AEREHE 2 H T 5 W0s DR SYE

WA KR O L &£
AR % R ¥R B X W

1. Uaas
A2y, BBtk f M3 o thfslton e, FbS@e e 88Hs, 37,
bsEBEE T 1, 108G BIRA U T MEAET <, et & )08 I PHET 3
BABENRE 13 — > I @r L L, UG- TR > 03K hs. BB T3 L, FRBEDrBBIN
Bhhs v i LR 3K H s  E23 S kRT3, 35w 2 9bhS, RN L U EH @ X
(VR RERA (BERH ) 2ERSa A L, BATR O Do Tl b iy, o e hT 3 BE s RE
HOLBH I3 BB BECH 3 L (T, Ao KTRIEvHRTI 50535, Friby, SHHEE, TR

M BBUEG , 2RI K 2 v PIREY - BT 30T Ch 37
M-] 20 > b XA Ehirt o1, BEBE 0 LRABE

Transitional

HKE . Ao THBE eia;«.g;gz;.:ﬁ,g-./) O " stress

aﬁm;q;-h P EET AT 3, @ H U DS 2 e AT {ﬁ‘f’: Fli“ei‘fffn‘c?)

Iy ,q;mmﬂw» rRB@o XA RRERS  FD

PAB o RFAK: T > ¢, BHBEYR-/ 71 FAR o ég r[m Stre;gct;?;?;ﬁ

s o p et 130 BRE Sk n 3w BSin, b % ﬂmﬂ/ Rf,so'f,‘;‘,’lbitlm%‘h
o

17, BERRn ' i, fo s vy RS AB LA - <47
o, SR HRBH AT s s v F s L, R R

kiﬁm‘ﬁ)ﬂ@u IONLY ST R IERE §7:.1 7 ) £33 TR MEAN STRESS log (Om)
, 1El-1. BEHE  RUBRE
2 EXX . wh ik 18 ot O 15° 30 VS LS S 60 675 759

iﬁﬁl)’ﬂ w re g f’<l<"/é‘27ﬁn CEBTH Y. B EA S cm DBBIIIII.E”H

12 0 o BT, B2071 85 CBAE (BRESATIER
@it AL BED L b Bk Trodi@t 51 v 2 > F o gl 7 i

98 = CNRCAERE @ 0 T BN ( indact nock) § i, CD3 Bg@
LCN T, i@ AT, S R rErTh . An, KBk Ln ‘
BB R R T3 2005, BREORBACKE L €, 24 R VNN Hdd
17 335w ASTr BB L €, BB Kl 7 Xy cpaol A A '
770w sx- SR, MEGRUE 05721, 3, 6, 10,20 Kpflom® @@@
24 SHNF SRR vetly, TP (£ =o0abto/min bk e LK, OV
LIS AL 13 R TN )
OS2 R F &5 o0, Bl @Ik, 2 TN W@é’r 7
tov, @y nZREHr Gk 03 b TSR3, g, HIF 0 CO-1 nPUE 1 Kffem® o
L%#ka«:%’:ﬂ:z, W shedftog o 3, BEVK 2<ms v Law's, (43050 $#3 /> 9 o 4
BB TR Ke s, CpAER g XL R 7\Wfﬁumﬁwm Wkt 3%,
G=45" a3y, CO-1, CO-30:R T, 3p#@n i) T VA& < b »m b s, P K bo°
BB L4 iR T, Treds, Gk fesodimo A o noes TR WL EES 3 2 53,



3.1 oars -0 Ty Bk B TR

19-3 (@), BUKAQUE 05 = 1 Koflem® b T3'= 10 Apflem? 12 B
IPED S - kv TR T u Ty o TaCk A TR
SCuiF T3, soHem? U E 9B H

52703,
3 b, A M £ 03B 0 T BRI - B, 5,

@S AN B I IREE AT R 2 B -0 T

nEY R s, L LR, e diaae AR 20

Kiflom* LR v (5N, O 60° g b éﬁf— FANE

Haodsp-ovTafliheers.,

— %, BUR 07/ ks fom®a AGRE R 903 7 3 &, HITEIEHY
UPIORS: T-NF 137 TN AR T 7 4o X
HHEkTC T4 Ve ) - LU R, By oD e
TR aRB oy (TG » B 1. Ley, BUE
By v Lol s, ko Fs B kb By T 148
e 1T,

