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Edge-to-edge contact simulation for three-dimensional distinct block system
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Abstract: A contact theory governing the discontinuous contacts between arbitrarily shaped polyhedral blocks is a major component
of three-dimensional discontinuous deformation analysis method (3D-DDA). An edge-to-edge contact model, which forms a part of
the contact theory, is proposed. Details are given including the detection of edge-to-edge contact type, judging of the first entrance
faces, and the criteria for inter-penetration. Contact submatrices are derived by vector analysis and the penalty function method. This

edge-to-edge contact model has been implemented into a 3D-DDA computer program. Two verification cases demonstrate the

validity of the model and the capability of 3D-DDA to deal with large movements and multi-block interaction.

Key words: 3D-DDA; edge-to-edge contact; entrance faces; criteria for inter-penetration

1 51 5

YR BRICIERE SR AN O T Bk — 4
AR Te, AHAEAELLAR Y 73 M7 /7 15(DDA) M — 4
He) B S LLAIRTE AT 2 . TR E P AL
2B FUGE ) T =48 DDA [W#F5T, IF HkRE TH
PR RCR . SCHR[1]E - 4ESERT 4T T —4F DDA
MEE A, AT S THFEN BRI Sk
RN T =4 DDA A SR, JEUEAT T YAk 1)
IR M SCIRBIAE— M R PEAL AR A S TS
BT/ NABE R T =4k DDA IE AR
SCHR[ATR T AN = Y SR A 11 7 A 28 2%
DDA [ 2 gl 37 2 R AR 1 g NS, 58
B A B SRR AR T K 22 mT AR A H T -
AL, SCER[S1HEH T =4 DDA [ -1 £ i
B, S T = e AR -1 -0 AR T -

WA F 8 2004-10-22 BRI H B 2005-01-24

M, T M- M-, -8R G Rl
8, SCHR[6]5¢ A TS Ioe it “ 23K~ #1:5 DDA
¥y “FENTE ", (HICBEREAR rkE . 5 RO
H0 225K AR, DDA SR B, 75 —AN
A P FE A S AR N BRI N R AT RE e R AR
e, TR SIEARME, Wmtitid, DDA gl A
P E (R “HENI” ) IFAEME—, 5“2
S A7 WA . 0 =4k DDA e Blig 1
By, ANSCAE R - TR AR Y A, 2D
Nt 3R SUBUELS LI E VIR RN (E % NP B
TREINMT S T AR HES

2 =4 DDA [WEA 5 B

2.1 BAKAIRE AT
DDA 73N 3TV, KRS ANRAL Y 1 /)
PiA% ANAETE BN ABGE BN TR 255 A2 /M

FEH: FEEAREEEIES (No. 50309010), EF HARRFAIE SV K BIT RIS DI S T 50 H (No. 50539100), 7K % -5 7K Hi TFE R4 [E
FH R E T MES (No. 2003C004), HhrE R B + )24 T pi S0 TR iRE 4 (No. 2061521520 %),

EHE RIS LEE, 5,

1972 54, 14, EIEEZ, FENGA T F R R S T B 5 B S B TAE . E-mail: jgh1972@yahoo.com.cn



1370 = L+ ok =5 2006 4F
B IR RN PRI AN T oI,
i, HUARIZEE) BTG 12 A AT S i =37 ag. ST b1 )
ri N
fifa g
T 5HP
[Di]:[“o’vo’wo’ao’ﬁo’70’5x’8y’8z’yxy’yyz>yzx] F: - ad |[Di]:0 (1’21,2,3,"'12) (6)

(1)
Pk T (x, v, 2) AT A AR &
[Di]ﬁé%‘

Lﬁv}[z] D] @
! 0 0 1"
0 1 0
0 0 1
0 ~(z=2) »y-n
50 ey o
[7:]: (xy—xfo) 0 ! 0 3)
0 (=) 0
0 0 (Z—ZO)
(y=1)/2 (x—x))/2 0
0 (Z—ZO)/Z (y—yo)/2
| (z—2)/2 0 (x=2%)/2 |

