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THREE-DIMENSIONAL DISCONTINUOUS DEFORMATION ANALYSISON
SURFACES OF ROCK BLOCKSWITH GENERAL MODEL
OF WATER PRESSURE DISTRIBUTION
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Abstract The discontinuous deformation analysisiDDA) is a powerful numerical method for the analysis of
discontinuous rock mass behaviours. And the three-dimensional discontinuous deformation analysis(3D DDA) is
extended to allow the consideration of groundwater pressure. In geological modelling various geo-information can
be expressed as functions of spatial variables. On the basis of groundwater observation data a three-dimensional
piezometric surface using a relevant fitting function is constructed. And a general model of water pressure
distribution on the surfaces of rock blocks is established. The water pressure submatrices are then derived by
minimizing the total potential energy and are added to the global matrices. The extension to 3D DDA has been
incorporated into a 3D DDA computer program and numerical results from two test cases show the reasonability
of the method.

Key words rock mechanics three-dimensional discontinuous deformation analysis(3D DDA) general water
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Fig.1 A genera water pressure distribution model

Ax+B,y+C,z+D,=0 4

A, B, G, 0 C,#20
7= Pey By B (5)
C2 C2 C2

n=[n. n, n,]

4
S 1 EFG)

EFG-EFG S
[F, F, FI]"=(ax+by+on, n, n]" (6

a=y(A/C -AIC,)
b=y(B,/C,-B,/C,)
c=y(D,/C,-D,/C,)

rz] 3D DDA

D)
x 'y 2 [D]

[u v W=[T][D] (7)
) [T:]
T, :—”(qu+ F,v+F,w)ds=

FX

[D]" [ [T]{Fy]dxdy ®
ny F

n

z

z

Dy S xoy



24 3 . « 403+

12x1 3D DDA 5° = [[10ydz
Dy,
F, St = ” y dydz
L[| F, xdy > [F] (10) o
L E R | s? = [[zdyaz
° ny[2] S ii i
S~ [[ubdy 8= [[xbay = [[yoay ;= [[ 2z
Dxy Dxy Dxy Dy
Si=[[xddy s = [[ylaxdy S} = [[xaxdy sz = [[yzdydz
Dxy Dxy Dxy Dy,
Do S yo [al(r=1

[a,]=[0 0 n,]'[a b (]

[a,]=[0 0 n/J]'[a b (] 12) (12)

[a,]=[0 0 n,]'[a b ] a=y(AB,-AB,)/AC,
[a,]=(n,[Z,]+n,[YoD[a b c] b=7(AC, - AC,)I AC,
[8s] = (0,[Z,] - n,[X,Dia b ] = y(AD,— AD,)/AC,

[as] = (=n,[Yo] + n,[X,][a b ]

Xol=[-B,/ A, ~C,IA, —(D,! T
[a,]=n,[X,][a b (] Xl =1 A A, = (D A+ %)

[a]=n,[Y,][a b c] (11) Yol=[1 0 -y’
[a,]=n,[Z,][a b (] [Z,]=[0 1 -z]"
[alol{inx[vohlny[xo]}[a b d B,#0
2 2 f=[alSE, +aL St + (&, +ay) S, + (), + &) +
1 1
el =(3niz.1 5l a b (@l + )t + a7y (5

1 1
=l =n[Z,]+=n,[X b
[a:l_z] (2 nx[ 0] + 2 nz[ 0]j[a C] 33 _ J,J.ldXdZ

[X,J=[1 0 —x]" [Y]=[0 1 -y, Sf=£)”xdxdz

[Zo]z[_Azlcz _lecz _(Dzlcz"'zo)]T Sf:J‘J‘ZdXdZ
DXZ
Oo Y ZrO) C SfX:”xzdxdz
a, & A )
[a]l=|ay a, ax (r=1 12 (12) sz=”zzdxdz
r r r Dy,
9y 8y ay SfZ:fIXZdXdZ
DXZ
f, =[alSh +a,S, + (@) +a,)Sh + (al, + a) Sk + D. S (3] (r =1
12 12
(al, +a,)S! + 2, S/ n, w B ®
a:7/(A&Bz_AzBl)/Bzcl
P20 b B.C C,))/BC
f, =[alS?, +a,S2 + (@), + al,) S2 + (al, + 23,)S% + =7(B.C-BG,)/BG,
=y(B,.D.—-BD.,)/B.C
(al, + a)S? + 2L S /n (g CT7EBD-BRIBG

[Yo]:[_Az/Bz _Clez _(Dz/Bz"'YO)]T



0404

2005

[XJ=[1 0 —x]"
[Z,]=[0 1 -2

3
31
2 3
E=1GPa v=03 y =27 kN/m®
21°
1.2
500 3
3D DDA 3
( )
4 500 3D DDA

Fig.2 Three-blocks rock slope system and piezometric
surface
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Fig.3 3D DDA resultsfor three-blocks slope without
piezometric surface
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Fig.4 3D DDA resultsfor three-blocks slope with
piezometric surface
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Fig.5 Contact force distribution with time steps
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Fig.6 Rock slope model with circular diding surface and

piezometric surface
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Fig.7 3D DDA resultsfor rock slope model with circular
sliding surface and piezometric surface
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