
SPOTLIGHT
on reliability-based mining-engineering design

by A. McCRACKEN*

Probabilistic methods for assessing the reliability of
engineering systems in mining are the way of the future.
So agreed the delegates of a recent short course on the
subject, entitled 'Reliability-based Approach in Mining-
engineering Design'.

This was a very successful five-day technical course
sponsored by The South African Institute of Mining and
Metallurgy and held at Mintek from 7th to 11th March,
1988. The main lecturer for the course was Milton E.
Harr, Professor of Geotechnical Engineering at the
School for Civil Engineering of Purdue University, In-
diana, USA. Professor Harr was ably assisted by Dr Dirk
van Zyl, a former student.

The course was very well attended, with 52 delegates
from a broad spectrum of the mining industry, encom-
passing mine planning, production, and ventilation, rock
mechanics, geology, geotechnics, and computer applica-
tions. Mine and mining-house head-office personnel and
consulting engineers were well represented but, unfor-
tunately, the same could not be said of research organiza-
tions and universities.

The course was a follow-up on an earlier series of lec-
tures by Professor Harr, entitled 'Mechanics of Particu-
late Media', which was held in 1979. The science has come
a long way since then, as those who were fortunate
enough to attend both courses will verify.

Opening
The course was opened by Mr Ben Alberts, President

of the SAIMM, who highlighted the applicability of the
probabilistic approach to rock engineering in particular
with its inherent complexities, and mining engineering on
the whole. At this point, few of those in attendance could
have anticipated just what an impact the next five days
were to have on their way of approaching problems old
and new.

Details of the Course
Professor Harr's lecturing style is excellent. He gave

the difficult subject refreshing life and held his audience.
He achieved an attention span from them outstripping
that of most speakers and lecturers. The subject matter
certainly does not make for easy comprehension for the
statistically uninitiated. But he led one slowly, explain-
ing the concepts in general terms, gradually increasing
the technical content and using everyday examples, and
built up the probabilistic principles that left the course
participants nodding with understanding and apprecia-
tion. His touches of humour, which abounded, en-
hanced the course generously and served as effective aides
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memoires.
Professor Harr suggests that the different engineering

disciplines will come together, their laws being the same
but with different boundary conditions. Computer
methods will speed data processing. Probability is at each
core. One found that many laws, including Hooke's law,
Gauss's law, Boyle's law, and mothers-in-law, can all be
defined by simple distributions.

The course notes were essentially Professor Harr's
book Reliability-based Design in Civil Engineering, pub-
lished by McGraw-Hill in 1987. It was very apparent that
the book had evolved largely from Professor Harr's lec-
ture notes. There are gems of information interspersed
in the valuable technical content (sometimes humorous
misinformation-a meniscus was not named after that
famous Sicilian scientist Giorgio Meniscus).

The days of the course, like the chapters of the book,
took one through the various theoretical aspects, system-
atically leading up to practical methods of implementa-
tion, to determine the reliability of engineering systems
based on capacity-demand (C-D), models, confidence
limits, and time to failure; and multivariate reliability
analysis by Monte Carlo Simulation, Multivariate Taylors
series (FOSM-first order second moment), and Point
Estimate Methods (PEM). A simplified version of PEM,
the generalized PEM, was the crux of the course, and was
hailed by all present as the modern method of problem-
solving in engineering. The versatility of the method in
evaluating functional. relationships, even when these are
not expressed as explicit equations, is tremendous. All
present could immediately relate its use to a number of
problems in their own specific discipline.

The major advancement in the evaluation of reliabili-
ty is the inclusion of the correlation coefficient between
capacity and demand. Previously this was not taken into
account, which resulted in higher-than-expected prob-
abilities of failure.

.

It was also shown that an exhaustive set of test data
is not a prerequisite for meaningful probabilistic analyses
-quite the contrary. Procedures were presented for the
estimation of parameter values, and their coefficients of
variance and coefficients of correlation. These will prove
to be extremely valuable in providing the best possible
answers to problems when only limited data are available.

Guest Lecturers
Throughout the course, the theory and methods of

problem-solving were put into practice by the collective
working out of examples and problems. Some 250 prob-
lems and 140 worked examples are presented in the book.
In addition to these, the course was greatly enhanced by
the inclusion of real mining-related problems posed by
guest lecturers and solved by the course participants.
Some had been specifically invited to make their presen-
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tations; others were from the delegates attending. The lec-
turers and their subjects were as follows:

Slope stability, fault and
event tree analysis
Deep-mine ventilation and
cooling

Mr Essie Esterhuizen Coal-pillar design and deep
gold-mine support

Prof. Alex Budavari Shaft-pillar design
Dr Oskar Steffen Selection of mining method

and equipment
Dr James Robertson Large openpit stability

These practical examples assisted greatly in conveying
an improved understanding of the utilization of the theory
and methods of solution.

Dr Dirk van Zyl

Dr Olla van der WaIt

Computer Programs
Another integral part of the course involved computer

programs generated by Professor Harr. These were sup-
plied to the delegates as part of the course material. These
included the programs BINOMIAL, POISSON, CUM-
POIS, NORMAL, INVORM, BETA, BETA P, PF, and
BAYES.