X (uy,veowy ) A BRI (x0, .2, ) FIRIAA T
¥ (a9 By.70) WRAKREE x|y, z BHIKHE S
(Sx,gy,gz,}’xy,ﬂ/yz]zx) PRI 3 ANIER AR 3 ANBYRY
A%,
2.2 BEFETTR

Tk He Rz ] (R 20 ORI FALE & Bk B &
LYRGAE, TR ARG R, FHA L
—ANPUER G AR BITE AR RS LA,
e P R AT g

[k Ky Ky oo Ky, ]
1 2 M3 In D, F
ky kyy kyy e ky, D, E,
ky ks, ki e ks, || Dy |=| “4)
Lo : .o D'n F;
_knl an kn3 T knn i

DPUM BN IARAT 12 DA, Preal (4 19
RBGERET, BATCR k4 12X12 Br 7 FE: Dy
MF R 12X 1 B 7R, D AU @ (A AR &
F 8k i S IE 3 12 AN AR K 280 1R P (]
HHAK i (MPRRRFIEAT O, [hy] G5 WA
L YUE j 22 18] A2 R AT O -

T4 € (R N AR AR, MR AR I B,
MR8 R AT DI RE XS B g S A0 T (R AE A5 g A
BHJE INAET T HRFABE T, K23, RE e s

/N

3 = HEPUAIL - fil AR

3.1 HE T A A 8 FHHR A HAET

X T ZYER (1) 3-1fi, ARAE 2 SRl 1)
JUFRI R AT LRIy ln F 2 A A

(1) 2 Z&Ehbi VAT, ik 1@)FE 1(b)FR.
WP IS = PR 300 - 30 e R0 R 4 () £ - £ A 2RAL
(1, X 1@ BRI E, 14-108flmT DU Ak Rk
2 AR A A R k. R 1) TR
15, -] LU 2 A 4E ™ A 5 1M A
(A XHE— NS, 4745 2 ANEEANT,
SR N T 1 ) e AR N HE U ] 252 SCHR[ 7], BT[]
(P YR NERAR R T HENTH, B HE N FTAEN
P

(2) 2 AL AAT, W 1(e)Fr. S
FAE—ANRENT, BRI 2 485l RP, R PP, BIT4A
BRI, AR A EAR NI AR A, RN
Wk

(RE,xPP)-PBR <0 (7)

B 1 A AR
Fig.1 Edge-to-edge contact model



% 8 1 S Y (3 eS RESTBTIE S [ E D) 1371
3.2 B TRERE d = S, +[E1[D,1+[G,1[D,] (23)
X Tl -1 X AR e Eef, W TG AL B e !
IR N T 0 35 8 v e L - BT EAR N, % ekt #
A BY D) BRI RS ) FE A 5 2L [E1=[ey e ex|[T(x.0,2)V1 (24)

(1) 2 8 AT . W 1@FTR, € B 2
Yotk 1) — T, 1 PR ARRENI, 2 (x,,y,,2,)
AU (v, w) 23 WA TR AL P =1,3,4,5) (1AL bR R4
¥, n RN PPP I ANRALE ) R, s P 3
HENTHI PR 03 T B 25k

d,=iiPF, =
S, 1 | Us
TO"'?(ene]zels)(Vl }"'?(621 ezzezs){vs J"' 3
W w;

1 uy 1 Us
?(631 epen) vy |+ ;(641 epes)| vs
w, W

X
e =y = »)zs —23) + (vs — ¥ )Nz5 — 24) 9)
€, = (2, —z3)(xs —x;) + (x5 —x, )25 — 23) (10)

a3 = (0 —x)(s —y) + (3 =y ) —x) (1D
e =(z —z)s =)+ =3z —z)  (12)
ey, = (25 —2)(% — X))+ (X —x)(z —z)  (13)
e = (1 = y)xs = %) + (s = ys)y —x;) - (14)
ey = =)z —z)+ (O =)z —z)  (15)
ey = (2, —2,) (%, = X3) + (6, =X )25 —2,)  (16)

e =y =)0 =)+ (v = y)(xg = x3) (17)

e, =—(e, +e +e,) (18)
ey =—(e, te,tey,) (19)
ey =—(e; + ey +ey3) (20)

