a2 7)) — b TEEERER ORI SE, Vol 21, No.3, 1999

WX 37— PEOERBIRD A A — O X—XFRERMAT

AHFET - INHEE? - il E=S

B0y ) - MEEEHEBMEELY VDO % B2MEEME EIE L. BRI LRIERG
W2 BN R EREISBFTAZ L2 AME LT, FYZNVEBICET AR
BEBNTFECOVWTRRD , KFETIHMEM L ENVS VOREIZRERICEM SN LS
V) MEEDSH HH, FREEESPISEMUT 5 7D ICHEAAE S 2 ramp Bz, 5l
BROUENOAREFEM SRR T 572010 Heaviside %%, FFBEELEME— K& L TR
LEEREZFHVLIILICEI VSRR TELILZRT, ARLTRZRTOBE A iR~

LN, AFFEERIZRTEANOIREZSFEICBVWIFETDH 5,
X—T— KR HEM VIV, FREZMBN, 725 VEIE, EEEER, ERmmkE

1. FLC®IC
AHFFEDBHWIE, 227 ) = M EOEHRY
REMBERH ., RENRBEEHOEER
EEZONTWAFRBIED S, BRI TF
ErACWTHEMCHBET I ETHE, T F
)= MR OBBRMEOARE —HIC L) BT
AT HFIRMIEZID K 720121%, HE
MEE LTOETFTMEDSUETH D, —ICH
BEMEELY VO2EBREMBOREE T 5 Z
EDZ v, L L, TOHMBEEMBIHLTE
BREZEZHVASEAICIE., ZOHEMELRER
ACEESEZERICIBO THBETDH %,
DL WAL S, EEHEEIE, Hollister &
Kikuchi ICX DREENTWVWE A X =TI RN—2
HFREZMITFE "2, a7 — MEOE

FORVE NI
HEHBRERL
L. B(1)EZO)H
B BB FI-Z
b

ERAN
X—1

2{EER=2FNE
A2T7 U — bHBEOA X — I RXN— X HRERBERY

MEHRBOMENEHTAZ LRI LTWVAEY,
EFMERD D ICHEEEAVLE V) EXH
BRELAPOHFETALERDLNDE Y, SHEHBOE
BRI L VMO CHEEL LD TH S,
Ay - IMEBOGHICB VT, EE
Schlangen 25,2 7 ) — bMBIO ZRT TV ¥
VEBRERTFETVERD D ICHWT, 0O
EINHERIFANT 21T > TV 5B,

=1l A =TI RN—ZAFREZMITFED
—BPe R, T, MR LD 7))
— MERAZEBRADEEICL Y EES ISR
At RIS, FYFNVEBLEICL Y 2HBES
MEOIREICESVT, BONLEEZEILH B
—EEEL VNS VEREEZFOEM 2 MEHM & H
ELTHIBRL, 30 2HMEM & L THIET 5,

AEERE
ARG ERED
%, BiERE
REEZE LT E
P THEYT

HAER =R

| R TERFRFER RAHRLEHANREYR T8 ITE (EXE)

*2 HURBERFR B BUR
3 RN TRARFHIR BEWHEME L 5 —

TEAREEFR FiE

I (E&R)

=157 —



BRI, HMEMER©O0)., BYOBSEELY
WERZLTH)E LA2EBEIER SN,

—RICT VY VEBRIE, H—REXETFLED
RXHMTERESNDE TS DHEETHY, Th*
NDOEDLET 5/ BEIRITEER & IR T
Wh, COEBEFRZRTTHNITERF., =X
ETHNELHFETH), $XTHE—-LZFBIKRT
Hbo CITRAREZT, TRCOEELA
REZETH L LEZ N 2MEEBGZERT S 2
i, ARERSEEIT) L EFME R 5,

