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FISH SCRIPTING

FLAC3D includes a powerful scripting
language so you can:

* Build, run, and post-process models
* Parametrize models

* Add new physics (ground freezing)
* Monitor models

* Automate batch model runs
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MODEL PANE

FLAC3D can automatically
identify the model skin
based on face break angles.

Add faces to new groups
- making it a snap to
apply boundary conditions
for simple and complex
geometries.
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Plastic-Hardening (PH) Model

Swell Model

Ubiquitous-Anisotropic (CANISO) Model
Mohr-Coulomb-Tension (MOHRT) Model
Cap-Yield (CYSOIL) Model, Updated
Power-Mohr-Ubiquitous Creep (CUPOW) Model
C++ User-Defined Material (UDM) Model

FLAC3D™

Explicit Continuum Modeling of
Non-linear Material Behavior in 3D
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ADVANCED PLOTTING

Displacements along the
surface of series of civil
tunnels modeled in FLAC3D
using a hexahedral-
dominant Griddle mesh.
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International Journal of Applied Earth Observation and
Geoinformation

journal homepage: www.elsevier.com/locate/jag

An improved data-driven fuzzy mineral prospectivity mapping @msmk
procedure; cosine amplitude-based similarity approach to delineate
exploration targets

Mohammad Parsa?, Abbas Maghsoudi?®*, Mahyar Yousefi®

2 Faculty of Mining and Metallurgical Engineering, Amirkabir University of Technology, Tehran, Iran
b Faculty of Engineering, Malayer University, Malayer, Iran
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ARTICLE INFO ABSTRACT
Aticle history: Weighting and synthesizing exploration evidence criteria for mineral prospectivity mapping (MPM) are
Received 17 August 2016 affected by complexity and ambiguity of ore mineralization processes. In this regard, fuzziness could facil-

Received in revised form 2 February 2017
Accepted 4 February 2017
Available online 16 February 2017

itate the modeling of such vague processes for MPM. Furthermore, imprecise selection of the exploration
criteria to be used in MPM has negative influence on the efficiency of the generated prospectivity mod-
els. In this paper, of various exploration criteria, a coherent set of exploration features were recognized
by using the distance distribution analysis. Then, the application of cosine amplitude-based similarity

’g?;mirfr'mmude_based similarity procedure was adapted as a data-driven fuzzy logic approach for predictive mapping of porphyry-Cu
Fuzzy sets prospectivity in Arasbaran metallogenic zone, NW Iran. In addition, a conventional data-driven fuzzy
Mineral prospectivity mapping prospectivity model was generated for comparison purpose. Comparison of the two models demonstrated
Distance distribution analysis the superiority of the cosine amplitude-based fuzzy procedure for MPM.

© 2017 Elsevier B.V. All rights reserved.

REM - International Engineering Journal
On-line version ISSN 2448-167X

REM, Int. Eng. J. vol.70 no.1 Ouro Preto Jan./Mar. 2017 Mli’lei"ag,'ao

http://dx.doi.org/10.1590/0370-44672016700071

Optimizing short-term
production plan using a
htep://dx.doi.org/10.1590/0370-44672016700071 PortFOIIO optlmlzatlon mOdeI

Morteza Osanloo Abstract
Amirkabir University of Technology
Dept. of Mining and Merallurgical Engineering Short-term production plans are the basis for operational mine production sched-
Tehran - Iran (the Islamic Republic of) ules. They concentrate on making long-term mine plans operationally feasible. It en-
morteza.osanloo@gmail.com sures a steady flow of product for meeting blending targets. Due to the quality varia-
tion of material, blend optimization is an uncertainty based optimization problem.
Mehdi Rahmanpour There are different approaches toward uncertainty management and the current paper
Amirkabir University of Technology investigates a portfolio optimization model in order to minimize the risks in short-term
Dept. of Mining and Merallurgical Engineering plans. In this paper, a fuzzy linear programming model is formulated to provide a set
Tehran - Iran (the Islamic Republic of) of options for the mine plan. These blending options are treated as portfolios. Then a
rahmanpour@aut.ac.ir model for the optimal selection of a portfolio is introduced. The objective of the model
is to maximize the expected return of the portfolio under constraints limiting its vari-
ance. The model is applied in a limestone mine complex.
Keywords: short-term planning, portfolio optimization, fuzzy linear program-
ming, uncertainty.
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Tunnelling and Underground Space Technology 61 (2017) 233-246

