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iiii_ _ ABSTRACT

Cast blasting can be designed, tp__!jze explosive energy effectively and economically for coal
mining operations to remove overburden material. The more overburden removed by explosives, the less
blasted material there is leR to be transported with mechanical equipment, such as draglines and trucks. In
order to optimize the percentago of rock that is cast, a higher powder factor than normal is required plus an
initiation technique designed to produce a much greater degree of horizontal muck movement. This is a
significant change from normal blasting practice where fine fragmentation and sufficient muck movement
were the prime requirements to permit efficient excavation.

This paper compares two blast models known as DMC (.D_istinctM__otionCode) and SABREX
(S_cientific Approach to Breaking Rock with __plosives). DMC .applies discrete spherical elements
interacted with the flow of explosive gases and the explicit time integration to track particle motion
resulting from a blast. The input to this model includes multi-layer rock properties, and both loading
geometry and explosives equation-of-state parameters. It enables the user to have a wide range of control
over drill pattern and explosive loading design parameters. SABREX assumes that heave process is
controlled by the explosive gases which determines the velocity and time of initial movement of blocks
within the burden, and then tracks the motion of the blocks until they come to a rest. In order to reduce
computing time, the in-flight collisions of blocks are not considered and the motion of the first row is made
to limit the motion of subsequent rows.

Although modelling a blast is a complex task, the advance in computer technology has increased
the computing power of small work stations as well as PC computers to permit a much shorter turn-around
time for complex computations. The DMC can perform a blast simulation in 0.5 hours on the SUN
SPARCstation I0-41 while the new SABREX 3.5 produces results of a cast blast in ten seconds on a 486-
PC computer. Predicted percentage of cast and face velocities from both computer codes compare well
with the measured results from a full scale castblast. --,J

Figures and Tables following text. DIgTB_ION-4_-THiS.DOUUMENT J8 UNLIMfrED
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INTRODUCTION

In most miningoperations,successful blastingoftenprovidesgood fragmentationanda muckpile

profile thatallows the diggingequipment_ work at its maximumefficiencT. For draglineoperationsin
.the open pit coal miningindustry,_g_maximumoverburdencasting can _l_'reduce the amountof re-

handliaB)__ze_ the amountof padpreparation.

As part of a continuingeffort to support the use of explosives in achieving maximummining
productivity,we have developedan awarenessof the complexityof the multi-block motion and collision
effects in the heave process. In collaborationwith SANDIA National Laboratory, a computercode
designatedas DMC has beendevelopedin parallelwiththe SABREX-Heavemodel. It has thecapability
of handlinga multi-layerrockstructureandan actualbenchface profile. In addition, with the provision
for input of rock structureproperties,explosive parametersandloadinggeometry, it enables the user to
have a wide rangeof control overblast design parameters. The extra details as a resultof the increased
computational complexity will be of use in many problem-solvingsituations in fundamentalblasting
studies. DMC requires a great deal of computing power, so it is only intended for runningon a
workstation. A _.7picalcast blast simulationtakes half an houron theSUN SPARCstationI0:4I. '

The need for an engineeringmodelto enable blast studiesto be carriedout on site and to determine
alternative designs without the expense of full scale trials was introducedin 1987 (Kirby, Harries and
Tidman, 1987). The complexheave process in blastingis simplifiedin SABREX to allow the simulationto
be performedon a PC computer. Although the rock type is restrictedto one in each case study, and the
muckpile profileis treatedon a verticalplane intersectingwith the benchface at 90 degrees,it can handlea
blast loaded with up to three differenttypes of explosives and variable drill patternsbetween rows. A
typical simulationof a cast blast takes aboutten secondson a 486-PC computer.

This paperpresentsselectedfeaturesoffered by both SABREX and DMC as mentionedabove. A
comparisonof results froma full scale castblast and predictionsfromboth programsis also included.

THE MODELLING OF CAST BLASTING

Basic inputs for modellingthe rock motionin both SABREXandDMC are similar. Theyare :

* detonationandexplosionpropertiesof loadedexplosives, includingvelocity of detonationand.
boreholepressure;up to threeexplosivestypes perblastcan be inputto SABREX, one,3q'_MC

* dynamic elastic propertiesof rocksuch as Young's Modulusand Poisson'sRatio; one set percase
in SABREX, no restrictionin DMC

* delay timing, benchface angle and drillhole geometry;one face angle per case in SABREX, no
restrictionin DMC

Thereare, however, additionalinputs requiredin each computercode to model more specificsite situations.
Moredetails aregiven in the followingsections.
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The Effect of Rock Absorption and Swell Factors on Heave Computation in SABI_X

