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Abstract
A discreteelement computerprogram, DMC (DistinctMotionCode)was developed to

simulateblast-inducedrockmotion.Tosimplifythecomplextaskof enteringmaterialandexplo-
sivedesignparametersaswellas benchconfiguration,a full-featuredgraphicalinterfacehas
been developed.DMC is currentlyexecutedon bothSunSPARCstation2 and SunSPARCsta-
tion 10 platformsand routinelyusedto modelbenchandcraterblastingproblems.

This paperwilldocumentthe designanddevelopmentof the full-featuredinterfaceto
DMC. The developmentof the interfacewillbe trackedthroughthe variousstages,highlighting
the adjustmentsmadeto allowthe necessaryparametersto be enteredintermsandunitsthat
fieldblastersunderstand.The paperalsodiscussesa novelway of enteringnon-integernum-
bersandthe techniquesnecessaryto displayblastingparametersin an understandablevisual
manner.A videopresentationwilldemonstratethe graphicsinterfaceand explainsitsuse.

DISCLAIMER

This report was prepared as an account of work sponsored-by an agency of the United States
Government. Neither the United States Governmentnor any agency th,_reof,nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
¢nce herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Governmentor any agency thereof.

* ThisworkperformedatSandiaNationalLaboratoriessupportedbytheU.S.DepartmentofEnergyundercontractno.DE-
. ACO4--?SDPe6,769,andalsosupportedby ICIExplosivesUSA.Allproductsorservicenamesmentionedhereinaretrade-
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The History of DMC
The largest mining operations in the U.S. are surface coal mines which involve processing and
movement of significant amounts of rock and soil to extract the coal and reclaim the land. The
surface coal mining industry has adopteda blasting technique called Cast Blastingwhich allows
the movement of a maximum amount of overburden material with explosives.This leaves less
material to be handled with mechanical equipment such as draglines and trucks and makes the
operation more efficient. Sandia hasworked closely with ICI Explosives,USA to develop meth-
ods for computer modeling of coal mine bench blasting which includes cast blasting.

The Sandia computer program, DMC (DistinctMotion Code), is a discrete element code that
uses spherical elements and explicit time integration to track particle motion resulting from a
blast. A unique feature of DMC is the coupling of the rock motion calculationwith a gas flow
capability. The code models the flow of the explosive gases outward from the blastwell assum-
ing the rock is a porous medium. Spherical element loads are calculated using the gas flow
characteristics, and the porosity of the gas flow model is modified as the discrete elements
move. Input to this model includes rock properties, geometrical configuration and explosive
equation-of-state parameters. This enables the user to have a wide range of control over blast
design parameters. DMC is currently implementedon a SUN SPARCstation 10-41 computer
workstation manufactured by Sun Microsystems Incorporated.

Moving from a Mainframe
The originalversionof DMC washostedona CrayXMP or YMP. In 1990 itwas decided

to moveDMC to a physicallysmallermachine.The firstoptiontriedwasa PC386 runningUnix.
Thismachinedid nothavesufficientcomputationalspeed.The second,andmostsP.tisfactory,
optionwas a Sun Sparc II platform.Thisplatformhadsufficientcomputingpowerto allowprob-
lemsto be solved inovernightrunsand offeredsuperiorgraphicsto the PC.

The Need for an Interface
DMC andthe sphericalelementmodelgenerator,ROCKMESH,employa keywordinput

format.The keywordinputis friendlyenoughforthe developersbut issomewhatcrypticfor nor-
malblastdesigners.The keywordinputalsodoes notincludeinteractivegraphics,forcingthe
userto modifythe input,runthe programandthenexaminethe resultsof thecurrentdataset.A
user friendlyinterfacewas neededsothat blastingandminingengineerscouldeasilyperform
blastingsimulations.The Sun platform,that providedthe necessarycomputationalpower,also
featuredOpen Windowswhich is a graphicalinterfacewiththe Unixoperatingsystem.A sepa-
rate programfor constructingcustominterfaceswas alsoavailable.Thiscombinationmade it
possibleto developa customgraphicaluserinterface.

Graphical User Interface
The GraphicalUser Interface(GUI) hasit rootsinthe XeroxPARCprojectthat is now

familiarto the computerindustry.The workstationgraphicalfacilitiesallowentryanddisplayof
the parametersnecessaryto executecomplicatedprogramssuchasDMC. The workstation
doesthe tediouswork of inputformatting.The useris presenteda graphical,easyto under-
standdisplaywhere parameterscan be enteredinfamiliarterms.Thisgraphicsenvironment
hasthe benefitof reducingsoftwaremasterytimeand minimizingformattingerrors.

The constructionof a GUI requiresan understandingbythe implementorofthe unitsand
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standard parameters that require processing. The interface employs metric units to be compati-
ble with DMC. The implementor should understand the machine used to develop the interface
as well as the standards which guide the interface architecture.

