in this
wedker rock.

Initial support where the haulage drifr incercepts backfill, and
for the rirst 30 €t of the slusher drifr in backfill, is atforded by
8-in. wide-flange steel sets. These sets, on 5-ft spacings, were not
blocked iIn at the time of the field visits. Elsewhere in the backfill
slusher drife, Split Sets on 2-fr spacings and mesh are used.

Permanent support throughout the area was planned to be massive,
formed concrete. This support was never completed. The planned final
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size for the grizzly drifrs was 5 ft by 7 ft, for the slusher drifts,
7 ft wide by 9 fr high, and for the haulage, 11 fr by 11 ft., 1In
addition to the concrete, it was planned to extend the use of steel
sets prior to concreting over them, to a length of 270 ft, centered
around the 90-ft-wide backfill area.

Since the development and caving were not completed, final
support details and performance could not be addressed.

5.3.4 Scope of Field Data

The highly detalled geologic maps kept by the operator provided
an excellent baseline of information, as well as numerous details.
Structural orientations were scaled off these maps amd were computer
analyzed for che generation of fracture statistics. RQD data were
obtaircd from core logs.

Detailed fracture information, relating to spacing and condition,
were collected 1in the field. Samples were taken for point 1load
compressive strength determinatiens. Excavation and support practice
were observed during the field visits. During lster visits when
fracture orientation data for the i1dentified domains were known,
classifications were performed while underground.

5.3.5 Rock Mass Conditions

The relative rock mass conditions for the naturally occurring
rock types at the site are typified In Tables 10 and il. The back-
f111, not a naturally occurring materizl, is not amenable to classifi-
cation.

5.4 Mine D

Mine D, a smaller block caving operation, was intensively studied
because the development and production scheduling allowed first-hand
obaervations of peological conditions and mining progress, from a very
early stage in block development. Because of this, accurate knowledge
was possible of variables influential in the analysis. In addition,
ground conditions vary from good to very poor over a few hundred feet,
extensive past production experience exists under similar geological
conditions, and strong structural influences are present. These
factors combine to extend the data base.

The mine was visited repeatedly, ta monitor development, cave
initiation, and production experience, as well as to enable further
refinements of geologicnl projections.

Despite being a small mine and thus mot employing a full-time

rock mechanica staff, Mine D does include rock mass classification as
part of new development and exploration. This work is handled by the
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TABLE 10 - Geolopicral Data fnrx Mine C

Rock Masy Category

AQM QS¥ HW ]
Intact Rock

Strength, psi(?) 1,400 16,500 700 3,000 (est.)

o (2)
RQD/Recovery, %4 59/80-100 61/60-80 15/20-50 -
Joint spacing, ft. () 0.15-1.5,
avg. 0.8 0.4 e 2 No Joints

Joint Condition (¥

Roughness rough very tough rough -

Separation, in. 0.1 0.2 0.1 -

Filling minor clay qte., ser, clay -

Weathering sl. to wmod. slight v. str. alt. -~
Joint Orientations ()

Set 1 ENE steep SE =

Set 2 NNW steep SW -

Set 3 NE steep NW -

Set 4 WNW steep SW -
Groundwater() dry dry damp/dripping

Stress Field: o0, vertical
63 horizontal

2,200 psi, as:umed
708 pui, as:umed

]

Structural Setting: E-W trending major structures dipping steeply
south, one within block (hackfill) and one
over 300 fr to the northeast.

(1) From point-load tests.

(?9) Scaled from mine graphic core logs.

() Measured underground, this study.

(v) Underground observations, this studv.

(+) Scaled from detailed mine peclogic maps ot L:[20.
(s) @bservarions underground, this studv.
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TABLE 11 - RQI Ratings for Mine C

Q RMR RSR

AQM

2000 access 3.9 71 Hl

2000 haulage 3.9 66 76

slusher drift 5 3.9 71 59

slushev drift 4 3.9 73 62
QSF

2000 access 22.6 76 71

2000 haulage - 76 -
HBW

2000 access 0.02 31 29

2000 haulage 0.02 3ol 29
B NOT CLASSIFIED
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geological staft. Iln the past, difticult ground conditions have
disrupted operations, and Mine B 1s taking steps to plan for and cope
with these problems.

Mine D is the example mine in Sectien 5.0 of the Manual, appended
to this report.

5.4.1 Geologic Overview

I'ine D is iIn the western Uniced States. Prilor to its discovery,
the surrounding district was rvelatively obscure by national or world
gstandards. The main ore 2ones at Mine D, of which there are several,
were discovered recently 1n comparison to the mines discussed earlier,
Ore grades are slightly higher than cthe average for porphyry ore-
bodies.

The ore occurrence 1s believed related to the intrusion of a
granudiorite porphyry, which 1invaded a thick sequence of earlier
volcanic and sedimentary rocks. Stock emplacement occurred along with
strong faulting and folding, and was followed by deposition ef great
thicknesses of volecanic and sedimentary rocks. Faulting continued,
truncating and burying some portions ef the orebody, while exposing
sther portions to erosion. This faulting, and the supergene processes
resulting from 1it, acted to foum the ore zone that 1s presently being
mined. It also presents a complex fracture pattern. Deeper ore 1is
slated for future production.

Mine D refers to its levels with respect to sea level, so that
higher-numbered levels are higher in the mine. At the time the study
was begun, mining was 1n progress on the 1,100 level, with extensive
past production; slusher dashes* were being developed on the 900 level
below {t, affording excellent vrock exposures. For this reasocon,
attention was focused on the 908 level, where the whole development
cycle could be observed.

The ore zone dips moderately, so that the 900 level, being down
the dip of the ore from the 1,100 level, 1is offset from the 1,100
level in plan.

Thre¢ basic rock types are found 1in this part of the mine,
including d1ntrusive (granodiorite) porphyry, fine-grained volcanic
flow rocks (mostly andesite), and a fanglomerate that caps the ore
zone and was faulted downwords along with 1t. The intrusive porphyry
was 4initially altered hydrothermally, and was later weathered. The
volcanics were similarly altered and weathcred, but owing to their
fiver grain size, do not exhibit the disaggregatien that can be quirte
strong in the porphyry.

* "dash" 1s a loca) term for "drift."
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The lower fanglomerate surface dips moderately away from the
accive mining area, striking roughly parallel to the long axis of the
level. Although the fanglomerate does contain scattered mineralized
fragments, it 1s not nre, and its presence above limits the ore column
height. ©On the 900 level, as one moves away from the lower contact
down the slusher dashes, weathering decreases 1in intensity, supergene
entrichment increases in 1intensity, awod a highly argillized zone 1is
reached. Varying proportions of porphyry and volcanics in complex
associlation, are found in this interval in the slusher dashes.

This ore zone 1is truncated at the far end of the slusher dashes
on the 900 level by a highly argillized, damp, strongly slickensided,
incompetent zone corresponding to a major fault. This fault, known as
the "footwall crud'" because it defines the footwall of the ore zone,
strikes generally parallel to the fanglcmerate contact, dips moderate-
ly to steeply towards the mining blocks, and may reach 50 ft or more
in thickness. The horizontal distance at the 900 level between the
fanglomerate contact and the edge of the "crud" is of the order of 200
ft, so that the mining layout is basically a chain of single blocks,
each about 200 ft on a side, that followz the trend of the 'crud."
Subsidiary faults, not separately classifiable, cross the blocks at
shallow angles to the "erud."

Three basic structural domains were recognized, corresponding to
the weathered porphyry, a structural transition between the fanglo-
merate and the "crud,' and the "crud" 1itself.

Despite the intense weathering and alteration present, 1t was
felt that fracturing plays a significant role in rock mass behavior at
Mine D.

S.4.2 Mining Practice
5.4.2.1 General

Overall, Mine D uses a blockwise panel cave method with diagonal
retreat undercutting, Slushers are used to move ore from the lingers
to the drop points, with the haulage directly beneath. The blocks of
each production level, the 1,100 and the 900, are arranged such that
each level 1s essentially a single panel. On the 1,100 level, nine
blocks had been mined with one in production and one at an advanced
stage of development at the time of this study. On the 900 level, the
first block, slusher level only, wa: nearing completion. Production
from the 1,100 level had been intermittent, having just resumed after
several idle years.

Mining levels consist of undercut, slusher, and haulage levels,

in much the same fashion as Mine B. The chief difference is that at
Mine D, slusher lanes are longer and all run the same direction.
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Past expericrnce had been to lay the panel out using a fringe
drift driven in fanglomerate, with crosscuts into the blocks consti-
tuting, alternately, haulage and vent dr{fts. This meaat that slusher
dashrs were sub-parallel to the Jeng axis of the ore zone, and there-
fore sub-parallel also to the '"footwall rrud." Severe ground condi-
tions were experienced in the two or three slusher dashes nearest the
"erud" which had a tendency to roll over in response to caving pres-
sure. Noricing that fewer problems were experienced in the haulage
and vent access drifts (although some total failures did occur at the
ends, near the 'crud" zone), the mine decided to change the layout so
that on the 900 level, the slusher dashes are perpendicular to the
structure. The original layout, on the 1,100 level, was to enable
dash-bv-dash draw control, seen as advantageous because of the moder-
ate dip ot the ore zone. There were seversl instances where entire
slusher dashes on the 1,100 level were In severe distress due to
ground weight from the "crud'", so it was decided on the Y00 level to
turn them by 90° so that the "crud" would be in a mote favorable
orientation with respect to the slusher drifts. This would alseo
confine most distress to areas near the ends of the drifts.

Wwich the 900 level layout, however, it was necessary to put the
ventilation drift almost entirely within the "crud" zone. Recognizing
the experience on the 1,100 level with rigid (massive concrete)
support in slusher dashes of similar orientation, it was decided to
support the vent drift with steei sets and considerable blocking that
could be removed in response to ground pressure.

With these general comments made, the following sections address
in grcater detail the development and support practice at Mine D.

$.4.2.2 Development

On the 1,100 level, the 12?2 ft wide by 10 ft high fringe drift
parallels che ore zune, with vent access and haulage drifts turned off
at 90° angles to 1t, alternating on 200-ft-centers. The horseshoe-
shaped vent access drifts are driven 10 ft wide ty 9 {t high, and ramp
up from the fringe drift to reach the level of the slusher dashes.
Each vent driit serves two blocks, and vent drifts are the only
openings ac the 1,100 level slusher elevation that are perpendicular
to the trend of the ore zone. Haulage or 'panel" diifcs are kept at
the elevatien of the fringe dri1ft and extend directly beneath the line
of drep points in the slusher dashes. FEach drop point serves two
blocks in succession. When one block 1is mined out, the slusher drums
are woved to the other side of the drop points and turned around. The
sheave blocks are moved to the opposite end of the slushey dash under
the uncaved block, the cables and scrapers are installed, and the new
block is then ready to be pulled.

Slusher dashes were driven j1 ft wide by 10 ft high on J3u-ft
centers, and continue from one block to the nrext. They are sub-
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para:llel to the overall trend of the ore zone on the 1,100 level.
Access to the slushers thenselves are through manway raises from the
haulage.

On the 900 level, an access drift ramps up from the fringe drift
to the slusher elevation and intersects the slusher level access drift
at approximately a right angle. The dccess drift essentially paral-
lels the ore 2one, the wvent drifc, and the ''footwall crud."” The
access drift 1s 12 ftr wide by 1} ft high and i1s extended the length of
the level, with slight bends to better follow the ore zone.

At right angles to the access drift are the slusher lanes, which
are nominally 200 ftr 1in length but 1in practice vary, according to
encountered ground conditions in the vicinity of the "footwall crud."
Slusher lanes are driven L0 ft by 10 ft, on 35-ft-centers.

Turning off the fringe drift, and remalning at the same eleva-
tion, 1s the haulage, which is parallel to the slusher access drife,
to the block side and beneath 1it. The haulage, of approximately the
same dimensions as the fringe drift and access drift, 1s centered
beneath the line of drop points.

Opposite from the access drift and at the same elevation 138 the
vent drift. The vent drift joins up with the far ends of the slusher
lanes. To maximize slusher lane length, yet avoid irreguler zones of
incompetent ground associated with the "crud,'" the vent drift direc~
tion 4s irregular. It 1s designed 10 ft by 10 ft and was driven
meticulously, keeping steel sets as close to the face as possible.
This made for slow development in this ravelling and squeezing ground.

All development 1is by conventional drill and blast methods using
jacklegs. Present practice in average ground is to pull 6 to 8 ft per
round, using a 5~hole burn cut and 30 to 60 holes packed with water
gel explosive. On the 1,100 level, overbreak of 20% was not uncommon,
and was somewhwst worse 1n blocky, weathered intrusive porphyry.
Overbreak on the 900 level averages 10%Z in average ground, with some
areas slightly higher, and blasting practice continues to improve. 1In
strongly altered or ravelling ground, 5 ft of overbreak, even with
very light charges, 1s not uncommon. Overbreak 1Is generally greatest
in the crown. Powder factors of 0.8 lb/ton of 43% gelatine dynamite
in the slusher drifts yield fine fragmentation.

5.4.2.3 Undercuttlng and Caving
Finger raises have a S5-ft-square cross-section and are driven
vertically from the slusher drifts in pairs, with 17.5-ft center-

to-center spaclings down the drifc.

The undercut level 1s driven 15 ft above the slusher level, using
7 ft wide by 5 ft high drifts driven on l7.5-ft-centers over the tops
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of the flnger raists. Undercutting is accomplished by drift widening
and rirg driiling and blasting of pillars. Pillar blasting is ad-
vanced in sections, maintaining a diagonal cave line. Swell muck 1s
drawn otf immediately, through the fingers.

Caving proceeds block-by-block across the level, with each block
completed before caving 1s bepun in the ncxnt. Blocks are about 200 ft
on a side.

5.4.3 Ground Support

Temporary support on the older 1,100 level consisted of 1/?-in.-
diamcter, 6-ft-long point-anchor mechanical bolts, on 3- tu 4-ft-
centers, ordin:rily with lz-gauge stecl strapping. Where necessary,
steel support was installed. 1In the access drifts, the bolts seem to
be accepting load effectively. The access drifts and haulage drifts
are unlined except within the block.

Slusher drifts in an abandoned block were obscrved. Support
practices in other blocks ar. expected to be similar.

Temporary support consisted of mechanical expaasion-shell type
rock bolts, 1/2 in. diameter by 6 ft long, spaced 2 to 3 ft apart at
the crown. Both steel matting and 12 in. wide 12 gage steel straps
were 1installed to avoild falle of loose rock. A close¢ inspection of
some bolts from an incomplete finger raise revealed that about 50%
had little or no aunchorage.

Monolithic concrete is used for permanent support throughout the
block, to a uniform design thickness of 3 ft over the ribs and crown.
The floor was concreted to a design depth of 10~ to 12-in. The
concrete used an averagu aggregate size of 3/4 iu. and a 4 in. slump.
Although the design strength of the concrete mix was 4,000 psi, a
nucber of Schmidt hammer tests on the linings durins this investiga-
tion yilelded an average value of |,600 psi.

Considerable segregation of aggregate wss observed in many areas,
indicating fileld difficulties in concreting practices. Also ! to 1.5
ft voids were observed between the rock surface and the concrete layer
at the back of some of the drirt:i:. At one locality, concrere thick-
ness in the crown was less than D 1in.

The haulageways are supported with 10-in. wide-flange steel sets
with cast concrete to cover. Set :pacing 1s in general about 5 fc.

Undercut driflts on the 1,l0U level had been supported with timber

posts, caps, and girts, lagrged as necessary. Lately, Splic Sets have
found increasing use.
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On the 900 level, support practices and workmanship were found to
be much improved. Support systems were found rto be better adapted to
ground conditions.

In the access drift, 1-1/2-in.-diameter, 6-ft-long stee! Split
Sets with 1l2-gage steel straps comprise the only support ocutside the
block area. Most of this 1s 1in fanglomerate, which is essentially
unfractured and stands well. Wicthin the block area, 10-in. wide-
flange steel sets are set on 5-~ft centers, with lagging of the crown
and of rlie lower part of the ribs.

In all slusher drifcts, 1-1/2-in.-diameter 6-fc-long steel Split
Sets are used for temporary support. They are installed soon after
the previous round 1s mucked. Steel strapping 1s placed during
bolting to provide safety from falls of loose rock. A detailed survey
of Split Set spacings indicated that the average longitudinal spacing
is about 4 ft while the circumferencial spacing varied between 3 to
5-1/2 fr. Although the spacings of the bolts are fairly consistent in
all the slusher drifts, the percentage of the area bolted varies at
different sections of the drifts depending on the nature of the
vxposed ground. Three bolts are used to hold up each steel strap and
the long dimension of the straps are parallel to the drive. 1In the
fairly competent intrusive porphyry, five such straps are used start-
ing from about three quarters of the way up the ribs and over the
crown. In the intermediate zone, about six or seven straps span the
crown and the upper two-thirds of the ribs. In the "erud" zone, some
8 to 10 straps are 1installed covering the entire drift, floor to
floor.

In general the Split Sets appeared to have been installed pro-
perly but due to the nature of their design it is difficult to deter-
mine how well they are taking load. They appear to be effective,
although evidence of corrosion was found. There 1s considerable
ravelling of loose rock from the ribs and crown, in the 'crud" zone
and transition zone. Close tn the vent/access dvrift, where the rock
is intrusive porphyry these ecffects are greetly diminished or absent.

Permanent support in 900 level slusher drifts incorporates rigid
sduare steel sets of W6::20 sections. These are installed at several
areas within the slusher drifts soon after excavation. Their purpose
is to provide some additional support at the intersections of the
slusher drifts with the access and ventilation drift, and are used in
drift secticn¢ 1in weaker ground. Blocking and lagging consists of 4
in. by 6 in. and 3 in. by 12 in. timber. Usually there are two
blocking points at the crown and two in each rib.

Haphazard blocking and lagging practices were found 1in some
areas, especially 1in one slusher drift, having about 60 ft of steel
ret support. No appreciable deformation of timber wedges was noted at
this locdtion showing little indication of ground movement. Else-
where, such as in the vent drift whevre steel support may be regarded
as move critical, blocking practice is improved.
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The slusher drifts are ordinarily fully concreted a few weeks co
a month aftevr they are Jdriven. Monelithic concrete of very high 9-in.
slump coataining 3/4-in. rock aggregate, and having a 28-day design
strength of 4,000 psi, 1s poured unitormly to a thickness of 3 ft.
Collapsible steel arch forms are used for placing concrete. A wheel-
mounted, hydraulically-powered jumbo 1s used to collapse and expand
the forms 1into position. 7The forms are hinged and are collipsed by
jacksecrews connecting the sides of the forw to the jumbe. During
concreting, styrofoam blocks are placed at the intended locationz of
the finger raise portals, to avoid blasting through concrete when
starting the finger raise. A 5-in. metal 2ngie and a 10-ft-long 90-1b
rall are placed over the Styrofoam and embedded 1in the concrete to
reinferce rhe fluger raise brow.

A few weeks after concreting, circumferential cracks were notcd
which typically originate frum the downslope side o1 the Styrofoan
blocks in the inclined (4°) slusher drifts. The displacement ot the
cracks is very small and the reason for cracking has not been conclu-
sively determined, but may well be duc to shrinkage upen curing.

it was realized from the outset that the vent drift would be
driven in troublesome ground. Accordingly, permanent square steel set
support 1is Installed as soon as possible after mucking. Heavy duty
steel of W10x45 section make up the sets. Usually, a 3-ft spacing is
maintained between adjacent sets with smaller spacings near inter-

sections and areas of extvemely poor ground. Two 4 in. by 6 1in.
timber blocks are used as spreaders between adjacent posts along with
1/2-in.-diameter tie rods. Blocking on the crown of the sets 1s

fenerally at two points 4t end of the cap, to retard bending. DBlock-
ing at the wibs 1s 1irregular, owing to the use of considerable timber
whilch was to be removable if substantial ground movement occurred.

it should be noted that the vent drift was necessarily driven
with several re-entrants and sharp corners, to avoid the worst ground.
Throughout development, the ''crud" zone in the vent drift aud st the
nearby ends nf some slusher dsshes could be heard "working" and
ravelling was almost cont{nuous.

