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Residual Friction Coefficient of a Landslide Soil under Increased Shear Rates:
A preliminary Study with Kamenose and Miaowan landslide soils

Shriwantha Buddhi Vithana', Seiichi Gibo?, Shinya Nakamura?

'The United Graduate School of Agricultural Sciences, Kagoshima University, Kagoshima, Japan

“Faculty of Agriculture, University of the Ryukyus, Okinawa, Japan

Introduction

Which shear speed to use in drained ring shear tests is largely an educated determination and a
compromise between related data in research literature on one hand and time limitations on the other, as
exemplified by vastly different shear rates employed by researchers the world over. Skempton (1985) had
found that shear rates that are 100 times faster than the commonly used rate of 0.01 mm/min produced higher
residual shear strengths for clays. However, Eid et al (1999) found that the residual strength of reinforced
geosynthetic clay liner is not affected by an increase of shear rate up to 10 mm/min. This paper discusses the
recorded variation of residual friction angle in tests conducted on soil samples subjected to long displacement
shear under selected shear rates up to 7 times faster than 0.01 mm/min. The variation of residual friction
coefficient of soil with the change of ring shear rate is performed on soil samples obtained from the Kamenose

landslide as the test specimens.

Materials and Methods
The 425 pum fraction of the soil was made in to a slurry and the sample was packed into the shear box of
the ring shear apparatus described by Gibo et al (1987) & Gibo (1994). The sample was sheared until the

residual state was attained under different shear rates of 0.01-0.07 mm/min.

Results and Discussion

Figure 1 shows the large displacement shear behaviour under the different shear rates used. Among the
six shear rates employed in the study, the friction coefficient has been highest under the lowest shear rate and
lowest under the highest shear rate. Fig. 2 shows the variation of residual friction coefficient against the change
of shear rate. The recorded lowest residual friction coefficient values for the shear rates of 0.01, 0.02, 0.03, 0.04,
0.05, and 0.07 per minute are 0.123, 0.121, 0.120, 0.116, 0.117 and 0.114, respectively. It is clear from the
graph that there is a slight decreasing trend in the friction coefficient values, as they progress from the lowest to
the highest shear rate. Skempton (1995) argued that the increase of residual shear strength at 100 times faster
shear rates could be due to the disturbance of originally ordered structure, producing what may be termed as
turbulent shear in contrast with sliding shear. However, the maximum difference of friction coefficient between
the lowest and the highest shear rates in this study is 0.009, which translates into a frictional angle difference of
0.51°. This slight decrease in the friction coefficient could result from slight elevations of pore water pressures
due to increased rate of shearing without much disturbance to the originally ordered structure during the
residual shear stage. As for the results of the Miaowan sample, the current data suggest that the variation of
its shear behaviour at different shear rates is somewhat unclear. It has resulted in slightly variable residual
shear strength data within the same shear rates checked so far. Considering the fact that Miaowan is
predominantly a silty-sandy soil, and the resulting geometric disturbance that occur due to pushing and
climbing of particles during shear, denoted by contributive fraction (¢',) to the overall residual angle, ¢,

could perhaps be the reason for this variation (Terzaghi, Peck & Mesri ,1996).



Residual Friction Coefficient Residual Friction Coefficient

Residual Friction Coefficient

(tr/c'n)

(t:/0%)

(t:/0%)

0.4

0.3

0.2

0.1 |

0.0

0.4

0.3

0.2

0.1

0.0

0.4

0.3

0.2

0.1 |

0.0

ARt A g N Ao nrn
0 10 20
(@

e e 2 e e a A N A AR e S e S SRy
0 10 20
(©
Samf o sasfensfesnsnn  anan o nanta st o
0 10 20

Displacement (mm)

©)

0.4
03 |
02 |
0.1 | - - g
0.0
0 10 20
(b)
0.4
03 |
02 |
0.1 W
0.0 ‘
0 10 20
()
0.4
03 |
02 |
0 |
0.0
0 10 20

Displacement (mm)

®

Fig. 1. Residual Friction Coefficient under long displacement and shear rates of (a) 0.01 mm/min
(b) 0.02 mm/min (c) 0.03 mm/min (d) 0.04 mm/min (e) 0.05 mm/min and (f) 0.07 mm/min

