B % & X

LU

EWIZ BT BB RBERAROWE AN

STFBIE", BXEE", ILKEM*

REIZ 3T 5 EROBFBRIOVWTER YN, HDREOTY—E L QROFEBBHE
EBLEB LI TR IREYER L, BELRINER, SREREYRRBEL,
WRORYE MELFRERBREOFEE LTRIBDLL B, Tk, JIBAES ML
Weibull3 iz 52 bh, chizkh, Tg—ELTEHRABRAIh D, 3612, AR
KW 7 kR — Vir e DO NEHELS BB TEL TS,

T B LRSI L 3MARAIXRL, chicbi3uT, BHEOEMHE SRR
DR 7o AXBELHIZTE L LI, RECKT2EBRORBDHRILHEDOAL G THER
=R A ¥F—-ICEWEBFETA I EkHeMIT L,

1. ¥ #

RBIC BT 3 HRERERL, BROMHIE L HKEK
RE, BHHREBONFHIE L BEBRL BB T
2LORFILEREIND, “hHBRATFOMMZEL
TERERMHEIRFATh TETVB4, BEHR
Y ERMCTFT A DI EROBEF L ERLL
BAeFAYBEL, Al hBRFORGLHE
ERZBEETARAATIIRTCHS L Bbh 3,

LEOBMD S Lz, BB 5 EAEGREIC

B+ 55 DHBMHRIARBIATET S, WiT,

REBBI LA HIRELEET S HE, 577
vy B, HRERE, MNTERE, TR
B X RBREADIUMENFAMLHHED -9
EENFMBATV BN, BffiR, %EOHMEHFR
XA HENREREL>TETCWS, Tiebt, &
EHENL, BRHRYOD2IHE PRFIRR L £E
ABE L L ELHBOREL SR L CBMNE IR
WRT5 S EMFMETHE L nb, RESPRTFRO
e OHMREE L LTERDTHALLOTHS, L
L, REORMENFITCE, B V4ERTS
BRAONFEBHPEAORBMGER L L, RERRD

19955 7 A31 8 528
BEAXFLFBHAMRATTH

T860 fRAiMAE22—39—1

TEL 096-342-3694

FAX 092-342-3710
B TR (&) {LREFEH—8

T100 WHRWFRBEAELT] —1—1

TEL 03-3507-7812

FAX 03-3507-2670

Kayaku Gakkaishi, Vol. 56, No. 5, 1995

EXOBEBRIELFFICEREIA TV B LB,
Tihibb, MEOHBLIERNEHRROLE Y,

HEOMBARDER—ED € F A LD LB 2R
LTV 5,

X T, EESI2, LRMIOFERODHIZ, AR
DL L BMTY—E L L BB L -BERRR
DEAENIMFEOHMBERA TV, TR, #
RTHBMAMFTEORE LR LK, HAFEMICE
SUWTRE BT 5 HEOHEFAR L ERHRIZTOWV
THEBLMLD,

2. BRRERICSTIEABBRBRKOET L

ABRRBEIC T 5 EBOBRRRRL, BRAA
EIZfFATAEMEMC & H HRAABO BN ER
Shakibic, HEEBRHLIBRIN:-ARFHSI
B L OFIRABSRBE - R LIk, BOHEH
EHAEOERICL AL - REIMHDTT L AL
TREEY R LAY FTRTIARTHELELD
RTW3, B2, RA—-RATFAF , vk L0
RBETIX, ¥, 7Y v 7oWMECk HERBILRHED
EFROERMNDH S, REAILESLIIRQPRMN
fETHY, T T, MEBOMRELON D, thby
7 M ERBCHBERETSHE, REICLAHERT
AR, ABRHGOFIRARAORE, BELLARD
b, EREFEOHRD I>ORBRIABLTH
XBZENTED, £2C, UTTi2, ERORER
ZE 1B LOME Az oV TER Y g 18, TE
SORBTHHMEF L OFBLRT,

¥, REAASERTSENDD LRI T,
HRINELLEEZHRAORBIRETS, 2T,



HEOSHTHAMEGTH L LEETDE, BROZ

Liehis, BEFIZER X IARFASIERGHILI
P HOEEDOIIIRE L, ARFRO/KIZEE
Ligvye Lchio T, 5 REEOH—ENEEERD
Bie, ANoBEMELBET LA TER
2, BROPMEQBLABAECREBEZ, o, B
RN BET 5. COFEZ, THYURANE LBEY
—{toEEFEAT 54, BRORAMEREDTHE
BRCHBZ L, SIRMERHETRI-HE L TR
BRIcipiEl? CHB L R ERTRE, £
LT, BES—EOHBICDHEEELDZENTED,
LicAioT, ABPE T = 2 ADORHIL IS\ Tix, 3]
REEOTRH MO FALIENTTRELD, T,
Z O OMEIRERERMIEDOEFRE L Lz
LBIRT A MELEATFTH S,

Kz, ARCMELARTIE, BAMBEREO NN
RoBCHVUEL 05, BRI, BBEOABMELH
BB A L VR OB TE TN, B
BRNFIAREHORRET NG TH H ERT
EThsrLoRUERCIHLTG-58, LiL, K
EOURTEHEAFMTITRICL S £, ARALEHT
RESTERATRANRE U BRETHRR, T
B, TereAV—vIRKEEL, BHESIET
e RV —vOTHEIERTELVEEIK S
LY R ERHALMIERTETCWS, Tis, B
MBErESHS Te R /- zB L CIRRBL
EHRBCN, LWhRB, ~T=2F, 7N T
BLR—IHETALDTHDEZEXDBIENT
23, Lidot, Shbid, SREFCKTSRH

hEEBOBRIZE-TH, TrtAY/—vONEY .