Undevcut drifts on the 900 level were supported with Split Sets
and, where neccessary, steel straps. WNo timber was in use at the time
of the study.

S.4.4 Scope ot Iield Data

Repeated visits were made tc¢ observe the developrent of the first
block on the 900 level and later the initiation of caving in a new
block on the 1,100 level. In the latter instance, however, detailled
geologic data could not be obtained because of lack of rock exposures;
early geologic maps and some observations in the undercut level were
relied upon for geologic control.
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At Mine D, i1 was necessary to develop a data base for fracturing
snd projection of structuvnl domaine. Core from the area of the first
block on the 900 leve! was thoroughly logged for geotechnical informa-
tion. Five detail 1line surveys on the 900 level yield informaction on
the nature and distribution of fracturing. The 1lines had various
orientations, to remove directional bias. These data were analyzed
statistically and Schmidt plots of fracturing were computer-generated.
Rock classifications were carried out underground throughout the
then-existing workings on the 900 level, and at several locations on
the 1,100 level where rock was exposed. Information in the mine's
files, including fileld stress measurements and point-load compressive
strength of core, was intensively reviewed and analyzed. Detailed and
reconnaissancce geotechnical maps and cross—sections were prepared.

In addition to the geological data, information on the develop-
ment layout, blasting procedure, support practice, and draw control
history was collected, through first-hand observations (900 level) and
review of company maps and files (1,100 level). Support performance
was assessed by examining present caviug experience on both levels, as
well as through visits to worked-out areas on the 1,100 level.
Support effectiveness and placement was documented through Schmidt
hammer (concrete test hammer) tests, torque tests on mechanical bolts,
and measurement of set spacings and blocking practice. The foregoing
discussion is a summary of this detailed data.

S.4.5 Rock Mass Conditions

Basic geelogic conditions at Mine D were found to fall into a
spectrum, from the weathered but hard intrusive porphyry to the
strongly altered and sheared "footwall crud." The transition zone 1s
of intermediate but variable rock class. The basic geological data
are summarized in Table 12. Ranges of data are given where descrip-
tive of the variation within a single structural domain. The given
intact rock strength 1is biased on the high side in the '"erud" zonme,
due to sampling effects, and on the low side in the transition and
altered porphyry 2ones, due to the role of hairline fractures in
controlling breakage during point load tests. The values used 1in
obtaining the RQI ratings were adjusted somewhat according to the
range given in the table.

Similarly, the other measured variables were somewhat different
from level to level and within a level. This 1s to be expected 1in
this complex geological environment, so RQL values from various areas
are reported.

The "altered porphyry" group occurs near the fanglomeratc contact
and consists of highly to moderately weathered, altercd granodiorite
porphyry. Fracturing tends to be moderate in spacing, and the ground
is commonly blocky. On the 1,100 level, weathering 1s more severe and
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TABLF. L2 - Geological Data for Mine D

Intact Rork
Strength, psi(n

Rock Mass Category

ALTERED
PORPHYRY

6,900--15,000

TRANSITION

3,700-5,900

FOOTWALL

CRUD

6,100-9,900

RQD Kecovery, (2 39/83 41/80 17743
Joint Spacing, ft( 0.6 0.4 0.2-0.5
Toint Cendition ()
sl. rough smoath or
Roughners rough to smooth slickensided
Separation, in. 0.05 0.05 0.1-0.0%
Filling clay, FeOx FeOx clay, gouge
Weathering slight strong very strong
Joint Orientation(”
Set | N4OE, BSSE NB4E, BISE NS2E, 75NW
Set 2 N77W, 63NE NO7E, /1uW N6SW, 785w
Ser 3 N3lE, 238E N29W, 42NE N43W, 20SW
Set 4 NS8W, 745W NS2W, 728W N23W, 68NI.
Sec 5 - - NL7W, 75SW
Croundwater(ﬂ dry dry damp

data--point load and uncon{ined compression cests on core.

from mine core logs.
underground duriou this study by detailed fracture surveys,
from detailed fracture surveys and core.,

analvses of detailed fracture surveys.

underground.
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joint surfaces arc slickensided and coated with iron oxides. The rock
commonly has th appearance of a leached capping. Small faults occur,
chiefly as single shears, but are few,

The traneition zone shows the ini/luence of the nearhy "crud" zone
faulting. The transition zone contains vilcanics and sltered poxr-
phyry. The altered porphyry 1is ordinarily not as weathered as 1t is
bleached, and fracture spacings 1in the traosition are somev:hat lower
than in the '"altered porphyry" group. The volcanics are shattered,
with thin coatings of carbonates or sulfates on the fracture surfaces,
and the groundmnss 1s moderately altered. Areas of blocky ground
extend for only 20 ft or so, and arc bounded by sheeted or shattered
zones. The transition zune is commonly bounded by faults,

The '"'crud" z2one may ccritain either our both rock types; they are
difficult to distinguish due to intense shearing and bleaclhing. The
material i1s damp, with many gouge and clav seams up to several inches
in thickness. Fractures commonly are noticeably open. Blocks of
intsct rock do exist but are u&carce and of limited extent, anu are
always bounded by sljickensidced zones with central gouge.

The RQI ratings for each of these groups, at various places in
Mine D, sre given in Table 13. All the ratings are sensitive to the
faulting, and the contrastL between zones, while not of large magni-
tude, is distinct and consistent.

5.4.6 Encountered Support Performance

As mentioned earlier, some slusher drifts on the 1,100 level near
(or in) the "crud" zone are in severe distress; a few had ta be aban-
doned. (t is difficult to pull swell muck from the '"crud" zone due to
packing in the fingers; i1f this situation {s not alleviated within =
fevy, days, spalling and cracking (with oftsets up to 1| 1n.) begin in
the concrete lining. 1In one case, an attempt had been made to keep
the drift open by installing W6x20 steel sets spaced 3 ft apart ond
spraying 1 to 3 in. thick shotcrete near the damaged area. Several of
these steel sets had bent over and buckled and the drift was aban-
doned. Cround support problems in this arez ate thought to be one
re4:s0n why numerous finger raises werc never completed and full
production was never obtained.

The haulageways and accens drifts in this type of ground are dlso
distressed. In the above 1instance, c¢oncrete in the haulage had
spalled badly from the ribs and crown, exposing damp, gougy, squeezing
rock. The steel support prevented severe closure, however, and the
drift remained 1in service. A neathy vent access drift had almost
closed completely, duspite extensive remadial timbering.

Far better results were secn on the 1,100 level 1n the more
competent transition and altered porphyry domains. A half-caved block
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TABLE 13 - RQL Ratlilngs for Mine D

Q RMR RSR
Altered Porphyry
500 level, 48 S.D. 0.8 68 68
900 level, 51 S§.D. .6 63 53
1,00 level, 5/6 V.A, 1.3 62 47
Transition
900 level, 48 §.D.° 0.3 57 47
900 level, 5! §.D.2 0.09 52 36
900 level, 51 s.D.? 0.4 54 47
1,100 level, L6 S.D. 0.2 55 52
Fuotwall Crud 0.03 17 41

'Mixed porphyry and volcanics

?Altered porphyry, strongly bleached, weak, but not faulted.
*Mostdysvolcanics

§.D. = slusher drifrc
V.A. - vent access
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on the {,l00 level showed moderate spal ling of the rihs in the con-
creted slusher dashes, immediiately beneath the cave line. Crown
spalling was limited to the area in production at the time. Diagonal
cracks with apertures of 0.2 in. and displacements of up to 0.3 1in.
were found in advance of the cave line in this block. The surrounding
rock, although not directly visible, was projected to belong to
transition and altered porphyry groups.

On the 900 1level, the slusher dashes and access drift were
reported]y functioning well (the area was not caved until after the
field investigatiens had been completed). However, severec problems
were experienced in the vent crosscut. The removable wood blocking
was quickly smashed flat soon after caving was begun, and severe
distortion of the steel gupports ensued. Despite continuous main-
tenance, the drift closed such as to severely restrict airflow.
Several remedies were considered, such as remiuing, stress relief,
shotcrete, and others. These deformations affected only the ends of
the concreted slusher drifts and their {ntersections with the vent
drd.fe. As would be expected, severe problems developed at sharp
corners and in re-entrants.

S5.4.7 Summary

Mine D is an excellent example of control and localization of
caving stresses by major structuri:l zones. In addition to being weak
in themselves, such zones can cause verv high deformations nearby.
Although the variation in rock class 1s somewhat more subtle than
might be expected, the dif ference in behavior is great.

Mine D also affords examples of reliance on permanent concrete
support to help stabilize the ground prior to caving. At the Mine D,
1,100 level far better results would have been obtained if the ground
has been stabilized prior to concreting.

5.5 Conclusions of the Field Work

In formulating a classification system that would be suitable for
drift support recommendations in block caving mines, 1t was thought
that the best procedure would be to adapt an existing, proven RQI
scheme. This could be done through adjustment (change of rating
structure for existing parameters) or modifications (addition of new
parameters) or a combination of adjustments and modifications. It was
decided to select, as the starcing point, the most suitable RQI system
from among Q, RMR, &and RSR. These systens were evaluated from the
standpoints of agreement with successful mining practice, adaptability
to block caving, and general utility.

The range of ground competence tound at the four field sites

covers a spectrum from very weak, swelling, ravelling, and gougy
ground, to hard, strong rock with moderately spaced, tight fractures.
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Typical ratings and assoclated support recommendations for wvarious
Lypes of ground azre given in the following subsections. These are
cupport recommendations derived directly from the classification
systems, for temporary openings with 10 to L5 ft spans. They are
highly generalized and are meant to provide broad comparisons between
the "basic" (Q. RMR, and RSR) :nystems. laubscher's adjustmcnts were
also applizd, and summary statements regarding the outcome of that
work are given.

5.53.1 Tindings at Mine A

Table 14 compares predicted and encountered support from Mine A.
The supports are generalized slightly to permit ready comparison
between sy:stems,

None of the basic systems predicts the heavy timber/steel and
massive concrete support actually installed 1in the production open-
ings. Laubscher's classitication system gives varying results depend-
ing oun the type of drift, the orientation, and other details. 1In
general, Laubscher's prediccions do recoumend heavier support than Q,
RMX, or RSR, in many instances extending to massive concrete. None of
the systems recommends an approach that might have prevented the
tailures that occurred in the faulted areas.

5.5.2 Tindings at Mine B

At Mine B, none of the basic classification systems predicts the
heavy types of concrete support that are actually used (Table 15). 1In
many instances, the systems are insensitive to fectors that have
precipiced total failures at Mine B. The information in Table 15 {s
generalized over the mine area and there are numerous exceptions.
Laubscher's system recommends vatrlous thicknesses ol massive concrete
for all but "very competent' rock.

5.5.3 Findings at Mine C

Predicted and encountered support at Mine C is shown in Table 16.
In general, encountered support 1s 1initial support, (except where
steel ribs had becn installed early, near backfill areas) and perma-—
nent support was only planned. No support performance history was
developed, but 1t can be seen that the RQi-yecommendi:d supports
probably would not have been adequate, had mining occurred.

5.5.4 Findings at Mine D

Predicted and encountered supports at Mine D are compired 1in
Table 17. The information contained in Table 17 is gquite generalized,
since lline D has changed its overall support practice, and has also
varied the support depending on type of drift. Massive concrete
support, for example, was foregone 1n the 900 level vent drift in
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TABLE 14

RMR

Snsountercd

- Predicted and

Q 8 in. pesh-relnf. shorc-
crute * grouted 1/4 1o,
7-ft=long boltr, tanelonud,
8 1.5.3 fx. apcy

RSR,

3/4 In boltsy MS-ft-tong
® 3-5 fc. shcg + menh
or
6 t{n. shocercto
or
med. ribs @ 3-4 fc. speg
3/6 in, Bolew @ 2 fc. wpcg
or
3 in. ,haccrecte
ur
GHIJ tibs 8 2.5 fe. wpey
1824 in. locally
reinferced cuncreto
plus
4-lo. to 6-1n. RF wcte P
S ft. spcg
or

6 by 8 {n. to 12 t0 12 in.
tirher sces

Guagport Performance

Encountered Support

Intrunive
Porphyry

1-2 in. pluin shorerate
* 3/4 4u. bolts, grouted
¥ 3 fu. smpecg, 7-fi-long

3/4 to. bolea, 12-Ce-
long ¥ 4-6 ft, speg + wesh
aor

{ in. ahaotcrete
no rib suppore

3/4 tn. bolts @ 4.5 fc.
(113241
or
¢ in. stotetctur
ot
4{7.7 ribe ¥ 5.5 ft. apce
18-24 in mapaive concrecs
plus
5/8-in.-d3a.. 6 fr-long
bolts plua straps or aesd

or

(decper lavels only)

12 in. by 12 in. timber sets
or

¢ {n, t» 6 in, WF mate

for Mine A
Hosc

Granice

Peol. 1-2 La., ploln

shotcrece : grouted
36 in,, 7-it-lony
bolea € 3 fe. apcy
(Q varics widely)

12-€c-long @ 4-6 (1.
npel + dash
ot
3 4n. shotcrreee
no rib support

3/&4 tn. boles ¥ 4 Er. spcg
or
2 in, vhorcrere

or
417,.7 riba @ & fc. spcg

18-24 tn mJppive contreta
plus

$/8-in/-dlu.. 6 ft-long

bolts plus etrane or mesh
or

{deeper leveln sniy)

12 Ln, by 2 in claber secs
oL

4 $in, ta & In. I'T sazs

Crizzly frinke drift crovns end cibe spell within 70 Ft of panel drifes turnouc: .
Crl22ly penel] drift crowna and ribs spalled and craskwud near turnouCe.
Timber oaupports strossed--crackod posts, ceuohred cepa, defoened lagplnp, vherr

exposcd on grizzly Jevol.

Severe dlstrees on Brizzly lavel in feulted araa,

deifea abandoned.

¥ininy caesed, many pesel

Damage on houlage lovel Renerally cestricted to cracking. gRenerally not serious.
Cri2zly drifta tolerate extenstve damage.
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TABLE 15 - Predicted and Encountered Support far Mine B

Very Very
Heak Wien Cumpelent Competent
4 6 (n shotcrete Y In. shotcrete t-2 ln. shotcrece 3/4 In. bolcu, 2-fe-low,:
plus plus grouted, B 3 fc, to &4 o,
wesh reintocelng meuh reinCorcing npcgy
plun

34 La,, 9-Lc-long,
gproutad bolts € 3 fr.

speg
LS Boltf, 6 to 7 1t Balte, 6 ta 7 fc lung tales, & to % £L. Jong Holtu, & to S5 't lou:
long # 2.5 fe. wpcg, 4 fr, spcg, + mesh ) to 5 fz speg, + arsh 6 ft. epcg
+ maoh or or or
o1 4 {n shotcrace 3 {n uhotcrete 2 L{n shotcrets
o in shoceret, or
or lighet ribe @ 5 fc. sjcg
med. ribg B 3 Fr.
LIl 4
KSR 3/4 in bolta B 2.5 3/4 in. holew B 2 (¢, 3/4 {n. bolcn Y 4 fr.  no “upgort
fe. speg spey spcg
or Qv or
J {a. shotcrate 2 in ghotecrete 2 Lln, n=lotcrete
or or or
4H1) nets @ 2 fc. 461D el B 417.7 sees ¥ 4 {1,
spcg epeg
7-ft-long bolls I-tt-long bultu Maasive concrete Masrslve concrete
plus plusy t bolty a#poc bolting
menh and nhotccute oach and shotcrete * meah focal Lhotcrete
plus plum and
reinforcoed concreta manslve cencrete shotcrete

¢t tivld atee) ety
Support Performance

Lintng cracking common over haulnge cut-outw; devece in weaker pround.

Damagk 10 weak pround entende to hevlape.

MNepalr commen in weoker ground.

TFzoblems can Le savarn In isoloted competent arcau and vary severe beranth utuly,
Cenetally pood support pecformance 1n average tu ecompetent geound.
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Altered Footwall
Porphyty Transition Crud
0 Bolts, 3/4 in., 7-ft- Bolts, 3/4 in., 9-ft- Bolts, 3/4 in., 7-ft-long,
long, grouted, @ 3 ft. long, grouted, tensioned, grouted, tensioned, @ 3 (t.
spce @ 3 ft. speg spen
plus plus plus
2 in shotcrete, 2 in. shotcrete concrete arches
mesh-reinf.

RMR Bolts, 3/4 in., 10-ft- Bolts, 3/4 in., 12-ft- Bolts, 3/4 in., l4-fr-
long, 5 ft. to 7 ft. long, 4 ft. to 5 frt. long, 3 fr. spcg., with
spcg spcg with mesh mcsh

plus vlus plus
2 in. shotcrete 2 in. to 4 in shotcrete 6 in. shotcrete
as req'd. plus
light-med ribs @ &4 f¢t.
spcg., as req'd.

KSR Bolts, 3/4 in. @ Bolts, 3/4 in. @ &4 ft. Bolts, 3/4 in. @ 2.5 ft,

4 fr. spcg Spcg sncg
or or or
417.7 sers @ 4 fr. 4177 sets. W 305 fr. 4313 sets @ 4 ft spcg
speg spcg or
or or 2.5 in. shotcrete
2 in. shotcrete (varies) 2 in shotcrete
Encountered 3 ft. massive concrete 3 ft. massive concrete 3 fr. massive concrete

TABLE 16 - predicted Encountered, and Planned Support for Mine C.

plus
bolts @ 3 fr to S5 fr.
with straps

plus
w6 x 20 sets 8@ 5 fr
spcg (intersections,
access)

plus
boles @ 3 to 5 ft. spce
with straps
plus
wb x 20 sets in
weaker ground

plus
timber or steel sets
(heavy steel sets in vent
drift)
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No production history.



TABLE 17 - Predictud
bl
q Shotercee, 1 te 2 (n.
Rz Solta 3/¢ Ln., 10-Fe=lums,
R 7 fr. epcgx
plue
accd, wira morb
plun
occa. shoterets, 2 4in,
HsR 5/&-Ln.-dla. boles

!

*nconntered
{canporary)

*Pianned
{pecasnent)

@5 fr. epeg

mgssive
coancrete

and Encountered Support at Mine D

Balease I fa.e 10-CC-
long, ® 7 f¢. spcy
as ceg'd.

plus

occa, shokcrasn

S/#-1n.~dis. halts
#S fc. apcg

Splic sec bolts + meeh
2 fe-5€c spcg

mapotva
canee ek

48-inch vide-flange stecl mets In {unclamslfied) backffLll.

e

Shotcrete, mtseh=rainl .,
4 fn. to 10 {n.

Weles, 274 fuv,. V1-leelomy, &
3 to 5 (c. spep with mesh

ot
4 to B in., shercrere
or
Ilght atael smez & & fr.
Kncy
1-in-dia. boler &
3 fc apeg
or
1 in. shetcrete
or

4P gers @ 3 . spey,

Tlus steel straps

niReive concreta
plus etoel sacs

sluster drifca parallel to "crud' and close to slusher drlfte perpendicutar ro
"erud" affected by squecze at ende
Vent drift on 900 Llevel parnllel to “crud” and partly uvithlo it nearly cliswe)
during production.
Cunvurally adeguote perfocmance elxvvhere, ohere constrmctlon proactive lu accardine

ta derign.
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tavor of steccl sets. Alco there are vtock competence variatieons
within the three broad groupings given and the ins¢talled support has,
in many cases, been sensitive to these. Support recommendations by
Laubscher's scheme vary from concrete in the '"ecrud” zone to bolts and
2 in. of shotcrete in the transition, to no support in altered por-

phyry.
5.5.5 Selection of RMR

Since none of the three basic RQI systems tried could recommend
adequate support for block caving drifts, 1t was necessary to select a
system that could be made effective through modification or adijust-
ment.

