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Toshiya SHiNjo : Effect of anisotropy on the shear strength of
Shimajiri Mudstone
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Fig. 2 Isotropic applied pressure and induced pore pressure

I EBREBERLEER

1. BHA~EX3, M7 FKE~E X3 Bk

Bh~e X3, 5 +KE, BE~NORFUOEEENET 5/:0, EEE o, =5%CBT 3N,
R+ KE~t X IBEROREZHNAFig. 3ICR Lo NP TERRIE, SBRHS +KEDE
ftExzhshRbl, XERIHREKOBFEARL TS, COR» SN~ XIBRK, BELSIU
R4 FKERBREKDEFFHC L - TRIE B E b B, MOEFEFICENTHBEREERZEZRL 7,
BEERARAOF AL ob S5 TRATIENEREICY LTS5 ~T0°TéH - 7248, A= 0°0O—#EH
HERTT0°~0° O BB E4 K Lco T C TREEERO £ X &MY FKEDRBERBRICODVTR~NS,

Fig. 413 8 & BUHBISO £ X 3 ¢f DBIRE SEBEDOFHBTRLIODTH B, CHUCLS EBHE KD
EXIRACLODIEODRD, A=30"~45°"ICENTR/NERT. —BFMICBNTIRA=0"~30"T
B/INCIS 5. f=30"~45"KBV TR TERME « VBT EHB—KT 20T, bTFhD b X THEICET
3o —F A= KBV THFEMEHBHTESABETTHE0T, —~HMERTRBESE~ND I 7 ¥y
IDOREITE DT ~DEMEH VNI e XITHIET 208, ESIERT S ERE~DOEAOIE
Ih, Bl e XIR—WEMICHERTHEKT %,

M5+ KED -7 RBAEEICET 2 LUFILH 5 DVIRFAKICEL TV S, WERYFKEDO -7
BEEEROE XIDThERBTA1Y, ThOoOEEEECH LU TRLAZDOMFig. 5 TH %, X
RELICHLE—EFECHETE TR, REOEFEOXEBLR~Z L, BEEETRHS +
KEDE— 7 BB L DT 508, ERESBMTLE, My KEDOE -2 EHER—BTLLD
15 %0 X +KERKBENMICKET 2DT, LROZLBROLEEERT S, T3bL, ERE



258

RBRAFBFRFEMNRE B35 (1976)

BT 2 VENICES 84 V4 47y~ 3BRBLIENCET S 03, RIESEINT 2 SBE LRSS L

482V y—DE5.

40
CU—Test o
=0
o,= bhkg/ch
u,= 3 kg/ch
30
. 60° \90°
45
3 30°
<L
2
20 fom— == mm = o —5.0
~ == N h
S L7 TX 60 ~
| A o
b—c - ///" \\\ s \90
~ Ay A \ 45 4.0
N/ N30°
7.7 // -7 T ~a
7/ ~
// /é/ \\ ~
// 7 ~ o
p 7 // ~a 00 —3.0
/
"W /s
10 g /1
Hl /
/
M/, —2.0
it/ (0,— g
W/
j 2 (u—uo)
/
/ -11.0
[
I/
0 1 ] i ) | 1 | 1 1 l i | ! 0
0 0.5 1.0 1.5
axial strain %
Fig. 3 Typical results of stress, pore pressure and strain relation

kg/cif

(u-n,)



FR: BRMREEORERSH 259

o
L5 o 0 Ky °
® 5 il
A 410 ,/
4
- A 15 o
® a 20 p,'
u‘;‘ ™ 1
W 25 /
@
E]
=
3
=
[=}
B
>
O.SL L 1 ! J
0 30 45 60 90
£ degree
Fig. 4 Effect of orientation on strain at failure

1.0
.

&
2
®
—
5
w

0.5

| 1 | 1 |
0 5 10 15 20 25
consolidation pressure o, K’/ad

Fig. 5 Effect of orientation on dilatancy
€y + strain at (u—u, gy
€f: strain at failure

RICAI $IKED €~ 7 BBHBICETT3EAR AL - TEND 3. B A=0"CHENTETDES
BRELV, ChoRMREORNFREAE £ HEEOBRTHETE 3, =0T & YHEIZKFELR
FREABEEYZ0T, KEBN, £4v4 2y —RBEEMCELS, —F, A=0CKBOTHTF
ERRHBETHEDT, tHCIOBEFEO~D7 79 7%REL, RHF~OKREEMEES, Th
KED 4 LAY —RETTELIRIS, UL, AIESHENT 2EMF~OEMBBR IO,



