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LIt%, AWIZETIE, ZoMHER S E|Z S5=200mg/ /
ZRZKPEH SS EOFFRE S L.

2.2.4 BERIREDORE

AWFFETIE, AET DRERER (m/hr) 2> B
T Q (/) ZHIH LT, -4 0 HiEEL (m), 15
& B (m), fERIAE 0 DOET /IVERE Liz & & QITLA
TR/ 5.

Q= 3.6i106 RA b
ZD L ZAKVmEA (7)) 1, A=L-cosf-B &7
2.
2.3 AT 4 IV H — D KSRERTT
2.3.1 HI®Y

PRI AT 4 A THIC L 0 ks n-+38
B NEHIZ /K DHEK & /NSRS IE D T2 b DA
AT e VA —FNE T L, ANAT 4 VE—DFRE
KBS RER I A1 T o 7.

2.3.2 EBHIE

AREBRCIE, ANAT 7 1 VA2 —DBEKEEREA R T
T 5700 FER LT, HokIER) #%EmL, 0
FERAHE 2, AESNDRAEREZHE T L.
F-2 | CHEBRFESAT, X-5 (/N KT I, (X6
\ZANRIAT 7 1 715 —B OPE KSR BIG X 2 = L
7-.

[4-6 |7~ g K O ARl A RRE LTz, /N L
T.ENIARRAG T 4 B2 =z P RoKpR e~
TR I K % [XI-6 O/ NEEHE KR AETR7 DA
ST MK EEIZIE, -7 DL DR
TEEE L, IR DK AT S . 7k,
/NS a7 D 2m & /NS A B 2m 12
/NEETHIRAED T DFREM & LT —— P AT,
IR ZfRfn S W 7=, [X4-8 [SHKFERD 7 v —F
r— MER LTz

2.3.3 FEBRREROFHIMFS L OWEMNT 71k
TR, A NBEED D L2 K 5 1Bk
KEANKER L, DL EDOFNE, e DR
R T=.

TOEIE, -6 D A fH DR NI A L B s
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VLTI 30m
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@M I1ILE—B

L=2000mm i

X-5 /NEePE/KERETIX

TOWHHE ZIE L TR T

it Que(M/s) 1L, /NEHEKESA I DI C, Ags

(it 32cmx A 42cmx RS 21.5em) (ZKERTD, ZD
L EOEENOITEE R LT

7o, BREOFEML, LLFOFIETIT-7-.

R & 5 IR RGM/NE) 7 Qe 1
RIFFOO KRG A TR L TR LT-.

R:3.6><106Q%“‘ (mm/hr) (@)

EEL M), EHRMe oer vkme LizE &0ik
g B(M) O7KARIFE A 1T 72 5.
A=L-cos@-B (©))

3.1 PErFEER

MerIZEBRIE, MErE4 100mm/hr, FEREIAREZ 3 5
T D, RRATT 4 VA —A, B A IEmEICEE L CREN
FREAToT-. FTo, gl UTH (T oy —72
L) O —A%%EhaE LT

ARIFERCUE,  BERRBARD D RFRGEIC X H{EmIE%
B LT ANGAT 7 4 V2 —OVEREZ R L 7=

[X]-9 | Z R & VR ORISR 2R L2, K9 X0,
T A NHE—ALE, BEREBHEG D 30 43 F TITBEEA
200ppm ZHEAZ TWD HOD, R TIRFOMEE L
83ppm £ TIE T L7=. 7 4 /L2 —B I3, EMBHAD O
FE7S 200ppm Z TEIY , BERE TE T, ZOEEZ#EZ 5
Z &I hote. —, HHOSEE, BRETET
200ppm % TR, EEOUES LR T,

F72, X-10 ([ZFFRRHR & SS OBRE R LTZ. 7+
VA —ALY, BERRFREERGE & & BB ORI 721
MISAIVTLEY, ZOfEFE UTHRERBRLGD S 30
ITAITIE SS B /KPR SS BDFFAE 200mg/ 1 % T
[Blo7z. 74 2B, & [FRRICRERBRLED &
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SS &73 200mg/ [ Z FlElY, BERE TE T, ZOfE% bF
D2 &lF otz —J7, BHOLEE, BENBIGIE %
735 SSEAN2267mg/ 1 L i\ Mt A R L, EREBREE. S 120
Sy C 200mg/ £ AHEZ CUNEDS, FRLIAIE, FEl-
7. 2R, FERAICL DERBE ORI
72O SSEMET LIz EZ BID.

