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Fig.1l X-ray powder diffraction patterns of the clay fraction
(<2 m) of the the Shimajiri mudstone(oriented samples
of the Mg-saturated and glycerol-solvated specimen)

Sm = smectite; Mi = mica; Ch = chlorite; .
Kt = kaolinite; Qr = quartz; Fd = feldspars
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inm) O E—7mRE%EH 2 ; @Sm, Mi, Ch+ktD ¥ — 7 HBICEFNFNE 1, 4, 220, BFE
T35, QWIELAE— 7 BROEMED S B LEYMORE%E1H T 5, Table 2icRd &
S50, MIOSBPRGE5~56%TH D, DWVTCh+kt (ChdKt) T, SmiZ200%HIEOIBTH
- Tto

DERLTE& LD, R ERHQ) TRYHEECPRPESA SN, Chid, TDE
OFEMBbEL LTSN (<2un) 2FBLELLDIT, GVBHERLAZEEL S, {LENB LY
UFEOCBEWVICHEMLTE Y, BB A 4 v idCadMgrEE L, FEMLTUEMIZRCH
= o

(2) BRWAWEE

Table JICHBERZ R, I ELAM (D) OBREEE 13, WIFhoFHEEIL o'
Tb, FTI~vEELAB (DDt LY b/PhEWV (Fig. 2) o HAK()IE, o0’ =75 1kPaD k5 1&
BEWHANEEIGHOT TS, BRATAMBICEBISERE N, 00" =32.5kPa%BRitiE, ©./
on BBE—ETHY, tr~0n BE» SEBEME e =5kPa, BHLANIKIIA S =8.6
8, —4, BKQ) TR, o0 =126.8, 182.8, 251.4kPaick i} 2BV AN EOEILIL,

Table 1 Physical and chemical properties of the Shimajiri mudstone

Sammple Clay fraction®(%,<2um) Extractable cations (meq/100g)
(slip-surface Wi Ip CEC
or not) (%) (%) Method A Method B (meq/100g) Ca Mg K Na  Sum pH
Sample-1 69 44 34 56 20.0 89.1 9.4 1.2 0.2 99.9 8
(slip-surface)
Sample-2 63 33 39 52 17.9 89.0 6.8 0.9 0.3 97.0 1.

(non-slip-surface)

gethod hydo omFter method',Metho?,B:wholﬁ clay fractio? W?S sepaéated
y repea! onification-sedimentation-siphoning in an alkaline medium

Table 2 Clay mineralogical composition® of the clay
fraction(<2um) of the Shimajiri mudstone

Sample Sm Mi Ch+Kt
(%)
Sample-1 21 56 23
Sample-2 19 55 26
2 = ; Mio= : = chlorite;
R 2 gagftitgs Vi - wicas oh = ehlorite



Table 3 Residual friction coefficients and residual strength parameters
for the Shimajiri mudstone

Effective Residual friction Residual strength
Sample normal stress coefficient parameters
on’ I'r/Un, ¢r Cr ¢r
(kPa) (deg, c-=0) (kPa) (deg)
Sample-1 32.5 0.310 17.2
7551 0.180 10.2
123.1 0.180 10.2
2417.3 0.172 9.7 5.0 8.6
Sample-2 31.9 0.386 21.1
76.9 0.334 18.5
126. 8 0.285 15.9
182. 8 0.264 14.8
251. 4 0.248 13.9 6.0 12.5
=6
Q ~
=< 0.6
ow !
-
@
25 O \o~—c
w o L
= | o~
.;z L A A A 'S
$° 0.0
= 100
c | @ Sample-1(slip-surface)
e O Sample-2(non-slip-surface)
“2 80
=&
- e
o
% 0]
L]
-]

0 100 200 300

Effective normal stress oo’ (kPa)

Fig.2 Residual friction coefficient and residual
strength plotted against effective normal

stress for the Shimajiri mudstone
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BH(1)Don" =75 1kPak h bHREENE >TWho tr/0n’ EHKEL, 00’ <251 4kPa
ORBWBHTI, t/00 ~on BRRAETEVEEERLERTRECE S0, SHEH(2) 13,

