WT A, 5475 vy —, BRDOFEEZLE L MBI

Kz OR & R
OB & i 8 F B X

1. \J3Um

H o #

-z, FREERH BEE 0 TA S, RIERE BRI S8~ T A, L, ~ B
Bt o, DTHIEEFES ) L AFEY oFfdve. TR {IFROBHRnE U, BT sBFH T35V
Eersan, &, 1, FEVERT U LEEMOTEE ORE v 203, SEREER TR 2110 0d R
KRN BRTLLENR A, FRETS, VAt ¥4I5 3 - EEL, U tERERT
13y, ERETIIHE IR BRTL 2 L e <. e 1, IHEIAIT <« v 3ol v T4

B e A<,

2. BEoNTEMRoitd
2.1 #HE
BN T o BB oL 3, FRES PR ¢ BAL.
KX &I T.
0d + Omain® = ToCOud ---mmmmrrmmmsemmmemanes o
Ko gy 0n 0 0. *+ 0z

7, Om7

w

PN
-~

0, [10°kg/em?)
Ll

>
~

i

®. To ! ZUXN. T- (&L 20 ERaEs,  ©

RO TR IR
B = HERARS ) 8o U BREE s, 3 BB RAT
UBM. BCHRBRE S ORNTRABI TS 5, "
§IRAREAZ 15, TR R TEIFHBE € 0c L LT,

01 = 0t - e ¥3)
tH A, § IR UEROEAS RN T CoREEENA s, TR
IOSBREIET TS, (), R EY - 1. FERaRARE T
RBEE KL B,

@R~ 5, ~ 0 FEEI RO w3, Bk, o

)

~

Differential Stress (103kg lem

@_

{

o R R
B (LR, PRF <52)

o° . = ‘::3 - Z
- BB -
05 10 BOoTAHOWR
0,203 [103 kglcmz]
0%
AT T
e —
> \\\\\\J &
N
e
\ \g N
hoo
o

THERFER t ZRL. TR 5 2 A,

1 2 3 4
Axial Strain (%)

5 6 7

w

A I )

1025 1
850

T.0: BELow BT BES _ﬁj/ -
M C L TR KT g 2o / & oERN
RRER (0 F@BEASTHE O ( RFHEY L) v +5 § pr0e - T
b QRSN 3 ) L EC T LT 2 B, i %%%’fj AL
00 Cain26 + 4 - U Con 20 )+ T2 (uam26 U= in28)-2C £ 0 W ok
@B : FoHE
I -WHE KOS I TH L. 06 Tes 0 85 o
Gz= ZC/ (UCOU 28 + b~ RN 28 ) —=--====-====== (§) Volumetric Strain (%)



z. 2 HoEEOTH 0
BOHRT s, BRGS0 o, REROEHIERATS
BRAIRN U TSV, 22T KFaRURET AL nA.
h REths, IEBRERS AT EC S,
i ZrdESO. R0 BERNE T A.
i) AEREI TRANET 75, (H-z, 3%8K) O Em)
REE\ET ., IEERRSEETOTA L Cdp. IFGEER SR VT @ 4 AT 20 T

HEEmpL L. EER KA NHRNKET 5 URET 5. G G

Camp = A €dp - R ) Fiow
£/mp=€/p iz,o' Eap - Cip- €20 4/

2 Z Strain

sin¢>' Sottening
PR
HaT A=-0nd oka. RAEFECHEREFNECHTY 0% Om &
e, IEBEVTHA 7 I RTL S . (F-4) -5 AERE
FREE8 %\ 5, Iﬁﬁ%ﬁ'—tﬂﬁcﬁf\:ﬁ??‘%mb. v &n V(s ¢

0d = Om win = To*con d*

G = 0™~ D) &
%<nBatd, Om m’f?ﬂﬂ pidtw, B tmtﬁﬁmh Y AR GAR S
IUIY FzonBE TCHALBOUE,. (F-§)

gp Ep(%=0)

R
) v

(E) &

-4 sl - T8V 3R

3. FRERE ¢ W1 I EE
3.1 ABE-as-r>-TFTYVE
FET 13, FOBEAERG CTERL IV, LNUTSING, 50 THLANTETAIRALROS 2
T T H AT, s )y FRCEERRT TS5 Zened s,
ERZEFRE TS, BN 2 REFFER R s 7 H 26 UA.

YUS) = JTIBEFAT /P + O wrmrmmmammmomommes s me e e ®
U8, BT EE eabtn, ABE-1-1+ Y -3 7Y ViETHRY 1, RERTRI-EET XN s,
d
St = Sn- Y (Sm)/ (;‘é— S 1)

@< 3 BFTAFHORKR KNI I THH. HhPTHLALTER E TN I G 00RO & WAV (Sn)
NESUB, TS @RS B3 )i BFRNETANIA IR E LWL IV A, D3 Y S,
BREANST3OFRE ¢ H ), @S HURESE s, FREH 18 <EEN L GBFL A T L
meFn, (F-4)

3. 2 TREHAEE
2o G RNHTNNS. EUTHLALTBRNEAN RA RO DTS 65w, 24K
NS MNIL UG, HAEFRECEL VARV THES, BERMN ek, EREFRE I EBIER ST EpS ) A
VI, e E25, -1 BEIVTHED, (FRMOTHENS,
Cd = Cdex Cadp , Tom = Tme * M - = (10)
yEC e F s,



227, N £ 5.