RFEOHE, KBBR8 — KRR %
CRLEPEL B, BEEFTENIERET LTI
bR TWEB DI, KO EE R KIER DKM
EeBATHILENTRETHI I DL &,
RIS % & B RICICH o 7SS E T A 2
EWZE), ZNEThOFEBATIZE AEHILIC
HELIT) 2 Mk r0T, EHIFHEHKEH
WTHEBETLILOESTH L, BT, BTk
B LTdh, FUINEBZRELTEIZED
3R B HEE WV,

O, FUYNEBIIETCARFEC
3. EROFREZEBMFEICEIZVELDOR
FixkfEo TWwaHA, HEMEENLY VOREA
BEBCIRIGEBL SN D E W) MESETH S, £ 2
TR LTI, Oliver DERALVICEDSE, 7T
FVEREHAEGDEALZ L XHIRICHAREL
FHEEERIZHAVLILICLY, ZOMES
*RELHUBTELILZRTOIDTH A, ¢
bbb, REZESDPIELT 572010 H
K% ramp B %, BIIROVOEINIC L B R
Wit " £ T A 72012 Heaviside %, JE
BEEME-FELTHMLAFREZZH
b0 BIZ, ZOFBMEEELTHVWT, FEOV
N OERE 2 HBFEHFE TNV LD T
DI LI DIEREBTZAT ) BB, KX
T ZRITFEE O T AMEOE A %l 5 A5,
ZRTHENDOILRITERGICFA L TH %,

2. BRAEGEIIEEABERIILIBR
21 FREICH T IBEERRELUORME

6.3cm

h=

w=6.3cm
K—2 3>7U—MEOFT 2ILVER

»m,
inans
T

HH EEH:
{ £ =706Pa
HH e 7' t {)'/9)'/:
R £ _osGPa
%nﬂﬂ IS
I )20, 20

3

BINEGHE
(MPa )

-1.0

-3.0
M—4 BEEROAKICLBZHZNEILH

=22 F L9, —W6.3cm DIEFETE
#xNsarvz)— bEOFTY 5 VHEHIE Y F
Mol 45, BREMFIZ, BAFERO L TH

— 158 —



|l
%»mb///
41 /
it o,
o - SRE (e
mEE =
i InGJ
BaR it
= =
BAER lse
FE
T
Li11] kt =’SI’r'/ lSe
REHED REN2AKE = s
rihasibi n, = average(n(i, j))

HM—5.2 RRFEEROH

A REL & LT, EEIC—/ A EREE
MEME 525, 222, BllEXEET 5,
B—2 5, WEOAE AL ERZ A7z
=30 &9 %63x63DERSEETVEERL
Lo ZDETNORNEIRN A %K —4IZRT,
CIC, HEERFRAICTEHFML TS,
CDEIBA ATV R-AFREZEFTNVTIE,
FREREOEERRLZEZSERATIETH 5
EVIEBHERHVTWRWLDIZ, BOTES
WKEESEDPERLIDOTH LD, ZOOICH
B —FENS VEEIZEERRICERSEREL S
NbHZLIlhbd, ZORKE, FELEICIIHME
BRICHIRB AL I LIk b, TV 7)) —
MBI BTk, REOVVEN T EHT 2
ZEiEHREwWEEZON LD, T FEE
THALENSHDL, TZTREHICBVWT, Th%
URTH0DOFEE KRS,

22 MEEIEREIFHESERY

TUY VG EERECAEREZRSEICHN S
CERARE LT, FREREOSH VDD
BHHTHIEFUREERD, 2F0, 2 FH
REZFOEEONEICRE 2 RET S I &8
i, RERERSENKT L2 kb,
ZZ T, Oliver "REL TV L2EHEESR
VETVINVEBEMAGDELI L EEZ D,

