"TECHNIQUES FOR THE EVALUATION OF ROCK MASS
STRUCTURE AND STRENGTH IN BLAST DESIGN"

R.R. MacLachlan and M.J. Scoble
Department of Mining and Metallurgical Engineering
McGill University, Montreal, Quebec, Canada, H3A 2A7

1. SYNOPSIS

Blast performance is related to rock structure and strength, as well as to factors such as
site geometry, drill patterns, explosives loading, firing sequences and delays.

Following the premise that pinting and bedding features, such as occur in the Montreal
area limestones, are of significance in determining blast fragmentation results, a number of
operating quarry faces were examined and structural data recorded. Steeply dipping pints,
showing evidence of parting, were mapped by simple, quarry face line traverses.
Recording of pint/line intercepts were class)fled separately for the families or sets of
similarly oriented pints present in the rock mass. Data on the frequency of bedding planes
in the high quarry walls were also obtained by use of in quarry terrestrial photogrammetry.
Through a process of random selection of structural parting separations and their mutual
interception, the field observations were used to determine the in situ block size
distributions present in the rock mass. Blast fragmentation was considered to be a
composite result of structural influences and explosives fracturing. The dimensions of
oversize material in a muck pile may be considered to be to a greater extent determined by
structural controls, and to a lesser extent by blast fracturing effects. The relationship of
oversize to these concepts, and its undesirable effects upon subsequent operations,
directed attention to recording the presence of coarser fragments in the blast muck pile, as
observed immediately following blasting. Maximum oversize dimension was observed to
relate well to structural factors.

The question of a representative test volume for fragmentation analysis was satisfies by
applying a sample trend analysis procedure upon the rock structural data [1]. This
indicated that quarry bench volumes measuring 5 m x 5 m x 5 m are adequately large to
avoid trend bias in the quarry sites observed. The observed blasts were considerably
larger.

A cost effective and sufficiently precise fragment size distribution determination to
distinguish the influence of blast intensity upon fragment size distribution is less readily
resolved. Due to the high cost of screening analysis of such volumes the use of
photographs and grid analysis was adopted, accompanied by evaluation studies on a
laboratory scale. In a departure from traditional practice, the studies were based upon a
back analysis approach, involving the blending ratios of fragment sizes into a reference of
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known size distribution. This mix was dumped to simulate a blast heap, which was then
incrementally dug, with the spoil being dumped into fan and cone geometries. Photographs
were made of the various heaps involved. Digitized grid analysis of the various heap
conditions was used to derive size distribution data and evaluate the ability of the
photographic systems to determine accurately the known standard. The conical heap and
photographic system gave the best results. The reference blends used were biased toward
study of the presence of oversize. Further back analysis studies involving finer size blends
are warranted and will be conducted in the future.

The global obgctive of these studies is to provide a means of blast fragmentation
forecasting through the process of (1) determining the structurally inherent sizes present in
the rock mass and (2) determining the degree (and cost) of modifying this property by
varying the intensity of blasting applied.

Rock strength, as well as structure, is also an important aspect to consider in drilling and
blasting practice.

A series of field studies evaluating the use of an instrument monitored percussive blasthole
drill were made in the Meloche limestone quarry. Performance monitoring measurements
were made upon the penetration rate, which was correlated to core from an on site
diamond drill. Core retrieved from the diamond drill hole was logged in terms of rock type,
lithology, and fractures, and used for interpretation of the drill monitor log records in the
production holes. Additional core data of density, point load strength,and uniaxial
compressive strength were found useful in accounting for variations in drill penetration
rates at various intervals along the record log.

A high reproducibility of the penetration rate logs was found. Further studies upon
correlation of structural features and rock strength with monitor records are intended to
develop further the ability to define blast design and support the photogographianalysis.
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