From Table 14 through i7, 1t can be readily seen that the RSR has
limited usefulness for predicting rock bolt and ahotcrete temporary
support for block caving mining. The RSR does not extend recommenda-
tions to heavily reinforced cooncrete support. By design, the RSR 1s
general in 1its approach. In the cowmplex geological setting of wmost
caving orebodies, the ratings tend to be too subjective. Finally, the
initial ratings are not independent of type and orientation of drifc.
Independence of orientation was a prime consideration, because in wost
caving mine layouts, there are numerous orientations that will occur
within a given geological regime, and it would be better to rare the
geology, 1n such cases, orly once, than to have to do it for each
orientation of interest.

The Q-systew, while giving excellent recommendations for initial
support in many instances, 1s too complex to be applied to the widely-
ranging geologic conditions within most caving orebodies. The basic
ratings are highly sensitive to the most difficult parameters to
evaluate (Section 2.2.8) and it was thought that to do an adequate job
of this, more time would be required than would be available at many
omining operations. Furtherwore, the data base from which the Q-system
is drawn makes it better suited to large-scale underground structures
that are amenable to more detailed study. Openings of the size and
purpose of caving mine production drifts are not well-represented in
the data base. Finally, the highly detailed and meticulous support
tecommendations depend greatly on such concepts as squeezing or
swelling potential, rock reinforcement potential, and excavation
support ratio, which are not defined by the basic 1input data. While
the application of these concepts is certainly valid and useful, their
misinterpretation within the mining community 1s a distinct possibil-
ity with significant consequences.

The RMR system, while requiring some judgewent, 1if neither as
subjective as the RSR nor as detailed as Q. The support recommenda-
tions, although alone not adequate to predict drift support require-
ments, are not so rigorous that they exceed the precision of the input
data. The RMR 1s uniformly sensitive to all input parameters, and the
rating is fully defined by the input data. Thus the data are amenable
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ti: routine collection by geolegic technicians who may be employed by a
minin; company f{or such a purpose. The problems with cthe support
recontendations can be traced to conditions external to the clasuifi-
cation process, such as geometri¢ and engineering variables. The RMR
can also readily be made independent of drift azimuth, since fracture
orientation is an adjustment rathcer than an initial 1input taccor.
Finally, an adjustment scheme (Laubscher's) has been devised rhat
vields results in conformance with U. S. mining practice. Although
this adjustment scheme also could be improved in some ways, 1t is a
valuable starting point.

For these reasons, 1t was declded to base the modified and

adjusted classification scheme on an RMR-type approach. The deriva-
tion of the adjustments is summarized in Section 6.0,
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6.0 CLASSIFICATION ADJUSTMENTS

This section describes the process used 1in arriving at the
adiustments and modificarions to the RMR system, and how these were
applied to the field sites.

As was 1ndicated early in this report, (Section l.l1) the rock
mass/support system in tunneling differs widely from that i{n mining,
esperially 1in caving production blocks. In formulating the adjust-—-
ment structure, the most important factors giving rise to this
difference were 1identified. Preliminary ratings were assigned to
these factors, based initially on judgement and theory. The rating
structure was critically reviewed to ensure that, to the greatest
extent possible, the ratings values would be explicitly defined by
readily measurable, objective data. The ratings were then applied te
the field data and varied as necessary to fit the observations ot
support performance. Whenever installed support appeared to be
inadequate or overdesigned, the system was adjusted accordingly.

The result 1s a system that will generate support recommenda—
tions that agree with adequate support prectices in the data base,
end offer improvements on 1inadequate or overconservative support
practices. Such improvements allow for what are the most probable
causes of the problem. Since the data base covers a wide range of
geological settings and conditions, the developed classification
system should be useful to many mine planners.

Section 6 deals with the development of the MBR classification
paramcters. Sections 6.1 and 6.2 develop important background
concepts; Section 6.3 describes the adjustments 1in more detail.
Section 6.4 shows how the studied mines fit into the MBR system. It
will be helpful 4in understanding Section 6.4, 1if the reader is
familiar with the MBR procedure as 1llustrated in Volume II (Manual)
of this report. In Section 6.5, the adjustment process 1s critically
reviewed.

6.1 Support Failure

There are as many views of what comnstitutes unacceptable support
performance as there are philosophies of minc operation. Most would
agree that the limit 1is rcached when one 1s '"run out'" because the
drift presents safety hazards, 1s ivipassable, or restricts ventila-
tion. However. the decision to repair, re-mine, or abandon, ordinar-
ily takes place before this limit occurs. The need to repair at all
impedes production, an event that 1s to be avoided whenever possible.

Most block caving supports can tolerate considerable distress;
so long as the failure stops without impeding ore extraction, no real
problem 1is experienced. However, once damaged, monolithic concrete
as well as steel set:, are far less effective 1in supporting the
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ground, and the fallure i1s not likely to step unless the initiating
mechanism is removed or repalr measures are instituted. Convue-
quently, even nnderate cracking of concrete linings 1s a cauce fur
concern 1in production drifts, as 1y visible deformation of steel
sets,

Concrete linings in production drifts are designed to resist the
very high abutment stresses that result from cave initiation. They
are rnot, however, as effective &t resisting the large rock mass
strains that occur at other times in the. cavinpg process. Tensile
strains verty readily crack unreinforced, monolithic concrete linings.
Compressive stralns cause stress concentrations 1in the comparatively
unylelding linings and produce spalling at the ribs or back. Defor-
marions tending to schear or toll the 1lining c¢.in be extremely dum-
aging.

Caving is by nature a mining method that induces large rock mass

strains. Large-scale rock mass movements are encouraged in some
areas and resisted in others. It i: the resistance to strain that
sets up high drift suppnrt 1lnads. For this reazson, the strain

behavior of the rock mass, and the response of various support

systems to this behavior, consritute the framework of the following
discussion.

6.2 Progression of Rock Mass Strains
6.2.1 Ceneralized Strain-Time/Distance Relation

In general, therc are severa! sequential steps in the drift/rock
mass deformation history, each with characteristic magnitudes,
durations, and areal extents depending on ore body competence:

N Prior to initiatfng caving, but subsequent to driltt devel-
opment, the rock mass and drift are: In a state ol near-
equilibrium. 2Zones of stress c¢nncentration have stabil-
ized, as for a tunnel.

2. For a newly undercut panel, thue rock mass and drifts
directly beneath the undercut respond by dilating towards
the void created, and undergo a release of compressive
straln that manifests itself as temnsile failures.

T's For adjacent areas, the rock mass 1s compressed ~s the load
is shed from the ungercutr level.

4. As undercutting proceeds and the mined iarea advance::,
formerly compressed areas are relieved. The extending
caving mass causes furchexr dilatjon into the caving aren of
the surrounding rock mass and drifts.
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5. Vhen the wmining area 1is 1n ful) production, high and
erratic compressive deformations are once more mani-
fested, owing to the manner of drawing of «re and the
consequent dynamic behavior of the caved rock mass.

Panek (1982) has developed . synthesis of caving (undercutting)
effects (Figure 5) that 1s both elegant and simple. From this
diagram one can see the various strain zones referred to above.

These strain zones can also be seen in the field. ‘Vtigure 6
1llustrates the location of these zones and their manifestations for
one instance studied during the field work, in this case, at Mine D.
Figure 6 shows the tendency for thin, hairline cracks, commonly at
springline, to form directly beneath the undercut. The location of
the abutment zone (Zone B) 1s marked by widespread, shallow spalling
of ribs and springline. Further away (Zone A), near-vertical cracks
form diagonally across the slusher drifts, sub-parallel to the cave
line trend.

Similar observations at other mines lead to the description of a
generalized strain-distance (or strain-time, 1if the cave front
advances uniformly) relationship. This 1s shown on Figure 7. The
steps previously listed as 2 through 5 above are recognizable in
Figure 7 as zones B through D, respectively.

The several zones delineated in Figure 7's strain history have
all been reported by most, if not all, prior workers. However, some
zones are less well developed or apparently absent 1in some cases.
The presence and size of strain zones are related to the properties
of the rock mass.

6.2.2 Dependence of Strain Zones on RMR

We have selected the Geomechaniecs System of Bieniawskl as the
basic system ro be adjusted and modified. The next step 1s to
characterize the rock mass conditions in various caving environments
by assipning a representative value of RMR, and then relating peak
strain values for each zone to the RMR for the involved rock mass.

Since complete observations of the minisig cycle and resultant
drift deformations were not possible at Mines A, B, C, and D, such
data were sought in the literature for mines of a similar nature.
Tables 18 and 19 present published data on the deformation histories
of drifts in several mines, using che strain zones of Figure 7 and
the basic RMR ratings as keys.

These data in Tables 18 and 19 are approximate and somewhat

generalized. In order to reduce all data to a common basis, 1t was
assumed that drift convergence measurements may be converted to
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Figure 5 - Main Effects of Undercutting (Vertical Section)
(after Panek, 1982, p. 1457). U is undercut slot;
R is 2one of relieved vertical compressive stress
(contains tensile stresses if ratio of horizoamtal
to vertical lithostatic stress is less than one-
half); C is zone of increased vertical compressive
stress; A is potential access openings coming within
the zone of influence ol the advancing undercut,
s is vertical compressive stress (as multiple of
viertical lithostatic stress Sv) at points in hatched
zone, v is uplift of points in hatched zon«¢ (as
multiple ot SVvL/2G), G is modulus of ridicy
[based on plane-strain elasticity solution (mcchod
of Muskhelishvili) for an ovaloidal slot, width
2L/height = 16]. The graphs are representative of
all points in rhe hatched zone, the height of
which is one-ecighth the width of the undercut, the
zone where access openingus are typically located.

Used with permission of the Society of Mining
Engincers AIME.

10R ENGINEERS INTERNATIONAL, INC.



UNDERCUT AREA

'\\
W

ke

' iy

Figure 6 - Field Observations in a Partially Undercut Block.

Shading shows extent of undercutting at time of
observations. The three zones shown are generalized

descriptions of concrete lining behavior as seen in
the slusher drifts.
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TABLE 18 Strain Data for Caving Mine Drift Strain Zone

Strain Zone

of Figure 7
Mine RMR in./in. Reference
ZONE A
Henderson 60+ 0(?) Brumleve & Maier (1981)
San Manuel 35 -0.008 Panek (1981) and
Panek and Tesch (1981)
San Manuel 35 -0.01 Panek (1981) and -
Panek and Tesch (1981)
San Manuel 35 -0.012 Panek (1981) and
Panek and Tesch (1981)
San Manuel 35 -0.018 Panek (1981) and
Panek and Tesch (1981)
San Manuel 35 -0.008 Panek (1981l) and
Panek and Tesch (1981)
San Manuel 35 -0.008 Panek (1981) and
Panek and Tesch (1981)
Climax 55 -0.0001 Bolmer (1965)
Climax 55 -0.0001 Bolmer (1965)
Climax 55 -0.0001 Bolmer (1965)
Climax 55 -0.0001 Bolmer (1965)
Climax 55 -0.0004 Bolmer (1965)
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Mine

Henderson

Hendecson

Henderson

San Manuel

San Manuel

San Manue

San Mauuel

San Manuel

San Munuel

Climax

Cliwmax

Climax

Climax

Cliuviax

Climax

TABLE 18

60+
60+
60+

35

35

35

35

35

35

55
55
55
55
55

55

Strain Zone
of Tigure 7
in./in.

70NE B

+0.

+0

+0.

+0

+0

+0.

+0.

+0

+0

+0

+0

+0

+0.

+0.

+0

033
.077
004

.018

.004

006

012

.018

.01

.0028
.0019
.0002
0005
001

.0004

112

(continued)

Reference

Brumleve & Maier (1981)
Brumleve & Maier (1981)
Brumleve & Maier (1981)

Panek (1981) and
Panek and Tesch (1981)

Panek (1981) and
Panek and Tesch (1981)

Panek (1981) and
Panek and Tesch (1981)

Panek (1981) and
Panek and Tesch (1981)

Panek (1981) and
Panek and Tesch (1981)

Panek (198l) and
Panek and Tesch (1981)

Julin (1964)
Julin (1964)
Bolmer (1965)
Bolmer (1965)
Bolmer (1965)

Bolmer (1965)
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TABLE 18 (continued)

Strain Zone

of Figure 7
Mine RMR in./in. Reference
ZONE C

Henderson 60+ -0.003 Brumleve & Maier (1981)
Henderson 60+ +0.014 Brumleve & Maier (1981)
Henderson 60+ +0.0058 Brumleve & Maier (1981)
San Manuel 35 -0.008 Panek (1981) and

Panek & Tesch (1981)
San Manuel 35 -0.00% Panek (1981) and

Panek & Tesch (1981)
San Manuel 35 -0.004 Panek (1981) and

Panek & Tesch (1981)
San Manuel 35 -0.02 Panek (1981) and

Panek & Tesch (1981)
San Manuel 35 -0.016 Panek (1981) and

Panek & Tesch (1981)
Climax 55 -9.0022 Julin (1964)
Climax 55 -0.0022 Julin (1964)
Climax 55 -0.0006 Bolmer (1965)
Climax 55 -0.0006 Bolmer (1965)
Climax 55 0 Bolmer (1965)
Climax 55 -0.0012 Bolmer (1965)

ZONE D

San Manuel 35 +0.012 Panek (1981) and

Panek & Tesch (1981)
San Manuel 35 +0.008 Panek (1981) and

Panek & Tesch (1981)
San Manuel 35 +0.0012 Panek (1981) and

Panek & Tesch (1981)

113 ENGINEERS INTERNATIONAL, INC.



IABLE 19 - Strain Zone Length Data for Caving Mine Drifts

Strain Zoune

Mine RMR length, fr Reference
20NE A
Henderson 60+ 0 Brumleve & Maier (1981)
San Manuel 35 200 Panek (1981) and
Panek & Tesch (1981)
San Manuel 35 150 Panek (1981) and
Panek & Tesch (1981)
San Manuel &3 320 Panek (1981) and
Panek & Tesch (1981)
San Manuel 35 200 Panek (1981) and
Panek & Tesch (1981)
San Manuel 35 300 Panek (198!) and
Panek & Tesch (1981)
San Manuel 35 450 Thomas (1971)
Climax 55 75 Bolmer (1965)
Climax 65 60 Bolmer (1965)
ZONE B
Henderson 60+ 130 Brumleve & Maier
Henderson 60+ 225 Brumleve & Maier
San Manuel 35 oo Thomas (19/L)
San M.nuel 35 300 Thomas (1971)
Climax 55 300 Julin (1964)
Climax 55 100-300 Julin (1964)
Climax 55 245 Julin (1964)

114 ENGINEERS INTERNATIONAL, INC.



Mine
Henderson
San Manuel
Climax

Climax

TABLE 19, Continued

RMR
60+
35
55

55

ZONE C

IS

Strain Zone

Length, ft Reference
190 Brumleve & Maier
0-15(7) Thomas (1971)
280-400 Julin (1964)
210-300 Julin (1964)
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strain by dividing che closure or dilation by the drift diameter.
Also, directions are not necesssrily normal to the cave line front.
The possible errors 1in such techniques are fully recognized, but
nonetheless, the data are the only data available. Also, it 1s noted
that, as reporlLed by Panek ({198!), for at least onc instance, the
drift linings and drifts are meoving along with the deforming rock
mass, so that dvift deformations approximate rock mass deformations,
and vice-versa.

The data from Tables 18 and 19 can be combined into strain
curves based on the general case (Figure 7), to show the effect of
rock mass quality (Figure 8). Also, from these data, the curves in
Figure 8 and the tabulated strain data can be plotted for each zone.
Figure 9 shows rhe resulting ri:lationship between RMR and rock mas::
strain, for each major recognized strain zone. Also shown on Figure
9 are the strain limits that may be used for various types of common-
ly used drift linings (Neville, 1974; Watstein and Bresler, 1974;
Cuevas, Robles, and de rlossio, 1974). Flgure 10 was comptiled from
Figure 8 data and shows how the length ot strain zones A, B, and C
varies with RMR.

Throughout this discussion, there has been no mention of the
role of draw control and production blasting. Considerations have
been limited to control «f pre-production strains, as has been a
basic assumption throughout this report. It should be remembered,
however, that draw contro) and blasting can be overriding factor: in
determining drift performance.

6.2.3 Effect of Strains on Lining Integrity

Replotting the now-generalized strain curves for measured field
geotechnical duta and incorporating the strain limits for installed
supports, Figure 1l shows the predicted behavior of several field
areas. Detailled observations at these various mines agree remarkably
well with the predicted drifc behavior, and alse show that some
instances exhibit overdesign, while others predict trouble, which
did, 1n fact, occur.

In order to illustrate the effect of panel size, the curves of
Figure !0 were re—plotted (Figure 12) at S0%Z of their rmugnitudes to
allow for the peaks of detormations to be outside the mined zone.
The heavy lines 1n Figure (2 are the resulting smaller strains, that
would be experienced within panels of the Indicated sizes.

The curves in Figure 13 summarize the eftect of panel size on
geologic environments of varying RMR. This graph shows that only RMR
is 1important in determining support requirements for panels wider
than about 200 ft. However, lighter support 1= possible for smaller
blocks. Another aspect of Figure 13 is that workings nearest the
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Figure 8 - Generalized Strain - Distance Relationships for Rock
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7 at an instant when the undercut is well under way.
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if time were plotted rather than distance, on the
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NOTE: PLAIN CONCRETE CANNOT
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Figure 9 -RMR Values Leading to Concrete Lining Distress for
Various Strain Zones. This figure is based on the
dara in Tables 18 and 19,
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Figure 11 - Predicted Lining and Rock Mass Behavior for Mines
in Rnck of Vacyin~ Competence. From these curves,
one can estimate the type, location, marnitude, and
approximate time of lining distress.
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point of cave 1initiation in a block may experience less abutment
stress, simply because less ground has leen opened up, than will
workings at greater distances of cave advance.

The derivarion of Figure 13 provides the basis for one of the
key geometric factors. The implications of Figure I3 are drawn upon
in the following section.

6.3 Ratings and Adjustment Factors

This section discusses the adjustment terms 1n derail, as well
as glves the rationale fur the overall approach to the MBR System.
This sjection 1s a complement to, and not a replacement for, Volume II
(Manuzl) of this Reporct. Inforwation on the use and applicetion of
the ratings and adjustments is fully presented in the Manual and is
not repeated here. Although figures from the Manual are reproduced
in this section for completeness, the reader will find it helpful to
become familiar with the Manual atter completing this section and
before bepginning Sectior 6.4,

It was recognized thot caving mine drifr development {is a
sequential process that can take considerable time. Thus the pro-
duction openings serve different functions during development, until
caving begins, and consequently, different support requirements
exlst.

Production panel development involves creation of openings that
must stand for long periods, 1n some cases even years, before caving
begins. If there is doubt about the stability of the drift over this
period, it is common practice to install the final concrete lining at
an early stage, especially in cases where clear evidence exists that
the drift is moving. Unfortunately, this has the effect of pre-
loading the concrete, probably before it has reached 1its full
strength, and leaves less strength to buttress against the caving
loads when production is begun. Lining failures are the all-too-
common result, and effective repair is less likely since the reduced
slze of the drift limits the size of steel support that can be
practically installed.

To prevent this type of problem, it is preferable to stabilize
the drite prior to lining, so that the final support strength incre-
ment 1s fully available to resist caving and production loads.

Accordingly, the adjustments are applied in two stages after the
initial, purely geologic, rating 1is determined, to keep development
suppert criteria distinct from final support criteria.

