(7) #HMITr~ofyEHik (vemM )0 HHKES 52, s0RA

2
(i

HEAPIFN x

by
:é-
o otk
| &

& W

|
i
!
=

Y 13 U;iz

ARHEMARE Loy w8, TR LTI znola v kaRRE BTN TI T 5. P
ST, AREEENCIAY D SN Tw 3R, B CFREARDENET 3 50158 TR ITI TIT
A PREELAN TR L2 Y BAAIT AIREIT, Tud, Ukl iF o e PRENSa 280 )
AKAMBEN - L, MTERCATNA T FILERETT A E, FBodid. oo ahiFT b et eH
A U Al G- TR eTBL2ablEY THDH, HEFR:EIT. A% WP L - >0l L T
AREL To A M BULEHMARY « ST RBYWATRANS LI TI W w

Cundall 13, 1971 -1 BpiLEMB o A 1BB4E £i8FFT 5 45 ¢ ( T . BI3IE%E (D EM : Distinct Elem=-
ent Method ) §MBE LTz, SHERIRT O 7 6 in/z TSHTEMIRREMRCIEImE ). BRAEHSET
IAEEB o UE. e AGHEBARTF A2 28I P e vt ThD .

SEE. oAkt BN CMBCGRENT 5 L £, Bl \ TR a i o MERE ETIL, T
LUHITERG -~ AILEAfAlRARMI ¢ 550 ARE TR o 7., 71°Y > TEHBALSFREFRT .

2 T4k

i) MR YA A o LR

WEY AT M TFERA R A AL IHMTE2 cnn®HhCten, 0. ERamRMIT ML 11, OR
NEANFTENEIIRD . oW 3EAEKA G T b, BARTEIHNTAL AT v aRE®l1
T A BRIAEL BN BN RERo R CEIESFSN L WUTF 1N 5 o 31k THIFFICHY . T alih:
BBAML I EBEAGH B, (Lt T, ~TatiBirrxo TTed @B L Fiztes Tl 34
MLt o reed TRTRHIBEREUD,

I BRI ES L DT Cundall o AEL A THRRBMAEEM TS - LS THY . S onIEY
AER L 0ok T B - Y TR B BRI AN IR T A vy T3 5,

EREFERTIL, EFLER KT AT 0, J 1S T U0 JEEART O 7 THRIN T 26, T0E
TT 0. T ERFIRTIIED . WMEFEBoSMEEDT - v RKTT2, T 27tIRAEFBOMT o -2
ARG L. BR 7Oy TOHMEKRa &L D125 L be. Fig. Lood 5 uwrlEh
ERPC T LR TI B, '

Ux = Vcos(2xt,/T) th
Vo RRERA ]

BYWEEZTIT, REMREE R T3 Mz S T o E3P® L Tv 37T
O BFEAECRERCEREL OMMVET LER W TH . IBALITRI L b—i:jjg—_
BW RS HEE AMERERB LT AR 0 RETI 2 v KFIR TR,

iy iy 797

Cundall o 5:hiT. BHET O ) B (B0 . 03 1 = Flal oy okoy T E 28181¢ |
TR T 3 ZofIKRT oo TEFLEANoAMELTASY FEEEmT Fig. |




e U ERETFLECMT -~ > oA AR 51T T 1UH 5.
2T, BT D 740 APER RARR ESIQPHIT. T 29T
T RABIN . 4 o B AARNE a1 > b e LTIFA ThE v
FART. BEMEF AL ARE KL N, T ) - TIREE A e e
Ta.

TAZAFEETFANRTB ALY, r ol >aflt Fig 224
AT T, H I ER T Ao B ARV AT ETILTHY,
BWMEEBIET O 7ACESIN T 5. B 9K <BNT: 817
B rGRS Ry THY . AIERETET 2 ra IO, T2 B
BT T =274, BFEIA-T7) - FTIESNH I TAREETT
L. @l oy, Tumhmswbdak >0 TaBB s FTREALT . T
g = bRla TR )BT T ?.94\5115‘35\:77% LRANWEF 7 0. 7TEERL
BoTHE G Tw A, Fig3 T, AME FAEB R 0 74808 «
NEEBAMEL R TS, 2o, 70 PRI R T11. ABE
AR CMIET D, Tl &3 floR@maivEmt®e 1
2 A MR T AR FEE L, TEIRT 5. 2 o' F At
BT, BUERMMETSEt>AMRERMN 2 >0 B AN F 0o M &
T2 ¥ TEaq b LTomibl, B03h=2>ak
o AR A ERITL Ty 5. TH AN OEHEIT Fig. 3o D
IH 2o 7oy ToHi &bl Tb,

