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— B3 Ak A 64 o 2.8 (fractal theory of fragmentation)

(—ROREMEKR

B ZE SV PR BOREZS AT L % A e R R K AR T . AR BEAR B T B i i R 20
FRR R 9 B3 A7 386 AT R 9. 7E 7 (8] 3P L (intermediate or mesoscopic) ¥ BE T » [ # I 3#
‘f@\E'ﬁ*ﬂ*ﬁ%ﬁﬁ%i@ﬂﬁqi@@B"Jﬁ’:ﬁ’ﬁﬁﬁiﬁﬁﬂ%,Mﬁﬁglﬂi?fﬁi‘i‘%ﬁ‘%ﬁ%’&g}‘é&. .
A B PR T B4 B 5 e P T3S X T M e T S B 5T A BB BT (disorder) TR R B
5%k o5 ” (quenched disorder) %t T i34 ) & 4= F1 4= K (onset and growth of fracture) B8F
FE VR, TG BB , 45 B2 44U S 0 7T 5 | Hh R 2 R B i R bR
ﬂﬁﬁﬂ'ﬂﬁi*ﬂi‘&ﬂumﬁﬂﬂiﬁﬁﬂ(ﬁﬁﬁﬁﬁﬂﬂ%ﬁ%?ﬁﬂ)ﬁﬁm%.

L #ESNRER — o F A

W B4 5 % A 0 K AR T R R 1 3. R IR ST B A TR IR E Bh T B (S S A B Lame
8% Navier & IEH S N EFLA O RY Cosscrat 712 LR L BRI EERE.

TETRMEA S BT TR E SE A TR oh , TR 7 RO FLBR A BB, R 5 S R BRAE R Y
W B4 ) B A % 301541 5717 B (moving boundary problem) #E4TBFFE. Wi K K93 1 5 AT LA
M 0 T T 2 T 0 1) ) R R 33— 338 B 0 T L kR ) SRR BT
B SR T T A 1 T — MR OB R A R, LA, B Bt U RS R $ 2 A 38 - 4 BRI R Sy
%Biilﬁ%ﬁ‘ﬁﬁ%ZE,V\l%ﬁiﬂﬁ%#%ﬂ%i‘iﬂl‘,Mﬁﬁﬁﬁﬂﬁﬁﬂiﬁ,fﬁ&ﬂ%_l'iﬂﬁ-ﬂ@ﬂﬁ]ﬁ%
B 2, E A B TR A T R A P ) X ] PR RS » R T A 0 7 R AT S AROR A N d
MR TIR LI, A BERIB MR K 4 FUR R HERR L.



; FRIERASR AR FE

2. BB THA

KT ETEFAEM NN E S A KRS, &iE St EEaE, EhkRE RS
TR ATE— PR P B S E S X AT G — 1 s S HESE D BUR Z R I FIgh B K
A, A T A o B 3% B 2 WA FR B BRI A BUE SR R — R A R T 2. AR TR
BAKERERARMBIALE, MEFM TR BN EEMEKAGREZNIEM. BT HL
HE FAE L, 7E 116 5 54 T 35 80k TR0 5R 1T LAHL A TT AR A ShALE“ 2 K8 " HLHDR O i 8.4
AR KRR

Eﬁ?ﬁ’ﬂ_tv%%%ﬁiﬁ%#ﬁ@ﬁm%%ﬁ%ﬁ“%ﬁfﬁéﬁ‘?”*&ﬁ%fu’fﬂﬁﬁ%%
TR R BN BRI AR B i, B R AL (beam modeD) {4 “Hi A JR i AR R
(dielectric breakdown model, DBM) , [G]Atif #4451 ] Lame 7721 Cosserat 7 #2{4# Laplace J7
2. BRHER R 3 Cosserat J5 R I H 12 B Bk, L R BRAT A ) 38452 3 75 72 (Lame J7 B2
1 Cosserat ﬁﬁ)ﬁfﬁﬁﬁlﬂ@iwﬁéﬁ%ﬁiﬁﬂﬁ]%ﬂB’J%%Mﬁ%%#, ENByY) | s s
T BARhESE RS RSP K.

R AR 24 1 S Ay B2 2 A I B AE i B4 U ( breaking rule) b, T SX FiA M6 ARFE AT
AR 1 S SOV o T 26 45 25 AT 9 B 70 A SR O SR _ A Dl LB I T8 IR, A5 A
Fo i, R TR AT AR 1 F R R b B, B BAY R SRR ERF M E
H T B i B 5023 B BT S B SR R 5 M T/ N , K B KL M R 1 — . R TR
BB % A3 B0 » ) 10 S A R 48 T RE R A T8, B AMGBRAT LR AL T U AE Bt 8] B vl e &
o R T 55 B R 2 R 0 R o S B DI TR R A B KRR B K B FF” (annealed
disorder). Xt F“B AT, T B E AL, B3 ; (B F BT, i T I BEH [ i s
3, B8 AT 18 T P B v FIT Y 2 IR A L 6 R 7 P IRAOAR BE b, AP FF B R IR 45 0 4
R A B B X 2 R AR O R X R — R R BRI AR R A A I BERLR R, L A
TEZFLAr B rb s (6] B9 35 BEBR 6 IR 2550 43 A TR A0 A BE Weibull 5345 %t F kT v B
FRERN—FFEREREN, BBERTBRARTSME M. R2Z, 0 TRAERF, it BN
B L2 B 7 T B A B R e T A BOR [R) 48, R T R 1 7R R R 1

