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On a numerical method for analyzing large discrete blocks’ fracture and breakage
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Abstract: Restricted by the assumption of low-order linear displacement approximation in each block, Discrete Element
Methods (including DDA) often have to mesh many continuum parts of the problem domain into small discrete blocks when
simulating crack propagation problems, and the result is very sensitive to the very way that divides the domain. In order to
construct the block system with physical structural planes as consistently as possible and improve precision of displacements
and stresses results, it is indispensable to introduce new efficient displacement approximations. This method newly introduces
meshfree approximations, meshfree nodal displacements are taken as the degrees of freedom instead of block rigid movements
and strains. Based on this improvement, analysis of cracks” propagation inside blocks can be conducted. The detailed algorithm
on analyzing cracks exploration inside blocks is: enriched approximations which describe singular crack tips fields and
discontinuous crack faces are employed under the Partition of Unity theory; the enriched nodes surrounding crack tips or faces
are respectively mapped with corresponding enriched degrees of freedom, and the solution of all these degrees of freedom is
uniformly proceeded by the implicit iteration algorithm of DDA, then fracture and breakage of DDA blocks can be analyzed.
The numeric examples show this algorithm is rational and efficient.

Key words: discrete block; DDA; meshless or meshfree method; displacement approximation; partition of unity; crack

propagation
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Table 2 Propagating crack-tip’s coordinates and SIF values

X/m ¥/m K@)/(MPa » m'"?) K(II)/ (MPa * m'?)
484.017 1743.82 -14.870 38.1000
489.846 1738.33 -23.2200 30.7817
495.898 1733.11 -38.9173 27.8073
502.529 1728.63 -40.5250 37.2901
509.177 1724.18 -49.6478 31.6431
515.698 1719.55 -51.0932 29.7613
522.441 1715.24 -48.5035 35.4457
529.469 1711.40 -48.5149 37.7752
536.214 1707.10 -67.5221 35.2274
542,933 1702.76 -51.5279 31.9088
549.960 1698.94 ~59.2546 46.7925
557.274 1695.69 ~56.5603 45.7307
564.825 1693.03 -54.1090 43.5281
572.133 1689.75 -73.3152 36.8912
579.336 1686.25 -74.5121 43.0589
586.649 1682.99 -57.5522 39.8274
594.125 1680.13 -58.2296 43.2212
601.658 1677.45 -67.3205 45.2793
609.236 1674.88 -60.3140 39.8382
616.959 1672.79 -56.1261 42.6033
624.743 1670.95 -68.7133 47.6633
632.457 1668.83 ~78.6715 44.7753

B PR R RET e b 7R I 2% AN I ST LA 5 25 0 1)
EACTOE VRS S5 T

T1/ MPa

1850

1800

1750

¥im

1700

1650

1600
200 250 300 350 400 450 500

x/m
B5 RYRHE—ELHDH
Fig. 5 The 1st principal stress field around the crack tip

E6 RO REERNNRES

Fig. 6 Crack propagation path and stress vector field



5533

KB SF. B ORI 2R 2 B 5 RS 401

4 % it

u>$1%ﬂ%xmw%ﬁwwwﬁww7%
n’JMF}J %, BICMREAG(E DDA v, JLE UTE
POl T AR a0 3 ﬁ*mﬁﬁb&mﬂﬁ,ﬁﬁﬁhh
m@ﬁ,ﬂ“ﬁ%k L= At A, ATk b xf 2%
SR, B T ARG L

(2) FIH T WA IE A L BT 1A
BSOS ER . HEd R AR, Nk
FI| T W R IR R e A4 5E A TR 45 A e BT i B
(1, JEVIE AT T — e iy, Fmgh A,

(3D {EAHE I, A0 EWFFEE T e AL
PRI ) 22 BEE 2 BT *A¢ﬂ¢ﬂ ﬁ%m%ﬁ&
0T G040 2 AREN e N 1 A AL bl W 24 o 2
FROE, PO T PRl e 2 A g it DY

B3 3Lk -

[1] CHRISTOPHE Daux, MOES N, DOLBOW ], et al. Arbitrary
branched and intersecting cracks with the extended finite
element method[J]. International Journal for Numerical
Methods in Engineering, 2000, 48: 1741 - 1760.

[2] BELYTSCHKO T, GU L, LU Y Y. Fracture and crack growth
by element-free Galerkin methods[J]. Modeling Simulations
in Materials Science and Engineering, 1994, 2: 519 - 534.