At one time there were two competinggraphics standards for GUI's on Unix based work-
stations. Motif developed by the Open System Foundation (OSF) which has recently become
the sole standard for GUIs in this market, and Open Look from Unix International (UI), which
until recently was implemented as Open Windows on Sun platforms. The DMC interface is writ-
ten in the Open Look standard.

Requirements document
A requirementsdocumentwaswritten as the firststep in interface development. This

document defined the required interface input and specified logical groupings of parameters
into popup screens. This document had severalshortcomings and did not address a number of
issues which, in hind sight, should have been specified. The human side of the interface was
not very well addressed. Such important issues as color and location of associated variables
and consistency between screens were not addressed in sufficientdetail.

Development of the Interface
The nextstepin interfacedevelopmentwas creationof a prototypeversionusingthe

Sun Open Windows Development Guide Version 1 (Guide-1).Thiswasdone to convinceour-
selvesand managementthata graphicalinterfacecouldbe developedfor DMC. Guide-1has a
built-inprototypingfeaturethat allowsdemonstrationof importantinterfacefeatures.The proto-
typewas developedin a week. The resultswere positiveanddecisionwasmade to proceed.
The firstversionof the interface,constructedfromthe prototype,wascalledthe integer inter-
face because it employedintegersliders.Popupsweredesignedto allowthe entryof materials
and explosives,each ofwhichcouldbe usedas buildingblocksto createthe finalmodel.The
materials are the rock types in which the blast is to take place.The explosivepopup reads
parameters for equation-of-state definition, density, equilibrium pressure, ect. Entry of blast
geometry was designed as a series of popups to describe the actual bench or crater blast. The
user was guided though the process by linking popup windows in a logical manner.

The interface rapidly soared in size to thousands of lines of C code. The integer interface
was built on the integer slider widgets that are a part of Guide-1. The integer interface required
that the user convert real numbers into integers for slider input.This feature made the interfL,;e
cumbersome to use which was not foreseen when the requirements document was developed.
A major rewrite of the interface was required to ease the entry of floating point numbers.

The new entry method provided the ability to enter floating point numbers by typing them
in (string entry) or by using sliders. Figure 1 shows the popup for floating point entry. This float-
ing point popup allows the user to set the position of the decimalpoint in a string of numbers
and allows entry of a sign for the number, an exponent and a sign for the exponent. The floating
point popup can be enabled from the interface wherever a real number is required.The user is
presented a button as well as a text field for floating point entries. Pressing the button causes
the floating point entry popup to appear or the user can type in the string. Either is accepted by
the interface and the number is entered into the calculation. The development of the floating
point popup and its use was a major advance in making the interface easier to use.

A second major version of the interface, based on the use of floating point entry, was
developed. This version of the interface was written with the later version of Sun Open Windows



Development Guide Version3 which includes several improvementsover Guide-1.
The integer interface also did not allow for differentgeologic layers. This second version

included the ability to describe a layered medium for the blast. The layered medium is defined
by a set of popups that allow specification of either horizontalor vertical layers of differentmate-
rials.

An Example from the Interface
The bench row popup provides an example illustrating how the interface collects user

input. Figure 2 shows the row entry popup. The problem name and row identifier messages at
the top of the popup provide reference information about the problem being described.The bur-
den floating point entry button and text allow the user to entera floating point numberdescribing
the burden in the current row. Stemming height, spacing, hole depth and hole diameter are
entered in a similar manner. Figure 3 illustrates the various quantities. Hole angle is an integer
slider which allows entry of the hole angle in degrees. Similar integer sliders are provided for
hole and row delays. The explosive for the row is selected from a multi-selectionbox which lists
all of the explosives known to the blasting system. Finally,the buttons across the middle of time
popup allow the user to move between rowdescriptions or end the row entry process. The text
area below the control section serves as a record of previously entered rows. When the blast
entry is complete the user is presented with three illustrationswhich show the simulated blast.
One view shows the face, the second shows a view of the bench and spoil configurationand the
larger view shows the bench configuration. Figure 4 illustrates a typical graphic. The video tape
which accompanies this paper provides a more complete example.

The Future
The interface will continue to evolve as industry uses DMC and requests new features.

The next addition will allow definition of explosive columns which have inert material decks.
Another upgrade which will be required is conversion of the interfaceto the Motif standard since
Sun has announced they will no longer support Open Look in favor of the now industry-standard
Motif.
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ConfigurationBein9Modified RowNumber

HoleDelay(msec)0 0il_iii_,:_.:_-_:_;,-_-_;-:,:=_:_;::_:_=:_.-.-_j 100

_.:._3__;I...............................::._:J o _oo

HoleAngle0 0_:'_:_..............
.... -r_:__ Explosive

..::::::.:,.-...::::_ _._...,.:,_---:-:::¢_:_:: .:_...::_:::..___.-:-_:_

Figure 2" Row Entry Popup
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Figure3 •RowEntryParameters