S, :[en €, e,3][x,—x3 =) 4 _Zs]T (21)

[ = \lelzl + e,z2 + e,23 (22)

MRS BARAENM RPP,, Wd, J5E.
TRPBETYAE i, [P, P, PRETHE j,
UNIE:ZASNOILIEE]

[Gj]z[eZ] €y, 623][Tj(x3,y3,z3)]/l+
[63] e, e33][Tj(x4,y4,z4)]/l+ (25)
[64] €5 e43][Tj (x5, ¥5,25))/1
BUE s B FIHENI PP, P, Z 1A V5 I 33,
WILWIEE R p, B ERRZ NSS4, HAE— M
10E~1 000E, E JHARHERE), s 5K
VAR FE &

IL=%{%+HHMHHQMQ@ (26)

XL, SR SAEILRIME, 113 4 A4S 12X 12 i1
FEREAT 2 A 12X 1 B0 B I 23 0 in 281 A4~ 7
P (O I FRERE K, LK, LK LK LIF TR R, T e

PLE]E]—[K,]
plE][G 1> [K,]
PG 1 E]—~[K,]
p,[G1'[G,1—>[K,] 27)

Sy
—%%MJ—ﬂm

So o1
S AT

(2) 2 ZARRRIDAYAT o AEFFERIIE, PRI
RENTH di2fib i) 2 453 BP, AT PP AL, FHANET
FEAT—ADPARERI, W 1(o)fR. Wdn WA
T PR AR BRI ) S (A AR I BRAA ), WIRE R
BTN TR VA 1) B2

o

d,=iPF =

S, 1 L U
TO"';[ez] €x ezs](vl }"'?[em €3 e33](v2}+

w w,

1 Us 11 Uy
;[641 €y e43] Vs +;[eSI €5 653] V4
W3 Wy

(28)
Hrp
e = —y)z—z)+ (v —y3)(z — 2,) (29)
e, =(2, =z )(x; —x3) + (%, —x,)(z4 — 23) (30)

e = (%, = X)Wy = 1)+ = »)(xy —X3) (31)



1372 b +

Vi 2% 2006 4F

e = =1 -2)+ (-1 -5)  (32)
€, =(2, —2,) (%, — %) + (%, — x5, (2, —23) (33)
ey = (5 =X =)+ (=) —x)  (34)
e = (-2 =)+ —»)E-2)  (39)
ey, = (2, —23)(x; —x,) + (X, =3, )(24 — 23) (36)
e = =y —x)+ (0 =35 —x)  (37)
e = =y)E-2)+ (=)@ -z)  (38)
ep =(z, —2))(%, —x))+(x, —x,)(2, —2;) (39)
es = —r)® —x)+(n =3 —x)  (42)
e = (=20 )+ =)z -2) (@)
es, = (x, —x )z, —23) + (2, — 2,)(x; — x3) (42)
ey = =) =)+ =)0 —p)  (43)
I=\e +e, +el (44)

S, :[ell en 613][x1 X NN g _Z3]T (45)
W 2 MR AT RN, W d, k5.

HT s P, PlETHiE i, 5P, PJETHAE ),
(VANVE: NV PTIESS

S
d,= l” +[M1[D,1+ [N, 1D, ] (46)
Ak
[M;] :[ezl €xn 623][];(x1’y1’zl)]/l+ (47)
[931 €5 eaa][ﬂ(xzayz’zz)]/l
[N;] :[641 €y e43][Tj(x3,y3,23)]/l+ 48)

[651 ) 653][Tj(x4,y4,24)]/l
B s B AIRE N2 [ 3k 3R, d HN
FEA b, s WUFZ AL 1R AR e

2
I, =”7(‘i +[M,-][D,-]+[N,-][D,]j (49)

T, RSP AL ME, 771 44 12X 12 B 7
FEREAT 2 /N 12X BB, 00 7 n B A7y

JiRE () PR K LK, K, K, [F] R
[F 1.
M1 M1 [K,]
M1 [N, 1> K]
PN 1T M ] [K ]
2N TN 1=K ;] (50)

