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A Study of the multiple yield models on jointing rock mass by finite
element method

Takeshi SASAKI, Takashi YOSHIKIYO ,Nobuyasu ANDO ,Kjima Corporation

Abstruct

Discontinuous planes of which cracks and joints existing in rock mass are given important
influences for the evaluating local stabilities of the excavated rock surface of slopes and underground
caverns. Yosinaka, Yoshida, Yamabe ® classified it for five types which are small cgacks, cracks, weak
zones and faults from those length. Here, in this paper, the authers also classified it for two types
which are the non oriented small cracks and the oriented joints sets and developed the elastic - plastic .
analysis of finite element method considering for the multiple yield models in which cracks and joint sets
are opening and sliping by excavation!?. These are assumed that the total deformation of excavated rock
surface is added elastic deformation of intact rock , opening of non oriented small cracks and slip and
opening of oriented jont sets existing rock mass. The yield of rock mass is assumed that the stress
conditions achives at the first criteion of such three types of yield surfaces.

Consequently, the results of finite element caluculations givens the physical meanings for the

evaluate of stabilities on excavated rock surface by using its models.

1. &Lwiz
EBRNICE, BENI-RBEENL 7 Sy 7 RHR 2 EOTERBIFET 5, fERXERAOEH ITET
Ihoil. BEEEAIEROBFHWLEERCEELREEYS A5, BHNEMETRETIERER, B85
HEOBEMULZLOILBRLT, 77y 7 0M0RHBEOEYI CEET A HEOLEVILFBEORNER
BOEAE RS SHOATVWAD D 9, fsk HARERELAVAENEERT TR, Cho0ERETY
fELZ4MEERD 2 ENEL, ZORREESHFEOFHOLEHETRT OO LN S LD, LA L, KO
BINCHMBEE 2275y 7 RHBORCECRRT 2B BB Z0RERTHE T A L LY,

ERNCTET S FEREOFMEL LT, &P, FH, WL, 20ES LT, #hr 5y 2,
75y, Yasrb, ANH, IBILAELTVWS, COL)E2TEREOERBHE~NOEAFE L
LT, SRB. MY, FELZEAMBE D O—>OTERER I L, £ O FEIZIH o 72 Mohr - Coulomb®
HHEBRARF L TERBCER LI LT Sy 70l0O0& 252 Tw5, /2, TOERLSN
CELT, mE. L IFEVR, ERENOLESHOREMREIC L 2 REEABT CUNMICEDEOE
Br+EMarNADELTEHBLTV S, —F, ABIOE I I 7 F 0y lick)Ihsz, IBH-UFAERA
L LTE#HKD TS, F.Hajhassen 5 D3 HEROHE L BEORE4IJRCTEE LTS, T.F.Cho 5
B A EROERECH LEALDD TR T A2V TIA TV A2 BEhEhLEL I EILL WV ERLE
BOFHHZIGH-VFAERAEROTVE, FZEH I, T, FEH. ULBY058T. 20REICEIR
EFEOHFEMEIC, EBIEEE, L. 25325 -5 CHEEREMMEMNERET O 2wbo L, HEE, B
L, AEGEMMEMNEREZLOCHETELbOE L, BIb, MiZRM 2oy s, B#B2rI92 L
Tad v EHE)E L,

—276—



ARETR, ChOOTREMHE Y EBEAMLEARCHEL. AREEZOBENBREFIIALOE
EABY Az, £/, CAWMHFPHBRI Va4 v P ERLETEBERVFEI L E LA, BIFEFVEL
T, W27y 70OV HBOFHEBESFET AR TERZREL. ChoORREREROEFVEY
BMLEZORYM &S L,

2. HERREFIIIOVT
IEHTHMRR L )i, BRPNCIEROEOMAZ Iy 7 LEAROBRBOHERISTFET S & L. #HA
EABEOERER., ROBEFHOME LTREAZIDE L, BIZCh6OBEETRT, A5,
(1) BEEFOMES L CEENZ ERER AT
(2) BRADEBENLZ Sy /7055 —E0RAUTTOROIARIL-EOBAULETOREGIZLD
ER(ERE )
3) HEoEEXEMMMY o, BE., HEBOHOB L UE DI L 2EHIEEENE)
ThHh, £, WA Lo TELBEHOBRESTOEROBERE., W)~@)XFFHoMEICZ 0L/ IREN K
LECELELDOEASDYE LT B, ChellfE, HARKREFVEEAZ LT 5,