B ) AEERSUTLERS, RN REC T, 31, B o TH0FES. FRNTE L R A
Br U, BAT VAV THUALTETAIRMS, i3I0 RNL2Z LW T35, ETA MR Ome b
Fos

Ome = Di€me = Di(Cm=mp)= D1 (Lam = QLAY -------rmrmmmsmmmsmmmmmnasssa oo (h
D REVTAHUIE/ (/+DX1-2D)
—F. RABREH /<L 10 aUERH Y, ORI VETN SHEEERN00c 13, KAl 1i&ne 5,

0dc = Tocoud - Omecaind = Tocoud= (D1 €m=- 0D EdD ) tn -+ w--mremammomemmanesnas (12
3T<. IR HRET U0 TH e,
Eop: &d - Ede = £d - Oac/ Dz Dz E/ (] %) wrmmemmmmrenoooen oo (13)

THEA5N, 0)~(/2R 3 0dc 285,
Tocoud - DiEmaind +Q01Ed aind

Odc =
7+ a D1 M¢ """"""""""""""""""""""""""""""""""""""" (/4)
Dz
FEEEL T AMEaRN 6, @A S VERN D T LM T35, R

5. 3 AP / 3
ERHT S, BRI URRET 4 o0, DBE U KT 14T /" i .

A, B 2 BRIAFUORBEROX ¢t L TV B0, &b /‘
w3, 5o e PRlTs s kevea e, x 2, BBl / o

B3 N KENOTR S, AR oMEEE Sk HRTo0nLlL
P BHEER TR TN TR0 1B Ly, RET D L TR
1S, X ABTROABE T3SV eI FENE 4 T2 311, FIBRR LR W)

STRESS

NHILETAH 2US BITNERELL IHTEEMcHs L. o AN
23, ARGOVIERT AR U SRIEKIN T 7). GRS \

FH LB BT TSNS, §IFREN <E o D el S\ ose
TR B, BFETOREAN R VB, 3 TARRE R
RPE L BRETAIRANLERD, 2 oRNRENBGcomsE
£ BT 2. BRETCARBELSH ST L L Th, ° LTS

-8 A&ERSYORIL (9-0)

4. ERR ER
FREF B ] TR LT RS TAh < ey, 1~ 3TERL Y
r<FRER Ao, ARSI < v TR eax 5. BBFS, BuTas
BZR B, IRERRIRo L B ) ThA, 80 1
FHLFE ’0m FRR7T Or = 0z = /000 Yomz 7
Ly E=2Zx/0° K¥m: L =03 ‘—_[E
To= 200 Yt @ - 30° ’ “T’
Zo* = /00 YUm? = 30° ° s x10%)
el < S0t =088 -9 FRRT B 0-0)
60"



- 7.3, 7l e RAFEEMEURE L RS TR R TRE @
TRL TV, BERL s -Baso s B-2, 913, 1&
FofRot, WRTER T sRNOEBERL TV, 20F RS \
RELT B, FHEN TR T <BIE v RN IR, 050 /
NECTVBEIA TRNmb. 2 0BAes. ¥499>2-157 (B5)e
LERO T 0L LTd ), FREICSENNTHA. W-/0, /113, ®
d= o7 e FatmETHY, AN SIFRERNEC TV . ° PERETS

VT HEE T AR s, PREER L. BT RN ME - 0 ﬁ&ﬁﬁ(&};wc -0/
<55, (B-/2). -F. BT THefoL, IE TR

4

({7

N SNIKE SEUNE TS, /
BreR | SUENER |YOTCUAR| UTAEKC e /
B (cm &/8 &7 P ,1.85 : )
- 73. 1413, FENHLT om&ofBeH b, B-/313, FARKS

), ABEL B\ I BT LmE, E-/a3. FE /009U T

MATHETHEL. SHBETSEIBS U S, AELAB|L Uz ' e
BEILN, BE BT B AFRIN 2 ~ R sy, 3k N1 AR FL (a:0.1)
VAR TH A T enthnd, 4 .

& © FEM
§. 3o ° \

FEBTS, B NF RN T, ER oMERFE, Ty, 1
¢ LITBT,0RE, 2) Aok, &) D THERC ER A OHE
CERERALI) L LT Thh, BIFHREERN OIS, TNLvs< ° A%
BT ULV B L Lovnm, (<. 3 THERORBERF L R &8 <L /
1. AFERM S BT IR 151 BREadEITL. FF B1-/2 RSTVAT (U THEIC)
ENENT D T LN, <. S, KFEE | R
w), ¢ FRI 5O, G o RTHRI
N BB BFEFERE LI BT b, B
— BT <F LT ETERT e TR R T,

AT F 3B | URREER | C.P.U

STRESS

cWREW

¥ Y g — /
o5 55 W G /6 23
TAI9 L~ LR 2/ 2.7
XS ' did 30 3é

FEaTe Bk ¥ 4./
(/ORBRE) 73 P&
3R ENETIRE | 2/ z7

(ONERE)| <2 | <& | L B
(C.PU, BT/ L LIFoXL) Hl-1o B RRER T4 TR LBREE




Elasto plastic analysis considering strain-softening, dilatancy and the
existence of weak plane.

Masaru SATO, Hiroshi HARADA
Itsuo HIRANQO, Katsumi KAMEMURA

Taisei Corporation

SUMMARY

In onder to examine the stability of underground openings in rock,
non linear behavior of rock should be considered. Especially strain-so-
ftening and dilatancy, which can be seen after yielding, play an importa-
nt role in the rock behavior around underground openings. The existence
of weak plane,where the strength are less than that of sound part, is
also important in the examination of rock stability.

In this paper, authers tried to express these non-linearity as
exactly as possible using finite element method with in a framework
continuum mechanics. Following rock behavicr have been considered:

(1) flow of shear deformation after yielding
(2) dilation of volume along with shear flow
(3) strain-softening

(4) existence of weak plane

Using a new numerical scheme for good convergency of non linear
iteration, simple circular tunnel model have been analyzed. Results
show that the proposed method is very effective for the analysis of
rock with several yield conditions and needs less computation time.