AT

AN

4 HAEHG

4.1 Z45iz3)

h T ARSI A ST R R A T AR R, A
T —ANEA 2 AL 10 ) S S A R
w2 fros, BERJUTRSEN 5 mx5 mx5 m, i
T, fr R A Bk F R, Bkl i S i R B A
p=20°, I c=0, K 34HETHIEA 300 K
B R IWERaTLUE I, i i, fds
-0, BAMERNEE, SRR RANE
Bl AR TEAE Dl TR A SEBR ), XAl Rk T
DDA T 2 4K5)) J1 %5477 B4 1 7 T (1 e ) AL

B 2 BHRGERS
Fig.2 A system of multi-block

B3 300 RSP HITHEER
Fig.3 Large movement of multi-block
system at 300 time-step



%8

TGN =Y SR T -1 B 1373

4.2 FHEAH

WKl 4 Pros, SAERRLFAGT 2 5 mX5 mX
10 m, 23] 2 5 HE (40° £30° £ 120° £
60° O FRTIEL, BT B ) EE A A RN EER )
JEA 00 T EARIAY G A St [ e 20K, 3
Ml 5 B L AT 2 WS 30 ANEE 1 AR AL
-1, S 45 T IEE Ok 500 WSS R
ME LU SRR AT A LA R S T
2R il A 2 5% T 8 K T 25 T A 2 T 53 W) R 48
il o

B 4 AR

Fig.4 A column of jointed rock

B 5 500 F5HEER

Fig.5 Deformation of the column at time-step 500

5 4 ®

HJE 2 DDA 5B At i e L, DA 20
KR JE— AT LLESIVE 2 = U AR BLAE F IR 56 35 1
A AENIXANEIS I — Iy, ASCHEN T =

YEPAA I -TL PR, 25t T 3L -TL #E it N
(K3 LE T AR ANMEN, - I 25 8] SR 23 A A
PRECRVEANIE S 1 e B, S0 0 H 4 R
TR R

Z2 % X W

[1] Shi G H. Three dimensional discontinuous deformation
analysis[A]. Proc. 38th U.S. Rock Mech Symp[C].
Washington D C:[s.n.], 2001.

[2] Jang H I, Lee C L. Development of a three-dimensional
discontinuous deformation analysis technique and its
application to toppling failure[A]. Proceedings of Sth
International Conference on Analysis of Discontinuous
Deformation[C]. [s. 1.]: Balkema A A. 2002. 225—229.

3] ZEHE, WOCH, FErE. 4R R GARIESARIE IE

IIMTREBIN. S0 15 5 TR, 2002, 21(12): 1 765
—1769.
JIANG Qing-hui, YEUNG Wen-zhu, FENG Ding-xiang.
Three-dimensional discontinuous deformation analysis
for forward modeling[J]. Journal of Rock Mechanics
and Engineering, 2002, 21(12): 1 765—1 769.

[4]  KBREW, BROCHE, BB, T EA AR = VAR R S )
MG IEA LRI 1%, 2002, 23(1): 55—59.
ZHENG Ru-ming, CHEN Wen-sheng, GE Xiu-run. Data
structure for three-dimensional block system based on
object-oriented  programming[J]. Rock and Soil
Mechanics, 2002, 23 (1): 55—59.

[5] Jiang Q H, Yeung M R. A model of point-to-face contact
for three-dimensional discontinuous deformation analysis
[J1. Rock Mechanics and Rock Engineering, 2004,
37(2): 95—116.

[6] Liu J, Kong X J. Development of three dimensional
discontinuous deformation analyses[A]. Proceedings of
the 6th international conference on analysis of
discontinuous formation[C]. Norway: [s. n.], 2003.

[71 Shi G H. Discontinuous deformation analysis—a new
numerical model for the statics and dynamics of block
system[D]. Berkeley: Dept. of Civil Engineering,

University of California, 1988.