“_i" B + ; W
<[ _|+4 X1 ]
* + + + * —— | —— PO P, .
= ’ S T I AT
v ”: ,’IA i ,"‘:".:_-".:.':5" ,”A - \\, () -
Sl 'l A
- G AWET - *
5 = 559y s KR8~ 1(3EHIBY) REE— 2( JEHITR)
-1 MEICE2HBEEROEEEGO T VL -2 WHBENEOBHEL

3. BTOREB LUV AE

75y RHEEECHNENEOEBRONEERE LT, ERBLUMENLCNIRBIIEKFT 0L
L7z, BElb. BEEDOIEHREE, AN X > THRIFTCGEMR ) E BTG EREFICRC 5 Z#ikEe
REDFE)Z b, B2 hODBMEETRT, chbpsb, LTOBELEZEEL L,
) BRAOBENLS S sk, HE—EUTOBNS)THO L, EHER. REMETT 5,

2 »5—BLULDOEHES)TER, 75923 -3HHEIALLUBREBOERZE. BEE2ET S,

) HE—BUTOGC)—HOENRBIIHLT, EXRFIROERGEH. AEHFELHEO QRTOEE).
@ 29y 70ROFME, ZEHORWHEHET 3,

G) HBEOBBEEOEMNMENNS S A -2 L THAOHEIE, b, SHB#HC LICHIRE
PRLBECHRRECEL-HEBCPAEAAOCANNITHELI OLT Y, M3, H4ihb50EH
B L UHMESEOBRS TR T,

DEoRZE%. 2RTFEOTAOBBHEHRNICEA L, BEEERA L LT, BEE &% EOERN
#® b 01212 Drucker - Prager 90 BR £ 40O % Av i,
F=ad 49— s V3=0,J=0, J2=s..s_.,a=l Cin’y_ , ¢ =C3(1—124%) M
" YU 3 @4sin®y)
ST Iy J WOOTER. S REGA. CKEH, ¢ AHERETH S,

—277—



T, HEBEL LDIEBEO b DI id Mohr -Coulombdd K@ 2 B vz,
F8=lrsl-(C—antan¢), ts=rxyco.92a—(( ox—dy)sinZa)/Z,a'I:( ax+ay)/2—(( ax—ay)coSZa)/Z—rxy sin2a(2)
T, rg: HEENOYAMIEN. on: HEEOREND. o HEBOEBILOBETH S,
25y 2 OBOBPHBERDI 55R I IEHIH L Tid Tresca(Tension - cut) 00 R EM4E@R & v 7z,
F=8,-8, , 8;=(o +0)2+V(e —c ) lh+s, @)
CTH, S :FoRNVBETHD, Cho CHERIRQ=FLx &AL =,
/. 29y 7 ORORIEGGELEY EOnateDD (DRI L > TROD LT E B,
A =TheB , AT={A, AT, ALY, Ae={ad, 0, A& N )
S, Agr: —BROZ 5y 2 OFHWHOR, T: 279 v 20HARKI P I v 7 R, Dep: BROHE
HOTH, B:EFEOWE. n: 75y 270FOFA. t: 25y 20®VAEB. nt: 27y 7 0ANAERT
Hb, ChoDOBHEMEEFRERELICEAL, DBCFTEREFVICERBLZ,

S1 Yield Stress D!
b C1 41 T Drucker-Prager
z i
o Ey RAE-1 A By
7 E"Cf S2 pm—y 8
h .
Cy
REE-2 o Sz Seating Stress Con L] $34-
T 2,
Eg 7 Closing o Ca ﬁ P2 hm-2 s34
. 3 ) 2 2 i
oili=1,3 Opening - Canaton. o
e fet wes  MED 0
wes o FUO¥AH gii=13)
-3 ERasH -4 BESEESBRKRETN)