MeRRBRAGRTR L O T ORI OBk E L—)
—PRBEETCRERI L7z, BRI L 72 RERATHE OHTEFZIR D &
FeRNDEZEE Tl LT TR A SR 5. Z O
-3 DHIFEDOBIE TR LI b DR RREREER L. X
-11 [ZRERBAREN D 3 R DR BEFR LR LT, 74V
A —ABILOT VB T RERICKERZENRD
LIS TS, BHIOBEE D 12 55D 1 FEEDIRBHRTH
7z,

3.2 AT 4 VA — DY KAEEERHM

3.1 DFEFRFERIG, 7 4V F—B IIFEMRBALED D 3
IR OVEHI O REIR Y72 < RS K ONSS D HEH
DbV, 7 4 L2 —A L0 R AR 0%
JERHEHRE IRV E B 2 S, S BIT, ORI,
FRHHEEE ) b o < SR CH L7012, B 24E
9 DIV RIS /RE IR & R EL T D Z &b b 7
A IVE—N K VEHRDH L T 4 VA2 —B ISAECTOIER
LTV EEZBND. T TAEITIE, 740
—B & - BB RER AT A/ B FHEE KIS T30 L 7.
723, A L CHWRGER v ME, FHEEAAR v b
FRU7TrE LU M) OMS 2R Citdicx 3 2 it
NEETHHOEEM LT

TR FBREN NS N ORI R LT, ik
FERAEBG LT, £, =oAL T AR L
INEBE KR DK B SIVTORODER A T -T2, 1
SyTER4 7=V O R T 483L/min, idX 0.4mn/s Tho7-.

DX, ik 483L/min % 30 43l L T/ NBEHKIES IR

- J1I)LA—A
A J4)L3—B
: A 1R
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M RERERE (43)
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T T T

T 4 VH—A 7 44 —B R

M-11  [ERBRAA S 3 IR DR AR

HINT2NTZ LD BB OR TR S E .

BH-2 DX )NBPEKEN KRB SNDRFUTE L2720, ZDL EOjiiELY &I LT LT 7-.
15314 7= 0 OpicElX 966L/min Th Y, JdlL 0.5m/s, FATKEEIE 148cm Th->7z.

I, TR NIRRT 966L/min & 2 5 30 2 Lt 7= (-3 2MR). EBRPICHTH £ T
DEFROEEL B (FE-4(@)BIR), 1ERL VAN LAH TEZOEREZK T Lz (BE-40)BR).

4. FL0

FREANAT 7 1 /12 —DIE S %I L OTERIRHR R IERIROBRIZ OV TOREHIINA, ANt~ 1 V4

—OHERBERER Tl 2 HHAEIRME I & L 855 1 57 NI T3 L 7.
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D) [FERvESR

MERFEBR T, 74 VZ—A B L OB IINTHEAEZIE
LA EZIT TR DIT L TR MR RS
Tz, RETUKOYEKEIEE LTI, BWEB IO
SS BRIV N T 4 L& —B DHEKRE I HMEN T
WHEEBEZ LD, ZHUTT 4 Z—A LD BDHN
AT DIEAPRE N =D EEZ BID.

Q) AT 7 4 V2 — DB KEERER T

143181& 7= 0 966L/min Dk Z /N KR HiE L 7=
& & D/NBIKEEN D RKIERIT 10em, R/ E i 148
cn (BE-2 M), {HdiL50en/s ThHo7z. ZIUIAE
TEFERVELR) 214mm/hr - (TR 10.3m,  YAIHINE 30m D5
) TS 5. NBHANERAT 7 1 V2 — DI ERE
(XPERE 214mv/hr FREE ThHDH L2 5.
FERMEDMENN T CIEARRAT 7 o« V& —DHEKRES)
ISR 2 Z L &2 FERETE 2. —, @AkMED
O HESEOB S OV TS B OMEREET
HY, FEITL > UL E BITHE KRR AR AT
A NVE —FlREt L TDNE T2,

SE Uk

1) FBEEE, AR - R AR SR bR JOREE
IR NERBIEAWAT T & 5 & DA LI B 2 kR,
AARMET 255, Vol. 25, No.4, pp.465-468, 2000.