Although the course provided all that was required for
the manual calculation of the required input and output,
the programs did, as one might imagine, prove time-
efficient. As the source codes of the programs were sup-
plied, they can now be enhanced and incorporated into
other programs by the delegates and their organizations,

as required. The book provides the program listings so
that readers can also create and run them.

The programs are not, as Professor Harr admitted,
'bug free'. However, some excellent after-hours work by
J ames Robertson and Noleen Harris of Steffen, Robert-
son & Kirsten ensured that each delegate had his own per-
sonal set of complete floppy discs.

Closure
Dr Oskar Steffen, Junior Vice President of the

SAIMM, presented the closing address. He briefly sum-
marized the course content and reflected upon the most
valuable tools, which were now in the hands of those pre-
sent. These would enable them to approach their own par-
ticular problems from a different angle and come up with
answers, which meant much more in terms of providing
a quantitative assessment of reliability in their systems
whether they were of an engineering or financial nature.

The real success of the course, he rightly perceived,
could not be measured at this point, but would be ap-
parent when the course participants implemented the
reliability-based approach in their own problem-solving.

Conclusion
The enthusiasm of the delegates, and their perception

of the potential consequences, undoubtedly indicated that
the course was an unqualified success. The implementa-
tion of a proposal to form a South African Reliability
Group can be depended upon. R = 1 that probability-
related papers in future issues of this Journal will in-
crease.

Participants of the Reliability Engineering Course in relaxed mood-all from left to
right

Allan McCracken (Steffen, Robertson & Kirsten), Celeste Mackintosh (Secretary, SAIMM),and
Mark Harrison (Computer Specialists)
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Dirk van lyl (J.D. Welsh & Associates,
USA), and Gordon McPhail and Oskar
Steffen (Steffen, Robertson & Klrsten)

Hendrlk Graham (Iscor) and James Robertson (Steffen, Robert-
son & Klrsten)

Martlens Mulder (Iscor, Thabazimbl) and Sven Liedberg (Iscor,
Pretoria)

Steve McKlnnon (Chamber of Mines
Research Organization), and Gordon
McPhail and Dick Stacey (Steffen,

Robertson & Klrsten)
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Malcolm SuUon and Dave Edwards (Vaal
Reefs), and John Cruise (John Cruise Mining)

Nielen van der Merwe (Sasol), Barry
Prout (St. Helena Gold Mines), and

Dave Spencer (Gencor)

Mike Blignault and Andre Kotze (Secunda
Collieries) and Peter Odell
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Martin Pretorius (Gencor), Pierre
de'HIII (West Rand Consolidated
Mines), Pierre Joubert (Vaal Reefs),
and Chrlsto Badenhorst (West Rand

Consolidated Mines)

Hannes Cloete (Durban Navigation Collieries), Mike
Kilbrlde (Hlobane Colliery), and Thuys Lourens (J.C.I.)

Zdenek Kucera (Rand Mines), Gregory
Sleziak (Vaal Reefs), and Peter Odell
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Science quiz
Teams of pupils from 37 schools within a radius of 12

kilometres of the Council for Mineral Technology
(Mintek) competed in a science quiz held by Mintek at
its headquarters in Randburg on Tuesday, June 7th, 1988.

The competition formed part of Mintek's ongoing ef-
forts to give schools and the public in general an insight
into the mineral industry, which is of vital importance
to the economic future of South Africa, to stimulate in-
terest in science and technology, and to provide infor-
mation on career prospects in the metallurgical and
chemical industries.

'The mineral industry has been viewing with alarm the
dearth of interest shown by students and the public in
careers in the field of technology. Since South Africa is
more dependent on minerals for its economic well-being
than on any other commodity, it is heading for a crisis
unless South African technikons and universities can pro-
duce more technologically oriented experts,' said Or
Aidan Edwards, President of Mintek.

For this competition Mintek has created a unique
trophy, which is to be known as the Mintek Platinum
Trophy. It is hoped that this will become a floating

trophy, and that the competition will not only be repeated
but become a national one. The trophy is in the shape
of a sperrylite crystal, sperrylite being the best-known
platinum mineral, and was made in its entirety at Mintek
from aluminium coated with pure platinum mounted on
a tamboti-wood base. Thus, the trophy represents the
Bushveld Complex both in its platinum component and
in its wood, which come from the same mineral-rich area
of South Africa.

In an auditorium crowded with 111 high school pupils,
and 51 headmasters and science teachers, as well as a large
contingent of Mintek staff, the teams from the schools
fielding their brightest scholars in science fought a very
closely contested battle of wits. The winner of the trophy
was St Stithian's College. In addition, the winning team
and the other finalists-King Edward VII, De la Salle,
and Sandown High-received cash prizes for their schools.
The prizes were presented by Mr M.B. Forsyth, Executive
Director of Gold Fields of South Africa Limited, which
had made a substantial donation towards the cost of the
trophy.

Mr M.B. Forsyth of Gold Fields hands the Mintek Platinum Trophy to Peter Hennlng of the
St Stithian's team. The other two members of the team were, left to right, Stephen Norman

and Mark Botha
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