SXATEMIRCBE VT, ARBHFLRART DY Jo@BN NS
kAN Tt YTUHD,

MJLU] + (Chtal = 4 f) (2
bEY = 5™ — ™ (3)
crT jul o BERERTE YL T L SR Yy TR
M) MEZIRT W 7%, (C):sREZEY Y TR

T IR kL L A (USSR 2 Y s T e S,

*.". T B

A

Rth Blecks Cotinann Elaments

Fig. 2

Continuum Elements

t Rigid Blacks
<
< g
A [
Slare Nodes
Fig .3
DY mER e Y TR,

ANEN o ARERI T, 2o0B88EEEX . ANTA N Fa, o 12T L TUa. Wyt £ 75 5., BIE

T 7120w TR, IR THODIITIN AN T T vz BA . 320 BEE ua, Uy, 01 L4, T

FYw 72303 enulTBL. Ma=Mu=M cifite~1 =t Lian S 3,

RS M EE e T MBI TIERMAT A BN S E U KA THRIN S,

femye =, (B) ol dv )

IIT AT E BARTE e towTTHA L ER L {Fl IV - R ATV IL. Ve TREE ol

ZAUT(B)Y . » T HEEIE) LIS IR AMELMEYSE L)
el = (Bllale (5)

7 AT

KRRBNT 2 L U o 7 ZUF) 3 EEWEN 51T M . Rl < —MREY Y FEMa s:h The b,

BIAT Ow 7ETILTE. MRSz 70, 78 a1BEIFM - RBEI N T VD, To TEHKIT,

fn = knun (un s 0 ) (6)
fn= 0 {un 2 0) (N
J fs = ksus ( 1fs| S fntandd ) 8)



| fs = sign{us) fntang ([fs|> fatan®) (9
o7

AB A 340> HNL, Unbusi3 T 0w 7Mafl3 T8 o £ & .

frtfs13 Fig. 312875 70 7B L BEH 6 L HRAMAIEIRTT THY) . kb ksi3 & B 73067 TR
AT B A, D IBIRRE T A,

RO CNT, 70w TBaim =3T3 70w TAa3I—T-aTXxEoMREHim (. KB .CT, £ AW

FenBAFRELEIMET B, LA TE ey, O (DIT, Kuo(no & 512z B3R S5h S,

Afn = kndAln + o kn Aln (10}

Afs = ksdus + o ks Ads (o
IIT . A 3T O JToORMERBRY U AT BURENT S -9 - THE,
BIFR 270« 712t Tu bAMRTE ST,

TELTYUERE Lok Ty £V 3. 2 S o EDE o 85T TR

W@ 8 S TIRE T I R T NS IR T O Ta R AT T CIRRET A ticd > THBET

35,

Figo3ummlnnedsgd=9-721 270183k, 2LA1 YEpE A EEVIRIET O TRz &

S TR X D ITHREI NS,

Ux I 'O Ya-—VYs E* 42)
Uyls 0 | Xs—Xar 7 o
[a)e = [7]ta)e (1

ER Iz 0T RESITTN T MBIRT O 7 LABBERLAS YERLEEH L L dreYe @B 7'0w 7 0B,

st Vs1i A LT JTEE a BRILTH 3B,
AL T METamGmT. FIFE70, 7120 TaibhE L TXL Sn b,
L O e e R M B Al I
NI 70w 7RizxdA LI ZLT YHAEoHKS TR,
M3 70,2r 0By 2213
Mr = Mg + s);f‘Ms
In o= T+ E Ms[Cys—ym) + (xs — xe)
ABERY w oa LRI THy 71T @h et pREMEEclnIns,
Fal™ = M) (e - Lot
‘u}no‘l’zs luln-v, + oot lu‘n
fu™ = al” |
BHBEIA R Ty NI TAEE, BiEo®E, Tz S o N TRBGh B,
3. AR iy W ey He

Fig bz et 1313 002 TV =10.0mssec,

+ atfu

TIME = 0.00000 TINE = L_3ul6Y TIME = 2.68328

T=10sec bt B GHFHILoUHE, O
|

I”77__J

Fig. 4

~TUCIBRBR A, oD - - Ewat

|8kl v Tvd, Za@mTil

TPt TR Y T MBAE SR T, T

TI{HE = 0.00000 FIHE = |.3¢154 TIHE » 2.68328

123 L T Fig.513. V=10.0msec T =1000.0
s £ o TRIM AT bo Uds) . FRpE
U IFFRTUE T OHRIKIETH Y . Fhey e
1 Xy o T BAKEER T3 L3P M AvEE I B

> U %, Fig.5

__33._

TIHE. « 4.9319235

!

