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Abstract

A discrete element computer program named DMC_BLAST (Distinct Motion Code) has been under
development since 1987 for modeling rock blasting (Preece & Taylor, 1989). This program employs
explicit time integration and uses spherical or cylindrical elements that are represented as circles in

2-D. DMC_BLAST calculations compare favorably with data from actual bench blasts (Preece et al,
1993). '

The blast modeling capabilities of DMC_BLAST have been expanded to include independently dipping
geologic layers, top surface, bottom surface and pit floor. The pit can also now be defined using coordi-
nates based on the toe of the bench. A method for modeling decked explosives has been developed which
allows accurate treatment of the inert materials (stemming) in the explosive column and approximate
treatment of different explosives in the same blasthole. A DMC_BLAST user can specify decking
through a specific geologic layer with either inert material or a different explosive. Another new feature
of DMC_BLAST is specification of an uplift angle which is the angle between the normal to the blasthole
and a vector defining the direction of explosive loading on particles adjacent to the blasthole. A buffer
(choke) blast capability has been added for situations where previously blasted material is adjacent to the
free face of the bench preventing any significant lateral motion during the blast.

Modeling Dipping Geologic Layers DISTRIBUTION OF THIS BOOUMENT 18 UKLIVITED

DMC_BLAST was originally developed to treat rock motion associated with blasting in U. S. surface
coal mines which typically have flat lying sedimentary beds. Blasting in dipping layers of rock occurs in
some parts of the world, particularly in surface coal mines in Western Canada. Modeling rock motion and
muck pile formation is as important in dipping layers as in horizontal, requiring the geometrical defini-
tion in DMC_BLAST to be generalized. The two categories of layer dip in relation to bench blasting are,
1) layers dipping to the bench face, and 2) layers dipping away from the bench face. DMC_BLAST sim-
ulation for these two cases are illustrated in Figures 1 and 2, respectively. Figure 1 shows four time steps
of a blast simulation in rock layers dipping to the bench face. Figure 2 shows a simulation with the layers
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Figure 1: Bench blast simulation with geologic layers dipping to the face, differently dip-
- ping top surface with a flat bottom surface and a pit defined using coordinates.
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Figure 2: Bench blast simulation with geologic layers dipping from the face and a pit defined
using pit width and pit dip. Top and bottom surfaces are parallel dipping to the face.




DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or implied, or assumes any legal liabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
.ily state or reflect those of the United States Government or any agency thereof.




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.




dipping away from the bench face. These two simulations demonstrate significantly different behavior in
the blast-induced movement and final location of the rock layers being blasted. Layers dipping away from
the face are more likely to spread and be scattered than are layers dipping to the face though in each case
the effect is amplified by the dip of the pit floor. Details for these two simulations as well as others pre-
sented in this paper are available in Table 1.

DMC_BLAST assumes that the explosive loading (powder factor) is high enough to totally fragment the
rock, which is usually true for cast blasting. Complications to rock fragmentation can arise with relatively
low powder factors and layers that dip to or from the face (Atlas Powder Company, 1987). Note that
DMC_BLAST does not treat fragmentation and the attending behavior associated with bench blasting in
dipping layers.

Modeling Dipping Top Surface, Bottom Surface and Defining the Pit Floor

Other new capabilities of DMC_BLAST for treating bench biasting are 1) dipping top surface, 2) dipping
bottom surface, and 3) pit floor definition. These are illustrated in Figures 1 and 2. The discrete element
model in Figure 1 has a top surface that dips to the face and a flat bottom surface. The mode] in Figure 1
also has the pit defined with coordinates based on the toe of the bench. Figure 2 illustrates top and bottom
surfaces dipping to the face as well as a pit defined by a width and dip angle along with a spoil angle.

Burden Movement

Figures 3 and 4 present a simulation that is identical those in Figures 1 and 2 except that the burdens are
represented by different colors (gray shades) as is common practice in the blast modeling program
SABREX (Kirby et al, 1987). Display of the burdens in this fashion provides a visual check on the blast
design entered into the simulation and also allows an assessment of the movement and final location of
the material associated with each row of blastholes.

A challenge associated with bench blasting is the difficulty of moving the material in the toe (bottom) of
the blast as shown in Figures 3 and 4. This problem can be alleviated by placing decks of higher energy
explosive in the bottoms of the blastholes. This type of modeling can now be done in an approximate
manner in DMC_BLAST by increasing the explosive loading factor from 1.0 to a maximum of approxi-
mately 1.5. The explosive loading factor is a multiplier applied to the calculated gas force on spheres
adjacent to the blasthole.