4. FELEMEHE « AEE AR %

By s B BERL B AT PR KB L 3
159 yad@i sk v Fyo v @y & O B i v 1B
T3 BERE 0~ b ¥Rp T L, BRy o to¥@ st
5 IR GRE st G v (BT ¢ 076 T 8, HKIR

v A E v A TR K h e,

W4aksEs o -THIF e L2 F (2 3. &Rae>ad
528, @I RE, 2ads@e BEvr > b5 T, RE
BE PEREN 9 25 athbvmys oy > fop'
b 3. kv, > )ErN s BRECE b sk i b p !
ISt~ n. Meiv 2, BxBERCKEEERT »

SHEAR STRESS 7 (kgffem?, 98410 2MPa)

30
TRANSITIONAL
- STRESS
- o3 . PEAK
20[ <4 ® & L
C o 20% 7y PEAK RESIDUAL
2 @ ® In%qct
i -4 R
1ok » /¥ RESIDUAL g 4 ¥
L > > 45°
v v 525°
y < *  60°
A 4 4 67.5°
o * 75°
¥ o} ® 90°
O PR RS WA [0 SR SR SV TV DUUY TR A SN TR SN NS S SO W W S A
0 10 20 30 40

NORMAL STRESS O (kgticm?, 98+102MPa)

4. S5 1 8@ ¢ L < abid 0 BELLp 0 ¢

e h T oMYk

-32_

0-Cx(kgfrem?, 9.84102MPa)

DEVIATORIC STRESS

VOLUMETORIC STRAIN
“%)

y-0(kgt/icm?, 9.8+102MPa)

DEVIATORIC STRESS

VOLUMETORIC STRAIN
W%)

[x) w g
. 8 8 &
¥

Intact
-

45°
———=525°

————15°

J I
- O-L N WO

-

172 3 4 5 6
DEVIATORIC STRAIN e{%)

=7% 5 ]
I DEVIATORIC STRAIN e (%e)
]
Intact 60°
45° 675°
———=—525% - - 75°

Y S} ] 1

56 7 8 910

-3, R - 0 g R i T 2 0 i

SHEAR STRESS T(kgtlcm?, 9840-2MPq)

100

10]

1

QBIE 05 = 1 kphom*, )RR 05 = c0 Athtom®

Oip=6,05, Bp=0.39
0ir=2.23, BrR=067

=TT TTTT

TRANSITIONAL

T

PEAK  RESIDUAL
4 [ Intact

#ESIDUAL

- o e

Soréavairne
oy
&
°

} OQ0bdOqavapOOo

3

#

G gl L

1 10 100
NORMAL STRESS Ctkgf/cm 2, 98+1072Mpa)

-5, B atndh@ o « < Aab#E Lo BEEL A
e t4 *ﬁ‘f/\ﬁ T l;\f#@ 13??#3‘(%5)'\



o, U ERrRr s hir g, 0-- T T w&‘{%&#:: &‘1){]&(% T @

had, ,‘,’(A'/\Z"é» 26 3, PEAK ESIDUAL
@. &Kﬁ/i i« N
: o
(T/55) = Ap (0'//0:’)'6'0 ;o BRI ) ! \\\Il \ \4L
(t/037) = HKe (a-’/a:')/("’ ;0 > A8 ) G =
). BEBE
(b)
(T/0:) = ol (07 05")PR () LA |
N N ]
>, 0w Bﬁfﬁfﬂ = / Kaffem*> , 0(/>,/J’p, Qe ﬂ,c l:k)ﬁiﬁz . \'\ZQ‘,Q
ﬁavi’rﬁﬁésrﬂ-ﬁ# 5223, 252 20
KB 25580 L O, W@ R 1 AR o Blh LR T3 . kY 1 I o Vi