Contents lists available at ScienceDirect

Tunnelling and
Underground Space
Technols

Tunnelling and Underground Space Technology

journal homepage: www.elsevier.com/locate/tust

Evaluation of tool wear in EPB tunneling of Tehran Metro, Line 7 @Cmmk
Expansion

Sadegh Amoun ?, Mostafa Sharifzadeh ™*, Kourosh Shahriar?, Jamal Rostami €, Sadegh Tarigh Azali¢

2 Department of Mining & Metallurgical Engineering, Amirkabir University of Technology, Tehran, Iran

b Department of Mining Engineering, Western Australian School of Mines (WASM), Curtin University, Australia
© Department of Mining Engineering, Colorado School of Mines (CSM), United States

¢ Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Iran

ARTICLE INFO ABSTRACT
Article history: Wear of cutting tools and other components of the pressurized face tunnel boring machine which come in
Received 26 September 2015 contact with the muck is an important parameter in soft ground tunneling. This is due to the need for

Received in revised form 17 October 2016
Accepted 2 November 2016
Available online 17 November 2016

cutterhead inspection and tool maintenance under pressurized conditions or “hyperbaric interventions”
which is a time consuming, dangerous, risky, and costly activity. This study investigates the tool wear of
an EPB-TBM used in Tehran metro line 7 over the initial 6500 m of tunnel. The ground along the tunnel
alignment is mostly alluvial deposits, composed of gravely sand with clay/silt and sandy gravel with clay.

f:‘l”:::; In this project, the number of cutting tools replaced were 1169, including 654 rippers, 357 scrapers and
EPB-TEM 153 disc cutters. In this paper the influence of geological parameters and operational factors on tool wear
Primary wear is examined. The results show that by increasing TBM thrust, earth pressure, and torque, the cutter con-
Secondary wear sumption generally increases. Also, soil conditioning plays an important role in controlling cutter wear,
Soft ground tunneling so that the tool wear can be reduced even in coarse-grained soils by improving the soil conditioning
Cutter life parameters. Quantitative analysis of these parameters for this project and a brief discussion of their

implications is offered. Also, multiple linear regression analysis was used to seek the best correlation
between the cutter wear and ground | opening variables, and correlation coefficient of up to 0.98 have
been observed. This highlights the potential of developing models for tool wear prediction by multiple
regression, if sufficient data is collected in soft ground tunneling projects.

© 2016 Elsevier Ltd. All rights reserved.

Intemnational Joumnal of Mineral Processing 158 (2017) 1-7

Contents lists available at ScienceDirect

International Journal of Mineral Processing

journal homepage: www.elsevier.com/locate/ijminpro

Technological scheme for copper slag processing ®Cmssmrk

Stoyko Gyurov ?, Nikolay Marinkov ®, Yoanna Kostova ?, Diana Rabadjieva ®*, Daniela Kovacheva®,
Christina Tzvetkova ®, Galia Gentscheva , Ivan Penkov ?
* Academician Angel Balevski Institute of Metal Science, Equipment and Technologies with Center for Hydro and Aerodynamics, Bulgarian Academy of Sciences, 67 “Shipchenski Prohod” str., 1574

Sofia, Bulgaria
" Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, “Acad. Georgi Bonchev” str. bld. 11, 1113 Sofia, Bulgaria