4 BEVEEFLVBIUS-R

H-5CBITEFNERT, MUOMBIGH % 500t/m20 K EREE L, BHEEOETFVIZD2WVT,
18X 1ZmO P REBREO L2 IRV FTCRTITTEbDL L, EXVFTRBHBRI*THS TS L
oo Rl 2EBHECAVEYUEBLIUr -2 %77, G CRBELAESFVERIET S 20, BF -2 &
LT, DM, 2% 5148 4 (Drucker-Prager, Tension-Cut€ 7 V). 3 5-7 J v 7 (S1=50tf/m2), 4)EiHE
Bl 2, 5%F-HEEL 2. 05525y HEEL 2086 L6y — Ao TRELZ, 3). 6)
Dy —ATE, BRAFEBIHSUTIZE 27258, 2OFEOEBRE(EY), B L UKHEN(Co). NEEIEA
($ANBWDSE;, Cpn g% D bDE LA2(H-2, 3, 48R), 7, HIBEOBECAHAEOREL AL
B, RICTT LI CHEROAENKFHL L TR TR £30°. £45°, £60°, +0°B X U790°D 47 — A
ZoWnTHEL 2,

5, BIWTKHRBIUES

H—-6ic, ZREPRMOMES S OKEENIHERT, F—ACOENRIZ, r—RA2ACEL, 33%RE
K&V, $I0, F— 26Tk, ZOHIBHBUET» 54mo o TEobh b, Zhid, HiEMEEROE
Bl & 2BEMBOKRESPEYBREMLOMEOMOT AR, BV T2HE2RCRALTVE Y
ODLBbhb, $7-, ZTARNOEROEME AL L, ¥— A1, 2TEEMKH L ELCHTERTH, & —
AZ~BTIREFEH S THEFKLE->THUT(THE)E 2o T D, H~-T2, ZRALOBEHAES A 2R
FTo I —R6TIX, &y — 2A2L B L THBHHEABRICER 2V, BROEEIFBHEICZL> TV 5, K91
r—ZM~100EHBEOMELAREOEVIZ I 2 EHERERT, Cho6 2R3 L 2F0BEEROKE

—278—



CEBEDHECKELTEY, ThdRkELEBEALAZ Y, L2L, HEBLHEFOSEOME

TOBRWIIE), HRBFEAFOBEIIRET 2 ERBABOKRE EFEL > TV,

#-1 BRCAVZYHE
EE
Ei- G| ERARR-E O S - S
® # [E,=E,=1X106tUm? (4 71-Co=100t/m2
Gyy=4X104tf/m? FIERIR R -9y =560°
Vap= vz, =026 FALAR B H = 1/1000E 90m
?ﬂiﬂﬁﬁ-ﬁ‘ 15=0 Drucker-Prager
ox =ay=500t{/m?2 Tension -cut
23 vy |Si=50tim2, BHHE |HEH-Cy=10t/m2
[5): 1] omin<S;:Emin=Ey/5 |ABEEA-g;=10°
FIEEE-1 (EREEAR +45° #5% 77 -C3 =20tf/m2
i B A & E PRI I8 58 - g = 35°
HiIER-2 |EVIRBE A —60° #5% 71-C4=20t/m2 100m
s B & FP PR IR A -5 4=35°
-5 EMEFNVB L UHEE
#-2 BT — XA ot & U
'3 .“* o——o Case-1
wme | 2207 | pan | nan x
Lkl $h 575; -1 -2 w % %‘ &----% Case-2
. i
Casel | o | o | o | o (B hmiE 5 @ *:-=% Case-3
[
Case— 2 B ——— + Case-6
Case—3 o) [e} | 297 70Mm0 em
Case—4 — - naROMs ¢ 0 |
11 I 1 T 1
Case— 5 o | WERRR 0 10 20 30 40 50m
Case—6 o o WamR BETE A & o BEME
[-6 BIEEDKFELS A
e 1
ms [
1 i |
;3 T 2 S nnfils 0
u T N7 g 1 [
. 1 MO ™ O N
(1] L S 1] N
il _( )
Nt N
Case2 Case3 Cased Caseb Case6
M7 SEAFEOZVIC X BEHES
3 - JUBY
®-3 Wifir— 2B _ g
- BA%
- #HERR(CH)
wwit | 7902 | wan | wae N
WET=2 | e | A | 2 L - BEBKETE) ik
— Duracker - Pragerf&{X
Case—17 [¢) o 30° | -30° |MARR urac g
Case—8 [¢] o 46° | -45° |ARR -3y saEO
Case—9 o o | e | 00 e = Tresea(3| 23R b F&K)
Case— 10 o ¢} 0° | 900 |MAMHK -8 MM4EE O LF

