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Fig.1 Illustration of a fractal crack propagation path. Lg is the apparent crack length, which is chosen here
as the apparent incremental step length of crack extension. L(§) is the fractal crack length, measured using the
scale 6. 8pin is the smallest roughness scale on a fracture surface, determined by the microstructure of the
material. Vp is the apparent crack velocity, and V is the fractal crack velocity or the local crack tip velocity.
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Fig.2 Graph of the change tendency of V/Vp with the fractal dimension (D) of
fracture surfaces. V' is the fractal crack velocity or the local crack tip velocity.
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Fig.4 Graph of the change tendency of the ratio of K(I(t), V)/K(l(t),0) with increasing Vo/C»
for different fractal dimensions, using (d/Aa) = 0.1 and v = 0.3. See text for details.
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Fig.5 A fractal model for crark propagetior. () The gencrator. (b) A fractal crack extension trace
(the third generation) constructed by usiag the generator (Fig.6a). 6 is the kinking angle. Fractal dimension
(D) is estimated d irectly from the generator, and D = log3/log(5 + 4 cos 6)1/2,

* 1 HEROY ROSHBE D 5B RH 0 Z2EHXHR
Table 1 Relationship between the fractal dimension (D) and the kinking angle (8}

@ 0°  10°  20°  30°  40°  50°  60°  70°  80°  90°
D 100 1003 1013 1.028 1053 1.085 1.129 1.187 1263 1.365
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Fig.6 Graph of the relationship between the fractal dimension (D) and the kinking angle (6)
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Fig.7Ta Surface of the ratio of the dynamic stress intensity factor to the initial stress intensity factor,
K(l(t), V)/K(L(t),0), plotted against the plane of the dimensionless crack speed, Vo/C,, and the dimensionless
kinking angle, 6/100°. The surface is for the microstructure parameter (d/Aa) = 0.1, and v = 0.3

4 & B

ASCE [ REY RERDE M AR RN Y’ I MEBIETRT 2



26 il 7 S i (1995 ) & 27 %
N
10|
T8 \\
= \
< )r"‘ N
-~ Y W
-] NN
S a4
= Ad NN::
= N
< R \
.2
~
.0
s o
v
s N
vy
D
L 5‘3 ‘ Q
C ' LY Q
0 Q- 9 i
\
by 0‘0.\)-

Kl 7b K((t),V)/K(L(t),0) b Vo/Cr 1 6/100° By RITMEE (v = 0.3,d/Aa = 0.01)
Fig.7b Surface of the ratio of the dynamic stress intensity factor to the initial stress intensity factor,
K(l(t),V)/K(L(t),0), plotted against the plane of the dimensionless crack speed, Vo/C+, and the dimensionless
kinking angle, 6/100°. The surface is for the microstructure parameter (d/Aa) = 0.0}, and v = 0.3

HOURTE, [EUCFEMBECE YT AXTahS N SRR F M REOE R M. shi
JIERE RS RS Y T REE A Z B K(I(8), V)/K(L(1). 0 Spt P REGEFE Y,
LB R (d/Da), THE D MRUY RMEIE 6.

ARSI HTEE RAR M AR T o T AN T B MR R MR LR Vo (LA
Bayleigh {0 C, f9—k /. RIWANTKIR ¥, K(L(®), )%ﬁﬂﬂﬁrﬁiﬂ%%ﬁ(k
B L(t) R inmsic, % Vo/C BT LI, ZSRsERT K1), V) ABT

co R A S LR BB K1), V) 4 Vo il Cr f—F LT HE
BTE. BigREEERE Vo RYERT Rayleigh {}ﬁﬁE FEEHS S F R 55 5 e 3 25
SR EN TR EE. A SNSRI S LR MEFERAE R EE ]
i B i35 G5 S ¢

Z2 F X W

Freund LB. Dynamic Fracture Mechanics. Cambridge: Cambridge University Press, 1990
Guo H. J Mech Phys Solids, 1993, 41(3): 457-486

Xie H. Int J Fracture, 1989, 41(4): 267-274

Xie H. Chinese Science Bulletin, 1989, 34(15): 1292-1296

Ravi-Chandar K, Knauss WG. Int J Fracture, 1984, 26: 65-80

Watanabe M. Int J Fracture, 1991: 49: 69-77

Goldstein RV, Lewandowski J. Acta Mechanica, 1992, 91: 235-243

= 3 e W N



01 WAV - SR TR IR 27

8 Madelbrot BB. The Fractal Geometry of Nature. W.H. Freceman and Company (1982)

9 Xie H. Fractrals in Rock Mechanics, Rotterdam: A.A. Balkema Publishers, 1993

10 Madelbrot BB et al. Nature, 1984, 308: 721-723

11 Pande CS et al. Acta Metall, 1987, 35(7): 1633-1637

12 Xie H, Chen 4ZD. Acta Mechanica Sinica, 1988, 4(3): 256--267

13 WRY. EF. RELBAESY. HEFLRELRTEM, 1990

14 Turcotte DL. Fractals in Geology and Geophysics. Cambridge: Cambridge University Press, 1992

15 Xie H, Sanderson DJ, Peacock DCP. Fractal description of Riedel shears. Proc. 2nd Int. Con. Nonlinear
Mech., Beijing: 1993

16 Xie H, Sanderson DJ. Fractal effect of rapidly propagating cracks. Proc. 2nd Int. Conf. Nonlinear
Mech., Beijing: 1993

17 Pippan R. Engng Fracture Mech, 1993, 44(5): 821-829

18 Cotteral R, Rice JR. Int J Fracture, 1980, 16: 155-169

19 Pippan R. Mater Sci Fngng, 1991, A138: 1-13

20 Panagiotopoulos PD. Int J Solids Struct, 1992, 29(17): 2159-2175

21 Wallin H. Constr. Approx, 1980, 5: 137-150

22 Barnsley M. Fractals Everywhere, Academic Press Inc. 1988

23 Rose LRF. Int J Fracture, 1976, 12(6): 799-813

FRACTAL EFFECTS OF DYNAMIC CRACK PROPAGATION

Xie Heping
(China University of Mining Tech., Xuzhou, Jiangsu; Laboratory for Nolinear Mechanics

of Continuous Media, Institute of Mechanics, Chinese Academy of Sciences, China)

David J. Sanderson
(Geology Department., University of Southampton, Southampton, S09 5NH, U.K.)

Abstract Crack extension paths are often irregular, producing rough fracture surfa-es
which have a fractal geometry. In this paper, crack tip motion along a fracizal crack trace is
analysed. A fractal kinking model of the crack exteusion paib is established to describe ir-
regular crack growth. A formulz is derived to describe the effects of fractal crack propagation
on the dynamic stress intensity factor and on crack velocity. The ratio of the dynamic stress
intensity factor to the applied stress intensity factor, K (I(t),V)/K(L(t),0), is a function of
the apparent crack velocity, Vi, microstructure parameter, d/Aa (grain size/crack increment
step length), fractal dimension, D, and fractal kinking angle of crack extension path, §. For
fractal crack propagation, the apparent (or measured) crack velocity, Vp, cannot approach
the Rayleigh wave speed, C,.. Why V; is significantly lower than C, in dynamic fracture
experiments can be explained by the effects of fractal crack propagation. The dynamic stress
intensity factor and apparent crack velocity are strongly affected by the microstructure pa-
rameter, (d/Aa), fractal dimension, D, and fractal kinking angle of crack extension path, §.

This is in good agreement with experimental findings.

Key words crack propagation, dynamic fracture, fractal crack path, fractal kinked model,

fractal effect



