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Application of New Edge-to-Edge Contact Algorithm to
Discontinuous Deformation Analysis
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Abstract DDA (Discontinuous Deformation Anlaysis) is one of the latest numerical analysis which has merits of
both FEM and DEM. In this research, a new edge-to-edge contact algorithm was applied on DDA. With adoption
of new edge-to-edge contact state definition, sub-algorithm was improved about open-close iteration, contact state
judge, contact detecting, and friction forces acting on joints. Newly applied DDA was verified based on two different
cases. The DDA results show good agreement with numerically predicted one.
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| Input of block geometry and control points. |

I

I Input of material properties, loading conditions. |

I

Contact detection and
Computation of non _contact terms.

I

L Add/subtract contact spring.

I

Computation of contact terms and
solving ot global equilibrium equations.

Check for
Convergence?

Open—
close
Iteration

Step
Computation

Fig. 1. Flowchart of DDA (after Shi, 1984)
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Table 1. Extended edge-to-edge contact conditions

Definition Added sub-matrices
Condition Conceptual Toh o After
figure Left contact |Right contact © tght oct
contact contact
Open open open nothing nothing
. possible
Locked locked Jocked normal sp.rmg normal sp.rmg condition
shear spring shear spring after
OCl
- - - normal spring normal spring
Sliding sliding sliding friction friction
Left normal spring .
locked locked open shear spring nothing
Left L normal spring .
sliding slld_mg open friction nothing
used only
during OC1
Right locked open Jocked nothing normal spring
shear spring
. L Lo . normal spring
Right sliding open sliding nothing friction
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Table 2. Convergence check and its treatment on Open-Closed Iteration

i Conditions Treatment
Condition Convergency
after OCI Left contact Right contact
open convergence D/N* D/N
closed failed add Ss, Sn** add Ss, Sn
open ‘
left closed failed add Ss, Sn D/N
right closed failed 7 D/N add Ss, Sn
open failed sub Ss, Sn*** sub Ss, Sn
closed convergence D/N D/N
closed
left_closed convergence D/N sub Ss, Sn
right closed convergence sub Ss, Sn D/N
open failed sub Ss, Sn D/N
closed convergence D/N add Ss, Sn
left_closed
left_closed convergence D/N D/N
right closed failed D/N add Ss, Sn
open failed D{N sub Srs, Sn
. closed convergence add Ss, Sn D/N
right closed
left_closed failed add Ss, Sn D/N
right closed convergence D/N D/N
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Table 4. Input parameters for DDA analysis on toppling slope failure

Input parameter Value
Unit mass 2.5 ym®
Rock )
. Young's modulus 500 GPa
properties
Poisson’s ratio 0
. Friction angle 30°
Joint properties -
Cohesion 0
Stiffness of normal spring 10000 GN/m’
Stiffness of shear spring 5000 GN/m’
Allowable displacement 0.0025
Analysis properties Max. overlap angle 1.5°
OCI limit 8
Time step 0.005 sec
Total steps 500000 steps
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Fig. 5. Result of ‘DDA : deformation of blocks on stair-like slope

Fig. 6. Close view of DDA resuit of the slope after 3,000
steps
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