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Distance Finder
FOR EACII drawpoint 1D datasct
dX=Calculating distance between drawpoints in X direction, Create dX*2
dY=Calculating distance between drawpoints in ¥ direction, Create d¥Y"2
Distance between drawpoints = sgr1(Distance square)
Distance Matrix= Calculate_Distance_Matrix()
Adjacent Finder (Scarch Radius)
FOR FACH drawpoint Distance_Matrix dalasel
Adjacement between drawpoints = find(Distance_Matrix (}=— SearchRadius &|
Distance_Matrix (j=0)
Adjacement_Matrix= Calculate_Adjacement_Matrix()
Caving Advancement Direction Finder

FOR EACH drawpoint ID_COORDINATION datasct

START END Point Direction— Xs. Y5 Xz Ve

Slope_Advancement_Line = Caleulare SlopeAdvancemtLine
Kmin — Calculate Minimum X
FOR EACH drawpoint ID and FOR EACH Adjacement Matrix
Ynew()= Slope Advancement Line. *(Xmin-X()) 1 Y()

Precedence_linder(y= IF(X_ddjacement_Matrix()-X(). *(Ynew())-
(Y Adjacement Matrix(j-Y()). *(Xmin-X{()) =0}
Precedence_Matrix= Srecedence_Iinder).
NEXT
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Abstract: Mass production and the high rate of block caving have caused to special considerations
in operational optimization of these mines. In caving mines, the uniform extraction not means as equal
extraction from blocks. In the uniform caving, controlling of caving propagation is one of the most critical
factors in the stability of caving mines. Selection of advancement direction is one of the most important
constraints in block caving and in the advancement direction controlling one of the critical aspects related
to blocks precedency. So the goal of this research is to determine block precedence according to caving
direction. It is crucial to control and validate the advancement direction to reach an optimum scheduling
program. In this paper, an innovative approach is presented to control and predict the best advancement
direction. MATLAB software is the framework of the presented model. The designer can find the desired
direction by introducing a start and end points for caving propagation. Finally, its output can be used as
input to scheduling programs of caving mines. Application and comparison of the model based on the
advancement direction algorithms are validated using 98 using over 12 periods. The results show that the
presented model respected to advancement direction and the model size is an accepted range for production
planning problems.

Keywords: Caving mines, Caving advancement direction, Caving start period, MATLAB.

INTRODUCTION

Among the underground mining methods available, caving methods are favoured because of their low
cost and high level of production. Caving operations generate a much smaller environmental footprint
than equivalent open-pit operations because the volume of waste that needs to be moved and handled is
much smaller. Among the caving methods, the block caving is generally a large-scale production technique
applicable to low-grade, massive ore-bodies and the least expensive of all underground mining methods.
It is a technique that relies on natural processes for its success and therefore gravity in conjunction with
internal rock stresses is used to fracture and break the rock mass into pieces, which can be handled by
miners. This method requires more detailed geotechnical investigations of the ore-body than other methods
in which conventional drilling and blasting are employed as part of the mine production [1].
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Due to an increasing trend in the world to extract minerals and facing the mining industry with more
marginal resources, it is becoming essential to generate production schedules that will provide optimal
operating strategies while meeting practical, technical, and environmental constraints [2-5].

Unbalanced cave subsidence by poor ground control over time, decreased recovery and productivity,
premature waste ingress and recompaction of broken material in the draw columns, infrastructure instability,
fragmentation size distribution, more dilution, flow of muck at the drawpoints, and other safety and financial
or safety damages to miners are faced in any block caving operation if draw from the drawpoints is not
controlled.

Caveability, in the context of draw control, is primarily concerned with balancing caving rates and
production. If caving direction are not controlled, either air gaps or damaging stress concentrations may
occur. Stress is important because undercut advance rates must be maintained to prevent stress damage to
the production level. Advancement direction must also be studies across the production level to ensure that
local stress concentrations and premature dilution entry do not occur [6].