—279—



TTTTT T
1T T
N
M ]
gaue q H N B u
i H j u i =
I' N
T
LL 0
Case-7(£30°) Case-8(145°) Case-9(£ 60 Case-10(10°,90%)
X9 EHBEEAEOERESTOEVICLZEEHER
6. LTU

FRE T, HHESEROERBITCBYT, BROBREMFCHE, 75 v 700, HBBROFED %
WY ARTz, £/, ChOEBERPHNZI v 70 L) ZERAROLOLHBRO L) ZEAKO LD
DL, FRAFRIERES L BESEE L REL 2, CHO P AREFLEOBBEEBRITOBBA I EAT 2
SEiLkY, PHBRIIy 7OMUEXRDDLILNTELE, L30T, EROERERYH 5
BEHLIICTLIIENTED, CALOBEA»HEBRIEEERLERO BN L RELFMICEL., 209
B LEREELHILHNTES,

SEH
DERESH. “LRBFEOLOOERIF", pp.145~157, 1975
G.7 — 77 AmE. NARKA, &H, EXLEKR, “bBHWFOFEERBAT. HILHIR, 1981
IEPT. HREX, “BBTHEIIB 5 FRERBIT. 5EAH. pp.252~287, 1981
HEEE—. DHRER, “EREANRBRCETINZNL2ER”, FIWEONZERNL Y R a7 b,
pp.1256~131, 1970
BEF&E, E4AXRE. BNHEF. “FRERERCIZTERE 2 AT 2 BREBY € 7V OSEBERT".
BONREES, FIAEOHEENY VKV a2y LBHERLE, pp449~454, 1988
OVEAKRIE, “FREBERIC L 2 WA MROBYEMRENT, EBEALETEHERRKS. pp.1181~1184,
1990
TE. Oiate, S. Oller ,J. Oliver and J. Lubliner, “ A constitutive model for cracking of concrete based on the
incremental theory of plasticity ”, Eng. Comput. , Vol. 5 ,December , pp.309~319. 1988
EFFHLE, THE, WBE, “ERAEREIAORMERL 20T F VLIBT3 ER”, tEI%4
BRI IREHE. Vol 30, No.3. pp.161~173. Sept. . 1990
NFEEEE, THERYE, NEPET, “ERONZHUEEBCB I BREHNEHT So—-F", LHITES, +
& #BE, Vol 35-3, pp.23~28, March. 1987
10/NHAEE, “TEREEBRONE~ADT SO —F7, THI¥4L, +LXE§#, Vol 35-3. pp.29~34. March
. 1987
INEAARE, “ERBHCBIIFHROBO-NEEF VORI, BALEITRFEREES.
pp.1157~1158, 1991 ‘
1204 KRR, “FREFEC L DHBHEROESBRREFVICET 2R, LARZSE 46T FEREHBE
SMHEBMESE, B350, pp.550~551. 1991
13)LEFEE, “EE-RE5EME, AL, 555 (1980)
14)F. Hadjhassen , J. Finland , and E. Tinclin, “ A continuum model for the mechanical behaviour of an
oriented fractured rock mass”, Proceedings of the 7th ISRM Congress, Aachen ,pp.251~256 . 1991
15)T. F. Cho ,B. C. Haimson and M. E. Plesha , “ Continuum modeling of porous rock with arbitrary joint
sets including coupled deformation - diffusion behavior ”, Proceedings of the 7th ISRM Congress , Aachen
,pp.805~811, 1991

—280—