HZB(D) & bHEROBENKEAIAREL D, ¢

6kPa, ¢r=12.5 %R L 7o MREdticc s

INEWCEDPS T BRIZEEED P SRS C EBHEREN S, Hid~ntOBRHMEE 5 2 —4
—BIL T, Skempton'*’iker=0& L Th - 25X TVEA, BE5 bREEMES—BoOFEES

HRBETHEEDScr =0LBRLTLIVWEER B,

ZEERDBLFQiIcBWT, cr=0&%

nif, ¢l E010.07, 14.0° &7 5 7,

Table 4 Physical properties and mineralogical composition of the Kamenose

argilized tuffaceous conglomerates

Mineralogical composition®

Clay fraction®(%.<2um) in the clay fraction (%)

Sample Wi Ie
(%) (%) Method A Method B Sm Mi Kl Others
e 114 64 34 57 96 2 1 1
SD-3 93 69 26 54 93 2 4 1
$D-1 80 41 19 43 93 0 4 3
a- -
"nggtz glrléegzg}:ge ?i”}og;; kaolin mineral; Other minerals are zeolite,
°$§5—8 sT p-surface; § —f‘:)non'-slip-surface.
x
2=0.6
i
=
-2 0.3} ;.
[ IK?) |
=y | T N i ST—
g g (:].l:’ 1 L 1 1 1 n "
= 100
o0 O sD-1(non-slip-surface)
5’\ - @ SD-3(slip-surface)
ol M T(slip-surface)
% GO
-~ DR
T
o W
©
; (:) 1 i 1 I 1 0. 1 v
] 0 100 200 300 400
Effective normal stress oo’ (kPa)
Fig.3 Residual friction coefficient and residual strength

plotted against effective normal stress for the

Kamenose argillized tuffaceous conglomerates
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LAROROVEIN LR BEIBAEO/NE VHERSEON D, CAMBOREN+5 T2V
&I REERBHRTR (R oB#) 270, MEbMAL TEREBRE <5 £ — 5 —hikE ¢
Bho MEBROBHILI, tc/0 OHMRIKLZHDT, HiIC100kPall FOEVWEHEREILES
DOFTR, ¥xvELEFTDHELOVWFhicBVWTS, BFEOERbh, B4 2,

Table 5 Physical properties and mineralogical composition of the Shiiya mudstone

Mineralogical composition®

Clay fraction®(%, <2z m) in the clay fraction (%)
Sample Wi Ie
(%) (%) Method A Method B Sm Mi Ch Kl Others
M-1° 81 57 41 54 64 12 5 4 15
M-2 63 33 40 47 41 17 10 9 17
a -
°s§e§ ligl !.emﬁii 1981885 chiorite: Kt = kaolinite; Other minerals are
c ?ldspa s
s lp sur ace: 2 H32:non- slip-surface.
6
2<% 0.6
o i
<= .. —O— O
S 0.3 O- o—
=o i
e s s ® .=
: g 00 1 " " 1 1
(-]
= 100
b= ® M-1(slip-surface)
OF - O M-2(non-slip-surface)
- <
"ﬂ-
0]
'; .
- W
o
® 0 A 5 i : i |
o 0 100 200 300

Effective normal stress on" (kPa)

Fig.4 Residual friction cocfficient and residual
strenglh plotted against effcctive normal

stress for the the Shilya mudstone
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(3) BANHS LUCHEICOERNTORR

Pig. Sic B AMTE © X BEIITR%Z, oo =250kPaTRAMShREBCH LT, PRS0 Mi
D1.00mmE — 7 x4 50.45mmE — 7 O K E S, VAL () THT<vELR
K (DL bIEWV, 20 ORI, MOBANKEICE > TOERSEM (D TEIVRVWILE
Fodo HitH FOREIESH, Ch, KtTHBH SN, Table 2IRT LIS, MOERIEOH
¢, hots TR EREE TR 20T, ARTIE1L.00mE, 0.45mmd - 7 M@ELEE

MioEREOERE L THW . Mi(00l)
[.OO nm
Ch+Kt =
Sample-1
(20)
0.45nm
Ch
Mi
Qr
Ch
800
cps
Sample-2
400 (7.1)
cps
N T 1 T A I I |

20 15 10 5
°26 CuKo radiation

Fig.5 X-ray diffraction patterns of the surface sheared
under the effective normal stress of 250kPa
(Values in the parenthesis are orientation indices)