260 HBRAERFREMRE B35 (1976)

B ERBCEA LA 8y —BEL LS B, $, A=30"~HB KBV T & YHELNFEM
BIRIF—KTBEDT, £4Vv4 2V y—RBBERFRCEL %,

Photo. 2iC+ vMfitk, %A 52 B BEEER L 7co KFICBEERL TO2HMES O 5,

Photo. 2 Vertical sample after failure

2. BERKH

Fig. 6 i3 EELEFEEODBHRERLIL O DTH 3, R, ®EII/ YT Y+ DIgE FHEE RRHCR
L, 3EBERACECTSLTROLTH 3, N7V FiRRAZON, FiOlE4E KT 3L, EFIC
L ZREHME FICLE3REENRBDON S, T A= DRI EKEICK FOFHBE LD HE
BOBFARERELCLTRDO LIDONFIg. TTH b, —HEMBRER L =N"THEXELD, B L&
bITHA LT, B=30°, O°CHEHAEKDO LTI TETT S, ChitLAIESERALTHEE &,
B=30°, 60°ICBNT/NT VY * b1 5D, =450 Z M5 L RPOEBROEAERT. THbL, &
B2 f=45"~30°IC & THERE DK iTH A T 5 b8, T KFEHRAKRDBREIRI0FERINL T 5,
COEMIBEZK +TdH 5 London clay g2 THRD enrmé? Tk S L B A D SREE 5 S B
HRAKD TN LV RENC LR ARMBIC I INEEFELOVRFEBESKENCE, $ROLEH
W ERMK, > 1 iR shTo s,



S BARRED BB

261

Fig. 6

90°

(01 =98/ (o~ ay)p

Fig. 7

-
¥ F’f&_f," o a0°
§ 20= )
- O 60
X 45°
10 A 30°
® 0°
0 Llil INENN] INNRN] NN NI INNEN] LiLtl
0 10 15 20 25
consolidation pressure o, Ko pq
Strength and consolidation pressure relation
L1 a

S
]
Q\\\\CID o

4

a / g,

0.9 o /° ¢
. A o 0 Ky

d ® 5

d A 10

0.8 o A 15

O ===-" o o 20

m 25
o7l L ] | | |
0 30 45 60 90

A degree

Effect of orientation on stregth



262 HERAFRERERBE B85 (1976)

3. MY FIKERE

Fig. 3 & YHICHE 5 17+ KEDK & &2 BEUAD B FIIC X>TRIS 5 LR U, Skempton”
DREOM Y+ EREIZAr = (0 —u,) / (0, — 0) TEDI O, BEBRBICEVTA R BEH
Hic AT ST b0 —RICBEZBHINS K52 E ArDEIRENT 2. BRBRE QKT EEH
BERRHONTOROOT, EBEICH L TArORMER LD HFig. 8TH 5, CORRFHMET
FOLTH0, EREOHMTLD A REML TS, ArOffIR f=90°L60°CHNT, F745°%
0UICHNTRIZALET, A=N"DLa/K, A= CTRMEERL, Ard At L EBEZT 5L
EBOH Bo

0.5

0.3t~

<
0.2k
01k
0 1 1 | { L |
25 20 15 10 5 0
consolidation pressure o, Kﬂ/m,
Fig 8- Pore pressure parameter and consolidation pressure relation
25|~
x £
N
= o 90°
20— O 60
X 45°
A 30°
15 ® o
X
>
|
=1
~ 10
5_
0 | | | | | | 1
0 10 20 30 40 50 60 70

(0, 93) max Kg /s

Fig. 9 Pore pressure and strength relation



R BRERSEOMERN# 263

Fig. 934 ficx LRUAROM 7+ KE L MEDBHRER LD TH B, CORITL 5 & HE Y
g sy +KESBIML, &N UERBREBOON S, COERDC SEIR fiIt k- TR
D, B=0ICHED 5 0670>58=0"D 033 TEAL LT B, AriRCORIC BWTRAZBEEHBDC
SETERSN, EREFHRBRCBTT 2 LMy +KELSEORRRFALES BRLICHFETSC
LTS5, BEBHERICET 2ERBRDOC SEORKICOVTEERBRIN T8 KB 0550, ERER
R TD CORED A RERBFD C 5 BOMEBL 5L LRIV, MEMAKICOVTHESTS L IE
S BHER T D As 1 053C 5 - 7%,