LERA R R A KNRER

FER A TC e M S i b e A s B YT , B 24 < P 2k K (deterministic growth) , SR T
e R B B M EL 4G B M R B, D) 3 B R 3 0 5 B R 0 AR T e £ T 4K 0 T AR K (fractal
growth).

B TN B, RHEE B ATT N B, Wi R i & 4 A KR IR “4r @
(scaling law) , ENMT 4 VT MR AE 1, B AT 654, EIEY , B AR ERERZ AT BL“ S E A
7 (multifractality) » BV i o 28 B9 R RAM A 2 e AR AR Ak, dh BETT L, i R AR AR K R —
b B 4G R BIE. XTE“/K S W (hydraulic fracture) F47 G R R BL. Y Wik E S Fr40H
* % R AN TR G » BRI I & 7 20 4 4 M T 3. AR v e L R & 1 A 38 USSR A
5 R B AU R AR 3 2 RHE.



15 % FREGHLNNE 3

(Z)HFEANSRERMEEXHRER

1. R

#2445 F (fragmentation) WL F & Fh 41 5 3F B & A FE & RO R R/NAR BE L. 4R KB
FTR B, HOERY B U A 5 P S8 B AR TE B R IRV B G 55 1 8 55 T & A R (Matsushita,
1985; Turcotte 1986) ; 3F B Fif f Bk B4 EL A —Fh 42 4% 45 ¥ (hierarchical structure) , B % MLAR
B b RSB/ MR TR BRI R, KIITTR A0S R R B, BRI/ R A A
LA R 434 K oL (Pietri-Tonelli %, 1994; Mandelbrot, 1963, 1982; Bader, 1970; Johnson
Kotz,1970). Bt A/ MU B RS HEVRMERAAER, ER—HREAENRELE
(catastrophic process) , L& BATE“ 524 AR (sound) F1“ Wi ” (broken) IR 7S Z 8] & HE HHFE 2E
G R AR E. DL A B, Ine A L R 18 T Re st s i oz /1, W M2 58 M6t B
1 BT A B FLE. XA A RS, HE R ST LU E IE LA RIN DL E. ®ATAI
LK Fh B 4 AE FH B9 AR BE AR (scaling law of fragmentation) #f Z JJy “He 3 AE A 9 0 T2 BE i
(fractal theory of fragmentation). TEABHEAFEHIEHEH, A RRAPHMERBHA BT
FARTLE . BRI B Y & Ak B ELA “ B3 3R 30 /12 (dynamics of avalanches) BI¥F1E.

LI EE & B, A R AR A A PRI B 7% Z44% (microcracks) HBRA 2 h MM
(microfissures) B@ﬁ%%—%ﬁﬂﬁé&ﬁﬁﬂ?@ﬁm%% A B ‘A ARRERANEIL
AL BRI (renormalization group(RNG)model of rock fragmentation). TEH R %+, Mad-
den(1983) % F] RNG 77 & Bl 4 A b e S R AP R I K 4 5 Allegre 5 (1982) % AU RWE
AR 4 ; Turcotte(1986) % FHLABIFY & A K AR, RNG F R L% (hierarchy) fl
“RREER M RE S R, T X —F R BRI EABE. A RNG AR KRS
TEAREEE S E I RAT R, A BER R RERU A BRI T RS, RIEHB/INFREE IR
K F ARG — T, X R IR -HEE.

2. BRIk Bl S ML 2 SRR AR

B S HER, F R ERERR K, RBARRENTTE B2 HRIERRITEE
HHBEST. B Suteanu % (2000) NEERT LTFHRIERSHILH B LRBIF (fractal ap-
proach of structuring by fragmentation) ffJ%5R. AT A4 T SE e 1038 A2 AN Bl i R R
RS H LB R R ELT R, R R HR R RS,

AT AT B RN S RO SE TR - (A) HRERER W ok W0 F— 8K B T R OFF R F B0 R
hiEH AN TE), 2R (B BRI ER NN T E(RERENT
4 T34 (desiccation cracking) ]. fTEIBIFEW K = AT 1  OFRA/NISH , QWEHREIK
IN-RLE X T, FIO TS B AT BT b i KRR

fATH R S R SR A LR R R  OR A EEMRHRI/NI BRI EER:
35 WIN OB i) N T i

N(m)ocm™. (15-D
Hoh Nom) RRRRAT m HEE. QAT B R =7 I 548 15 ERESS, Hoh
BT /N S R M E R 40 A AT A MRS B =07 TR & B, LA T AT TR BR 45 R
EBEN A



4 VRtER A% BER &

(DBERKRADI.