2)  _bBATEWL, AfhEde, BEME  RE TSR DRAER Ot
AFBRZOUWT, BARMET 758, Vol .25, No.4, pp.579-582,
2000.

3 KRMIEE, EAREE, HAEE, HLHDI RS
B COMA ORI E B FARFHEIC DN G, BARRYET
25k, Vol.25, No.4, pp.645-648, 2000.

4  bAES, BURER, FREE  CEHORAERTE FHERAE,
FASKE 222558, Vol.27, No.1, pp.331-334, 2001.

5 HTFEL AR, BRHR  ALE LOMABRLE,
HASRR L T5%55%E, Vol. 27, No.1, pp-265-268, 2001.

6) ARRUREE tmPE, R, SRS, WATEA : BIRE T
AN R DRIEOZRE, Wk &, R TR E
Bl CHEE, Vol.21, No.1, pp.23-30, 2003.

7 BEERE—, PRIASE, ILAR—R, HET, fEHEE AR
A VA —DRERRHZ ARG R BT D HigE, M & R,
HE TP R ESC RS SR, Bl - %8/ - b, Vol .28,
No.1, pp 169-176, 2010.

8) A, EIHHE NRRHE  KERREN A KT s,
M&tt, pp59-61, 74-75, 1999.

Q) AL IHRILSRAEE 36 75 TRILIR L 112451, 1995.
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BRER R JF AR

15

BUBHARH L 7= 580k

|||||

IO
%

ARRERARN AN
tHHE
T

i
Y
T

RSN

LLLLLLELE
FAB IR AR

IRREER] BN N1 R 1
AR A ) T

ENFE L

ZRIE D1

ALY
T

5

il i BTk Ay (%)

Tt T LRI
T T T

il

i

g 0.0 0.1 B

EH - it
B - EEEEE

i
L

v W

0,878 5. 350 0. E50 12 4,78 19 5
SEEIE AT IEE NN

168

— 1 RN LR T b ORI

3. JFREToHBER
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1) AL—F 2 TH%OMRSr v Ry, fit
4y) DEAEIX, 99.4% THES L, TR
+1 ThH s,

T) CRIPEFRAEE U7 HLIRAE T, EE O CERL L 72
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Kz T 1R IRk kT 2R R S,
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E%ﬁ%@%ﬁxﬁhﬁﬁ%iww°qu&5
7= OB ABHRE LA & BT 5 0B b T E
RZEITO HiEERE L, 61, BUMIZ L - T
AL—F 2 7 Miil T 5 b I & 7,

EULA RET DO HEE LT,

OB At U 7RBEIZHSIN 5 71k

O LT L CIFEMR A L—F 7P E S
NWHT, AR LTI b L7 2 ICE M 2 305
ik D2 NREZHND,

UL, S TR W IR b OESETRL.
KEBFMB LOMEEDRDOI TR ELZET L &
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S 5, HEED B, & EBATRA O+
B0 E 2 mEREE OB R Y T D s & H#iff L7,
RGO Ut AR A 1TV O IR DR ERR
REAMER LT-, BEUEIZAM 2 & 23 o OELD
PRI PE T B BHGREU LM (VY =v o v
AN) EER L,

LA fekiX, LFTo@y Th b,
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- FEALBF o MERE R B AL B

cWRNEFE 5, 7.5, 10%(RIEH V)
- &4 7H

- Fe AR AR o A Y = A B R

(CURR BR o dmax X Q0% T 0D E: FE | 2 FHK)

5. I EHUKBAUEFEBRORR

BALM 2N+ 5 Z Lic k- T, REIEEL
6.3% DENMET P =30"° ZHElr+25ZLNTE
7z, (F—2, K—4)