Fiwe LTy +KERFAEOEEBEZT 5,

4 RE~FHLHBR

FiglOR EFEIOME20MICE T 28 ficdT 3B HEBORRAERLLSDTH 5, CON
FOEMRNEERZLIC K> TR BBEIE > THBICEZ &b b, X +KERY AtED
EEBLEXT, f=N"TEK, A= 0"TR/NOMF +KEERETZ DT, TODREDEHE I HERE
DECRBRINTIN B,

251
CU - Test

Caj+a3)2

Fig. 10 Effect of orientation on stress paths

8%, Fig l0ORKRIECHEAKD L MYEEEBETICT -7 CU-Test THYISHERBEINE LR
55D DN THEHRREE KRR IV — 7RI LT, 2ONFBHERN L O BY#
ZRLTNHS,

FigllRBEEH D FORBEHB T 57-0, BERKCETEY (6~ 6)~% (o, + 0,) BIHR%E
BIBATRUILSDTH 50 NTVFHBRKEVH, f=90°L 0°ZHRT LB SHITEA SN S, [
TFRKERFOUOEEEZT 20T, 2BNICLIHEERRMEY +KECRBRINTHOEORE
TR H. T VB EFYERHDOBKIIERTROEIDT, 2Dk 2 RBOKRIR
Mohr - Couloumb OISR ENBRAT 2, BMEERCe, b 2 ICE->TRIE 3,

Figl2RRRICERDIENC LB Y (0= 0) ~% (o) + o)) BAFERLILODTH B, ChEDEY
I HBERE A=45"% BRI T, AIREBERE LM, BICA=00"L 0% IC T 252G RIZERL
T3, TD Eﬂ@ﬁ‘iDuncan‘t‘ps) DB/BEZR A ¥ & Bi-shop‘t'oa)@‘London clay oW TORE,
TROL, BRHRNICL 2 BBETRKRBIST MEOREBEZIBNILE—RLTV 3, BEFEBOFHL



264 HRERAZBERENRE W25 (1976)

HERRBBETRINIDOT, EHHIIC X 2BBEKEII Mohr OB HENERA TS, BHREE%E
EOTHSELUTRKDONIBEETHC, ¢ BANUOEEEZIRNEITH %,

40
A CU- Test
N
) o 9¢° Total stress
° A 0°
30 g 60 ‘/ASOD
. o
X 45 o %Sg
A 30° /éip//oO;m)"
o e /
Z\ZO—
°
|
5
M
10
0 1 | 1 1 1 1 J
0 10 20 30 40 50 60 70
(o)~ 03),/2 Koy

Fig. 11 Relationship between (o, —¢,)/2 and (g, +49)/2 for
samples with various axis

CU Test
Effective stress

30—

Ke et

20—

(o0,—03)./2
*
*
*
w
™

® D x g o

0 | | | ]
0 10 20 30 40
(oj+03)/2 Koy

Fig. 12 Relationship between (o, —o0,)/2 and (g +a;)/2 for
samples with various axis

5. MELETEMRMY

Fig. 3B THEAI~e XIBRREFEEL fR L > TEILL T3, Miller 9 2RE - BEAK T
BEDMEET - T Bo T2 B2 F o v Bk 55 % CUBRHICH LTE = 105qu 24818 LT



B BAMREDRE RS | 265

waocczwm~M%E?55°wiﬁ&&%%%&t@&ﬁ«@ﬂ@tléﬂ&stb,—m&ﬁ
BLUCU-Test DME L EHMAIM L DBRETRL D NFigl3TH 5, T CRERARHE,, RItH~
EXIRBTHREDSRIC B BHERC SETRD TS Egy & (6,— 0, )pey PDHES SIEH LT
¥ TR &

£=190°, 60° L E;, = 120 (0, — 0)max
B=45° it L Eg = 150 (9, — o) max
A=30°, 0° L Egp = 170 (0, — 0,) max

BREON, COHIR ADHEIRE >TRE 3,

LpL, EBEDR2 IR LT (0, — 6) mar REMTEDT, E,bFfL L, Egy & (0,~ 6,)max
D i —Eirs 59, —Mic

Ejz=2a (o - as)b

Lcic,a, b: X
DOBFTRDY 5o EMECQWE TOMMHBBKICH LTEyy = 10.8 (g — 0,058 498 5h T3
EHEEDHETICONTE AL COBRER b, ALk ZHBMIBRTE D70 S8, B
HRENRLCADEEBEHS LI T B4 END 3,

30

20 .
170:1  30° ©

x10° 150:1 45°
120:1  90° 60°
oo
N A ///
T A
L
xqu/
7 dedoo
Qo Dx
X s
-3 u °
ik /380 092
0©° o 60
o X 45°
A 30°
e 0°
1 i 1 [ N R 1
10 50 100 300
( 6,— %)max K%"i
Fig.13 Strength and deformation coefficient relation