ARTIELE INEFO ABSTRACT
Am'd}’ history: A technological scheme for copper slag processing is proposed. It comprises 5 stages, namely: (i) air oxidation of
Received 18 April 2016 the copper slag at a temperature above 800 °C for 2 h; (ii) hydrothermal treatment of the oxidized slag with so-

Received in revised form 4 November 2016
Accepted 10 November 2016
Available online 13 November 2016

dium hydroxide solution (140 g/1) at 190 °C for 3 h; (iii) separation of the solid from the liquid phase by hot fil-
tration; (iv) gel formation through hydrolysis of the liquid silicate phase by changing pH; (v) obtaining of
amorphous SiO; (silica gel) by drying at 80 °C. The processes used for slag manipulation were elucidated and op-
timized for silicon extraction. It was established that the increase in the oxygen partial pressure in the oxidizing

E?:;jrr:;g processing gas does not change the mechanism nor significantly intensifies the oxidizing process. A decisive factor for the
Silica gel extraction of SiO, during hydrothermal treatment was the concentration of NaOH. Its increase from 60 to
Iron rich residue 140 g/l reduced the amount of residual SiO, more than half and significantly decreased the formation of analcime
Thermal oxidizing (NaAISi, 05+ H,0) in the solid phase. Hydrolysis of the liquid silicate phase by changing pH is an appropriate pro-
Hydrothermal treatment cess for gel formation.

© 2016 Elsevier B.V. All rights reserved.

58



Mining engineering

B I O u r Amirkabir University of Technology (Tehran Polytechnic)

Scientific Association of Mining engineering

m Book to Learn

Environmental Impact of Mining
and Mineral Processing: ENVIRONMENTAL IMPACT

Management Monitoring and OF MINING AND MINERAL PROCESSING
AUdltlng Stra’tegies ' Management, Monitoring, and Auditing Strategies

ISBN: 0128040408
Author: Ravi Jain

Publisher: Butterworth-Heinemann
Published: Sep 2015

RAVI K. JAIN, PH.D.,P.E.
ZENGDI “CINDY” CUI, PH.D.
JEREMY, K. DOMEN, M.S.

This book covers all the aspects related to mining and the environment, including
environmental assessment at the early planning stages, environmental management
during mine operation, and the identification of major impacts. Technologies for the
treatment of mining, mineral processing, and metallurgical wastes are also covered,
along with environmental management of mining wastes, including disposal options
and the treatment of mining effluents.

o Presents a systematic approach for environmental assessment of mining and
mineral processing projects

« Provides expert advice for the implementation of environmental management
systems that are unique to the mining industry

« Effectively addresses a number of environmental challenges, including air
quality, water quality, acid mine drainage, and land and economic impacts

« Explains the latest in environmental monitoring and control systems to limit the
environmental impact of mining and processing operations
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Rock Dynamics and Applications -
State of the Art

ISBN: 978-1-138-00056-8 Editors: Jian Zhao & Jianchun Li
Editors: Jian Zhao & Jianchun Li
Publisher: Taylor & Francis Group
Published: Jun 2013

ROCK DYNAMICS
AND APPLICATIONS

STATE OF THE ART

Rock dynamics studies the response of rock materials and rock masses under
dynamic loading conditions. In the last a couple of decades, the development of
experimental and computational techniques has been able to capture the progress of
fracturing in microsecond steps, allowing the exploration on how the fracture is
initiated, propagated and branched, leading to the development of new scientific
theories. A summary of these developments on rock dynamic testing, modeling and
theory will help the scientific and engineering community to consolidate the
understanding of rock dynamics and to apply the knowledge to practice.