The inltial rating 1is very similar to the more generally-used

RMR, and 1s 1likewise applicable to support recommendations for
wurkings analogous to single tunnels--fringe drifts away from the
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production area, for example. When multiple openings are created, as
for the active production area, adjustments pertinent to this step
are applied. Since support requirements are greater, the adjustments
tend to decrease the rating. Next, the second adjustment 1is applied,
to yleld final support recommendations. This accounts for 1loads
originating from production initiation. Production caving loads and
other effects of routine production such as blasting in the draw
raises, are assumed, with good mining practice, to be less than the
abutment loads.

This process 1is followed in Figure 14, which is the flow chart
for the MBR System. The basic input parameters are along the left
and top of the chart, and include:

{18 MBR 1nputs

intact rock strength
RQD

discontinuity spacing
discontinuity condition
groundwater condition

2. Development Adjustment Inputs

blasting damage
depth

stress field
extraction ratio
fracture orientation

21 Production Adjustments

e width, location, and attitude of major
structural discontinuities

e distance to cave line

block or panel size

e acceptable level of repair

6.3.1 First Step--MBR Rating

The 1nitial rock mass rating (MBR) is a modification of the
Ceomechanics System in that 1t adjusts the values of the ratings
slightly through combination of terms, and restructures the rating
procedure to enable it to be applied on the basis of drill core data
alone. Also, changes were made to make the geological ratings more
responsive to characteristics typical of caving orebodies; intense
and variable alteration, dense fracturing, and weak rock masses. 1In
order to obtain a purely geological parameter, the geometric rela-
tionship of fracturing pattern to drift orientation is left to the
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firast adjustment step. Thus the initial rating is called the Modi-
fied Basic RMR, or MBR, and 1s an expression of the geological
condition, independent of the type of opening excavated in it.

The Intact Rock Strength rating (Figure 15) 1is reorganized to
allow for different sources of compressive strength data. Many mines
routinely collect compressive strength data on new drill core by
point load tests, whereas some other mines may prefer the use of
laboratory compressive test data. Since these two methods are
subject to different sources of bilas, and to allow the geologist to
select a rating that 1is defensible and reasonable even with widely
variable test data (typical for caving orebodies), the rating 1s
formulated so that the geologist has clear guidelines within a range
of possible ratings.

The Geomechanics System calls for both RQD and fracture spacings
to be known. However, in many instances at operating caving mines,
the user will know one or the other, but not both. Also, RQD 1is
ordinarily measured during exploration, but absolute fracture spac-
ings are not known unless orebody exposures are available. Thus, a
relationship from Bieniawski (1979(b)) (Figure 16) allows the user to
estimate either RQD or spacing from a knowledge of the other. Then,
each can be rated (Figure l7) and the ratings summed to vield the
Discontinuity Density. Such a wunified term is intended to be a
better concept if single-source data are used.

During the field work it became evident that prospective users
of the Geomechanics System in the mining community would have the
greatest difficulty 1n assessing the alteration and weathering
conditions of the fractures. Typlically, joint conditions 1n caving
orebodies are variable in response to contrasting zones of altera-
tion, weathering, and mineralization. Since ratings of such condi-
tions are always at least somewhat subjective and inevitably general-
ized, the MBR System attempts to develop concepts of joint weakness
associated with weathering and alteration through the assembly of
general descriptive terms. It was thought that this would be prefer-
able to a more rigorous approach in which a correlation with joint
mechanical properties 1is attempted through numerous refinements of
joint descriptions, which may be useful for tunnels in better, less
variable ground. The descriprive terms are assocliated 1into five
highly simplified categories (Table 20) that will permit a rating
suitable for mining situations.

The Ceomechanics System's rating systems for groundwater condi-
tions 1s straightforward and appropriate for mining situaticns (Table
21).

These four geological parameters are summed to obtain the MBR.

As with the RMR, a geological rating 1is obtained that varies from @
(worst) to 100 (best). A fundamental conviction of the RMR, that
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TABLE 20

- Discontinuity Cendition Ratings

Descriprion of Discontinuity

Wall Roughness VR R-SR SR SM-SK SK
Wall Separation None Hairline Hairline <" >t
Joint Filling None None Minor Clay Stiff Sofrc
Clay, Gouge Clay, Gouge
Wall Weathering P SL SO S0 Vs
Rating 30 25 20 10 0
VR = Very rough (coarse sandpaper) F = Hard, unweathered, fresh
R = Rough (medium or fine sandpaper) SL = HRard, slighctly weathered
SR = Smooth to slightly rough 80 = Softened, strongly weathered
SM = Swmooth but not polished VS = Very soft or decomposed
SK Slickensided, shiny
Table 21 -~ Groundwater Condition Rating
Water Completely
Condition Dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
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fricturing 1s the dominant factor governing rock mass behavior
applies especially to caving orebodies. 1In the MBR, thils feature {is
retained.

The MBR value is found on a chart (Figure 18), to obtain support
recomnendations for single tunnels and sevvice areas. Support
recommendations for very large openings, such as underground crusher
halls or hoist houses, may depend on many factors and separate deslgn
methods should be used for these.

6.3.2 Serond Step--Devclopment Adjustments

The development adjustments recognlze that multiple workings in
complex arrangements, such as are found in caving mines, intersct so
that the surrounding near-fleld stress state 1s changed. 7The closer
the openings, the greater the degree of stress overlap. This can be
related to extraction ratio (the Ffraction of rock removed from a
given area, usually taken as - horizontal plane at springline).

The ability of the rock mass to rtesist stress interaction
cffects 1s influenced by the damage to the intervening pillar due to
blasting. Since blasting damape reduces the area of i1ntact rock
hetween openings that 1sg capable of bearing load, the influence of
the damage also depends on the pilllar width. In addition, the
locatjon and magnitude of stress concentrations around woultiple
openings depends on the orientations of the principal stresses. In
high horizontal stress fields, the interior openings are shielded
from stress by those at the margins., I'lnally, the application of the
resuitant stress field can affect the openings in different ways
depending on how free vock blocks are to move. Thus, fracture
orjientations are important.

It is therefore seen cthat this step 1In the rating process
incarporates the basic geometric characteristices of rthe production
urea--size, orientation, spacing, and loucation of drifts.

In developing criteria for applying extraction ratio concepts,
it was necessary to limit the lateral extent of the computations so
that fringe drifts and ventilation laterals with intersecting drifts
vould be regarded as multiple openings, even if they bound the mining
area. It 1s assumed that non-parallel openings occurring further
than 1! diameters into the vrib would have licttle additional effect,
and this was chosen as the limit for computing extraction ratios at
intersections and turnouts. The extractlion ratio for multiple
parallel openings can be readily computed without such assumptions.
All extraction ratios are computed perpendicular tc the anticipated
principal cowmpressive strain, that 1s, a horizontal plane. Some
openings, such as ventilation laterals or access drifts, may be
viewed as mulriple parallel openings with spacings in the hundreds of
feet, or as single drifts with multiple intersections. Using the
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MEDIUM PATTERN BOLTING,
t MESH OR STRAPS

=
- MEOIUM PATTERN BOLTING WITH SHOTCRETE

-

; CLOSE PATTERN BOLTING, SHOTCRETE WITH MESH,
} MINIMAL OCCASIONAL STEEL OR LIGHT TIMBER
=LIGHY STEEL, OR MEDIUM TIMBER, LAGCING

wl

MEDIWUM STEEL, OR HEAVY TIMHER, FULL LAGGING

o

HEAVY STEEL. SHOYCRETE AT FACE OR SPILING AS REQUIRED

e | i | I | 1 ]
Q 10 30 40 50 60 70 a0 80 100
MBR or AMBR

Figure 18 - Isolated Drift or Development Support Chart.
Explanatinns of the support types shown are
given in the Manual, Volume II.
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extraction ratio concept, 1t will be readily seen that the best
description of these drifts' behavior 1: as a single opening with
multiple intersect ions, and de:sign can be carried out accordingly.

Being a high-productlon operation, mine drift developrent
frequently experiences excessive blasting, which damages the rock.
There are two principal effects. Filrst, overblasting enhances the
development of u loosened zone, which must be talen into account in
assessing the effects of applied loads. Second, pillars between
openings are eflectively reduced in widch, fractures are opened, and
overbreak occurs. it therefore is recognized that additional loose
rock must be supported, and that the effective width of the opening
1s increased, which changes the extraction ratio.

Thus the MBR provides graphs (Figures 19, 20, and 2!) for
finding the effective extraction ratio based on blasting practice.
In viewing these graphs,. it wili be seen that one must first have
assessed the extent of blast damage.

The appropriate terms are found from Table 22. Tn computing
blast damage adjustments it was assumed that the loosened zone from
blasting extends 2 ft 1into the reck for "light' damage, 5 ft for
"moderate' damage, and 8 ft for '"severe' damage. It was assumed that
this broken rock contribures 1insignificantly towards resisting
stress, so the measured extraction ratio 1s adjusted ({increased)
accordingly to yleld the effective extractioun ratio.

Since the loosened zone extend: into the crown as well as rib,
development support of this loosened, non-load-bearing rock must also
be increased. This results in .. direct adjustment AB for blasting
damage (Table 22).

The adjusted extraction ratio, eff e s is not used directly as
an adjustment to MBR but operates in conjunction with the prevailing
state ot strecs on the level to determine the stress state in the
pillars of intact rock between production openings. The result is an
adjustment A_ (Figure 22) fur Induced Stresses. This approach
recognizes the relationship ol the applied stresses in the future
production area to the resisting capacity of the rock, which 1is 1iu
turn crelated to the competence of the rock mass {MBR) and the amount
of rock of this compstence that remains after development (eff er).

At this point in the procedure, the geometrical characteristics
of the planned level are applied, 1including azimuth, diensions,
inclination, and location of each key production drift. Heretofore,
it has not been possible to eaddress the favorability or unfavor-
ability of the structur:s! fabric since the relatianship of structural
orientation to driit orientatjon could not be incorporated 1into &
purely geologicsl rating. However, in the [irst sequence of adjust-
ments 1t 1s possible to recognize that the orilentation of fractures
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Figure 19 - Effective Extraction Rativs for 7-Ft-Wide Drifts,
for Various Degrees of Blasting Damage.
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Figure 20 - Effective Extraction Ratios for 10-ft-Wide Drifts
for Various Degrees of Blasting Damage.
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Figure 2] - Effective Extraction Ratios for 15-ft-Wide Drifts
for Varilous Degrees of Blasting Damage.
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TABLE 22 - Blasting Damage :djustment AB

Conditions/Method Applicable Term Adjustment A,
Controlled Blasting Slight Damage Q.94
a. Practically all hole truces preserved to

b. No loosened blocks or opened joints 0.97
c. Overbreak: always less than 1 ft
d. Minor te no new inter-joint cracking

sood conventional blasting Moderate Damage U.90
a. Some perimeter hole traces preserved.
. Some lcosened blocks and slal:s, some
barring down necessary but not exten- U.9¢
sive. Some joints opened.
c. Overbreak: 1 ft, locally higher.
d. Tendenecy for cracks to develop within
reck blocks, between joints, even in

harder areas.

to

Poer conventional blasting Severe Damage 0.90 (best)

a. Feuv to no hole traces preserved.

b. Many loosened blocks in crown and ribs.
Moderate to extensive barring down 0.80 (worst)
required, may impede nroduction.

to

c. Overbreak: almost always greater than
| fr, locally 3 ft or more.

No experience whatsoever in this rock Moderate Damage 0.90 (nominal)
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Figure 22 - Adjustment AS for Induced Stresses Due to Multiple Openings.
Curves are based on occurrence of elastic stress concentrations
around multiple openings. The use of the effective extraction
ratio allows the stress concentration to be regarded as taking
place beyond the immediate zone of loosening. The dual scale
for depth is projected from field observations.
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o the rock mass wil)l decermine, lor various drift orientations,
whether rock block: will tend to key topether, enhancing stabilicy,
or separate through shear or tension, creating an incipient failure
that must be prevented through iIncreased support. The basic concept
was borrowed from the Ceomechanics System that tractures perallel to
che long axis of an opening ave inclined to be pulled apart in the
destressed region over the rcrown and are thus wmore unfavorably
oriented than are perpendicular fracrures. (In the MBR System, 1t is
assumed that an excecdingly high horlzontul stress field would be
required to put such [ractures in sufficient compression to override
this effect. This is why the fracture orientation adjustment is not
sopehow tled to the stress fileld or the Ianduced Stresses Adjustment
A). As with the Geomechanies System, it 1is also assumed thar both
development and support are facilitated by fractures thart dip away
from the heading rather than towards 1it, and that steep dips are
preferable to shallow dips.

To put these concepts into practice, it was recognized that
there are several types of data that the user may have available,
Accordingly, three possible procedures are outlined In the MER System
tor arriving at the Fracture Orientation adjustment AO.

For situations where drift exposures are available, but no
detailed, statistically valid dertermination of fracture tendency has
been made, the user can makhe the ratings adjustment by observing the
degree of freedom of rock blocks to move at several localities,
Table 23 has been provided for this, based on the one proposed by
Laubscher (1975, 1976).

tf statistical data on joint orientations are available, such as
computer-generated analyses or detailed fracture survey data, then
the sets can be ranked and treated individually, considering the
orientation of each. A weighted averace adjustment, based on the
relative strengths (number of pnints measured) of the joint sets is
computed based on guidelines (Table 24) reluted to joint orilentation
favorability.

In most instances, the detalled fracture statistics are found
from an underground survey. However, at preliminary development
stages, there may he no underground exposures in the production area,
and drill core must be relled upon. In mining exploration, this core
is almost never eriented. In order to arrive at a rating, Intact
intervals of core are assembled and the number of distinct strikes
and dips are noted. The procedure suggested in the Manual recognizes
the relatively lower likelibhood of intercepting steeper fractures 1n
vertical core. Using judgement, a geologist should be able to
compare the orientations of fractures he sees in the core and esti-
mate the tendency of the rock mass to develop fracturing sets with
various relative (toc each ether) orientations. Since the absclute
orlentations are not known, a steep ser is arbitrarily designated as
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TABLE 23 -

Fracture Orientation Rating AO Based on Direct
Observation in Drift

Number of

Fractures Number of Non-Vertical Faces

Defining Block 1 2 3 4 5 6
3 - 0.95 0.80 - - -
A - 0.985 0.85 0.80 - -
5 1.0 0.95 0.90 0.85 0.80 -
6 1.0 1.0 0.95 0.90 0.85 0.80

TABLE 24 - F

Strike
Heading Direction
Dip Amount, degre
Fracture Orientat

Rating, 4 ,
Adjustmen

racture Orientation Rating A_ Based op Indirect
Observation of Fracture Statistics

Perpendicular Parallel Flat dip
With dip Against - -
es &5-90 | 20-45 | 45-90 | 20-45 ! 45-90 1 20-45 _ 0-20
ion i 1
1.0 0.95 1090!! |

0.85 0.80 | 0.90 ; 0.85
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unfarorable (parallel te, say, the haulage drift axes) which defines
the orlentacions vf the other hypothetical sets. Again, judgement is
called upon to rank the sets according to intensity, and the tating
process prvceeds as 1 with wmeasured fracturc statistics,

llaving concluded this process, the user has appllied adjustments
tor Blasting Dawage (A_), Induced Stresses {(A_)}, and Fracture Orieon-
tation (A, ). The MNR rating is [irst muliiplied by , then this
result is multiplied by A_; this result is then omultiplied by A_., to
yleld the Adjusted MBR ?AMBR). The user 1is then readv to again
consult the support chart (Figure [8) for support recommendations o
support the drifts fer the entire pre-production period. DBecause
this is a separnte support determinustion, the temporary, preproduc-
tion support selected will be usufficient fur stabiliry,

6.3.3 Third Step--FPermanent Support

The third step 1s to apply adjustments that account for those
factors that most influence drift behavior during caving. During cthe
field visits, it became clear that the pgreatest drift damage was
associated with the front abutment 2one. Major discontinuities in
the rock mass can act as bounding 1intluences, concentrating the
gbutment loads in some places while preventing i1ts applicarion in
others. These effects are pronounced at Mines U and D. The total
load to be transferred is dependent on the amount of ground opened
up, s0 the undercut area of the block or panel is influential. Also,
drifets are at varying distances from the production area and, depend-
ing on location, will "see" & varying percentage of the abutment
stress. The shortest distance to the cave line is a measure of this
effecr.

It was assumed thar che additional stress increment due tro
abutoment pressure 1s sc¢ much more dependent on undercut area than
depth that depth need not be consldered separacely, for purposes of
classification. The rele of depth has already heen considered
(Adjustment A_ ). This assumption appeared to be valid at the range
of depths 1in ?he data base. TFurcher experlence at greater depths may
require this assumprion to be wndified.

in developing the adjustment for major discontinuities (S), =
variety of scenarios was formulated, using different strikes, dip
zagnitudes, dip directions, and thicknesses of postulated weakness
zones., Weaknesrs zones were reparded ac faults filled with gouge that
are only sparingly capable or incapable of rtransferricg shear
stresses. A rTeducticn ol ar least one MBR class 1is required to
qurlify a weakness zone. A uniform vertical stress was then applied,
corresponding fo an abutment ctress that i3 approaching the weakness
zane. Using well-known principles of loaod distributien around
faults, a likelv stress discribution was arrived at along the 1in-
volved drifts in each scenario. It was assumed that:
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1. Faults dipping towards the observer will cause a concentra-
tion of compressive strain at the toe of the fault;

2. Faults dipping away from the observer will tend to disperse
compressive strains beneath;

3. Moderate dips affect the greatest area and produce the
greatest effect;

4. Shallow dips permit the transmittal of a significant
fraction of the applied stress, normal to the dip;

Ja Near-vertical to steep dips have the least effect;

6. Zones striking paralliel to the drift in question produce a
greater effect than zones striking perpendicular to 1it,
especially when the attitude 1is such that the drift tends
to be rolled over;

1% The wider the fault, the greater the effect;

Biy As the distance to the disturbed zone increases, the effect
diminishes rapidly for faults dipping towards the observer
and somewhat less rapidly for fauvlts dipping away.

The adjustment framework (Table 25S) was based on these assump-
tions. Other guidelines were formulated to enhance the practicality
and simplicity of the adjustment. To recognize that a weakness zone
need not be a fault to require classification, but should be a
significant feature, the adjustment is termed Major Structures (S).

The adjustment for distance to cave line DC assumes that abut-
ment loadings dissipate more rapidly below the production area than
laterally away from it. Also stresres will be felt further away in
weaker rock than in stronger rock; thus, MBR was incorporated into
the rating structure (Figure 23). The adjustment framework was
developed on the basis of prevailing mining practices, field observa-
tions, and published data on abutment loads and stress distributions
around large openings.

The adjustment for the panel size permits the user to galn a
more favorable rtrating by 1imiting the amount of ground ogpened up in
the caving process. In smaller blocks, the peak abutment zone way
actually occur outside the block boundary, which greatly benefits the
drift support system. The rating structure was arrived at after
considering the rock mass strain history, as discussed ir Section
6.2.3. The Panel Size adjustment PS (Figure 24) used for computing
FMBR 1s a rearrangement ol Figure 13 of that Section.
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TABLE 25 - Major Structures Adjustment §

Adjustments are >1 if abutrzent stresses tend to be carried
away from the excavation;<l 1f stresses are concentrated.