LUy, /miam?’[w & Mokn- Coulomt- o RO 3 X B RGHEA 19 5 ot o P ATk b
%“m“ v 3h, é\(/)v@)w)/\alﬂt@shﬁidﬁﬁlﬂ T3> 7%, & wi s, @R ¢ Mokn
FRE L9 5 3. A A, (b Mot 2 2 p
16 x5 3 BVE 57w BF 3 o ABEE Mot s e AP T~ TR L T NI CT AN
W3, L HEEL Y, Mob g Rp R G Lo BRI B T3,
Sova, Lo OHBITRBE b @A LT L, 2 o Rh KA AT s < T N
YL T, wndac nock & O K5 9 B oS @ % b - EBNG B vt L Lo ns T, e
rock kﬁ/?{ﬁx ey 177#[\‘57 9 90'%*}1%: 35 V.K“,ﬁ(i;‘?ﬂn Lz ,mqmzﬁj 3. >44/(\£§<"f, 4)“:?*4\/?
ﬁ\“lij/x Ca Oa, o s > v, s 203 7’&‘/},{,‘%;‘4@3 3p, 2o ’Zl&"fé'ﬂnﬂﬁi(f@] 5
T ERIFE Sk F TR TR IARE (T 3 > kwrrs. o RAKIEAT, Iy yop¥f@ece s ¥ N 0wk
ST RS, KA 25 el <, RAAZiKERRBEE T3, AR o ¢ Gn 2 BN o 11T
BEAT 4#33‘&{?’!! SR ARECES 2 v, bty 7 R0ERBE 4 U3 x, Thddo BEEL
’”%’“ wnlact nock i By 3 AR MG o b CHETs 2L wiss. Lens T, hilEST
T, @l TROGES £ U 503G 0 BE T Om<bO< bp. b 1 HABEL A HEBELE
t‘l*ﬂ\* ¢, e PR TR 9ES £ 3@ 0 BE o FOBGBlE b b KT L urr s,
W70 6, = 8/, 6w s, O~ 6o ¥ L X, FRSH
BlEv et o Fng i e 218, ¥@wtss 1
)k ’iU"itﬁfT@?ﬁ/ilM!ﬂ/L»p?K v Lt B,
KX v % 0%5\?”@)3 SerS#lo T S 3 o e BEE ® 70
&*tﬁit Ry, E @P:rf{ﬁqtp&r\ﬂy"‘y 4~ 00 W eo\‘
4, weparrrald@ms £ Uitk 1350 Ry 10 g 5
I RS EENELN L
&, Bt @R Lo BRIT B L, R 5= 8

1, 3 Khem* atpls, v TR )a#RTEH » 3 :;o ° ’
Har, flmr 6 kttiem vty e B B BE L £ I T
AR eor, A, BRRE D, > 04863 2 CONFINING STRESS O3(kgt/em?, 9.8+102MPa)
3. H-7 4R 1R £0338@ 9 AAIHIE -
WHEa¥w b U 3ak¥ @ AR B0 FRUE 8> 2, RN {7



e FT I RRRER Y by wd Lz T %
WERHF T o~ TEFAY e, L P wREL A . 80*&
(07-05) ¢ FARIES 0l ca G 23 2 v b, w 70 62
L (07 ~05)/a ~ (GF 657 )z 9 );?]ffm"‘; 33 e d43. .«Xf u 605&\‘3 & f;g
)~ )2 THIRIBAE (07 -03)/2 ~ (505 )2 2 R v 1 ¢ z sol- Tl
Fatkns vRE %3, éz.o- )
@). R b o t0#i& <365 ¥ N UGS E U3 5A ¢ §:§tg°d b ase
(Bk#E ~BEBE) A e 3
/\’f;/'rnzﬁ/za;,’ )//ﬁ'k: o(K(a;‘,yd;P’-r;com&/z Gyl @) T - R X

CONFINING STRESS Oj(kgficm?, 9.8-16-2Mpa)
&) Y Wk <, Hren REGomBmAECT  Bd Hov kO iatdnd s BEIRVE<F 3 ¥

5 ¢ | e S
22 I? : ‘_—_T.— |
(BXBE) 2%
(7 51m28, /203, ) 1P = oty ( O fome v cos28,/2055)  (5) %
< 201
(FRE7RE ) i
y 5]
(Boim20,/205) % = ot (6 /53 v g cos 26,/a035)  6) i o
7 /. / / P U)
220, Fo007-90), 03IV, Omg < Pehioh 3 L/
=/ Ksffem?® 5 3, R T '2'0.‘ ST
M- B W ~6) w FBADTHCE N L < £ 73 BHERE 5 MEAN STRESS (G732 (kgter?, 98+10-2pa)

SIHES 4o INT RKBAR S J2 20 39, R BT B G 5t 3 dec a0ck 5 o,
VERRCA 23 il sok o RXBAK DGR KRR ol o> rHG ) RAMA

At AAET s > e b, ;
B-103 -7 9 RAAEEFR TS > 2, W/ v Tt LT 3.