E—5.3 MBAFEROIMH

HM—5.4 EXELOREER

B, RCDBHEICDHB LI, ZnIEHE
FEFRIE., OUEHhORNERMEZ ., M RIES
EZAHILICEDEEMICHERMBEL LTI
HHIDDTH %,

BRNBOLEEONMNEICH 2 REIE, 7%
VIR . Thbh, MEMEEL S VDK
FRAZ B 70 2 T 15\ 3 LT8R EEDIC & B3R
BB EAT 2V, TRERBEE AL T, FDE,
G 2EERICERL . Ch 2 EESE &
Th, COEEFIZ, I-5.1ICRT LI, RiE
R ECERICETHBSNCEBEEREG T
OHirA, BREEEGE T, Dk, ZO5#E
JEW g 2 HORAALEBEERF RAEL LIP
Fo CORMERICE TN 2B BEEEIRICH
L CHEBAT 247\, B —5.313R 3 5L o i
1Splv BS g W8 ko BEHR . BEE2SOH
B EORMFEFRE BT 5,

B, REOEMAFRIT, TTTFV IV
BATF % &% AV S 2 O BRI &
LHETH L0, B LOREME L D
BEUERLIEDN DD, T bbb, M—52
CRT LI, REERCE TN L EREEDN
BOREIPHEONThIo70, HLWITRME
PR LEHFET L E VoI ETHDL, DT
O, BAERNT O OBERIBSELSLEL % 5T
RS LT LML TE L,

— 159 —



—hH . AREREOERL LOFREEFZ I,
M —54CRY &) 2Rk DVhk<<1THD &) %
HFOBOEMTEUSNLREEEL, ZOE
FIH L TAERESRATE 0T AMHER
DREEELHAT 2, AMSNBFEBEELE
— FRE¥E, REMBLRBAT L0
A7 rampf% Ry & REOVUEN % KB
T 5 72 IR 7% A E K © FF D Heaviside
B H, 02202 50HBTHE, LEF-T,
INSLDBEBDOME THBIEBEE VT HITIE,
Heaviside [ 2 & 3 8069 72 Dirac ® 7 )V ¥ B # 2%
EEINbrILilhd, BERWEREEROENM
e

Ue = @,5 +(RSe _¢R2)uRe+(H,Se_(pHe)uHe
o FEATF

&)

Ehb, T2, G REAEMBERTH)., K
e ClkaBi m B ER IS T M BEE L
AUR—KEHEEANT WD, ¢, FERE N
IZBW TR IC—HT 2 EEFON—RBEK. [
B g, REREHAICBVWTH W —KT 218
REON—KBBTH b, T70. up & uy i3I
EEMOETH ) EFH4ETH L, IO B
FRIMEER S ICBOROIC LI DIEEESN S,
Wgthe LTk, REICBT 5 RENOHEBTF
W 2l St E b b, B, TOEH
WCIEREOHF T BBOKFEIE RN &
RHERLTWAY, ZOEEEME I~ b
Vo AERDB, $o, BEXREOESICIT, H
HRAFNWEERXRFESBEEE LTHWTE
s %o

3. REEZ%HVBIERTIC & 3R
3.1 REOVE N OIEEHERAY

SR O B B E BT D IS 3ED o
E L, REAE OGN % -l T 525, FLimiE
k0D MWRICB W TAEFEM & KiH DM
RISEITLEN S Z &A%, Oliver IZEWRENT
w59,

AFFETIE R—6IZRT &) RISHERMIC &L
DIBEEIE % RS 5 S HBEEE 05 RKILE

H—6 BEORERMECHERRA

TN E VT, EIETERRDEIRR T
Bt zEET2d0ET 5, #ibix, K@)~
(MTEENIHBEI ALY -2 ZE LYK
BHAEOLOTH Y, BRAFEEm A OB
ELTHY o

o=(1-d)Ce @)
0 r<p= au/\/f
- —&exp(H(r/r0 —1)) &l )
B
r= Qg){mﬂf ] )
"= Y"<oi>g  T=Ce (5)
H=-1,/c, (6)
H =Hk (N

I, TRTOEBHEEHITIFmIIBNT
EREINDHDTH 5B, XQ)ITH - X7 b
KL A REOBBAICTHY . HIFE LT A
HSG—BETHb, o \d—HTIRME, EEY >
FHRB. GEBEI AT~ 7 REBIES,
kK IREETHD, T2, < >BFISHEZR
CBWTHRRSDOAZA Z L2 KT, A
BdiE, X@OP»5905 L) ICBEORKERE
WEDWHRESN, ZNEBXHAICOARBEM
THHERMMMAREETH L, REEENLOIL
HzowTid, MEH., EVy L, REOEH
BTEhENEH L TEHEid %,