The heaving process happens after a shock wave has passed and cracks are generated in the blasted
rock mass. The explosive gases flow into cracks, extending them towards free faces. The face does not
move until the gas-generated cracks cause the rock to fail. Then the gas pressure, reduced from its initial
value because of expansion and cooling, imparts a momentum to the rock, beginning with blocks at the free
face and ending with rock at the back and base of the blast, The face velocities that control the shape of the

muck profile are calculated at three locations namely the crest, mid-face and toe on the vertical plane
intersecting the bench face at 90 degrees. These velocities are sensitive to the drill pattern, the properties of
the burden rock, and the available explosive energy excluding the portion being lost through stemming
ejection or venting into open cracks in the rock mass. Since the energy lost is likely a site specific
phenomenon, a Rock Absorption Factor (RAF) has been designed to rate the efficiency of gas expansion
into the burden rock. Depending on the rock porosity and competency, this value falls between 0and 20%.
A higher value indicates more energy would be absorbed; and therefore less heave or throw would be
resulted. These factors can be determined through the study of high speed film and the surveyed muck pile
profile of a typical production blast (Chung and Tidman, 1988).

Once the initial velocities have been calculated, the model breaks up the burden into a number of
square blocks and treats them as if they were each thrown by the blast. When the blocks land on the

ground or on stationary blocks, they do not bounce but may be shifted horizontally to maintain an angle of
repose. The final profile of the muck pile is defined by adding the amount of swell which is proportional to
the fallen height of blocks. Figure I shows a simulated muck pile of a bench blast and the 6ffect of RAF
and Swell.

The Effect of Element Packing Angle and Damping on Rock Motion Computation in DMC

Besides the required basic input as described above, DMC applies the spherical Element Packing
P,ngle to treat the sedimentary formations with bedding planes. DMC also applied the Damping Coefficient
to define the velocity distribution in a burden. The code uses discrete spherical elements and explicit time
integration, to track particle motion, resulting from the load of explosive gases flowing outward from the

blastwell. The gas flow calculation is performed assuming the surrounding rock media is porous. The
loads on the spherical elements are calculated using the gas flow characteristics. The porosity of the gas
flow model is modified as each discrete element moves. Figures 2 and 3 show a bench blast example and
the effects of these additional factors on the shape of the final muck pile profile (Preece, 1990).

SIMULATIONS COMPARED TO FIELD DATA

The example given here took place at the Lee Ranch Mine owned by the Santa Fe Pacific Coal
Company. The mine is located about 25 miles north of Grants, New Mexico. Figures 4 and 5 show a
bench cross-section and descriptions of the strata being studied. The bench is located at the western end
of the pit. The values for Young's modulus, Poisson's ratio and density have been used and reported in a
previous study (Preece, Burchell and Scovira, 1993).

Field Measurements

The bench face and pit geometry were surveyed by means of a Laser Profiler before the blast. The

face movement was tracked with a Locam camera operating at 350 frames /sec. This high speed camera
was located in the pit approximately 300 m off the end of the blasted section x_ewing almost parallel to the
bench face. The measured face velocities are given in Figure 5 along with the velocities computed by



DMC. The muck pile was surveyed after the blast at the same cross-sectional location as the pro-blast
survey covering the muck pi.leand part of the spoil pile. The comparison is relatively good, though there
are some differences at the back of the blast and where the muck pile meets the spoil pile. The percent cast
determined from the survey and DMC were 29% and 28% respectively.

Computer Simulations

The spherical element model used in this simulation and a few selected time frames of the

computation are shown in Figure 5. This simulation used a maximum packing angle of 30 degrees which
allows a significant amount of dilatation as the spheres move with increased horizontal friction. This setting
supports a curved front face during the heaving process. The model has 1960 spheres and the entire
calculation executes in 5300CPU seconds on a SUN SPARCstation 2 computer workstation.

SABREX uses the same data base as described in Figure 4 except that the rock property has been
averaged. The swell factor used is 1.18, a value determined from the surveyed result. The RAF is set at
0.05, a value used mostly for average blasting conditions. Figure 6 shows the input as well as the
predicted face velocities and muck pile pprofile. It is noticed that these predicted values agree well with the
results quoted in Figure 5. The simulation of this cast blast is completed in ten seconds on a 486 notebook
computer equipped with a math co-processor.

CONCLUSIONS AND DISCUSSIONS

Both DMC and SABREX have demonstrated their abilities to predict the results of a full scale bench
blast. The DMC code can simulate blasts involving more complex rock struetu/e. Although it takes more
computing power to performa case study, the ability to provide details of blasting physics allows for its
use in many problem-solving situations and furthers the development of blast modelling. SABREX is a
good engineering tool which can offer quick answers to alternative blast design problems on site. Although
it can only handle blasting of a single type of rock at a time, but its fast turn around performance and
accuracy make it a predictive tool especially for field operation. :
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Summary of Measured and Computed Results
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Figure 6. SABREX simulation using data given in Figure 4 with Summary of Results
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