Fault strike vs.

heading direction Most nearly perpendicular Most nearly parallelx

Favlt dip direction

with respect to works Towards Away Towards Away
Amount of Dip Sh M St Sh M St Sh M St Sh M St

Distance to nearest
fault 2o0ne, fr (9 =
Zone Width)

<0.1 W 0.8 e T ) ¥ - 0.9 0,95 0.75 0.7 0.7 —~ 0.9 0.95
C.1 W to 1.0W 0.85 0.8 0.8 .90 4.9 1.0 0.8 wi> D.9 0BS5S 1.0 0.95
1.0 W te 10.0W 0,95+ Q85 KT G.25 1,05 F4C%s 10290 (059" ~ 0398, 0290 .05 1.10
10.0%W to 50.0W 1.0 0.95 1.0 1.05 1.05 1.0 1.0 1.0 1.0 1.0 1.10 l.¢
>50W 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.05 1.0 1.0
Within Zone L.85 0.80 0.0 0.8 0.80 0.90 0.80 0.75 0.85 0.80 0.75 0.85
Sh = Shallow (<30°)

M
St

Moderate (30° to 60°)
Steep (260°)

i

<0.1 W factor not to be applied for W<i0 ft
>504 factor not to be applied for W>10 ft

*For those workings not "screened” from fault effect by caved volume. If "screening'' exists, use 1.0.
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DISTANCE (VERTICAL) 1t

Figure 23 - Adjustment, DC, for Distance to Cave Line. For
drifts beneath the caving area, the vertical distance
is projected up to the single Vertical Distance
Adjustment Curve; the rating 1s read by interpolating
between the multiple curves. For workings horizontally
removed from the caving area, the horizontal distunce
is projected up to the MBR value and the racing is
interpolated at that point from the multiple curves.
For workings both beneath and to the side, ratings
are computed both ways, and the lowest value 1s taken.
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These production adjustments, Major Structures (S), Disctance to
Cave Line (DC), and Panel Size (PS). are applied as sequentisl
multipliers to the AMBR. The result 1s the Final MBR (FMBR), which
1s related to support recommendations by means of a cupport chart
(Figure 25). The chart is different from that for the MBR and AMBR,
to allow a more rigorous support to be specified. The Permanent
Support Chart in Figure 25 1s set up so that a general increase 1in
gupport pressure 1s followed from top towards bottom. The support
recommendstions are slightly conservative, to allow for natural
variation within rated drift intervals.

6.4 Support Recommendations at Studied Field Sites

In this section, the relationship of the data base to the MBR
System 1s 1llustrated by applying the ratings and adjustments to data
from Mines A, B, and C. Calculations for Mine D are carried out in
detail in the Manual, Volume II1 of this Report, as an example of the
use of the MBR System, and are not repeated here.

6.4,1 Mine A

At Mine A, we consider four types of drifts: panel, grizzly,
fringe, and haulage, and thelr behavior in three geologic environ-
ments: faulted, intrusive porphyry, and host granite.

Essential geological data for the faulted area are given in
Figure 26. Data sheets for the Host Granite and Intrusive Porphyry
are given as Figures 27 and 28 respectively. In collecting these
data, some parameters had to be sssessed using judgement. In prac-
tice, statistical summaries would be used as data became avallable.

From Figure 15, the rock strengths rate as follows:

Faulted Host Granite Intrusive Porphyry
Value 8,000 psi 13,500 psi 19,300 psi
Rating 53 8 8

The ratings for CGranite acd Porphyry are adjusted within the shaded
area, to account for suspected bias in sampling.

The Discontipnuity Density rarings are derived from Filgure 17 as
follows:

Faulted Host Granite Intrusive Porphyry
RQD 15% 402 30%
Rating 5 8 7
Spacing 0.2 ft 0.45 £t 0.4 [t
Rating 5 7 7
Total Rating 10 15 L4
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-
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-
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DRIFT SECTIONS

Figure 25 - Permenent Support Chart. Gives recommendations for
permanent support of production area drifts. Furtherc
explanations of the support typvs are given in the
Manual, Volume [I.
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Project Name F@’ Site of Survey N Y 5 By _fEO/Z' Date _ZégZ

1. Geologic Region: Location Eazca/ zZ&
2. Compressive Strength: Average o 2% Comment érigéﬁrc. _[_Mﬁ(/c’g('é
3. Core Recovery: Interval _7£zﬁ/g/ Average coZ Range 302 ’502
4, RQD: Interval __7.‘_{"\5&/‘40/ Average _"5% Range 02 T 401;7
5. Discontinuity Spacing: Average 0.2 /f Range (&-//z{—/d//(:omment _gg”gfjﬂ‘ifo/
6. Discontinuity Condition Wall Roughness Wall Sepaﬁﬁtion Joint Filling Wall Weathering
Most Common S/ é& 6’(45_ SSoCE
Interwediate S/C > Ve Lreshkes ox S&
Least Common e Vel — e A -
Consensus /¢ < G cloy, qavic. kel
7. Water Condition Dry @ Wet Dripping Flowing
8. Fracture Orientations Set 1 Set 2 Set 3 Set 4 Set 5
Strike N3O Ao - d{é =
Dip/Dir SO/ NE Eolsr Vet (5L e
Rank / z = il o ol —_
9. Major Structures Strike Dip Dip Dir. Widch Location/Comment
Name:_fBupe/ 26 Bone WE3ow Fo-s0 SW. ZSA SoF st ief b 2S/2é [Br [P
Nawe:_ £- W Zzemd =W et = Bok Muetiple paadiel gones @ %0 '-50’say
Name:
10. Stress Field o,: Direction Vers, Magnitude 2, vy psi  Measured? ves Ny
o3: Divecrion _ 4 /2., #E/Sy Magnitude _ / zposs¢ Measured? S

11,

Figure 26 - Geological Data, Mine A, Faulted Arca.
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Project Name LCIE Site of Survey A we 4 By AX Date 2 /82

i Geologic Region: Location _f%/)fé 2523
3. Core Recovery: Interval /< 273/ Average Fp 72 Range [027—/002
4, RQD: Interval _.ZSZ/CZ’/_ Average 4&"2 Range e 2 -5 ¥
5. Discontinuity Spacing: Average 25, 45/’f Range &2 ’gf_zoé; Comment & Yewge 0£S s=ts
6. Discontinulty Condition Wall Roughness Wall Separation Joint Filling Wall Weathering
Most Common /< . X~ L e C/&L SC
Intermediate S/ % WA ColorvEe ¥ S
Least Common p— (s i D[g%gcrgﬂiw
Consensus Shk- Sk A= Lg” L2y SO
v 2
7. Water Condition @ry/ Damp Wet Dripping Flowing
B. Fracture Orientations Set 1 Set 2 S 5 Set 4 Set 5
Strike NZ5E AW AW N2E -
Dip/Dir Bomw D08/ E Zo/sW /S LSE -
Rank A L . L. S
9. Major Structures Strike Dip Dip Dir. Width Location/Comment
Name: /Bref 24 Pone _H3ow Fowo SW 2~ _Lote Foo Lf ooy
Name: =
Name: i
10. Stress Field o;: Direction Vet Magnitude 7. 0d0psc __ Measured!? Y s
03: Direction @57M44 V=S Magnitude 4400 s¢___ Measured? resS
I 8¢

Source of Geological Data Ef—'é',/zil“’i a:;gm/j 27 FED @L@/ﬂg 2226 gé’/ﬁ“ QQZ //‘hg
Lata 25 fMﬁcz_éféz_mZ%mm_cm«w’ssﬂﬁe e

Ficure 27 - Geological Data, Mine &, Host Cranite.
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Project Name T Site of Survey /%7715" V4 By Y. P Date _ZL""BZ

Geologic Region: Z;?Zf‘.éus/vcf /‘%fgégfg Rock Typel’ﬁ’ab'/v:fpfgéwl.ocation _‘é/n:.,s e e ¥ ST
PEC 77 E Sé/t.'& /‘a:n

2. Compressive Strength: Average /7 2 ps/ Range Lda¥psc  Method zpmp. éest Comment L;,gd/‘éc’a’/
3. Core Recovery: Interval 7’\— /'6’0/ Average "/ow éOZ.PRange —
4. RQD: Interval 71 %e[é’é/ Average 30D Range /02‘15'02
S. Discontinuity Spacing: Average 0.4 A Range < 0.2/%-2.0/ Comment Soifar for o/ 3 SELS
6. Discontinuity Condition Wall Roughness Wall Separation Joint Filling Wall Weathering
Most Common
Intermediate
Least Common
Consensus 4 +/ Loy SO
7. Vater Condition Danp Wet Dripping Flowing
B. Fracture Orientations Setr 1 Set 2 Set 3 Ser &4 Set S
Scrike NEOE ABoW Ao & === —
Dip/Dir Sone 5 SwW /S SE — —
Rank / 3 4 — -
9. Major Structures Strike Dip Dip Dir. Width Location/Comment
Nawe: /A Grel Z6 Zowe N3oW Bo-> EW PSS Lot Foo A Jecay
Name:
Name: Es
10, Stress Field o): Direction

11

63: Direction

Figure 28 - Geological Data, Mine A, Intrusive Porphyry.
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The Discontinuity Conditiones are rated as follow:, from Table

20

Faulted Host Graonite Intruslve Porphyry
Condition Sk wk' SK-SR, H-<}'", R, H, clay, SO

gouge, SO rlay, SO
Rating 10 15 17

The Groundwater Condition rating is straight forward, from Table

ol

Faulted Host Cranice Intrusive Porphyry
Condition Wet Dry/Damp Dry/Damp
Rating 7 13 13

These ratings are summed to yield the MBR, which 1s compared
with RMR in Table 26:

TABLE 26. MBR and RMR Ratings for Mine A

Faulted Host Cranite Intrusive Prophyry
MBR 32 51 52
RMR 20 51 & 52 53 & 44

Engineering data sheets for the four types of drifts considered
at Mine A are given in Figures 29, 30, 31, and 32, for Grizzly Panel.
Griz-ly, Grizzly Fringe, and Haulage drifte, respectively.

'l'he ad justments for these data were derives using the procedures
outlined in the Manual. Using the fipures and tables in the previous
section, the reader can verity the adjustments and resulting AMBR 2nd
FMRR ratings, given in Table 2.

Coonsultirg Figure 18, we find that steel sets or timber wnuld be
required for all workings in the fault zone area, whereas close
bolting and shotcrete or medium bolting and shotcrete (depending on
reliability desired) would be required to temporarily support the
multiple drifta. The single drifts would require only bolts and
mesh. This, 1in general agrees well with mine practice, although it
is slightly more cunservative since the mine does not huve a stated
objective of stabilizing fts Jrifts during development.

The Permanent Support Chart (Figure 25) at Mine /A shows that, in

the faulted area, constant repair would be regquirev for grizrlw and
pznel drifts supported with heavily-reinforced concrete. Recall that
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Project Name AL Site of Survey Al ipe 4 By W Date __2_:4/?’52__

10.

L

12

13.

Type of Drift(s) /Z,,g/ 2. Orientation(s) @'./8-23 3. Design Life ZF—-& .
ANV, r,zb r
Design Dimensions Width 40’ Width variation opne
Reight /07 Height variation A=
Drife Spacing (Horizontal) 150 C-~c
Other Openings Type (o 22/ Size __8;0. x 9’/ Spacing 35 c-c
4
Extraction Ratio
Multiple Openings: Excavated Area — Unexcavated — &, —
Single Opening: 1.5 (width) 75 7 Excavated 5204 % Unexcavated _&/aﬁter _O.42
Distance below undercut - drift floor to undercut floor /5’
drift crown to undercut floor s
Method of Excavation: Machine bored Controlled D & B Gonventional D &B

Excavation conditions:

Perimeter Hole Traces éﬁg Qre K/'S!'éé Miﬁ @gc-
Rib or Crown Looseness —  Gewmmly gl a2Flar srolfing  Mesh wvsed coulinely

New or Existing Cracks Sz
Overbreak & Barring-Down oTeya £e

Other Criteria Blostizd ﬂfgﬂééﬁﬂvahm@ pretbs 3007,
Intersections, turnouts: Type Q;ﬂé&/pcﬂél’gﬁ_ Location %, Max. Span -l

Block Dimensiocns: Side /4O 3 Orientation iEéSW End /OO 7 Orientation /V(/;//_gf
Cave Line Direction ’V/;//S' Direction of Progress SE —> A0
7

Drift Location (in block, with respect to major structures and their dips, with respect to cave)
Between blo 7Y ’i_g_gﬁ_/wda_gzzag @rea, mzmaz
L. / _Zope, 7O ‘@udy, 0)es 20°%50° fowords

Figure 29 - Engineering Data, 'ine A, Pamel Drifts.
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Project Name ,?ﬂ_ Site of Survey ,one By KK Date _,Z"IXZ

10.

Ll

12,

I

Type of Drifc(s) 5,3'39;;’_/? 2. Orientation(s) NE/SHy &./3*23_3. Design Life 7 =7 Y/
ENE/WSW P26

P

Design Dimensicns Width & Width variation 2 s 7 g9¥ Flar oo wts
Height i Height variation D 3
Drift Spacing (Horizontal) 35 L4 e-C
Other Openings Type L
Extraction Rario X 5
Multiple Gpenings: Excavated Area ZZOZ‘Z"' Unexcavated _5_9‘_/_',—/2" LR .36 7
Single Opening: :.5 (width) = Excavated = Unexcavated — e

Distance below undercut - drift floor to undercut floor e -

drifc crown to undercut flaor il
Methoc of Excavation: Machine bored Controlled D & B

Excavarion condirtions:

Periweter Hole Traces o A//S/’//:. A/asf Pop C..

Rib or Crown Looseness =7 ) 5Dy s, —Yoesy. , se@l

New or Existing Cracks Sgrxe. -

Overbreak & Barring-Down CL 1y Pt Nl rote barring = Fput o

Other Criteria J-Q/Wﬁzﬂ’/'/iﬂfﬂﬂ/‘.:/ CECETR L2 z‘ﬁﬁérf

Intersections, turnouts; @ engfs'_ Max. Span 15 -
Block Dimensions: Side End _,sOC  Orientation . Z/W/SE'
Cave Line Direction "—/VZs‘ Direction of Progress SE2> Al

Drift Location (in block, with respect to major structures and their dips, with respect to cave)

_NMe 222,0r Streclin s  EXC s Drel 26 wherf )éc//t)?‘ig /S'Iper!w(z'ca/ag

Figure 30 - Engineering Data, Mine A, Grizzly Drifts.
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Project Name ,PQ_Z.- Site of Survey /%,775 7 By /?/a(f Date 2/92

NE[sW f5. i B-Z3

1. Type of Drift(s) é-‘,-,‘z;:/z E‘/ﬂgﬁtlétp_)Z. Orientation(s) s/ wswv 226 3. Deslign Life >/5
4. Design Dimensions Width s '___ Width variation //a/yc
Height 7% | Height variation A2

S. Drifc Spacing (Horizontal) 5;774/53 p»—//é

- 7
Other Openings Type @/16/ ﬁr/ﬁz‘_ Size /0 ‘xro’ Spacing 300
6. Extraction Ratilo
Multiple Openings: Excavated Area ™ Unexcavated - e Lo
Single Opening: 1.5 (widch) — Excavated — Unexcavacted

7. Distance below undercut - drift floor to undercut floor —
drift crown to undercut floor —

8. Method of Excavation: Machine bored Controlled D & B ( Conventional D &mB>
9. Excavation conditions: ,
Perimeter Hole Traces Ao Scen
Rib or Crown Looseness Aot 51300750 %L
New or Existing Cracks Sovme  JTonrrts Qoopesr Zog i,
Overbreak & Barring-Dowm & Codecsz. Y L ~ = 7.
Other Criteria Clrardf gaes Slostng proflins
10. Intersections, turnouvts: Type TUrnovts@ ﬁm&ﬂ,ﬁLocacion Lutsids btbck_ Max, Span Z.S’é
11. Block Dimensions: Side /40 " Orientation A/E/S'W End /0 Orientation
12. Cave Line Direction "’/{//S' Direction of Progress Sc = 547

13. Drifc Location (in block, with respect to major structures and thelr dips, with respect to cave) Detsire
Lol grea. Eroximnty £o cdve gca B side of bock waics ool fo 2ok

Tigure 31 - Engineering Data, Mine A, Grizzly Level Fringe Drifts.
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Project Name ,@af Site of Survey ///778 S By A C Date 2,/% 2

10.
11+
12,

3.

Type of Drift(s) /ﬁ/ﬂaﬁﬂf 2. Orientation(s) /VW,/S’E 3. Sesign Life PG
U L4
Design Dimensions Width /A%, Width variation Vore
Hedpght _ ‘% 4 __ Height variation ANorc
Drifr Spacing (Horizontal) 7O f’::‘:, c-C
Other Openings Type None Size
Extraction Ratio / L o
Multiple Openings: Excavated Area X Unexcavated 7O e. g . /e
Single Opening: 1.5 (width) Excavated Unexcavated e L. 2SL
s 7{}/’/7&%5 r‘?
Distance below undercut - drift floor to undercut floor a8 ( -
drifc crown to undercut floor &Z 7
PRt bt 2NN
Method of Excavatien: Machine bored Controlled ™ & 3 LConventional D&B

Excavation conditions: y
Perimeter Hole Traces NS 5—:"5'//
Rib or Crown Looseness DL T Pl ég.q{

New or Existing Cracks e E Eﬁpﬁé‘@ B2 LS~ SOrre e CL2Cyed.
Overbreak & Barring-Down - Z e N er=a2 52t 200r Er
Other Criteria Gy erplis i&ﬁ ééﬁ Zrd?é/.‘ce

Intersections, turnouts: Type _/z socls @"_’ﬁ/:@e Location I b< o Jdyv€ Max. Span 3{5_/*/2Z
Block Dimensions: Side _ffé_’_ Orientation NE/SW End 00 *  Orientation A% % 3
Cave Line Direction "—/V»’;,S’ Direc.tion of Progress Sc T AW

Drift

Figure 32 - Engineering Data, Mine A, Haulage Drifts.
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TA\BLE 27 ~ Ratings and Adjustments at Mine A

Panel 26 ranel 20
Faulted oM

H
clelnlem|mlm| rlelmlml ]l e]c]n]alalt
) : : B

??ﬁﬁ%:ﬁ“" 8000 psi s [13,500 psi 8 | 19,300 psi

RQD/Spcg. 15%/02.2" 401/0.45" 104/0.4"
Discontinuity | 5 + 5 10| 8 + 7 1s|a =7 14

Density
Discontinuity | SK>%",gouge, SO 10 | 5K-58,H<%".clay .50 15 |®,#.clay, so 17
Condition

Groundwater Wet 7 | Dry/Damp 13 |[Dry/Damp 14
MER 32 s) 52
Ag| 92| .88 | .90 | .90 [ .90 | .90 | .92 | .88 | .90 | .90 | .90 | .90 | .52 | .88 | .30 90 | 90 | .90
eff e /Ay | .56/ .6/ 1.0 a7 .2 | Laszl oLses| .6/ |1.0 .34/ 27 | .35¢/| .58/] .67 |1.D BTV 7 .;3/
.91 | .9 .97 [1.0 97 1 .9 .9 .97 1.0 .97 | .91 | .3 .97 |1.0 X
Aj| .82 | .92 32| .92 | .e2 | .82 | .86 | .o | .ee | .88 | .85 | .86 | .86 | .88 | .88 | .E3 .86 | -6
AMBR 22 23 | 26 26 24 23 37 36 ) 39 | 39 38 37 | 38 a1 | a0 39
s | .75 | .8 .9 3 | .1s|.75011.0 1.0 [1.0 |1.8 J1.¢ p.o j1.0 Ji.0 |r.0 [r.0 1.0 Q1.0
DC .8 .B .90 .90 [1.15 [1.15S .BO .80 %315 115 [raas Jraas .BC 80 |1.15 J-15 [1-15 |1.15
ps [1.03 |i.03 [1.03 [1.03 [1.03 f1.03 |1.03 |1.03 [1.03 |r.o3 f1.03 [1.03 [1.03 |1.03 |3.03 |L.03 [3.03 (1.02
5= FMER 13 15 22 22 21 20 30 30 47 46 46 45 30 10 49 47 a7 46

FrGcazzly Papel Drift/F =Grizzly Fringe Drift Section/Hy=Haulage Drift :
G=Grizzly Drift /F,=Grizzly Fringe Intersection /Hp=Haulage Intersaction
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the plain concrete support used, failed. Fringe and haulage drifcs
are to ®e supported with steel sets and concrete, or reinforced
concrete 1if some repair can be tolerated. Presently, the mine use s
the more conservative support. Tn the other rock types, veintorced
concrete 1is sufficient for permanent support of gritzzly and panel
drifts, with plain concrete sufficient tor fringe and haulage drifts.
This compares well with mine practice (Sections 5.1.3, 5.1.6, and
5.1.7) while reflecting a somewhat more conservative approach,

6.4.2 Mine B
At Mine B, geological conditions were grouped into "ver: weak,"
"competent," and "very competent'" categories (see Table 8). Data and
ratings for these are shown in Figures 33, 34, and 35, rtespectively.