N & & H» =&

APRIC SN THRDOKFICH LB 4D # LM% ET 2 REEOBRBRES RKE WO ML, —i
ERARES L UEFEES%T TOEERIK=8MEMRBETL, WE, Mr+kE, REERBLU
ERARBADOH D EBC OO THO I Lo AREDIGHBEAANTEON - ERE T LD IER
DEDHITIE 3,

. BEFECBOTeYIICK B LA L2y o —RBBICKRITLTEL 3, BiCKFEHREICES




266 RERAFBETENBRE $B235 (1976)

NWTHRTTEEANKED, L, EEESBARTIELA VA Z Yy y—RBBERRICAEL 3L 5
155,

2. BEFRBRAKOHHFMICE > TR, BEFARAKORELREEICT EL, #=30°, 45°K
BOTHIOHDRERD, KEESEREKIT B WO TR0 DME BINE RS,

3. RIXFKERF MO EEEZTIT, & /B> REM Y FKERR—EFEICK L THEH
REATRBKR, KEHRBEKTR/MELZEL 50

4, B +KEORFHRICED, RIEHICL 2BEFERCeu, Scu bHALERT, FRICERIES
BERLFEIUOEBAZT 205, BRHEHKLZBEEHC, ¢ IAMBOXLEBES TR,

5. ETARM & BED iz FEES%OBEHAOEEMETRT L, A#=90°, 60°cwlL 120 : 1, A=
45°T 150 : 1, A=30° 0°T170: 1TH%,

DI FORBRREEESY%ETTH 0, BEFFERICH 3, CORELXERETERBICBTIESIC
BESICKANEFEASELST 20T, EREFEHERE D - BHRBATERETS>CEIKKD,
VBRI L TR EOFBRIVAOHICEEEEL NS,

BRICAREET S L CHislE HO - ERAERAE—&R, ILERCBHHER LIS,
BHEH (MEETFETEK T ABER) CHEERTIRBTHLET,

2 E X #

1. FHE—, BIEH, FRgt 1973 i@, BRBREE O NPEGYE, FEKFEN KHRMEH,
16 (B), 753 ~ 764

2. R , ARRE X 1975 ZKEHBSFRC L 2=8HAREEL z0#EM (2D 1),
heHBE, 28 (3): 39 ~45

3. Bishop, A. W., Webb,D.L. and Lewin, P. 1. 1965 Undisturbed samples of
London clay from the Ashford Common Shaft; Strength-effective stress relationships,
Geotechnique , 15: 1 ~ 31

4, 7+ %3 Deere,D. U. 1968 Rock Mechanics in engineering practice, ed. by Stagg

and Zienkiwicz ,p4~ 12, Johon Wiley and Sons

5. Duncan, J.M. and Seed, H. B. 1966 Anisotropy and stress reorientation in clay,
Proc. ASCE, 92 (SM5): 21 ~50
Fimeth 1976 BRERED + vEEt, RRAEBERFEZMERE, 23: 237~ 254
Skempton, A. W. 1954 The pore-pressure coefficients A and B, Geotecknique,
4 : 143~ 147

8. —— 1961 Horizontal stress in over - consolidated Eocene clay, Proc.
5th Inter, Conf, Soil Mech, 1: 351 ~ 357

9 —— and Hutchinson, J. 1969 Stability of natural slopes and em-
bankment foundation , Proc. 7th Inter, Conf, Soil Mech. , State of the art

volume , p 271 ~ 340
10. &2 LR 1968 TERAABEROBREI#EAF, TEI¥L, p155 ~ 190




R BEAMRBEORERNH 267

Summary

In this paper effect of anisotropy on the shear strength of Shimajiri Mudstone
from Okinawa Island, Ryukus, are investigated under consolidated-undrained test
up to the consolidation pressure as high as 25 kg/cd .

Undisturbed samples were trimmed with thier axis vertical, inclined at 60°
45° and 30° and horizontal toward bedding plane .

The strength associated with the specimen axis inclined at 45° and 30° s
smaller 10 % than those of vertical, but the strength with axis horizontal greater
about 10% .

The pore pressure exhibits anisotropic behaviour during shear. Therefore the
difference in stress path and shear strength parameter in terms of total stress for
various axis of specimen reflects the effect of anisotropy on pore pressure. On
the other hand the shear strength parameter in terms. of effective stress would be
expected to show little effect of anisotropy .