3.2 HIEMETER

28 L RIS K —20HEE» LR —T7IZRYT &
IGREERZHV263x63DFREHKTE €
T a AR L 72 o ST B SR DM@ 4 M
DEEHZTHY ., BREGIRAMKTH L, 7272

— 160 —



L. SO TIIM—521ZR LA L) BARRR
FHEZCHLTHOMEEBL TV, F
HEZRIEEZOMN%THY, REEFRICI
Sx8WFZ D O 7 5 ERGEE GO ATNT
W5, REORKABIE k=125x10%cm<<lcm T
bbo FEOY Y IRKE R, BENREED
TDIWIZENT VD% & LIz, Tl —MRICH
HOWEIIRAWETH L0, REIHT S
RE N OERF RS & BRI RS & O B%
IZX o THIEL AV F—G 3 ET 545, Uk
NEBEL LTEABITR—EELE L, BB, B
BICIOWEUEITELAZLIERL TRV,
AR ORBET, KILZWOE) LD
DIEHATRDH 5 Ehb—BRBEIBLNS
WEEESEHWEE X, SEEEEE AW,
B — 82 SR [H F7 [A) D ¥y 8 O §° A — 1 s
NOBBRERY . MEHEEHBNTH S A 5O
BRAFIENER—9TRT THE, 2BITRL
2B —4 L F U FHEMENEDO LD TH S EHR
DEBEOFR U —4L 2 E FEAWE S H»IC
P SN/ EIE Y, FEEETORMERYZ
BHT|EZIZEAER OV, REERAL
DEIEE, HEM, VIV, FREOKHER
TENENFEHLTEMLTWB0T, {E
REE L TAEREZ>TWE, ZHNIZRET
IR ESE & 2B AT, T IE— I R
ThLILEDPORYLHERTHIEEZ LN,
ML E D B SIS B2 ERER., HEE
A, RANFEIRASAE R —102 5 K —121T7R
o M—11OBEHESMIE, WEMFEICE L
DODFREOVENSREEL TWDLI LGN b,
LZAHT, M—120FEHRICBWT, Fif
EEOFT A4 DERICABSE IS HIREN 2SR 4 L
TWwh, ZOFERHEZ, FROAR R % RimE
EEBLELTWAREWZ L L, SREEEGROR
M %8 CHERMBIFL TVWEI LIZH D,
230, BRI ELORTEROIEBESEN I,
DEIREEZEMICBVTHEEETR TR
LhRWVZ ERb, REEFIT4EFETRITA
B b%wv, L L, REISEKETH L2012

OB
S £ =700Pa
FEReEiE H EILZIL:
HE E =25GPa
i L Rim\:
i E =25GPa
G,=4.9N/m
o,=1.2MPa
Hid:

H
11111111111111
|||||||
xxxxxxxxxx
nnnnnn

T
.........
.........

BT

-7 ﬁﬁgi ’&ﬁﬁ LN 7263x63BRFE S El

-12 T
g e | i
=
R : E
g 4 ; i :
& : : E
o A § i

0 B : :

0 -100 -200 -300 -400
O TH ()

M—8 FH#O T H—FI5HOHE

BNEBAE
(MPa )

=110

=20

-3.0

-9

®/NEBH (AR)

REERIIFT A TEM E o TWVBE, Lzdo
T, HBMEELY VEERBT 2 EAEERI,
Fia CHROAFMICERCERSNLZ LR,
ERAT Yy 7 ERTWE, Zhid, REEED
SREORMEAFREMLET 2L &1, REE
FHPUT4ER L LD L) IBEL. OB &