8
’lrfr]
|
|
!
|
5

S.h b g o

WYX 9280 <k 7 353 Mokn ailtf At T3 #2w AP L
T~ CEGCHBAES Ly hi”, G, Bes > b s T, &K
BEPERE 2 TEGT >0 6023, fox, Mkl v F
HA 9 ]k CEBEA L E v e, R0 v iwFw, S
A BGr RKBA S Xl SRERE S TRIE <), —#

3

SHEAR STRESS (T1~03)/2 (hgticm2, 98+10-2MP

v e 1 11

1t
c 2 . 1 10 100
SRR RS AERN ok CRERSE IR Tl MEAN STRESS (03+03)12 (igtie2, 38+10-2pa)
Eas090 05 7, B-10.19-7 9 &Rt§ kT

AKX AR
0. RGN, B, HERE 0 h I RREE, YRS AMEREL | 6295 B 143, 1900,
2. Er8e, A B2, W9 h FHAE R FII0 1FR, LR S AU EL Mo 705 jp. 171, 92/,
V. Okusa, 8, Slrengh amd FarH. pessune of RocE wifhe Woak Plame , Soils amd Fundatins,
Vel - f, No/, pp 45 - 27, 175F.



MECHANICAL BEHAVIOR AND FAILURE CRITERION OF JOINTED SOFT ROCK

Toshihisa ADACHI
Eiji MORITA
(Kyoto University)

Even for soft rocks, material actually considered in civil engineering projects is the
rock mass with discontinous planes, such as fissures and joints. It is less possible
that an intact rock itself is of interest. After the rock specimen fails under confin-
ing pressure lower than the transitional stress of the rock, it reaches the residual
strength state with further shear deformation. A single shear plane occurs, and the
specimen is sliding along this plane. In other words, the residual strength state may
be considered to reflect the case where the mechanical behavior of the material is
entirely dominated by discontinuous plane. Furthermore, the failure plane which occurs
in the specimen is in the easiest direction for failure to occur to the direction of
maximum principal stress. Therefore, the strength in this stage may coincide with the
maximum strength of the rock mass with discontinuous planes. Namely, the lower bound
of the rock mass strength should coincide with the residual strength obtained by the
triaxial test. This is schematically illustrated in Fig.l. It can be also seen that
the upper bound of the rock mass strength corresponds to the peak strength of intact
rock, whereas the lower limit is bounded by the residual strength, and the rock mass
strength in the field lies at least within these limits.

In the previous study, this point of view for the rock mass strength was confirmed by
conducting the tests on specimens each of which had a pre-cut plane. However, we did
not obtain the definite failure criterion that was able to explain where the rock mass
strength lay in the range given in Fig.l due to the angle between the direction of
discontinuous plane and the maximum principal stress plane.

In this study, by carring out the similar triaxial tests with a mud stone, a failure
criterion was derived for soft rock with discontinuous planes based upon the angle
between directions of discontinuous plane and of principal stress plane as a parameter.

As shown in Fig.2, the failure configurations were divided into two categories, namely,
in the first one failure took place by sliding along the pre-cut plane, while in the
second a new sheared off plane other than pre-cut plane developed by failure. In order
to make clear the failure mechanism and to derive the failure criterion for the material
with discontinuous plane, first of all for the case of sliding failure along the pre-cut
plane the effective normal stress C' and shear stress T acting on the plane are obtained
at both the peak and residual strength states, respectively. Similarly, for the case

of new sheared off plane developed by failure o' and T acting on the plane are also
calculated at both strength states. Data were plotted on log-log scale paper to obtain
a failure criterion for both the peak and residual strengths in Fig.5. It is seen in
the figure that each relation for the peak and residual strengths is expressed by a
straight line Based upon the aforementioned results, new failure criterion represented
by the relationship of ¢' and T is given by Egs.(1)-(3). It can be said that in the
case when the strength criterion for soft rock expressed by the relationship between o'
and T, it is good enough to give two relations for each of the peak and residual strength
states irrespective of intact rock or rock mass.

By using thus obtained failure criterion, the failure mechanism of specimen with pre-cut
plane is discussed by using Fig.6. As the results, it is found that sliding failure
along pre-cut plane would occur only when the angle of the plane 6 lies between 0; and
0>. However, the range of angle decreases with the increase of confining pressure level
since the peak strength line is not parallel to the residual strength line when the
confining pressure is less than the transitional stress of the material. Fig.7 makes
the comparison of thus obtained bounded angles with the experimental results. And it
can be said that the failure mechanism discussed in Fig.6 well explain the experimental
evidences.

When the failure criterion is expressed by the relationship between stress deviator
q = (0,~03)/2 and mean effective normal stress Oé = (0]+0})/2,it can be seen that
the upper bound of the rock mass strength corresponds to the peak strength of intact
rock, while the lower limit is bounded by the residual strength as shown in Fig,10.