"Mineral abbreviations : See Fig.1.
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HUOETH Y, ZOEBIERREEIC X 2N OERICHIET 2. BEOKERIER Mo " DHY
RELbICRECBBMANHZ Lk, EFCLOMOREBELSHTC EE2EHKT 3,

2K (1) OMi D & A MTHE OREEIEE IR, 00 =75 1kPaTEEIC10+ 1 & EE O 2. 3+0. 24 B
DILEP oo TOTER, MIOKERSEAMICL > TRES VAT LEERY. BAKEOMI O
ERfER o =24T.3kPaTRESIKKEC L 70 —F, HE (D) Do’ =31.9&76. 9kPaT
R, MOBAMBEOERERRMBEAOZ IV EIF VLSV IITIZFEILTHD, HANKC
L BMIOERIBREAERI > TOWRVEHRTIENE, 0. 2120kPaTR, ¥ANEOEM
HOuBEOML &L, BAMICLAMIORE[SREENIY, it so. OoXE(1) 0K
EHEE L D BEDP 7o CHOSD T EIF, BAMED Y AW A E ~ @RI T $L5 T O K[ 55,
MiTRELT, B THENIEC DB, BHQTREIDIRC VI EERET 3,

Table 6 Orientation indices® for mica particles of the shear and reference surfaces

Sample-1 Effectiv normal stress (kPa) 75.1 123.1 2417.3
Shear surface nd® 10+12 10+ 2 nc® 1843
Reference surface . nd 2.3+0.2 2.41+0.3 nc 5t1

Sample-2  Effectiv normal stress (kPa) 31.9 76.9 126.8 182.8 251. 4
Shear surface 2.1 2.0 6. 94:0.1 6.7+0.4 6.9+0.2
Reference surface 1. 6 1.8 3.0+0.3 3.0£0.7 3.0£0.1

8 + st i - i - ts.
5ﬁ;fr35?erséﬁng?rd deviation of triplicate(sample-1) or duplicate(sample-2) measurements

pond
0 cOrresp ing sample.

1. ZEE

ERfEHOMEICE SO THA S WA BRBOKERM (Table 6) 3, BREBHESREOKRANX
BE (Pig.2) 2L BT 2LEbN B, T<0ELAK() TR, ZBRIEVHEHEHEGHH» S
HAMIEICE > THEBENICXCRE L, Col &R, ) BHEEO/NS VERIMEZERL,
WITA=F=HPINE Bl EEIEMHIBT B0 —F4, FT~<vEHEREQ)DBRIL, &
WEHHEECITREAMICLIERZREAETREY, $2—FLULOEHEHIGHTED S
NEBEEOERER L, COXIRBEICIR, BREBESHEENICE LD, BELOMHE b
WAL BOEHISNTVAVEBY 3BROEABOES BBRARBER T /o0 OHADK
WEaz, TORRELT, BREAFEGHSEHGEELD, BAMIKNRAL L OBEHBHEENA X
(22, ZROERIMEDOBOSFICERTEMEVWS L THBH, Table 1, A RLIL S,
RIMUER A A 4R, MEWHERIciR, R0 ERABQ)OMTRIBEAEZERSShED -
Too BRABICL K145 (QQun) SBBIUCEREMREB (1) TATH 25, BHEKIIE
HHEORNMCRHIET 2 bDDOEMBEDOEV IO VWTOEBREALR VL, EREOLEZ A, XE
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EAT, AR BENORZELTRDED SERE DXL, HEQ) BBHcHE-
THHREhtBETH D BEEICHBISBD oL >, SN OFERIZERRE LSS £ 0
mic-TERLTWEIER2RL, HHWOREINI2ZEBOERKENRBVW EEFET 3,
ZFHEBRTHE L AEBOERKOBLEL LB TOBREAICE T 2BILKZOEEE ORI
B ot EEAL 50

5. Bbbic

BEEE O AMENAOR/NPHENOFRIFERRE LIV OERKEORLELICIES
N3, Bt FOREBMEORWTI VAT TR, BRABELOBEEB/NEL L -k —F, KN
HOBVETXOELTR, HFCEVWEHEBEEILH KBV TERESEW D KB EERNE
gL, BAMIKIACHENISLEEIKE T - ENERTHM L @R LY oM
HoBREBIE, B ToOBEIFEKROEEE G L o