Lo U, 2l 1 3 L% O = Bl akBit S X
W OGRS AUWHESTA A 30° LU FIZIK
TUL7, (F&—3. K—4) KX L=, Bhnsg
5%THP>25 LEIIMAETE TS, ZHu
BEULAIC K> TR L—F 0 73 DR S
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R C & DR RIS STz,

Fo, BERDOEILM ZEH LD DT, S
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TR L EOFAWHKH A IIR =N TN D,
L7228 T BUEMIC & 2 HE U BALER % it i,
HAWHEPTf % 25° LT HRENARETH D &
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INTRODUCTION

The mobilized friction angle associated with the first-time slides is an important factor in stability
analysis of slopes. In many cases, ® may be lower than the intact peak strength. The shear
strength of soils of first time slides lie close to the undisturbed peak or close to or at the fully
softened strength, the latter being the case where fissures and discontinuities exist in the soil.
Release of lateral stresses followed by progressive failure would take such soils well past the
peak strength towards a softened state (Terzaghi, 1936) at which the reduced strength would be
numerically equal to the ‘peak’ strength of a normally consolidated soil. The use of peak strength
in stability analyses may overestimate the factor of safety, while the use of residual strength may
underestimate it. Except in a limited number of studies, researchers have not addressed the
manner how specific mineralogical compositions could be related to the fully softened shear
strength. More recently, Nakamura et al. (2010) proposed significant correlations between the
Platy Layer Silicate Mineral content and the residual strength of a wide range of landslide soils.
However, the influence of the PLSM on the fully softened shear strength has not been
investigated at all.

GENERAL GEOLOGICAL SETTING OF LANDSLIDES

Nine out of the fourteen landslides selected for this study had occurred in Japan (O’dokoro,
Hitamiwa, Yona, Nakanojo, Kamenose, Tyunjun, Tomori, lkeda & Arakawa landslides), while
four had occurred in the People’s Republic of China (Miaowan, Yanmen, Xuechengzhen &
Erdoacha landslides) and one in Taiwan (Taiwan landslide). The samples from the landslides
that occurred in Japan represent pyroclastic, mudstone, shale, phyllytic and serpentinite bedrock
geologies. Those that were sampled from China mainly belonged to the loessic, shale and
phyllytic bedrock geologies. The landslide that had occurred in Taiwan constituted a phyllytic
bedrock geology.

MATERIALS AND METHODS
The soil samples were first air-dried in the laboratory and then ball milled to disintegrate the
aggregates and passed through the standard sub 425 um sieve. The ball-milling technique is
assumed to cause no change to the predominantly clayey soil textures. Stark and Eid (1994)
reported using a mortar and pestle for the disintegration of the aggregates in the sandy samples to
prevent crushing of the sand particles. In the present study, too, caution was taken with the
samples which have sand percentages above 25%, in order to avoid the crushing of the fines in
the disintegration process prior to sieving. The soil samples were consolidated from slurry in the
shear box of the ring shear device from water contents above their respective liquid limits (Harris

and Watson, 1997). The grain size analysis was performed according to the standards set out by
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the Japanese Geotechnical Society (2010), which are in general agreement with the ASTM
standards. The grain size distribution was measured by ultrasonic wave vibration of a soil
suspension followed by sedimentation. Subsequently, the clay and silt fractions were siphoned and
separated and the sand fraction was separated by sieving. The mineralogical composition was
analyzed by X-ray diffraction described by Egashira et al. (2000).

RESULTS

A linear relationship derived from the correlation relationship between the total PLSM content and
the average @ measured at effective normal stresses above 150 kN/m? can be found with a
coefficient of determination, R?, of 0.783. A correlation relationship between the PLSM content and
the average ®; measured at effective normal stresses below 150 kN/m? can be found with a
coefficient of determination, R?, of 0.632. A correlation relationship between the PLSM content and
the average @ measured in the effective normal stress range of 30kN/m?-400 kN/m?.can be found
with a coefficient of determination, R? of 0.694. The PLSM content is presented as the total
percentage of smectite, vermiculite, chlorite and mica out of all mineral components.
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