LI A(REFER)

BRI/ A7 B9 BB S (lg-1g plot) 87 ) B A7 BE IX (8] (& 15 - D). B —A~ X (8]
LA AS - DFRBREL M ARE. i D f1 D, 551K S5 — A XIEAEXT ALK 75 72
(15 - DHFEIEH o F 15 - 1 GRFRFRBHLRER.

5

45+

i 1

o
w

1 2
log (m)

B15-1 £ A FRRBMAERERSfi—RITPOHAER  (E Suteanu
%5,2000)
m=E%FE N=RiB88K.D # D, iistAmHESHALABHE
Fig. 15-1 Fragments mass distribution obtained in experiment A-cumulative lg-
lg representation (After Suteanu et al. ,2000 )

F15-1 BHRAMGHXR ANSER
Table 15-1 Results of experiment A for fragments size distribution ( After Sutea-
nu et al. ,2000 )

Z X
m/g D, D, R(%)
s

1 532 0.5 1.55 95
2 680 0. 45 1.52 98
3 982 0.42 1.55 94
4 548 0. 38 1.6 97
5 572 0.4 1.56 96
6 1230 0.3 1.45 90
7 1085 0.5 1. 30 92

F.m R FE R () Dy (D, IFRES R AN MR EGR HEER
PRE HEHE(Y%). (3B Suteanu %,2000)



85158 BRI B

AT R BRI BB A F BRI/ N A B 2Rk A R i 18 s AR R AR BB RN X
&) _bJE R B (clustering) , QN 15 - 2 FirzR. X FPBHE WL F BT o8 ) BT A5 2 0l .
0.25 T T T T T

N%
0.2

0.15

0.1

0.05

0 0.02 0.04 0.06 0.08 0.1 0.12
m/m,

B 15-2 SC3 A BTARTR e K/ i —— 4Rtk IE RiT R (U8 Suteanu %,
2000)
AR K F X TT KA oAb S04 4E,
m=RH R F m, = AR SR E L N=H R B 4069 F 4 k.
Fig. 15-2 Fragments size distribution obtained in experiment A—Ilinear, noncumula-
tive representation (After Suteanu et al. ,2000)

R 15-2 BBRANYIHLE BHISE R (E Suteanu %, 2000)
Table 15 - 2 Results of experiment B for fragments size distribution (After Suteanu

et al. ,2000)
aEE | 1 g 3 1 5 6 7 8 9 10
q Lol | 200 1,05 | 1.65 | 1.81 | 1.84 | 1.78 | 1.75 | 1.82 | 1.88
q ARHRKN R R

LK A TR BRIV A G R 2 -

@ B34 BiE T 400 SR 4 T AFE— R A

@%‘f&"ﬂ??ﬁﬁ?ﬁﬁﬁﬁ'jﬁﬁy¥$%ﬂ—iTE%‘L‘@UJ‘Zlﬁltﬁjﬂﬁﬂl%(multimodal)#%
BUEREARE , B T e 46 i 22 % A ML 45 Chierarchy of self-similar structures) , {1 &
15 - 3(a) . (b) 7.

I8 B(ZEBBRR)

BEH A /INAY A 1 B XU 5 el i S s R A (B 15 - )

N(A)cA ™9,

Hrp N 2 A/NKTF A RSG5 g Y TR 15-2 4.



VRTERMA% Y BAEK  F#

BERA/ING AT et AR Rt B gt SR 1 B W O FAE. 18] 15 - 5 R =R RIK A b
oH B2 g I U R

OO BRI/N-LEKR.

0.2

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
m/m,

(a)

N%

0.1
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Fig. 15-3 Fragments size distributions corresponding to one and the same fragments set
obtained in experiment A. The way maxima emerge with growing resolution
suggests a tendency towards the hierarchy of self-similar structure in distribu-
tion (After Suteanu et al. ,2000)
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Fig. 15-4 Fragments size(area) distribution obtained by experiment B--cu-
mulative, lg-lg representation  (After Suteanu et al. ,2000)
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Fig. 15~5 Fragments size distribution obtained by the same experiment B—line-
ar, non-cumulative representation showing multimodes and clustering
on the same three distinct zones (After Suteanu et al. ,2000)
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Fig. 15-6 Distribution of the total number of ratios p between masses of

adjacent fragments obtained by experiment A. An exponent

decrease of the probability that p is large with the increase of

p(cumulative p value) is visible (After Suteanu et al.,
2000)
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