The resulting MBR ratings are given in Table 28:

Table 28. MBR and RMR Ratings for Mine B

Very Vieak Competent Very Competent
MBR 24 52 81
RMR 21 49 70

Engineering data for Slusher, Fringe, and Haulage drifts are
given iu Figures 36, 137, and 38, respectively. Slusher lanes were
considered for drift sections and the sections over the haulage.
Haulage intersections were also considered.

The adjustments and vresulting AMBR values and FMBR values are
shown on Table 29, 1n this general approach at Mine B, the classifi-
cation numbers are generalized somewhat. The adjustment S 1s not asg
specific as it might be 1t actual locations were to be considered,
and PS assumes a uniforuily advancing cave front. Nonetheless, Table
29 shows the sensitivity of the MER System to workings having differ—
ent purposes. 1ln particular, the benefit of having the fringe drifts
300 €t from the mining area, is readily seen. It 1s apparent that
the slusher Jlanes and fringe drifts cemprise the end points of a
spectrum of ratings.

In the wea" rock, the recommended temporary support (from Flgure
1¥) for production operings 1s light to medium steel sets or heavy
timber, with the heavier cupport 1n the slusher lanes over the
haulage. Tfemporary support in the intermediate ("competent'") rock
varies frot: medium pattern bolting and shotcrete in the slusher lanes
tn close patteru bolting with shutcrete snd mesh 1in fringe drifcs.
The more conservative support is preferred in the fringe drifts. 1In
the competent rock, slusher lusnes over the haulage receive only
medium pattern bolting with mesh, and fringe drifts receive wide
pattern bolting or spot bolts only, 4S temporary support.
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Project Name KC?I_ Site of Survey A e 5 By _Eﬂf_ Date &/fi

1. Geologic Reglon: ﬁra,,iég,/é Jeves Rock Type M’gm‘ &Qoé /‘&6[_ Location fl,/,p/‘fgl/
2. Compressive Strength: Average _/, p6psé__ Range — _ Method {ompr. fest Conment E sbymafrd
3. Core Recovery: Interval /’:/p/‘c’a/ Average so Z Range Zrevays L g_o__z,
4. RQD: Interval Z_—y'//‘é'g/ Average SO % Range o-20 4
5. Discontinuity Spacing: Average <2 . Range < 2.05 A -3° Comment Esblnroted /é',ﬁa_e_ﬁq’
6. Discontinuity Condition Wall Roughness Wall Separation Joint Filling Wall Weathering
Most Common
Intermediate
Least Common
Consensus S-Sk %7 _ Ay SO
7. Water Condition Dry @ Wet Dripping Flowing
8. Fracture Orientations Set 1 Set 2 Set 3 Set 4 Set S
Strike Adsw N30&E AS 25 -
Dip/Dir LSINE fsE co/E > S/ e —
Rank / 2 3 4 =
9. Major Structures Strike Dip Dip Dir. Width Location/Comment
Name:  Spu /é_y/f Al Mod, V7=3 2 -4’ Eéuara/ggsmgﬁwf z A ;44}/&@0}’
Name: e A /ts AE  fingl zsﬁ—qo S s _iﬁcge_/x-_a’frgmg, wnlyordlly gviemted,
Nawe: Wegd Zomes Mo riable s teibotron
10. Stress Field o,: Direction Ve, Lred/ Magnitude P00p<¢  Measured? N
o3: Direction Al 7 zovt fa/ Magnitude .§c9§225J Measured? oz
11. Source of
€56

Figure 33 - Geological Data, Mine B, Very Weak Rock.
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Project Name j@_f' Site of Survey //,771: 5 By el Date 2/52

l. Ceeclogic Kegion: _/‘-Zr&dﬁ?uf /\?v’f( Location _T vLicol
2, Compressive Strength: Average _/émq&z_ Range - Method _@qg.?‘cg(Commant _E:'ré/ma{:g
3. Core Recovery: Interval _Tngc’a/ Average PO Z Range 3&2—/00/':
4, RQD: Interval __7;/&/'(_‘0/ Average o2 Range g0 7 -5z
S. Discontinuity Spacing: Average 5 2. Range
6. Discontinuity Condition Wall Roughness Wall Separation  Joilnt Filling Wall Weathering
Most Common
Intermediate
Least Common <
Consensus SM /<K < /ja” 122107 ﬂ7ay SL-50
7. Water Condition Lry @) Wet Dripping Flowing
8. Fracture Orientations Sec 1 Set 2 Set 3 Set 4 Set 5
Strike AEsW A/Bo& NS vZsSLe =
Dip/Dir VN 2o/SE GO E S v _ e
Rank 2 3 A ——
9. Major Structures o o
Name: SoutZ, L!ac//é‘
Name: NE 7o ML
Name: Wepk zozes
18. Stress Field c¢-.: Direction }/é/tﬁf‘d’o/ Magnitude oy Vo Measured? //o
g3: Direction forrgomrto/ Magnitude _ Z2oogsc Measured? Ao
11. Source of Geological Data é _C:a/%i(/ 2 yéézgal/ /§ 531&/0/’24/¢me{e¢s
E5timaled ooy the basiys o yisos/ aés:e/zo “/OmS maizgé’ end gdad prblished szarrotive__
_Desgriotions.

Figure 34 - Geolegical Data, Mine B, Competent Rock.
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Project Name ,é’@]: Site of Survey A rwe 5 By /\>/§C Date ng

Geolegic Region:

|

Compressive Strength: Average Z Zaddps/ Range 25 308,000 Method foywfr.festComent Estrrmrtes

Z:
3. Core Recovery: Interval T )0/ Average 4002 Range /0‘2
4, RQD: Interval /’1—/4/‘50/ Average 302 Range ZSZ"/&OX
5. Discontinuity Spacing: Average
6. Discontinuity Condition Wall Roughness Wall Separation Joint Filling Wall Weathering
HMost Common
Intermediate
Least Common
Consensus s2° Z PORE. Sl
7. Warer Condition @ Damp Wet Dripping Flowing
8. Fracture Orientations Set 1 Set 2 Set 3 Set 4 Set 5
Strike St HM3oLE WIS N2EE 2
Dip/Dir = R/ £O/E m/ =
Rank — _Z e L s
9. Major Structures .
Name:_sogfﬁ 74(//%
Name: A/ Aociés
Name ; Weaé zwmzres
10. Stress Field o03: Direction y@?/QQfCZ?// Magnitude FOd0Se Measured? A6
g3: Direction 5 ) 2o/ Magnitude 3P0 p0s¢  Measured? iz
ki,
= =
L=

i

Figure 35 - Geological Data, Mine B, Very Competent Rock.
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Project Name f@f . Site of Survey _ /Time B By ?ﬂc Date 2/8Z

10,

Ll

12.

13.

/
Type of Drift(s) S/usber 2. Orientation(s) =/ 3. Design Life _g& »o. %o {/g_,}_'/_".

Design Dimensions Width 2 ’ Width variation yadrics @€ £cO g/nﬂ’aﬂr/ /ocgt}ms.
Height ZZ i ,_ Height variation l/o,[‘_csjé pﬁces

Drift Spacing (Horizontal) 3¢ _"dz_f Q= ﬁ/mg%_ou/age, _é&_ 46‘-6 Betroeen [va@j: 2n veut %’J.&

/
Other Cpenings Type Ewgza/‘gcs__ Size g ‘xr/ Q{E"Spacing ~30 7/,'5 C—-C Ayeroac
— 29
z -
Extraction Ratio 1304 4L " @ Mau/. //9‘(0/5 & 40 over navlo 32
Mulriple Openings: Excavated Area y BMZLQ‘JJ/;; Unexcavatred i‘z/ofg‘z e 0. Z) olorag Zes Pt
—— ST, = N o

Single Opening: 1.5 (width) — Excavated — Unexcavated ~— e ——

Distance below undercur - drift floor to undercut floor A -
drift crown to undercut floor zZO "

Method of Excavatrion: Machine bored Controlled D & B @onventional D &E

Excavation conditions:
Perimeter Hole Traces
Rib or Crown Looseness
New or Existing Cracks
Overbreak & Barring-Down

Other Criteria (=-energlly good b 22ir, Foor pn po ger rek,

Intersectilons, turnoucs: Type __é CO Location _@,,,//r,‘/{ Max. Span /0/;

Block Dimensions: Side _éﬁi/ﬁ__ Orientation /V,-/S End _ZZ& Orientation &t/

Cave Line Direction N/ Direction of Progress T ., eqiidr, GCruSsicves, sndss Ay g

Drift Location (in block, with respect to major structures and their dipg, with respect to cave) _QZM

(oCatipn ju Level, ma or styucturcs Cyewly Qrstributed.

Figure 36 - EngineeringData, Mine B, Slusher Drift-.
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Project Name ‘ EOTr Site of Survey Al we 5 By E4C Date 2 1.92___

10.

11,

12¢

135

Type of Drift(s) _x“f/,);gg 2. Orientarion(s) _4202;’.73 3. Design Life 5~ Ve

Design Dimensions Widcth ‘¢’ Width variation of
Height -2 ° Height variation Ny &

Driftr Spacing (Horizontal)

Other Openings Type &y@f Size /4 /x/z" Spacing 200;4 C-C
Extraction Ratio
Multiple Openings: Excavated Area = Unexcavated = e =
2
Single Opening: 1.5 (width) 2 F /JZ Excavated _,5'55£fz Unexcavated Z, 0?0/(&1- .zl
Choviog €
Distance below undercut - drift floor to undercut floor = Evrnod
drifc crown te undercut floor ~
Method of Excavation: Machine bored Controlled D & B / Conventional D & B )
Excavation conditions:
Perimeter Hole Traces
Rib or Crown Looseness
New or Existing Cracks
Overbreak & Barring-Down
Other Criteria /5 éﬂagﬁ& f00g Worse ma podver rock,
Intersections, turnouts: Type ; Location Max. Span
Block Dimensions: Side Orientation End Orientacion
Cave Line Direction Direction of Progress
Derc and their dips, with respect to cave) __/W/{ﬂ)’g/
—

Figure 37 - Engineeving Data, Mine B, Fringe Nrifres,
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Project Name a2 Site of Survey Afme B By T©TC Date &ZZZJ

10.

i1

F25

1.3

Type of Drift(s) flaciage 2. Orientation(s) AN/S 3. Design Life ~ 35 v -
o , 4 AL :
esign Dimensions Width Width variation Ao &
Beight 2 AZ. Helght variation NoreE
Drift Spacing (Horizontal) 200 %C*C
Other Openings Type Vet slze =
Extraction Ratio
Multiple Openings: Excavated Area - Unexcavated — e B oA
Single Opening: 1.5 (widrth) e S Excavated Unexcavated e e —
Distance below undercut - drift floor to undercut floorx 44 7’:¢
drifc crown to undercut floor 32 Af

Method of Excavation: Machine bored Controlled D & B @ventionm

Excavation conditions:
Perimeter Hole Traces
Rib or Crown Looseness
New or Existing Cracks
Overbreak & Barring-Down
Other Criceria

Gantralis Good. [Pampac pray e SerorS inpuer rock.

Intersections, turnouts: Type _Qo(_/,éé: L2 Jry€S_ Location _;'-Zaa/aaqg fn@rx;gsax. Span P4 4;4{
Block Dimensions: Side ___/d‘oréf_ Orientation %’5‘ End Z?f%’ Orientation =)
Cave Line Direction N/S Direction of Progress _Zaﬁguég LOross /{2&4 MesS C‘aw)!/q

Drift Locarion (in block, with respect to major structures and their dips, with respect to cave) ~'VM -

Qiecldr tro Slusher ariis and below hoes Extrnd 200SS level

Figure 38 - Engineering Data, Mine B, Haulage Drifts.
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TABLE 29 - Ratings and Adjustments at Mine B

Very Weak Rock Competent Rock Very Competent Rock
HDJ HI I SH | sD | £ HDi HI I snl SD ] 3 un] uxl SH l su] F
é:;gg;t§0Ck 1,000 psi 2 16.000 psi ) 10 27,000 psi 14
RQD/Spcg. 10%/<c2.-. 50%/5in. BOV/1EL
stcqnt:nuizy S o | 6 12+ 7 19 16 + 11 21
Densitvy
cﬁé:g?::;:uiw SM-SK/4:in./clay/sO 7| |sM-sk/<kin./m.clay/SL 12| [SR/H/None/SL 25
Groundwater [Damp 3J Damp 11 Dry 15
MBR 24 52 BJ_‘
C.B@ |0.BB | 0.88 | 0.88 | 0.8B 0.92 | 0.92 | 0.92 | 0.92 |0.92 0.90 | 0.90 | D.%0 | 0.5¢0 0.90_
= » 0.19%//0.48// 0.68/| 0.37/7[0.334 .14/ 0.39/ 0.57/| 0.307{0.274 .16/ 0.41/] 0.60/[0.32]| 0.29
.37 .ge +15 .92 .84 .98 .92 .83 FL .96 .98 391 B .94 33
ha 0.84 | 0.83 [ D.91 [G.91 [0.8S .84 | 0.84 ST 30 .90 .84 | 0.8¢ .91 -91 .90
AMBR 17 16 14 i@ 17 39 17 36 41 41 60 L _56 54 62 64
S _-98 0.98 .95 .95 .98 .98 |0.98 ) .55 .98 .98 | 0.99 .95 .95 .98
DC .98 | 0.98 .88 .88 |1.2 .98 | 0.98 “t8 .88 (1.2 .98 | 0.98 .88 BB | 1.2
s h.o 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
FMBR 16 | 15| 12 15 | 20 37 [ 36| 30| 24 a8 s8 | sa s | s2 TS,
HD=Haulage, Drift Section SH= Slusher lane, over haulaqe-
HI=Haulage, Intersection {(turnout) SD=Slusher lane, drift section

FxFringe Drift
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I'inal, production support recommendations (Figure 25) show an
even wider tange of support requirements. Slusher laner iIn poor rock
would receive medium steel sets and concrete over the haulapc, and
steel sets or heavily reinforced concrete along the drift sections.
(The areas of the slusher lanes over the haualage are common problem
areas at Minc B.) Haulage intersections In very weak rock would also
ruceive steel sets and concrete, possibly reinforced, primarily
because of the use of the opening and the span. Haulage drift
sections could be supported with medium stcel sets (possibly concrete
near drop-points), and similar suppert would be used in fringe
drifcs.

Permanent support in intermediate ("competent™) rock would most
likelvy be plain massive concrete in slusher lanes over the haulage
with occasional light reinforcement, and plain concrete along the
slusher drift sections. Reinforced concrete support 1s recommended
at hauvlage turnouts. Haulage drift sections would receive plain
concrete support. Fringe drifts would be bolted on a close pattern,
with shotcrete and mesh.

In "very competent' rock, slusher lanmes over the haulage would
be supported with close pattern bolts, mesh, and shotcrete, and drift
sections similarly with somewhat better performance. For high
veliability, the drifcts could be concreted. Haulage turnouts would
still be concreted, but pattern bolting with mesh would suffice irn
drift sections. Fringe drifts would be spot bolted only.

These recommendations do reflect mining practice (compared with
Table 15) but are slightly conservative for some applications.
Again, this is to avoid problems at localized zones of lower cowmpe-
tence within the rated region. The support for 'very weak' rock 1s
quite heavy, but would not be overly conservative if the region
receiving these low ratings were very extensilve. It should be
pointed out that it 1is unlikely that fringe drifts, at 300 ft from
the production area, would occupy the same rtegion of sub-20 (MBR)
ground that also was extensive 1n the prodvction area.

6.4.7 Mine C

Although there was never any production at Mine C, the MBR
ratines are carried out for completeness.

MBR ratings are carried out for three geologic categories—-AQM,
HW, and QSF (see Section 5.3.5) and the baslic input data are given in
Figures 39, 40, and 41 for AQM, HW, and QSF areas, respectively.

The adjustments and support recommendations are cavried out for
each slusher drift, the grizzly drifts and the haulage drifr. The
trackless ramp to the grizzly level and the slusher level access/vent
drift are similar and not vared separately.
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Project Name /?&I Site of Survey M/”f f By FM Date _Z_ZEZ

1. Geologic Region: 2N Rock Type /&M Location 8/94’,{[
2. Compressive Strength: Average _ / QQQﬁc Range /2 /600 Method FL 7  Comment S/"‘?Zﬁﬁ;éf’&ﬁ‘zi
3. Core Recovery: Interval 7,00/ Average o Z __ Range 57— oo
77 7= - >
4. RQD: Interval _7 ;géf‘ﬁéé Average 527 Range 2 -~
— = - >
5. Discontinuity Spacing: Average : E/f Range _ 0.45&’-/ géComment ?ﬂf@/ﬂ’iﬁu’;}’ﬂ?t’ﬂi_
6. Discontinuirty Condition Wall Roughness Wall Separation  Joint Filling Wall Weathering
Most Common
Intermediate
Least Common
Consensus < — e ol
7. Water Condition Damp Vet Dripping Flowing
8. Fracture Orientations Set 1 Set 2 Set 3 Set 4 Set 5
Strike ENE 2024 ANE waw =
Dip/Dir Steep/sE stee; stce s W Steep SW L
Rank / z 3 Y - =
8. Major Structures Strike Dip Dip Dir. Width Location/Cemment b
Name=:%- A ey steep S 20K __Boo A to ME o7 wbcks
Name: i, SROVCLL RN, 2 -30% _W_ﬁéoﬂé,_m_ o
Name:
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o3: Direction L0 i 2ol Magnitude Zgpsé_  Measured? Ao
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Figure 39 - Geological Data, Mine C, AQM.

ENGINEERS INTERNATIONAL, INC.




Site of Survey A we L By A Date Z/gZ

I

. Geologic Region:

2. Compressive Strength: Average _ Z00Ops  Range —— Method = Comment _fﬁ,_‘m@ff_‘{
3. Core Recovery: Interval _7;A£§217/’ Average S0 %2 Range _—

4. RQD: Interval _7:L£a£522/:h_____Average /:5'f§§ Range ——

5. Discontinuity Spacing: Average .2 f%f Range_55422142"6142%C0mment

6. Discontinuity Condition Wall Roughness Wall Separation  Joint Filling Wall Weathering
Most Common

Intermediate
Least Common
Ccnsensus —— oL i, Zlay — AAS
P g
7. Water tonditicn Dry Wet (\Eﬁiﬁg}ﬂg/) Flowing
8. Fracture Orientations Set 1 Set 2 Set 3 Set <4 Set 5§
Strike ERE ), 74778 NE WAy -
Dip/Dir shceskr Sl Strep/yw Stecpfsw e
Rank L . 3 35 -
9. Major Structures Strike Dip Dir. Widch Location/Comment

Name: %;ﬁ/{é _Ey_f.'/ s NS el ! 3o At NE pf blocks
Name: cli T — -3 _Comber, b/O2LL

Name:

10, Stress Field o;: Direction v ertrea/ Magnitude zﬁgabdﬁeséﬂ_Measured? Ao

g3: Direction Lorv2ovite/ Magnitude Fooos{ _ Measured? A

11,

Figure 40 - Geological Data, Mine C, HW.
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Project Name f@f Site of Survey Aline & By __E/;{

1. Geologic Region: (IS~ Rock Type &Ac,‘ﬁaa";qiaiﬁ)g;d’MLocation s 2
2. Cowpressive Strength: Average {éé@&eg' Range 77 aop- (/poo Methad _LL T Comment sﬂz/{’é/,gmg
3. Core Recovery: Interval /vyp')ra/ Average Z5 4/ Range - 0f
77 ~45
4. RQD: Interval 7y e/ Average oK Range 402*5’22
tard 7 b4
5. Discontinuity Spacinp: Average 04;/;‘ Range =_
6. Discontinuity Condition Wall Roughness Wall Separation  Joint Filling Wall Weathering
Most Common
Intermediate
Least Common
e — et ——— e
Consensus vE _OL-O2 = A
7. Water Condition Damp Wet Dripping Flowing
8. Fracture Orientarions Set 1 Set 2 Sar 8 Set 4 Set 5
Strike ENE V. daid NE W'y —
Dip/Dir  trep/oc stecgfow Sheep /i SteellEW e b
Rank ¢ 2 < S =
9. Major Structures Strike Dip Dip Dir. Width Location/Comment -
Newe:_ A7j7olfe Foc/t- = ~Ehe _Steep < 2ol ROl dE of Lodés
Name: /ZpplbA// EW ~vert = B30
Name:
10. Stress Field o;: Direction ygr‘é/'é’ﬂ/ Magnitude 2z, 2Z020s¢ Measured? Ao
g3: Direction Lo riPonta/ Magnitude ZOop¢ Measured? Ao

11.