BRi%ic, IRICEBHTEWIIERNE - k4 KBE= - FIRE= - HY - RES - BBFOR
EB X URKAKFEEBETHBRBICHEERT 2, FLEMRAO—BPIOVWTXREHEAAR
(—RYBFZ2 (B), BEEFE B (01460237)) OEBIE 2 C L 21184 3,

513K

1) HFEHE— LBNE: p BREHESRHOBRTME LT FREG OME, BELA¥S
WmXH (B

2) Skempton, A.W. :Residual strength of clays in landslides, folded strata and the
laboratory, Geotechnique 35(1), pp. 3~18(1985)

3) Lupini,J.F., Skinner, A. E. and Vaughan.P.R. :The drained residual strength of
cohesive soils, Geotechnique 31, pp. 181~213(1981)

4) Yong, R.N.and Warkentin, B.P:Soil Properties and Behaviour, Elsevier, pp. 92~96(1975)

5) Quigley,R. M. and Thompson, C.D. :The fabric of anisotropically consolidated sensitive
marine clay, Canadian Geotechnical Journal 3(2),pp.61~73(1966)

6) AR RAMEOHE L EDORIFEICOWT, Hig <D 20(1), pp. 21~27(1983)

) BHR#— 4 KB=-HFFRE= -FHX  hll, dbE 1 YHIARE T~ T B 2 HEBER
BEFT<OEHRBE 5 4 — 5 —OHE, M ~b 23(3), pp. 15~20(1986)

8) HARA-IEAME -DHE:R¥ 7 T oNESHE BALIRERFHE 55(3), pp. 248~1256
(1984)

9) Wada, K. and Harada, Y. :Effects of salt concentration and cation species on the

_15_



10)
11)

12)

13)

14)
15)

16)

measured cation-exchange capacity of soils and clays, Proc. Int. Clay Conf., Tokyo

pp. 561~571(1969)

MEEE LY ORE S L CERE, HATIRIERFEME 37(1), pp. 9~17(1966)
HEHF - M <XOMEOLERFBEICHVIBEEROE LS, - L E® 35(11), pp. 27~
32(1987)

HFRE— BRBESOERFEEENE LEROBKR -4~ BHELOBRBERER/RME(D)-,
B2+ iR%E 104, pp. 61~68(1983)

Karlsson, ¥., Vollset, J.,Bjorlykke, K. and Jorgensen, P. :Changes in mineralogical
composition of Tertiary sediments from North Sea wells, Proc. Int.Clay Conf. pp. 281~
289(1979)

Skempton, A. W. :Long-term stability of clay slops, Geotechniqueld(2), pp. 77~102(1964)
Gibo, S., Egashira, K. and Ohtsubo, M. :Residual strength of smectite-dominated soils
from the Kamenose landslide in Japan, Canadian Geotechnical Journal 24(3), pp. 456~
462(1987)

HEH—LERME 4 AB= -FRE= i~ RO ¥ A MR & #1f % E R

- FBEZEIKEFM T~y 2H & LT—, £ L ER 38(12), pp. 35~40(1990)

-16-



T = a3 <~ tooFEEEsEE -S> X — 5 —
— RN BB AWK ERE:E & 2R RT - &9
2EHIMEE o kS EEaFE —

1. BRLdic

BEWER, Mt ToR2ERE (&%, 8Bl 24 2) cbWTHRES L 2 B/No ik
ETdhb, BIEETXD L cRMERBENREEEBET NVEE T LT DIt
WTEREFMETOBICEE TS L EBHER S VL THEIrOORTV S, FOHIEI
2, KEMEAMMBARER ) v /B AMBBREIEN TH S & MHBishops itk » THIES LS
TBRAEMEHISNTWS, L L, REMEPIKEEEZM T RAMBRRIRIBMZEST 100,
KREFHE» SOREREFHCALTERVOREKTH Y, NENUHEORRIC L & FREME
NS5 A—5—¢ REETIHEORITSEDTVEY . oL BHBEERRT Z20IT,
g~ tOREMEAMEBGICOVTRIL, BEMECHES2ETOR/NEAMELRES
oMt 2, £ REMEANIICH I RFERITOIKE, M3~ oWEY - SEWENH
Bick- TSSO, BEEE S A -9 — ¢ ICBET 2 EDLupini 5ZEDIEH I TE T
WBOTEY g lounll TS, BHEEKBXUR A7 54 FEOBFREHEICL, ¥
HEBickoRWe HEEDRINCHRILT %,