Decking Through Layers

Inert decking through layers can be important when blasting dipping coal seams along with the material
above and below the seam. It is desirable to fragment the material surrounding the coal without fragment-
ing (chilling) the coal itself. This is commonly done by placing an inert deck (stemming material)
through the layer, with some stand-off from the layer, to prevent explosive loading of the coal.
DMC_BLAST allows the user to define decking-through a specific layer since manual definition can be
tedious for dipping layers. This capability is illustrated in Figure 5 which shows the same simulation as
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Figure 3: Bench blast ;mulation as in Figure 1 but with differentiatedburdens.
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Figure 4 Bench blast simulation as in Figure 2 but with differentiated burdens.
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Figure 5: Bench blast simulation as in Figure 1 but with the fourth layer from the top decked-
through with inert to prevent explosive loading.
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that of Figure 1 but with the fourth layer from the top decked-through with inert material. A stand-off of
2 m from the layer was also specified. Close observation of Figure 5 indicates explosive loading above
and below the layer, but no loading of the layer itself. Drag forces exerted by the surrounding explosively
loaded material cause some movement of the layer but it is minimal compared to that seen in Figure 5.

Uplift Angle

The concept of uplift angle is defined as the angle between horizontal and the normal to the expanding
gas bubble as illustrated in Figure 6. An estimate of the uplift angle, o, can be obtained from the detona-
tion velocity, V,, and the gas expansion velocity, V,, using the following the equation

e
o = atan-—
Va

The detonation velocity, V;, is published for all commercial explosives and is therefore easy to obtain.
The gas expansion velocity, V,, is much more difficult to determine and is the subject of current research.

A estimated uplift angle of 20° has been used in the example simulations presented in this paper. Figure 7
shows the loading direction for spheres adjacent to a vertical blasthole with the uplift angle set at 20°.

Modeling of Choke/Buffer Blasting

Choke or buffer blasting refers to a blast initiation pattern that does not run parallel to a bench free face.
A choke blast is a series of relatively shallow crater blasts that are typically initiated in an echelon pattern,
the object of which is to fragment the rock and dilate it enough to make it diggable. This type of blasting
is used extensively in the U. S. surface gold mines in Nevada where fragmentation and diggability are
desired with minimum rock movement. Uneven distribution of high grade ore requires preblast assaying
of blastholes during drilling. Assay data are used to plan the excavation of ore and waste. Since all plan-
ning is done preblast, significant blasting-induced movement can result in ore dilution. Rock movement
during choke blasting has been monitored and the displacement has been found to be significant (Zhang
et al, 1994, Taylor et al, 1996). Based on measured displacement of the rock, ore dilution is estimated to
be large enough to have an economic effect on the mine.

An example choke-blast simulation with rock layers differentiated is illustrated in Figures 8. Details of
the blast design employed in this simulation are available in Table 1. The information of most interest
from this simulation is the lateral movement of rock from its initial position. Figure 9 displays the bur-
dens, giving an indication of the spatial distribution of the calculated horizontal movement. The final hor-
izontal displacement of spheres adjacent to four of the eight rows of blastholes are shown in Figure 10.
Lateral motion during choke blasting, as measured by Zhang et al, 1994, varies from 0 to 7m. Displace-
ments predicted by DMC_BLAST (Figures 9 &10) have an interesting pattern with rock in the bottom of
the blast moving laterally a maximum of approximately 8 m. The lateral movement increases with Tow
number. However, rock at the top of the final few rows detonated rolls backward after landing and has a
small or sometimes negative final lateral displacement. This behavior is evident from row 7 of Figure 10.
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Figure 7: Loading vectors on spheres adjacent to a vertical blasthole. Uplift angle = 20°.-
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Figure 8: Choke blast simulation with geologic layers differentiated.
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Figure 9: Choke blast simulation with burdens differentiated
0.0
2.0
4.0
E 6.0
<
I
A 80
10.0
12.0
14.0 .

M . 1 4 | 4 { 2 1 N { )
20 00 2.0 4.0 6.0 80 10.0 12.0
Horizontal Displacement (m)

Figure 10: Horizontal displacement versus depth for spheres adjacent to four
of the blastholes from the blast shown in Figures 8 and 9.




Close study of Figures 9 and 10 indicates that the lateral movement of material during one of these blasts
varies spacially and can be quite complex.

Conclusions

An expanded geometrical blast definition capability for DMC_BLAST has been documented.
DMC_BLAST is now qualified to treat a wider variety of bench blasting problems than ever before and
can also now treat choke/buffer blasting. Simulations of choke/buffer blasting show a spacial variation of
horizontal displacement that increases with increasing row number and that also varies vertically, depend-
ing on the position of the row in the blast. ‘

Table 1: Blast Design Parameters

. Fgure . No.of | Burden | Spacing | HoleDia Hole Stemming
Description No’s Explosive Rows (m) (m) (mm) depth (m) | Height (m)
6 Layers dipping to face. 13,5 | Emulsion 4 7 12 311 Variable 8
Dipping top surface. ~52
Face defined with coord.
Pit defined with coord.
4 Layers dipping from face. 24 Emulsion 7 75 12 254 Variable 6
Dipping top and bot. surf. ~44
Face defined with coord.
Pit width and dip defined.
Spoil angle defined.
Buffer blast with 5 horizon- | 7.8,9, Heavy 8 3.96 4.57 165 10 5.18
tal layers of rock. 10 ANFO
30/70
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