Figure 4] - Geological Data, Mine C, QSF.
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The slusher drifc (S4) serving the northwest block 1is whollw
within AQM, and the slusher drift (S5) to the southeast 1s mostly
within backfi]l, with regions of other weak rock types at places.
Thus, hypothetical SS5s are rated as if chey were wholly within QSF or
RW domains, slthough neither of thesn is actuvally extensive cnough to
contain a whole slusher drift. Engineevring data for the acrual and
hypothetical slusher drifts are given in Figure 42.

The grizzly drifts were never completed and their specific
geology 1s rherefore not known, so these are classified together.
Had more specific geologic data been known for each grizzly drifte,
individual support recommendation:s could likewise be computed.
Engineering data are given in Figuve 43,

The hauvlage drift crosses all domains and 1s rated for each,
Figure 44 gives the engineering data. Since there are no intersect-
ing or multiple openings, e does not apply. This is not an isclated

drift, however, so the AMBﬁ and IMBR are computed, using an AS ot
150

The nearest true major structure ls a fault, crossed some 300 ft
to the northwest of the block area in the haulage drift. This favult
has little effect on the producrion area. However, the backfilled
<one 1is expected to have an effect. Thus it 3+ arbitrarily desig-
nated a major structure with a 20-ft width, E-W strike, and near-
vertical dip ro the south. For the grizzly drifts, S is assigned a
nominal value ol 0.90., The ratings for S in the haulage depend on
the location of the domain under which the classification s being
carried out,

Mine C 1llustrates the use of an upwards adjustment for the
panel size. Since the cave direction 1s not known, the overall

production area dimension of 130 ft is used for the rating.

Table 30 conmpares the MBR and RMR ratings for Mine C. As with
the other mines, the MBR and RMR values agree quite well.

Table 30. MBR and RMR Ratings for Mine c

AQM R QSF
MBR 60 28 71
RMR (typ.) ol 29 P!

Table 3! gives the ratings and adjustments pgenerated hy the MBR
system for the workings at Mine C. The advantage of having the
slvusher lanes separated from the cave by an additional level, (due ro
the use of transfet raises), can be clearly seen. Production adjust-
ments for slusher lanes are quite small. There 1is an added benefit
since the slusher lanes can be spaced further apart, lowering the
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Project Name E@f : Site of Survey ///775 - By /?/524 Date _Zélﬁg

10.

11.

12,

13.

Type of Drift(s) 5/(/5/5(9/_5' 2, Orientation(s) Msé & 3. Design Life Z v,
Design Dimensions Widcth //z’— Width variation /2 }!f @ ;’Zg,fs/@/ rRISCS
Height s3 AZ4  Helght variation 22N
Drift Spacing (Borizontal) @) il‘.{‘c—é’
Other Openings Type 7'}4/;«;5)4:/ Size _iyzéxs’#zf Spacing /?,5742{“ -
Extraction Ratio z -
Multiple Openings: Excavated Area 2575/Z Unexcavated 7@2’_5/[ e 2.2/
Single Opening: 1.5 (width) ~— Excavated ——- Unexcavated — e —

Distance below undercut - drift floor to undercut floor 485/Z

drift crown to undercut floor 35 S

Method of Excavation: Machine bored Controlled D & B Conventional D & B

Excavation conditions:

Perimeter Hole Traces RLsr e Se&dy

Rib or Crown Looseness /Mﬁsoqﬁ SRES _ra Brovier, ribS Elys X

New or Existing Cracks et

Overbreak & Barring-Down (PE o ribs, wote - —q A LEpCalR I 12 B, HOE fo sholtbe K.
Other Criteria Blacly o0 FH ooy iz brtder bl séting 7x B, pad @8 o barl A
Intersections, turnouts: Type 72'242 tessects w/vadocation A/ (o e Max. Span /7/4[.
Block Dimensions: Side /5o ;4{“ Orientation 4/ s~ End _@/z{ Orientation A/ FZ IV )
Cave Line Direction — Direction of Progress -

Drift Location (in block, with respect to major structures and thelr dips, with respect to cave) oy

_Cewter of b/ock c_'[éiﬁf_@gi‘wﬁ_m LOM 5 Fo Pt NE of bgek Bl zowe Qe
—~3Boo e Sw e Liisie FRu/E more, S/Psber cum backll ossomed AT RSSO ECoNS 25 b LY

Figure 42 - Engineering Data, Mine C, Slusher Drifts.
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Project Name LT Site of Survey M wee C By ?/fﬁ{_g Date __z/[gz__
1. Type of Drift(s) S, 2=/ 2. Orientation(s) ANE 6= 3. Design Life = v
4. Design Dimensions Width 4£f‘_ Width variation ) /é o~ r;)qgﬁfs

I

Height £ 4£ 9,5, Height variation

S. Drifr Spacing (Horizontal)

S
Other Openings . ___ Size _5'& ézséf_ Spacing /RS AL (A 5
6. Extraction Ratio »
Mulriple Openings: Excavated Area 2/2,5/é Unexcavated
Single Opening: 1.5 (width) —- Excavated = Unexcavated — g —
7. Distance below undercut - drift floor to undercut floor /9’.5,/?,‘
drift crown to undercut floor ~8. 525
< e
- 8. Method of Excavation: Machine bored Controlled D & B (Conventional D & B

9. Excavation conditions:
Perimeter Hole Traces
Rib or Crown Looseness
New or Exiscing Cracks
Overbreak & Barring-Down

Ocher Criceria aever @rpltn ssome Larr fopoor pragizce 75 fbr other aiidZs
10. Intersections, turnouts: Type forp @gfdzi/szocation S W ez  Max, Span /7/4
11. Block Dimensions: Side _@i Orientation AMEEE End %5 éz,‘_ Orientation AV ISL\A/
12, Cave Line Direction == Directlon of Progress —

13. Drifc Location (in block, with respect to major structures and their dips, with respect to cave) /v o

_Qirelt Feils per Bbih cemotving crfe srars ey ralSes e Slesbers.

Figure 43 - Engineering Data, Mine C, Grizzly Drifts.
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Project Name /QQI Site of Survey M e L By V. 22 Date 2/BZ

1. Type of Drift(s) _Zﬁ(//ﬂgg__ 2. Orientation(s) N3I W 3. Design Life 3 V7
4. Design Dimensions Width _.li_’%_
Reight /3 =
5. Drift Spacing (Horizontal) 4//45?
Other Openings Type
6. Extraction Ratio
Multdiple Openings: Excavated Area —_— Unexcavarted — % —
Single Opening: 1.5 (width) — Excavated — Unexcavated
7. Distance below undercut - drift floor to undercut floor é//z /LZ

drifc crown to undercut floor

SLT
™

Method of Excavation: Machine bored Controlled D & B (C Conventional D & B>

9. Excavation conditions:

Perimeter Hole Traces JZQL{ /cwsc’éw

Rib or Crown Looseness Kibs Qrumony 137 W5t £rShEE i QS o .

New or Existing Cracks EXLSEPY Cipils wanplrfctes 2 Fcopmec Lx.

Overbreak & Barring-Down E xtepnsive 1 SO, wmoder?te clfcwidere.

Other Crireria bic do po0r blaskiang pradirce,
10. Intersections, turnouvts: Type 7 o/r oot Location _zagéf B4 L Max. Span zd/l{
l1. Block Dimensions: Side _&off Orientation VSEE End 270/%‘_ Orientation _ #3L 1y
12. Cave Line Direction — Direction of Progress e

13. Drift Location (in block, with respect to major structures and their dips, with respect to cave) Serrorf%
SW smgeare 0 f bloréd  rPsses Llprough Ll PO aud O3 el £83iS. N2
—uferscacting opgeriongs ooee LK. bovadiies !

Figure 44 - Engineering Data, Xine C, Haulage.
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RQD/Sprg
Discont louity
Denaity
Discontinuicy
Condiclon
MMR
A )
o r.‘l\ g
Ao
AMBR
s
nc
-3
pautil !

TABLFE 31. FRatings und Adjustments at Mine C
AQN HW QsP

sS4 [ T 85 c H S I c H

1,400 palt 2| 700 peit 118,500 pel ]

592/0.6(t 152/Q.21¢c 612/0.4¢61

Yde el 215 + 6 1113 + 8 21

R/0.) dn. fuwinor clay/SL 22 [ SM/Q.1 4n. felay/vs 10 | v'D.2 tn./qesfaer/F-5L 26

Dry 15 [Damp & Dripplng 6 | bry )4
60 28 SN

0.82 0.82 0.H4 | 0.90 0.9a n.80 | 0.92 0.92 0.912

0.35/ 0.6/ -/ ]0.30 0. 4B =, 1e-29y, 0.45/ Ll

85 .75 1.0 .u7 LB 1.0 .88 41 1.0

0.86 0.8] 0.92 |0.88 0.83 0.92 | 0.86 0.81 0.92

3 3 46 19 17 2] 49 L 60

0.95 2.90 0.40 |o.K3 0.90 1,05/ 0.85 0.9a 1.0

1.0 0.8 1.12 [1.0 0.8 1.12)1.0 0.0 .12

1.03 1.03 1.0% |1.03 1.03 1.03 | 1.01 1.02 1.03

38 23 4B ¥ 12 27 %) 31 69

R4=Slusnhar Drift {n AQM

§3-Sluwhar Drift, purcly in backfii,

claaalficd for QSF, Uw

176

H-Havlege drift
v Crizzly drifes {al})
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extraction ratio and keeping the AMBR value relatively high. Also
clear 1s that the haulage crosscut benefits from the small panel
size, the pgreat vertical distanre to the cave, and, in places, the
shielding ef fect of the backfill, which minimizes the loads due to
caving on those portions of the haulage that are in HW.

Temporary support recommendations zre as follows:

Slusher drift 4 in AQM - medium pattern bolts with shotcrete

Slusher drift S in HW - light steel or medium timber

Slusher drift 5 in QSF - close pattern bolts with mesh or straps

Grizzly drifts in AQM - close pattern bolring, mesh-reinforced
shotcrete

Grizzly drifts in HW - light to medium steel or medium to heavy
timber

Grizzly drifts in QSF — medium patterm bolting with shotcrete.

Haulage in AQM - medium pattern bolting with shotcrete

Haulage in HW - light steel or medium timber

Haulage in QSF - medium pattern bolting, straps.

These are about one category moure conservative than the temporary
support in use at the time of examination. There are three possible
explanations. First, as a trial caving project, the natural tendency
is to be as frugal as possible. Second, the adjustments for A, are
quite severe, due to the observed adverse effect of blasting an§ the
use of the rating scale for depths in excess of 2,000 ft. Thixd, it
may be that local experience in this ground 1is that the rock with-
stands blasting better than most, so that the adjustments A  are
overly severe. It is also likely that the compressive strengga for
AQM 1s low, and influenced by the small size of the specimens that
had to be used. Size corrections to this extent are not proven for
point load tests.

Permanent support in AQM ranges from lightly reinforced concrete
in grizzly drifts to close pattern bolting with straps for the
haulage. 1In HW, medium sceel sets plus concrete are recommended in
the grizzly drifrs, heavily reinforced concrete in the haulage. In
QSF, the recommended permanent support is plain concrete in grizzly
drifts, close pattern bolts and shotcrete in slushers, and wide
pattern bolting in the haulage. (Obviously, this last recommendation
is a paradox, since the process of caving cannot have a beneficial
effect on the haulage in QSF. Clearly, the prescribed temporary
support should be adequate.)

This contrasts with the planned permanent support: plain,
massive concrete two feet thick in the slushers and grizzly drifts
and one foot thick in the haulage. It was also planned to extend the
steel sets 1in the haulage. The most 1likely explanation for this
discrepancy 1s that the conservatism already reflected in the tem-
porary support recommendations was carried through to the permanent
support.
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6.5 Evaluation of the Adjustment Process
6.5.1 Scope

The adjustment process addresses the major factors 1influencing
mine drift behavior prior to routine production. Other factors have
sone bearing as well, but are of secondary significance for caving
mines in general. Examples include the positiun of the drirt within
the block and interaction of the finger or transfer raise cutouts.
Also, the support charts are based on prevailing industry support
practices and do not directly sddress novel support techniques, such
as ground consolidation by grouting, use of Split Set rockbolts,
Rernold lining, or yleldable arches (ulthough the last are commonly
used as a repair technique). Still the scope is broad enough that a
competent engineer should find the process uscful.

6.5.2 Accuracy

(learly, some parameters are morc¢ easlily estimated than others.
For example, the 1intact rock strength can be fairly accurately
assessed, but cthe discontinuity condition remains a somewhat rough
estimate of jolnt shear reslistance, and stress [ield assessments can
very widely. Many ol the adjustments made in this report are carried
to two decimal places, which is sufficient in view of the probable
accuracy of the input parameters.

The system yields a range of recommended supports. It 1is
.pparent, when considering the examples 1in this report, that the
recommendat ions tend to be more conservative than those used at
operallng properties. The user should recognize that miners' support
philosophies are affected by numerous factors. The supports in use
at these properties huve been found through time to be the lightest
that will provide support with an acceptably low overall incidence of
failures. The MBR, on the other hand, ylelds support recommendations
for planning purposes, which are becter 1f estimated conservatively

than 1f underestimated. Also, operating mines often experience a
hiph 1incidence of tailures at some places, while at other places the
suppurts are overde:signed. Indeed, thi: report contains some exam-

ples where heavier support 1s in use at operating mines than 1is
recommended by the MBR. This is partlv because mine workers are most
efficient when using a single support procedure, and partly because
engineering staffs don't presently have a readily-applied, reliable
means to redesign support as new ground conditions are encountered--a
situation the MBR 1is intended to remedy. Finally, although support
failures in mining are an inherent cost of doing business, tliere 1is
stil) a reluctance to accept chem, becruse they seriously threaten
production and safety.
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The MBR allows as specific a support design as the user wishes.
It can be very responsive to localized changes in geology, and the
response of the support system to these changes 1is limited primarily
by operational factors. Although it is an improvement, the MBR still
is not completely objective (the ratings are not defined uniquely by
the input information).

The conformance of the ratings to the rock conditions will
depend on how representative the data is, and this can be difficult
in operating situations. The user should be aware of the following
problems and should anticipate their occurrence when applying the
MBR:

e Rock strength data are likely to be widely varisble and not
well correlated to geologic circumstances, unless special
efforts are made.

2% Fracture patterns 1n caving orebodies tend to be both
complex and spatially variable. There 1s no substitute for
detailed fracture surveys from the area of interest, but
these are commonly not available.

3. The structural geology and alteration zoning are commonly
not well enough understood to permit projection of data
from a well-studied area into an unstudied area where
ratings are desired.

4. MBR system ratings ordinarily cannot be correlated with

mineralization, alteration zoning, or ore grade, and these
should not be used as criteria for projecting ratings.

5. Many reconnalssance-level or step-out drilling programs do
not collect the necessary geotechnical data, as these
programs are directed towards finding ore reserves rapidly
and at minimum cost. The vore 1s ordinarily logged .in a
core shack and not at the drill rig, and soon thereafter is
split, with half sent to assay. The remaining core is
almost useless as a geotechnical 1information source.
Without cowmpromising production, it should be possible to
at least log RQD, photograph the core before it 1s splie,
and run a rcpresentative number of point load tests, as a
part of the normal geologic logging process. Underground
exploration driJling should consider acquisition of geo-
technical data as an objective as well as the determination
of ore values and general mining conditions.

6. When experimenting with the effect of different mining
layouts, approximate extraction ratios could be used, but
close attention should always be paid to areas of large
spans.
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% Other potential problems are related to fracture orienta-
tion, fracturing conditioms, stress lleld, and major struc-
tures. Instructions for assessing these ave given in the
Manual, and background may be found iu Section 6.3 of this
report.

From the poincs raised in this sectlon thus far, it should be
clear that the support recommendationt generated by the MBR System
will only represent the 1in-situ vock conditions as well as permitted
by the 1input data. Thus the user 1s justified in interpreting the
ratings based on experience and judgewenc.

Much actention has been devoted to the importance of elasticity
of the pround support system. A stiff support system {a yielding
ground will develop high stresses, requiring the support in such
instances to be dispraportionately strong. A design that mwatches
eround deformation characterlistics with suitable support elasticity
(the convergence-confinement method) still needs considerable refine-
ment for civil tunnels, and the use of the method in mine design is
virtually nonexistent. Accordingly, the support systems in the MBR
system, which are based on proven mining practice, do not directly
incorporate elasticity considerations. In fact, there 1s doubt as to
whether the deformatien characteristics of a given rock mass can be
predicted accurately enough on the basis of ground classification
alone to permit a convergence-confinement approach. Nonetheless, if
supporc systems are to be optimized beyond present practice, this
appears to be an avenue of significance.

It 1s apparent that the adjustment process in the MBR System
tends toc penalize comperent rock masses more than incompetent ones.
This is becsuse the applicarion of further, unfavorable facrors to an
already-weakened rtock mass have proportionally less effect. The
arrangement of the support charts veflects this, in that the lower
the AMBR or FMBR value, the more substantial the Increase in support
requlrement for a unit reduction in rating.

Finally, the support charts assume & continuously increasing
support pressure from top (spot bolting) to bottom (steel sets and
reinforced concrete). This is a major simplification. Belts provide
actlve support; steel sets and concrete do not. Steel sets and
timber i1nclude yielding supports; concrete support does not yield.
§Z%¥§ sets alone mav not provide as mugh support as rock bolts and
shotcrete, for some rock masses. With reference to the above com-
ments rveparding clasticity, obviously some supports will be more
suitable than others for reasons aparc from support pressure alone.
These etfects have been ignored in order to simplity the select lon of
supports; hopefully, with continuing use, refinements can be 1insti-
tuted.
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7.0 ROCK MASS CLASSIFICATION FOR VEIN MINING

Recovery of veiln ores 1s accomplished through a wvarlety of
stoping methods that ar« highly adapted to the orebodies of interest.
Veins occur in a wide range of geometries, and the distribution of ore
values along vein satructures dictates the scheme for extraction.
Except for sublevel caving mines operating in unusually wide veins,
where multiple extraction headings transverse to strike may be used,
the present MBR system probably could not be effectively applied to
vein mining methods.

This investigation has focused on block and panel caving methods,
which are applied to large, relatively homogenous, low-grade deposits
sultable for mass minirig. A complete consideration of support pre-
diction 3in smaller-scale, selective mining methods such as cut~and-
fill, open and stull stoping, square-set stoping, and others, has not
been undertaken herein. However, 1t 1s hoped that the following
discussion will aid others who may be 1interested in developing a
system similar to the MBR for use 1n cthe design of underground open-
ings for vein mining.