2. AW EEBAT®

REPE LT, KK - BOMBKEBEL, 8- - #OBREE, EH - FHEBES oKL,
- BREREE, ~vFFA4 bBLUNAY Y EFERAL, )Y reARRBRIC L ABRYERED
RIEW S YRS L CUYERITEIT > 7co BREME 5 2 -5 - LRBRF L OMGRELN
51 DICRELDF - I BUBELENSZOT, BAEOHEKRGMEAL 72,

(1) FRBHMEENE

REAER, AN BUKERETROMETH 20T, BEERE L EHEERONR
HT—HT 5%, BEMEAE I, V7 eAHMRBRE (BAKES : 4%100nm, PE60mn)
EERAL, 420un7 VA4 @EBAR S Y —RHEHCODVWTKBTORAMEIT 720 BEBLUVE—7
BRI B W TIRBIKREGET 27008 ARGEBEZ0.0013cn/min& L, % DM BRI TR
LD REVBAMBLEE X 5 7:120.065cm/min& L1212,

(2) PEEN S X CREDFNI T

KERBRIR S 2OHETITbN e, —2I3J1S A12044% (Method AEHRY) THbH, &5—-
R E BB (Method B) LBEFRE N B HE'Y ThH o, FRUEBREETIR, V> 7EAl

_17_



Table 1 Strength parameters, and physical and mineralogical properties

of the slip-surface soils

Sample Woe Ie Sm™ CF""(%,<2um) Residual strength Fully softened strength
(%) (%) (%) A B cr(kPa) @ r () drlcr=0) s (") (csr=0)

Kamenos
Inaba ?l) 89 53 76 34 62 5 4.5 5.5 24.5
Simizudani(SD-3) 93 69 59 26 54 1 8.0 8.2 18.4
Toge (T) 114 64 77 34 87 5 6.5 (] 19.0
Shiiya mudstone
Makino 81 57 38T A7 54 0 9.5 9.5 14.0
S?%TééiEEINUdStonGSQ 44 12 34 56 5 8.6 10.0 211
Kitaoka-2 63 33 10 39 52 6 12,5 14.0 22.0
Kohagura 62 42 nd® 43 nd 5 9.3 10. 3 21.0
Shikina 69 43 nd 37 nd 3 9.2 10.1 nd*?
Maaji-1 72 48 nd 51 nd 0 9.8 9.8 20. 17
Maaji-2 60 37 nd 43 nd 4 11.6 12. 5 21,5
Sasebo
Nagatashiro 50 31 20 18 44 11 7.1 7.9 18.9
Saz-1 58 23 -*% 42 66 4 10.1  11.4 20.0
Saz-2 64 34 - 54 66 3 10.0 11.0 19.0
Bentonite 239 206 nd 70 nd 5 4.3 5.3 7.5
Kaolin 86 44 nd 0 nd 2 18.2 19.0 26.0

.. Sm:smectite content(<420xm-materials basjs).
CF:clay content.A:hydrometer method;B:whole clay fraction was separated
by repeated sonification-siphoning in an alkaline medium.

7: nd:not determined.
Semectite was not detected in a discrete phase but in a component of
interstratified mica- vermxcullte smectite.

HBEOREHC >V TEABILKRKTLEL CTHERMERR &, Kbk, KBLF + V) v 225 M
LCpHIOICHBL, HEBRUBICLINM-—ULE-—YV1 7+ VICLBZEMERVELT, Kt
(<2um) Z59BE L7 VT b (2-20um) &R (20-420um) 245U, EBL . Y
MR XEEIrEIC L DREIE LY, ¥itic>WTid, Mghafn, 7V o — vBEREE (EHAL
HE) Ov— s HMEERIC, YA LEDIROVWTE, ELAMRAEO - s MEERIC L TRLY
OHEMESBEHEL, RE2E (<420un) DR 22754 P EBERDT,
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Table 1 Results of stability calculation for landslides in the Makino area in Niigata
(Strength parameters: residual cr=0-¢r=9.5", peak c3=6.0tf/m? -¢;=23.0")
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