TIME = 4.21935

-



o oINS HEIN S e B EHEY N ¢ LT
MESRET AL VI EMNERSM D ED MFETIS . ®ARIIEY
BISL Sz e THA,

Fig.613. kFERKEBo EFLBTHY . 7R 7 A, Btz 7k
NEMEN=GITIEAIE T3, 2 2Bkt u=05, KphH
= 1.0 x10%ten U 5. +H WEMsLBk T D 7L E W . Fig.
Tz ATt ®m ) THRY. TR 7-F1FAoT o1 T REAIKHEE
55T d, 2abji &Y. V=|0.y0rw/sec‘ T =1.0sec 0 R 58
Nt B MR ac Bar. T Oy Y ITEREEPCIHITES S 3 LT u3
(Fig.8),

i 7. 727

N TN T aXAHRAATIZHE I EWETT 2 1:0m. Ry
I N SRR - MEMETFTILERLE. EHE YH | AaRiky
Do 7. F2RsA9-7x 7 2. § 3, % BT REL Y
T . HEITR TR EHE TPHE. WL 21z 7 o thikty
VAP ITERY B X AT 2o Figl013 . % o AL ik o BBE 7T H
Y., v IR T RD,

2% K

C 1T 1T 1T 1T 1 1 1
[T T T 1 1 1

C T T T 1 1T 1T 1
al T 1 L T 1 js
C T T T 1T 1T 1 1

1 T T L T 1T 1
L T 1T T 1T 1T 1|

I I N I
" 1 L

Fig.®

L T T T T T 1
I L T T T 1

C 1 T T 1T [ I T 1
i I A T

C 1T T T 1T T T T T
L T 1T T 1T 1 I
IIIIFIIIIIT
o

1) Cundall,P.A. : A computer model for rock-mass behavior using interactive

graphics for the input and output of geometical data, Report MDR-2-74, 1974

2) Powding,r.H. , T.B.Belytschko and H.J.Yen : A coupled finite element-ripgid

block method for transient analysis of rock caverns, International journal

for numerical and analytical wethods in geomechanics, Vol.7, ppll7-127, 1983

3) Voegelle,M.D. : An interactive graphics based analysis of the support

requirements of excavations in joint rock masses, Ph.D.Theis, Univ. of

Minnesota, Aug., 1978

3 2
IS I
° . «® °
-
* > e Bl
2 Rigid Block
o A ] N yoo
interface
cantinuun
element
Fi, .9
===
7 Y
R} -
2 ° 5 v 2
o] a R
IR RO 5
__;3__14_;‘-__2__:_
-
r )
1 ]
' '
H t
' v
)
! 1
H '
[ P SR H
1 h
v
1
! i
' ]
'
, !
F;,.'O



(7) NEW APPLICATIONS OF DISTINCT ELEMENT METHOD TO ROCK MECHANICS

Yuzo OHNISHI, Yoshio ABE
Keiichi NAGANO, Masao KONO
(School of Civil Eng., Kyoto Univ.)

Numerical methods have recently been used often for the re-
markable progress of computer technology. Finite Element method
is most popular in this field. However, it basically depends on
infinitesimal strain continuum theory and its extension to
large displacement discontiuous media is not so easy.

To portray adequately the response of jointed rock mass re-
quires the correct modelling of the discontinuities, that is
the joints must have both normal and shear stiffness, the blocks
defined by the joints must be free to undergo large displacements
and rotations. A computer model which satisfies all of these
criteria was presented by Cundall.

DEM can model the behavior of assemblages of rock blocks and
display this behavior on CRT screen. In this method, the compu-
ter calculates the displacements, rotations and interactions of
the blocks as a function of time and generates failure surfaces
in those area where instabilities exist.

In this paper, two new applications of DEM to Rock Mechanics
are explained; one for a slope stability problem in dynamic
condition, the other for an underground excavation problem with
a coupled FINITE ELEMENT-DISTINCT ELEMENT method.

Analysis of slope stability in the dynamic excitation is a
direct application of DEM. We emphasize that the conventional
satic stability analysis may underestimate the factor of safety
in earthquake loading, so the dynamic analysis of discontinuous
rock masses should be established by DEM urgently.

A coupled FINITE ELEMENT-DISTINCT ELEMENT method is very
promising. It can handle the problems such that the large and
infinitesimal deformation regions exist in the same rock mass.
For example on the stability amnalysis of au underground open-
ing, the area far from the opening or concrete lining may be
modeled as a contiuum media by fEM. However, the loosened area
around the opening should be modeled as discontinuous and it
can be done by DEM. Here an example of the coupled FE-DE method
is shown briefly,