Rock Dynamics and Applications — State of the Art reviews the state-of-the-art of
rock dynamics scientific research and engineering applications. The 77 technical
papers, including 13 keynotes cover dynamics theory and numerical modelling,
laboratory testing and field observation, engineering design and case study, focus on
the dynamic aspects of rock mechanics and rock engineering. The book will be useful
to academics and engineers interested in rock dynamics and its applications in rock
mechanics and rock engineering.
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Statistics for Mining Engineering

ISBN: 978-1-138-00113-8
Authors: Czaplicki, Jacek M.
Publisher: CRC Press LLC
Published: Jan 2014

STATISTICS FOR MINING ENGINEERING

[=] pes (=]
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Many areas of mining engineering gather and use statistical information, provided by
observing the actual operation of equipment, their systems, the development of mining
works, surface subsidence that accompanies underground mining, displacement of rocks
surrounding surface pits and underground drives and longwalls, amongst others. In
addition, the actual modern machines used in surface mining are equipped with diagnostic
systems that automatically trace all important machine parameters and send this
information to the main producer’s computer. Such data not only provide information on
the technical properties of the machine but they also have a statistical character.
Furthermore, all information gathered during stand and lab investigations where parts,
assemblies and whole devices are tested in order to prove their usefulness, have a
stochastic character. All of these materials need to be developed statistically and, more
importantly, based on these results mining engineers must make decisions whether to
undertake actions, connected with the further operation of the machines, the further
development of the works, etc. For these reasons, knowledge of modern statistics is
necessary for mining engineers; not only as to how statistical analysis of data should be
conducted and statistical synthesis should be done, but also as to understanding the results
obtained and how to use them to make appropriate decisions in relation to the mining
operation.

This book on statistical analysis and synthesis starts with a short repetition of
probability theory and also includes a special section on statistical prediction. The text is
illustrated with many examples taken from mining practice; moreover the tables required
to conduct statistical inference are included.

JACEK M. CZAPLICKI
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Geochemical Anomaly and

. . N sy | HANDBOOK OF EXPLORATION
Mineral Prospectivity Mapping in f"f' a AND ENVIRONMENTAL GEOCHEMISTRY 11
GIS. Volume 11 2% | M. HALE (SERIES EDITOR)

ISBN: 978-0-08-093031-2
Authors: E.J.M. Carranza

Publisher: Elsevier
Published: Nov 2008

GEOCHEMICAL
ANOMALY AND MINERAL
PROSPECTIVITY
MAPPING IN GIS

EMMANUEL JOHN M. CARRANZA

The book documents and explains, in three parts, geochemical anomaly and mineral
prospectivity mapping by using a geographic information system (GIS). Part | reviews
and couples the concepts of (a) mapping geochemical anomalies and mineral
prospectivity and (b) spatial data models, management and operations in a GIS. Part Il
demonstrates GIS-aided and GIS-based techniques for analysis of robust thresholds in
mapping of geochemical anomalies. Part 111 explains G1S-aided and GIS-based techniques
for spatial data analysis and geo-information sybthesis for conceptual and predictive
modeling of mineral prospectivity. Because methods of geochemical anomaly mapping
and mineral potential mapping are highly specialized yet diverse, the book explains only
methods in which GIS plays an important role. The book avoids using language and
functional organization of particular commercial GIS software, but explains, where
necessary, GIS functionality and spatial data structures appropriate to problems in
geochemical anomaly mapping and mineral potential mapping. Because GIS-based
methods of spatial data analysis and spatial data integration are quantitative, which can be
complicated to non-numerate readers, the book simplifies explanations of mathematical
concepts and their applications so that the methods demonstrated would be useful to
professional geoscientists, to mineral explorationists and to research students in fields that
involve analysis and integration of maps or spatial datasets. The book provides adequate
illustrations for more thorough explanation of the various concepts.
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Dr. Evert Hoek

Dr Hoek was born in Zimbabwe and graduated in mechanical engineering from the
University of Cape Town in South Africa in 1955. For his post-graduate work he specialised
in experimental stress analysis and obtained a master's degree for his work on three-
dimensional photoelastic techniques. In 1958 he joined the South African Council for
Scientific and Industrial Research and became involved in the application of stress analysis
techniques to the study of rock stress problems in deep level gold mines. He was awarded a
PhD in 1965 by the University of Cape Town for a thesis on brittle fracture in rock.