7.1 Nature of U.S. Vein Mining

Until comparatively recently, most of the world's ore production
came from velns of relatively high-grade ore in intimate contact with
relatively low-grade wall rock. Veiln mining 1is characteristically
selective, emphasizing the extraction of regions or shoots of higher
grade ore along the vein structure.

Many velns dip steeply, so that the areal extent of a producing
vein mine 1n plan is typically small, compared to caving mines.
Provided the vein system 1s extensive, the mine becomes essentially
two-dimensional--along strike and down dip. Vein mines rtherefore
increase 1in depth more rapidly than they increase 1n plan, so that
depth quickly becomes a significant factor in rock mass behavior.

Compared to block caving, vein mining 1is a low-tonnage, high
grade operation. Major vein mines recover more than one vein--the
Star i1ine in Idaho, for example, has over 20 veins--but widely sep-
arated shoots and veins or clusters of veins are ordinarily stoped
individually, depending on the grade, selectivity required, and other
factors. Thus, multiple headings may be used, but layouts incorporat-
ing a horizontally extensive system ot closely spaced extraction
drifts are uncommon.

Level separation in vein mining is mest commonly a few hundred
feet or less, to keep the need for up-and-down movement of supplies,
men, and ore to a minimum. Levels in block caving are normally at
greater separations.
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Worldwide, vein mining wethods incorparate various caving and/or
stoping techniques. In the major U. S. districts, present vein
recovery 1s primarily by overhand stoping and backfilling. Mining
progresses upward between levels und little ground is opened up at any
one time. Although foreigr open-stoping mines 1In dipping velns may
experlence appreciable abutment pressures, the backfilling methods
used in this country tend tuv minimize these pressures. Large-scale
ahutment pressures atfectlng wide areas, which are the major cencern
in biock caving, do not normally develop in domestic vein mines.
Abutment zones do develop avround stoping areas, however, as a result
of elastic stress redistribution. A common problem 1In cut-and-fill
nining is support of rhe mining avea as stoping approaches the sill
plllar between levels; the problem is aggravated 1f high horizontal
stresses are present.

Probably the most important vein mining district in the U. §., at
present, is the Coeur d' Alene District in the panhandle of Idaho. In
this district, a typical mine recavers multiple, near-vertical,
narrow, silver-bearing metalliferous veins by cut-and-fill methods.
Some mines are quite deep (8,000 ft or more) and rock stress problems
are significant. Wallrock 1s competent quartzite. The hourizontal
field stress ordinarily exceeds the vertical stress. Thus rib slab-
bing and rock bursts are problems.

Support in the laterals and level development headings ranges
from none to heavy timber, although most workings are bolted. Depend-
ing on rock conditions, Split Set bolts, Dywydag bolts, steel mats,
chaln link, or timber sets may be used. Steel Is not favored because
of 1ts rigidity, and concrete sees only local use, for the same
reason, near the shafts. Dywydag bolts are used in bad rock, so lonp
as alteration and clay content do not preclude good anchorage.

Timber sets are commonly installed with extensive blocking that
can be removed for repair in squeezing ground. Ralse-up areas at
chute lips are routinely timbered.

Split Set bolts have been found effective under the prevailing
stress conditions because rock movement may offsct the holes during
the life of the opening and Split Set anchorage 1s enhanced when this
occurs. Conventicnal, mechanical-anchor bolts are declining in
popularity,

7.2 Vein Mining Classificatlion Requirements

The support method.n prescribed by the MBR system include steel
sets and concrete which have not been wildely used in the Coeur
d' Alene district. This and other differences relating te rock stress
environment and mine geometty make the MBR system inapplicable to vein
mining. Figure 45 shows where these problems occur, using an MBR
standard data torm. Note that shatts and raises can not be included
in the MBR.
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HBA INPLT DATA SHEET
gngineeriug Data

Project Bame /@r Site of Survey M Bl by __M___ Vate _/PH2

1. Type of DBrife{s) _,Vﬂ/}dﬂi 2. Oclentarlon{s) _MLM_L Deelgn Lile _< S5 Yo
4. Deslgn Disenaions Wldth _ (= Widch varistien z L[d?.‘
Height Helght varistion _ 2 /A%

$. Drilc Spacing {Horlzontel)

Other Qpznlnge Type

Single Opening: 1.5 (width)
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Figure 45 - Attempt to Apply the MBR Concept to Vein Mining.
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Rock classification in vein woining would emphasize characteris-—
ttes of veln mioning chat pariticularly influence rock mass behavior.
Thus, a completre classification scheme should include ratings for the
following.

1. Rock mass strength: compressive strength, extent and nature
of fracturing for each key geologic horizon. The veln ore
itself should be considered separately. Since concepts of
fracturing may not apply well to the vein ore itself, the
rating may have to be subjective, based on overall apparent
competence of thcu ore.

2. Geologic setting: extent of faulting and 1ts relationship
to the workings, groundwater conditiens, exrenr und location

of horizons of various ratings.

3. Geometric factors: type of working, lecation of other
workings, proximlity to active mining area, orientation with
respect to geologic structures, size or maxinum span,
opening shapes, location and size of stopes.

4. Depth, rock stress conditiens (of key significance).

o Engineerinpg tactors: excavation practice, rate of wining
progress, specific mining method, extent of excavation.

Output should enable various stoplng plans to be compared from
the point of view of ground control. Thus, natural support (pillars)
should 1ideally be an output, as well as artificilal support (rock
reinforcement, timber, and so on). The optimum stope length 1is
largely a matter of econemics, but this length is limited by the
maximum safe span the ore will hold in the stopes. Stope length will
govern dip pillat spacing, 1f such pillars are used. The need for dip
pillars bertween stopes develops when mining produces high face-end
stresses that can result in bursts or severe slabbing. The tendency
for this is strongly dependent on stress field (and depth) which for
many veln mines cannot be accurately predicted without measurements.

The 1importance of accounting for the fileld stresses 1in vein
mining must be appreclated. Stope closure 1s always a consideration
and high stresses normal to the plane of the vein may even dictate
that a more supported mining method be used than might otherwise be
chosen. Mine economics are affecred because the use of strike or dip
pillars will influence recovery; 1f these pillars are highly stressed,
it may be impossible to fully recover them later, even with backfill-
ing of adjacent stopes.

In block caving, pillars are normally not left between blocks or
panels because thev inhibit caving. The =size of pilllars between
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extraction drifts depends on drawpoint spacing and distance to under-
cut. The size of extraction level pilllars in block caving is there-
fore more the result of ensurinpg efficlent and smooth ore fragmenta-
tion than of guaranteeing ground suppurt.

Because vein mining methods are in general more flexible than in
block caving, pillar size and location In vein mine layouts can be
more readily varied.

For vein mining classifications, supports should encompass the
spectrum of present practice, emphasizing bolts and timber. Haulage-
ways and other 1mportant openings should be considered semi-permanent
by approaching the rock reinforcement design so as to develop a
restrained arch around the opening. Stopes and more temporary later-
als and cross~cuts can be approached from the standpoint of restrain-
ing loose slabs for safety and smooth passage. Timber would ordinar-
11y be restricted to moving ground; bolts ars preferred where rein-
forcing potential exists. Steel mats would be fairly routine to
prevent the fall of loose slabs between bolts; mesh or chain link
would be used in densely fractured areas.

Because vein mines are extensive in an up-and-down orientation,
special attention should be given to support of shafts, ralses,
inclines, and winzes. A separate data base on' shafts and the 1like,
would be necessary to develop support criteria for these types of
workings.

Forelign experience in the design of underground openings in high
and variable stress fields has considered various opening geometriles,
depending on stress field trajectories. A rock classification system
for use 1n deep vein mines should be sensitive enough to the shape of
the opening to allow one to manlpulate this parameter, 1n optimizing
support. By orienting, and shaping, the opening favorably with
respect to the stress field, it should be possible to reduce or even
eliminate artificial support in some workings. Certainly the attrac-
tiveness of such an approach depends on ease of extraction and exper-
ience and attitude of the work force, but benefits will accrue from
the careful design of 1long-life wunderground excavations such as
crusher stations and underground hoistrooms. Coeur d'Alene experience
has shown a marked tendency for square drifts to eventually assume a
horseshoe shape. In many cases 1t may have been better to drive a
horseshoe drift at the outset.

7.3 Summary

Tables 32 and 33 show ratings and support recommendations for
typical geological conditions in deep veiln mines of the Coeur d' Alene
mining district, using the Geomechanics System and the Q-System.
These geological conditions are highly generalized and are 1intended
only to 1llustrate the range of values that might be obtained.
Neither system has 1n 1its data base of support recommendations an
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TABLE 32 - Genmechanics Classification in Coeur d'Alene District

Intact Rock
Strength

RQD

Discontinuity
Spacing

Discontinuity
Condition

Groundwater

Orientations

Rating
Stand-up time”

Supporcb

210 ft by 10 ft

Typical Rock

Fault and Shear Zones

Condition Rating Condition Rating
Revett 14 6,000 5
Quartzite
24,000 psi

807 16 40% 8
0.8 fc 9 0.3 ft 6
slightly 22 smooth 9
rough, mod. gouge,
weathered, crushed
discontinuous
damp areas 11 wet Lo 6
dripping
parallel, -9 parallel, -8
steep steep
uniavorable unfavorable
26
10 hours

none ot spot bolting

closely spaced bolts,
shotcrete or medium
steel ribs.

drifts, unsupportted.

Support 1s not expressly speclfied by RMR for small drifts.
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TABLE 33 - Q-System Classification in Coeur d'Alene District

RQD

Joint Set
Number Jn

Joint Roughness

Number J
x

Jolnt Altera-
tion Number

J
a

Stress
Reduction
Factor SRFa

Joint Water
Reduction
Factor J

g = RQD il " Jw
o T - AR
n a

w

Recommended
Supportb

Typical Rock

Fault and Shear Zones

Condition Rating Condition Rating
80% 80 40% 40
3 sets plus 10 heavily 15
random joints jointed
rock walls in 2 clay fiil- 1.0
contact, rough, ing, crushed
frregular rock filliag
slightly 2.0 crushed 6.0
altered rock, clay
GC/cl 8 multiple 7
shear 2zones,
=2 to 5 moderate
squeezing
pressure
minor 1.0 minor to 0.8
inflow moderate
inflow

1.0, "poor" rock

0.05, "extremely

poor" rock

No Support

mesh-reinforced

shotcrete,

6 in.

aDepch greater than 3,800 ft,
Excavation Support Ratio (ESR) = 4 for temporary mine openings:

span = 3 meters (10 ft).
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adequatre representation of small, temporary mine openings, so the
supports suggested are hypothetical. WNeither system considetrs stope
SUppoOTL.,

Interestingly, the c¢lassirications do compare in general with
preval ling District support practice in more competent ground (mats
and rtockbolts). The Geomechanics System recommends steel sets, or
bolts and shotcrete, In fault zones, making no specific allowance for
squeezing rock or exceptionally high stress conditions. 1In practice,
steel sets are normally not used, and in ground where bolts may not
anchor properly, timber sets are iInstalled. The Q-System, having no
tdentical cases in its data base, nevertheless suggests 6 in. of
mesh-reinforced shotcrete, with the observation that space should be
Jeft behind the support to allow [or deformation. Shotcrete wuuld
probably not be preferred in such situations by operators in the
district. However, the Q-System does conslder varlous stress flelds
and, therefore, the role of depth can be allowed for.

Unpublished data from USBM {iles give values for RSR between 44
and %7. These data were developed Jduring visits to several Coeur
d'Alene mines 1in 1973. These RSR values correspond to a support
requirement consisting of rockbolts at 4 ft to 6 ft centers and 2 in.
of shotcrete. The shotcrete thicknesses observed during these mine
visits were commonly near 2 in. (althougl: often less) and bolts are
ac 4 fr centers or less, with 2-3 ft spacings in poor rock.

Ground suppert remalns & problem 1in the district, however,
especfally at greater (7,000 ft) depths, where severe squeezing of
even heavy timber sets occurs, and it appears that improvements 1in
existing classificarion systems are necessary to adequately allow for
effectrs from stress field, mine layout, and depth.

Certain features of the Q, RMR, and RSR systems appeatr to have
speciflic value in vein mining. The concept of the Stress Reduction
Factor (quotient of stress fileld and intact compressive strength used
in the Q-System), 1f refined based on case histories, could be used
to account for increasing depth and high fleld stress conditions,
proximity of nearby openings, and the eifect of mwmining-induced
localized stress concentrations, such as in sill pillars. The simple
additien of ratings for RQD, fracture spacing, fracture condltion,
and water conditlon has been found useful for characterizing rock
mass conditions by users of the RMR, and would also be useful for
veln mining.

The geologlcal rating obtained should be modifled by a term
expressing the degree of faulring. The terminclogy used in the
Q-System for faulting (single or multiple shears; clay er crushed
rock content, and so on) but combined with the geologlcal rating by
simple subtraction, would seem to be best.
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The basic geological ratings could be used directly to determine
support requirements for development workings not 1in ore. For
haulageways driven along the vein and for temporary stope support,
the veln material and the wall rock should be rated separately, and
the relationship of these three ratings used to define the wmost
suitable support. Concepts of relative competence of hangingwall,
footwall, and ore already form the basis fur selection of method at
many mines.

For each support chart, separate curves could be shown for
horizontal workings such as drifts or crosscuts, and inclined or
vertical workings such as raises, winzes, or shafts. Similarly,
different uses or criticality of openings could be allowed for.

The support requirements will depend on mining method, since
some methods are more supportive than others. The specific way of
handling this might be to use some expression of mined-out volume to
total ore volume in the plane of the vein, related to different
support requirements. The MBR has done this for the horizontal
plane, through the use of the extraction ratio e_ . There are doubt-
less many other plausible approaches and the selection of the best
one should be on the basis of case history studies and mine visits.

As always, development of a rock classification system for vein
mining should only be undertaken after an extensive base of case
history data has been collected. This data base should encompass the
range of mining methods and rock conditions to which the system is to
be applied.
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8.0 AREAS FOR FURTHER INVESTIGATION

During the course o) this Investigation, 1t became clear that
there are several areas 1In which a ground classification approach
such as the MBR could enhance production and safety in block csving
mines. Also, certaln areas require further basic research. These
are discussed in the following sectien,

8.1 Cavability

A key gquestion prier te wmining 1is to determine under what
clrcumstances an orebody can be induced to cave. The classification
described by McDonough (1976), and 1in use at Climax, has been sug-
gested as an 1index of cavability. McDonough's classes have beun
relaced to RMR for Climax and Henderson (Maier, 1980, unpublished
data). However, McDonough's classes are subjective and require much
experience with the rock in question. During preliminary planning,
when cavability estimates are most needed, this experience may not
have yet been gailned.

McMahon and Kendrick (1969) propesed a relationship of RQD to
cavability number, the cavability number being a measure of the
caving characteristics of the ore. RQD was selected as a measure of
faulting and shearing, thought tn be a key factor determining cava-
bilicy. The data base in support of this relationship 1s limited,
however.

More recently, Nicholas (1981) modified the relation of McMahon
and Kendrick, and suggests that fracture spacing data can be usecd to
determine cavability.

The last two approaches simplistically model the caving mechan-
ism, which is complex and not well-understood. Caving is facilitared
when the rock mass can no longer suppert itself by transferring its
welght to the sides of cthe strpe. Thus a more general concept of
rock mass comperence 1is called for, recalling the influence of
fracture condition, stress ftield, rock strength, and s¢ on, in
addition to RQD arnd fracture spacing.

What is needed 1s a reliable, predictive relationship b.sed on
mea: urable quantities, thar will apply to a representative range ot
rock types. First, however, a full description of "cavability" is
needed, since the acceptabllity of caving characteristics have been
found to depend on the mining method, and because 'cavability" is
itself almost a purely subjective term.

Still, currvent beliefs are that caving characteristics are

telated to measurable gecloglc pavameters. Rock c¢lassificatinrn
appreaches are inlherently suitable for handling the interaction of
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these parameters in the assessment of cavability. The established
correlation of rock class with spsn could be used az a hasis for
predicting required undercut area.

8.2 Secondary Blasting

The need for secondary blasting 18 germane not only to praduc-—
tion efficiency but to safety and drift support as well. Secondary
blasting 18 required when the ore packs or hangs up in the drawpoint.
Packing 1s experienced when very soft, clayey ore conselidates under
the local stress conditions prevailing in the drawpoint. Hangups
occur when a rock fragment or rock fragments become wedged in place
in the drawpoint without breaking up. Packed or hung-up drawpoints
impede production, attract stress, subject the production personnel
to the hazard of climbing into the drawpoint to get charges, and
result in additional blasting shock to the rock mass and support
syacem when the hang-up or pack 1s shot.

The occurrence of large blocks will be related primarily co the
spacing of weak fractures and secondarily to the crushing strength of
the rock. Caving stregses seldom approach the compressive strength
of most intact rock blocks, so some sort of sghear failure along
weakness planes must be relied upon to promote the smooth flow of
ore.

Rock classification systems, including the MBR, accept fracture
spacing, orientation, and condition data and combine it to form a
picture of rock mass competence. These same data can be used to
predict fragmentation, and, 1f correlated with production blasting
requirements from operating nines, could be used to develop predic-
tive criteria for secondary blasting as a natural outgrowth of other
ground classification efforts, such as the use of the MBR.

Similarly, the tendency to pack iy related to the occurrence of
soft, wet, decomposed rock, which could readily be indicated by
combinations of input terms to to RMR or MBR.

8.3 Draw Control

Secondary blasting, cavability, and drift supportability all
deteruine the likelihood for good draw control, which 1s the essence
of drift support during the producction periocd. Assessments of these
and other influential parameters could be combined into a factor
reflecting the ease of draw control. Mines with a high draw control
difficulty factor would anticipate problems with maintaining even
production duve to drift repair, hangups, stubs, and the like.
Pacrametric studies could then be initiated to vary drawpoint aper-
ture, level separation (ore column height), and so on, to lower this
factor.
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8.4 Drawpoint Spacing

The selectlon of the optimum drawpoint spacing 1s important to
reduce the occurrence of hangups and promote smooth production.
Current trends recognize that the necessary drawpoint spacing 1s
related to fragmentation; the coarser the fragmentation, the wider
the drawpoint spacing (White, 1979). As has been pointed out before
in this section, ground classification can be an excellent indicator
of fragmentation.

B.5 Basic Research

Throughout this report, and in the Manual, it has been stressed
that the MBR System 1s no substitucte for detalled design. Although
this 1s true, the fact 1s that detailed design of mine drift supports
is greatly bhampered by lack of knowledge ot basic enpineering data
for the structural elements involved.

Cround classification systems are one means of assessing the
matevial properties of the rock mass. Relatlonships are needed that
will permit specific determinatinn of rock mass strength and, espe-
clally, deformation characteristics. This is complicated by the fact

that properties in dynamic and tensile modes need to be known as
well.

The loads to be borne by the key structural elements, which are
comparatively well-known for most engineered structures, also need to
be quantifiable and predictable for caving mines, based on measurable
characteristics. Thus, the abutment loads, undercut unloadings, and
caving stresses must be relatable to depth, stress field, geologic
setting, and mining geometry. Although manv measurements of abutment
stresses have been made to date, there 1s still no useful relation
for predicting these stresses in advance of mining.

In Section 6.2 of <this report, a generalized relat{ionship
between rock mass condition, ss indicated by RMR, and rock mass
strain tendency 1s derived. This relationship assumes a single,
representative RMR value for each mine considered--obviously an
oversimplification. Reported stress and strain measurements need to
be tied to geologic characteristics, (or directly to RMR) so that
relationships such as those in Section 6.2 can be refined.
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