[3] skIEHT, Foese, LR, BT854 A o3
Br. 0 o 5 TR A4, 2001, 20(3): 281 - 287.
(ZHANG Guo-xin, WANG Guang-lun, PEI Jue-min.
Structure failure analysis based on manifold method[J].
Chinese Journal of Rock Mechanics and Engineering, 2001,
20(3): 281 - 287. (in Chinese))

[4] E7KHK, HELRE, B, wal s A B LT T
FL[]. #rb 1%, 2003, 24(4): 621 - 625. (WANG Shui-lin,
FENG Xia-ting, GE Xiu-run. Study on crack propagation
modeling by high order manifold method[J]. Rock and Soil
Mechanics, 2003, 24(4): 621 - 625. (in Chinese))

(5] Wbk, FEER. RO oM E kD). &
A1 0255 TR 24, 2005, 24(7): 1187 - 1195, (LI Shu-chen,
CHENG Yu-min. A meshless manifold method for crack
propagation analysis[J]. Chinese Journal of Rock Mechanics
and Engineering, 2005, 24(7): 1187 - 1195. (in Chinese))

[6] SHI Gen-hua. Discontinuous deformation analysis—a new
numerical model for the statics and dynamics of block
systems[D]. Berkeley: Department of Civil Engineering,
University of California, 1988.

(7] fRHamE, Moot sKkEEW. 3D BBOTsEBLL/ 11 R 0T iR
TR BRI TR, 2007, 24(3): 1 - 7. (HOU
Yan-li, ZHOU Yuan-de, ZHANG Chu-han. I/ II tensile

shear mixed mode fracture simulation by 3D discrete element

method[J]. Engineering Mechanics, 2007, 24(3): 1-7. (in
Chinese))

(8] #E LM, TR, XU, 55 HARELSAZIE S Hr(DDA)J)
TR A RAY D). A0S TR, 2007,
26(4): 682 - 691. (JIAO Yu-yong, ZHANG Xiu-li, LIU
Quan-sheng, et al. On using discontinuous deformation
analysis approach for simulating rock crack propagation[J].
Chinese Journal of Rock Mechanics and Engineering, 2007,
26(4): 682 - 691. (in Chinese))

[9] BRICHE, EH:SE, X M, 5. AR EiEeaooiH SO ik
R M), A 1 Ee TR, 2008, 24(10):
1639 - 1644. (CHEN Wen-sheng, WANG Gui-yao, LIU Hui,
et al. Insight into some aspects of discrete element numerical

Chinese Journal of Rock

1644. (in

methods for rock mass[J].
Mechanics and Engineering, 2005, 24(10): 1639 -
Chinese))

[10] HhKEL # %, AE06. W] E RS A fr i ) Peta
AEE LA HT[I]. 4y, 2008, 19(1): 1-6. (MA
Yong-zheng, ZHENG Hong, LI Chun-guang. Applying
natural neighbor interpolation to discontinuous deformation
analysis of block system[J]. Rock and Soil Mechanics, 2008,
19(1): 1 - 6. (in Chinese))

[11] FLEMING M, CHU Y A, MORAN B, BELYTSCHKO T.
Enriched element-free Galerkin methods for crack tip
fields[J]. International Journal for Numerical Methods in
Engineering, 1997, 40: 1483 - 1504.

[12] BABUSKA [, MELENK J M. The partition of unity
method[J]. International Journal for Numerical Methods iln
Engineering, 1997, 40: 727 - 758.

[13] DAUX C, MOES N, DOLBOW J, SUKUMAR N,
BELYTSCHKO T. Arbitrary cracks and holes with the
extended finite element method. International Journal for
Numerical Methods in Engineering 2000, 48(12): 1741 -
1760.

[14] JAU I F, WANG S S, CORTAN H T. A mixed-mode creek
analysis of isotropic solids using conservation laws of
elasticity[J]. Applied Mechanics, 1980, 47: 335 - 341.

[15] PAUL B. Modification of the Coulomb-Mohr theory of
fracture[J]. International Journal for Applied Mechanics,
1961, 28: 259 - 68.

[16] WK, PhGE, LI Chun-ling 4%, SYE0EIN4 F a4 0y
(1 BB Kye FHE]. PR Tk 7274, 2001,
23(6): 563 - 567. (RAO Qiu-hua, SUN Zong-qi, LI Chun-lin,
et al. Determination of shear (Mode II) fracture toughness
Kijic of rock using shear-box test[J]. Journal of Central South
University of Technology, 2001, 23(6): 563 - 567. (in

Chinese))