In 1966 he accepted an invitation from the Imperial College of Science and Technology, one
of the colleges of the University of London, to establish an interdepartmental centre of
research and teaching in rock mechanics. He was appointed Professor of Rock Mechanics in
1970 and awarded a DSc in Engineering by London University in 1975.

In 1975 he moved to Canada as a Principal of Golder Associates, an international
geotechnical consulting firm. In 1987 he accepted the post of Industrial Research Professor of
Rock Engineering in the Department of Civil Engineering at the University of Toronto.

Dr Hoek returned to a full time consulting practice in Vancouver in 1993. He is now an
independent consultant and is a member of a number of consulting boards and a technical
review consultant on several major civil and mining engineering projects. He has recently
worked on projects in Canada, Greece, India, Venezuela, Chile, Hong Kong, Indonesia,
Australia and the Philippines.

He has published numerous technical papers and three books: "Rock Slope Engineering”,
"Underground Excavations in Rock™ and his most recent book on rock support for hard rock
excavations, co-authored with Professors P.K. Kaiser and W.F. Bawden, was published in
January 1995. Amongst the awards which he has received are the E. Burwell Award from the
Geological Society of America (1979), Elected a Fellow of the Royal Academy of
Engineering, UK (1982), Rankine Lecturer, British Geotechnical Society. (1983), The Gold
Medal of the Institution of Mining and Metallurgy, UK, (1985), The Mueller Award,
International Society of Rock Mechanics (1991), William Smith Medal, Geological Society
of London, (1993), the award of an honorary DSc in Engineering by the University of
Waterloo, Canada (1994) and presentation of the Glossop Lecture to the Geological Society
in London (1998).

O=z10
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Anecdotes

“Unfortunately, soils are made by nature and not by man, and the products of nature are
always complex... As soon as we pass from steel and concrete to earth, the omnipotence of
theory ceases to exist. Natural soil is never uniform. Its properties change from point to point
while our knowledge of its properties are limited to those few spots at which the samples
have been collected. In soil mechanics the accuracy of computed results never exceeds that of
a crude estimate, and the principal function of theory consists in teaching us what and how to

observe in the field.”

“I produced my theories and made my experiments for the purpose of establishing an aid in
forming a correct opinion and I realized with dismay that they are still considered by the
majority as a substitute for common sense and experience.”

The Father of Geotechnical Engineering — Karl von Terzaghi

“There are many arts and sciences of which a miner should not be ignorant. First there is
Philosophy, that he may discern the origin, cause, and nature of subterranean things; for then
he will be able to dig out the veins easily and advantageously, and to obtain more abundant
results from his mining. Secondly there is Medicine, that he may be able to look after his
diggers and other workman ... Thirdly follows astronomy, that he may know the divisions of
the heavens and from them judge the directions of the veins. Fourthly, there is the science of
Surveying that he may be able to estimate how deep a shaft should be sunk ... Fifthly, his
knowledge of Arithmetical Science should be such that he may calculate the cost to be
incurred in the machinery and the working of the mine. Sixthly, his learning must comprise
Architecture, that he himself may construct the various machines and timber work required
underground ... Next, he must have knowledge of Drawing, that he can draw plans of his
machinery. Lastly, there is the Law, especially that dealing with metals, that he may claim his
own rights, that he may undertake the duty of giving others his opinion on legal matters, that
he may not take another man's property and so make trouble for himself, and that he may

fulfil his obligations to others according to the law. "

The father of mineralogy — Georgius Agricola

' found in the excellent biography of Karl Terzaghi, authored by Professor D. Goodman, titled “Karl Terzagi, the engineer as artist”,
published by the ASCE
¥ https://todayinsci.com/A/Agricola_Georgius/AgricolaGeorgius-Quotations.htm
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