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Discontinuous Deformation Andysis (DDA) origindly proposd by Shi [1] is a
two-dimensond numericd modd for the atics and dynamics of discontinuousblock system. DDA
methodis regarded as an alternativeto thedistina element method (DEM) for theandysis of jointed
rock mases. Asoneof themembers of discrete numericd methodfamili es, DDA methodissimilar to
DEM in the aspeds of modd-establishment for pre-processng and description of discrete blocks
contad. However, DDA method more closely parallels with FEM in solution techniques: (1) DDA
method employs the displacanent modd similar to that of FEM, usng one order polynomia or
highe polynomial approximations (2) it establishes the globd equilibrium equaion by minimizing
thetotal potential energy; and (3) it uses the penalty functiond method to force block elements to
med therestraint conditionsof nopenedration and notenson & the block contad interfaces.

With many pepople contributing to its developament and applicaions the origind 2-D DDA
has been well developed in terms of both theory and computer coding, eg. [2]. Inrecent yeas, DDA
has been aso extended to threedimensonal. However, only some preliminary work on this subjea
has been published. Using complete oneorder polynomial approximations Shi [3] presented some
basic formular of 3-D DDA. Jiangand Y eung[4] developed amodel of point-to-facecontad asapart
of the contad theory for 3-D DDA. Becaise one order polynomial displacement functions are
asaumed, so the stresses and strains within a block element in the modd are congant. The
approximations predude the applicaion of this agorithm to the problems with significant stress
variationswithin the block.

In this pgoer, a numericd modd tha coupled 3-D DDA with finite element method is
developeal. Thedisplacanent field and the stressfield are solved by prope internd discretization of
deformable blocks usng finite element meshes. The contads between the deformable blocks are
modsdling by DDA agorithm. By minimizing the total potential energy, the globd equilibrium
equaionsof the coupling method are established. The stiffnessmatrix, theinitial stressmatrix, the
loading matrix, the inertia matrix, displacement resistance matrix, the contad matrix and friction
forcematrix are derived and added to theglobd equaions Thecouplingmodd can notonly describe
the deformability of generally shgoed polyhedral blocks but also solve such movement forms as
dliding and opening dongblock boundyries, having the advantages of both DEM and FEM.

This coupling modd has aso been implemented into a DDA-FEM computer program. The
program can divided thedistinat blocks into tetrahedral elements automaticdly andtheusers can aso
adjug themesh densty to satisfy demand. The problem of interadion of the conarete founddion and
theelastic baseisandyzed toill ugrate theapplication of the proposed method.Asshownin Figure 1,
the cdculationd modd is condst of two blocks. The material congants for the concrete foundition
are: Younds modulus E=300MPa, Poison’s ratio v=0.17 and density p =2800lg/m?. The material

condants for the elastic base are: Young's modulus E=2MPa, Poison’s ratio v=0.25 and densty
0 =2000lg/m®. The propeties for contadt interfacebetween the conaete foundaion and thebase are:

friction angle ¢ = 30°, cohesion C=1KPa, tensl e strength T=5KPa. The bottom bounday and four
side boundaies of the base are fixed in thar respedive normal diredions Besides the self-weight
loading, a uniformly distributed loading q=100KPa is aded on the top bounday of the concrete
foundaion. Figure 2 shows the settlement deformation of the elastic base (the displacements are
magnified to 10 times), and Figure 3 shows the nomal contad forces distribution on the interface
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between the conaete founddion and the base. Obvioudy, thenomal contad forces ar concentrated
at the comner of theinterface

In concluson, the coupling method which incorporeates a finite element mesh into the distinct
blocksis asignificant development in DDA. It nat only overcomes the difficulties of usngasimple
congant strain concept to represent deformationsof geometricaly complex blocks, butalso provides
aplatform for developing agorithms for progressve fail ure of rodkmassstructures.
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Fig.1. Interadion of the conaete foundaion and the elastic base
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Fig.2. Settlement deformation ofthe base Fig.3. Norma contad forces distribution
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