Yuan and grayson [7], Topal [8], kutcha and et al. [9], Martinz and Newman [10], Pourrahimian and et
al. [11], Nezhadshahmohammad etal. [12] and khodayari et al. [13] implementianed some studies about
caving methods. The advancement direction in their studies was a constraint, but they haven’t mentioned a
clear technique to find the optimum advancement direction. Smoljanovic [14] presented a MILP model to
optimize the NPV value in a panel cave mine to study the drawpoints opening sequence. The emphasis is in
the precedence, geometrical and production constraints. For panel or block caving, this model was a good
start point, but the precedence constraints and capacities should be modified and other components need to
complete the set of constraints.

By the way, one of the aim of this paper is to present models base on mathematical algorithms to control
and predict the advancement direction in caving mines. This model is coded in MATLAB software to create the
precedence block matrix. By using precedence block matrix, the advancement direction responded in all caved
area. In the production scheduling problems presented matrix cause an optimum program in all mining periods.

MODEL FORMULATION

The proposed model has been developed in MATLAB. For each block, i, there is a set S, defining the
predecessor blocks that must be started prior to extraction of block i. If the number of all block equal to
n, so the size of precedence block matrix is (nx1). In order to describe the problem, an assumed model
is considered in Figure 1, in this model n=20. The search radius parameter (R) is used to determine the
neighboring blocks to each block. To create precedence matrix, three sequence steps are needed as follow:
1- Creating normalize distance matrix between all blocks. The equation (1) calculate Euclidean
distance between block 7 and j.

G- -y
ED,,

E.D, (1)

Where x and y shows the coordinate characterizes of the centers of blocks i and j, and ED,  is the
maximum distance between blocks.

& Asrsru‘med Line Caving Advancement Direction Line

Figure 1. Assumed model with advancement direction
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2- In this step the neighboring matrix will be created according to equation (2). For the center of
block i, a circle with radius R be considered. If the centers of the adjacent blocks be inside this circle are
considered as the neighboring blocks of assumed block. As shows in Figure 1 the neighboring blocks of
block /4 are: 8, 9, 10, 13, 15, 18, 19 and 20.

0<ED, <—2% 2)
" ED,_,
3- Finally after determining the advancement direction, the planner should define two points at the

starting(S) and ending point (E) in the direction of advancement. Afterward, the precedence matrix can be
calculated using equation (3) and (4)

Sy, =T e S +Zy, 3)
i=1 ( E S) i=1

ZS ZZ(xNB —x) X3, = ¥)— ZZ(yNB ) (X = X,) 4)

i=l k=l i=l k=1

In this step imagine a line perpendicular to the desired advancement direction line at the center of the
considered block. All adjacent blocks located behind the imaginary line are considered blocks from which
extraction must be started before extracting from the considered block. The precedence block to the block
14 include 8, 13, 18 and 19.

IMPLEMENTATION OF MODEL

To validate the model, a block cave mine with 98 blocks (drawpoints) was considered as the main
dataset. Nezhad Shahmohammad et al. [12] presented a MILP model in scheduling of block caving. The
precedence model in determining the advancement direction applied in their proposed model. In order to
assessment the performance of the model, two directions from south to north (S-N) and west to east (W-
E) were investigated. Figure 2 shows the results of implementing the proposed model in two different
directions. The drawpoints in this model have been scheduled during the 12 periods. According to Figure 2
the model responded the advancement direction. The drawpoints in starting points extracted in first period
of mine life and by going to the other side of advancement direction, starting points of drawpoints increase
according to cave propagation.
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Figure 2. Implementation of presented model in different directions
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CONCLUSIONS

This paper presented a practical caving propagation control system based on advancement direction to
manage the extraction rates of caving mines using mathematical models. The model , which was proposed
by creating a precedence matrix, can be used to investigate the progress of caving in each mine based on
the properties thereof and in the optimum advancement direction. Two models, one in S-N and one in W-E
direction, were implemented, and the results were compared to show the effect of the precedence matrix
on schedule programming. In both direction drawpoints started according to caving propagation, and the
size of matrix created can be applied in scheduling problems in determining other constraints that related
to advancement direction.
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