— 161 —



IRHERLEZERTNERVWEEZ bR,

4. F&ED

KX TIE, aryz)— rEOEHRBRE
BB OBERITICB VT, FERBEHOO L
ODDERTHAREOUTENE, FEHEKE
AMUZEREERLBBR 7Y ¥ VEBED
HMEET, THICKRBATELILERL,

ENVY VDS VITHEHFIGERT 500
NRHIZDVTIE, SBROBTRETH 5,
CTOEE, MEMLUTORMEECERT SE
WMIEZEEE, TLvy VoBEEE LTEBT A
CEDNRUTHLEEZ TV,

TY Y NVHERICHED A BREERMITFER,

WHEP OB LEZFEETVOMERIKE %
T ThH B0, ZRILTOFMEIERIIEH
BT 24T T LW AMAEDOHELET LA
THb,
WMEE C AW O—EIX. FRI0EEMAEAL
FEEXOMEMBLE ZITTWD, 72, Kk
XDOEFH I, HERFHIREZORFFER T
Hb, TIWRHRLTHELZET,

A1) R EEFMICOVT
Ll 1R () |11 |A—*‘ N
|(|-1,|) @0 | +1 @t | ap | @ i
(i+1) (1,141 (1) [i+1,jo1 _E _al
4-3Ef5 8-3 1% AmsE P

ZREERBEFICBVT, AAH)ICEE TS, Z0L &,
K- SEE T BERE T B45G-1)), (,4-1), (+1,), (,j+D%
4R EFR, ZO4FIIHAFEICBEET 545G-1,j-1),
(i-L,j+1), (i+1,j-1), (i+Lj+ D) Z MM Z 72 b O % 8- 5 & I 53, B
BERF 4 EHETERESIN TR L & FULED2EM ISR
B (LD oTVENEI D) FHEETHLITSEZLTY
B0 BIEBETERINTVAEBEAICHEHEZELTWVS
vy, B, XY Er BRI L,

ZENM

1) Hollister S. J. and Kikuchi N. : Homogenization theory and
digital imaging: a basis for studying the mechanics and
design principles of bone tissue, Biotech. Bioeng., Vol. 43,
No. 7, pp. 586-596, 1994.

2) AHFHFEE, WHEH, IBH £ ZRKTEEBRT-5
WCESCary 7)) - PHMBORRERBITFE BA
TR EE 2 S R AR S, Vol. 509, pp. 77-82, 1998.7

3) Schlangen E. Computational aspects of fracture
simulations with lattice models, Fracture Mechanics of
Concrete  Structures, Ed. by F. H. Whittmann,

4)

5)

6)

7

8)

H—10 EXZF BH)
</ /-.\\ / s //
£ S foy
I ’
) . WX
/ o BIGE
( / 4 1.0
L ol N : '
vy
e y, [ A
( “\ //, y \\\
Y
K, v € dey , ) v 1 0.0
B—11 #BEES®H BR)
RINEBHE
(MPa )
-4,0
=70
-10.0
-13.0

M—12 &/NEEH BR)

AEDIFICATIO Publishers, pp. 913-928, 1995

Oliver J. : Modelling strong discontinuities in solid
mechanics via strain softening constitutive equations. Part
I: fundamentals & Part II: numerical simulation, Int. J.
Num. Meth. Eng., Vol. 39, pp. 3601-3623, 1996

AHEE, WBHEE, 1 2 BERTOLDOH
O REZECRGEEREROMR, stHEI¥H
& m X5, Vol. 2, pp. 393-396, 1998.5

B OFR MHEE & R —ROLAERER
EBRLCREEAREEBNEORE, LARFRH
X4, No. 598/1-44, pp. 149-159, 1998.7

Lee K. M., Buyukozturk O, Oumera A : Fracture analysis of
mortar-aggregate interfaces in concrete, J. Eng. Mech.,
ASCE, Vol. 118, No. 10, pp. 2031-2047, 1992.10

Rosenfeld A., Kak A. C. (RE H ER): 71 V%
E{RALHE, SEAREH, 1978

— 162 —