eFrftt rhic 3V hgfFr L8 Thir o
B LTV,
EROREEM T, B BMELLEEOAND
2%, HEBEORBRIBRER T ANHALT,
ThooQBHFER L EYRL, ZhrigBme
BT itk VRRENELER TS5, CORER
HADH ADTA 7 8 & 2D ESD T BRI ME
ThHb. L L, ERY AORBA~DOHMARE R
HoMinEcE{kETs ¢TI LN TES,
LizhoT, COMUEADT 7o —FDidbicis, 4
7o ELERIEZ X 3BAOMOE L T DBFHINE
{LOEENRBYHBCHELELHILHTED,
LEoBERILE3L E, REBECET 35508
BoFNc kv Tit, BHYRHOBEHBIRCIERE
DEME(LOHRE LT, BARBEOTH—-EPRARD
QB NFER YR LA, FEEHRBEB T IS
EEOENFHLEREINS L BbhS,

BRIFOFEOBIRFTEE LTI, BRERED,
G EY, FRBEREY, TR CVIBVEW LAl
EELTRAVBRTV2H, BN ETHMEOHK
", Ticbb, FREHAE L MEDOTH— L L L
ELRBORRIERXER TS L, FRERETHLFH
BERELGCELE LD EELBAS, 22T,
HSRERECHARRO {bh 3021, FO8FAFR
HEAICRE? RETHBEMN, I THRANRLT
SRECRARORAER - 1R - BEALEXH B,
UOHBRBTHZLHEARTSH S, LithiaT, thbd
DOEEYRET 51D T AT ) XaNBEE S,
T, ¥, MEoHMMtol bz, ARIZERY
ROZIRE - (MRTHIOLEETE, coBaic
13, BAORE - hik - LS ¥ ORFFAHM 0 &L
RESOGECH S BRIVWOBEL LTROBS =
ENTES, 6K, BROVBIEREALCITL
RV, BERNATCERMIELSEYERL
CHIRBELYEL IR it b, ¥, D%
Fribeir, RANEMES v 2 v — v OEBHLEENL,
MAUE L OIS NN SE L BEAN LR E L3
TERIOFERTHIENTES,

L EdeF A {boBBECHEA, B2 OIS
AHEMOMoB/VICBAL TR 3. T3,

3. Bk

3.1 BRERZOMEHPHEAOBA L

R EBEREIC 1 2 HRERMERIL KA L
£%5.

Mii(t) +Cu(t) + Ku(t) =£(t) m

2L, u(@®), a®), a@), rAixchZhBancis
B 3MEER~ 2 b A, FSENEE<2 A, WA
BIEE S 2 bA B IUEHANR2 b ATHY, K,
C, MIEthEhBE~LY » 7 X, HilE=1 Y 52
ABIUBRE~ LY » 72 THB, AFHTIX, TO
TAEEYAV-TK% 54, MixLumped Massi:!®
Chat, T, CPIBKE~LY 5 7 ACus M
FHREEDLDOWHF= LY » 7 RO FREN
55, BERUVCREOMBBEQELNSLL—ETH
BELEEREL, Co=K/(2zfo@ L& 2121, 2L,
QIIQETH Y, foHBEOREABEMTHS, =
DX 5ERo{ Lz, (1)RiNewmark-53%'9 %
BALTEREYT 7, i, poffie LTiz1/4
(EmMEERE) LEA LI,

wiz, B0k Sz, ABEOREE - ik - Bisie E
HERERAOEME LTROES, £ C, BEENM
RADKEN . & DEERR DL SLBEROLH DT
Hitsz, ShitOBRERADSIRBMEDHOMH

KRFLE



e . @)
Crack initiation

o O 0 O

® Crack growth ®)

©) T (©)
Interconection of cracks

Fig. 1 Treatment of tensile fracture and remeshing
procedure. Where open and closed circles in-
dicate original nodal points and additional
nodal points, respectively.
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Fig. 2 Relation between the cohesion of crack faces
and crack opening displacement.
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Fig. 3 A model for rock blasting.
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Fig. 4 Finite element mesh for a quarter region of
the model.
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Fig. 6 First example of fragmentation process in the case of G1/S:=2x 10~5%, where G1 is the frac-
ture energy and St is the tensile strength. Heavy solid line and fine solid line indicate open
crack and process zone, respectively.
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Fig. 6 Second example of fragmentation process in the case of G1/S:=2x10"5.
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Fig. 7 Fragmentation process in the case of G(/Si=10"4.
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Fig. B Fragmentation process in the case of Gt/Si=4x10-5.
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Fracture mechanics analysis of fragmentation process in rock blasting

by Katsuhiko KANEKO*, Yukinori MATSUNAGA®* and Masaaki YAMAMOTO**

A numerical method to simulate the crack propagation in rock blasting has been propos-
ed and effects of the rock properties on the fragmentation process has been discussed.

The proposed method is based on Finite Element Method and Rock Fracture
Mechanics. In this analysis, the dynamic stress field induced by explosives is determined by
the conventional Finite Element scheme, and the initiation and the propagation of cracks
are represented by the remeshing procedure. Furthermore, the heterogeneity of rock
strength as well as the nonlinearity of the mechanical behavior of crack also can be treated.

Demonstrating the results obtained by the proposed method, it is pointed out that the
fracture energy of rock plays an important roles in controlling the fragmentation process

and mode in rock blasting.

(*Department of Materials Science & Resorces Engineering, Kumamoto Universi-
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