References

0.8
= s - o
-g 0.6 |
B ¢ Miaowan
D -=
8L o4}
=
8 » Kamenose
-2 02
&3 i s -

0
0 0.02 0.04 0.06 0.08
Shear Rate (mm/min)

Fig. 2. Variation of residual friction coefficient against shear rate

Bishop et al (1971). Geotechnique 21 (4), 273-328; Gibo et al (1987). Can Geotech J, 24, 456-462; Gibo (1994). J. of the Japan

Landslide Soc. 31 (3). 24-30; Frydman et al (2007): Engineering Geology. 89. 35-46; Skempton (1985). Geotechnique 35 (1), 3-
18; Eid et al (1999) Geosynthetics International. Vol. 6 (3) ; (Terzaghi, Peck & Mesri (1996): Soil Mechanics in
Engineering Practice. 3" ed. Tika (1999). Geotec. Tes.t Journ. ODJ 22 (4), 342-355



EhSETEMH RV -ERFTEM DR

TSRS ESAE OFnHE=E AR, RIHRE
MBS AhAEE |, AR
BRERKF 1534 i =S
1. [ZC&HIC
ZHRFE YL (AT, FRELE) 13X T U —IROFEM 2 25 FANICTEA « Bk S THEEOZE 2 X %
Hilicd b, FEMIIHA T ECRET AR —0 2/ & L, BB & KA IRRRD L Cilid
T o0, RFFOMERIZ L O FREM ORI R E SEET 2, —F7, MRS I e CI3EERLIR R & D24 )3
FANRAT L, B T HFOREL 2D 2 LGS ND, ZO7h, ZOXRE L T4RE R LTk
EARR BRE MR OB MR T 2 UNERSH 5, AWFSULE &SI 2 RE T TIAIC X 5 25 Fa
ERE L, YHUZIT D HEMERE AW TR ORHEIC OV TG L7 b D TH 5,
2. RERELTEETBEMORE
FeIE TR IBIE D TR 2 O 2 SBT3 & MU 245 0 — Xl A FE8E T2 7o OIS fidhi:
ZHlES A RERIE TIENH 5, FREFE TIEO SR IRTREOE S BTN Z T, EMEAHIfET 5728
(KT T AREGERN2 82T 5, MiTiE, B-1 (TR T & 910, SN2 i U 7= Ikt (i
B CTHRISEPHOSE AR EIZBEZ TR L, £ Dk, WNERICIRENED BT (FE5H) 21 EAT D, 20
I ICIREFH TIA, SR X O 12 T CIUFIZHEOND ZERCx L, St ~D FE A O 2B
1E9% 2 ENTE DIEFITAN e ChH D, T ITBREFIEM OSE BEEZ R~ LT,
3. EAHER
B i CHREERTREZR RIA & LT 2 IR N T TR DK —F & ZOMGRFE O T
bHER~—ERANT, [RESEMETM OB SRR AT -T2, T2 (THEIOR E R EE R T,
-2 |3 R ORIERBRFER CH L, B EOFF TR LB~ —Y FICTHXAZ2FR) 1L, W
TGRS DR~ — & XTI D 2O T 5, -3 1T A=,
B3 [ IEREGR D B~ — % W BN TR OFRE 2 L L= & D TH D703, ZD7enhHiEm
X D 5~ — 2 % LR DRRE TSR OB =, FRE T CLRER IS O SREh i h SR %

FUBXI R E6H =1 REFEEM oM BEE

e AT AE i =

7 u—fl 180mmEA T [JISR 5201 (7=7" W7u-) (S#RA4 236 TT)
AR AR S 3%LAT  |JSCE-F 522 (K Vxfv/48751k)
—hIEAIRIE | SokN/m2EL L |JIS A 1216
HEWE N | EEELY  |BRETE R4S
¥ IR RS R T O 2R DB A O

‘:__.

i@ % & HE

B 100 - =i}
A ol i
il unnis =i, i
-1 [REFETIEOBESX P ===t Iy Ry —
‘ ol et - EHBT—T (B
T2 MEORR RIS W o [ 7 - EmAT- U
T f -7 —J(FH
TE B 2 0 oot o BaE—
Bk |7 SUNORER L CRRAT D ILBAIKEROE| B 0 2= - HEABT—U(BE)
o K Z AL ER L 7R 1 10 EC | —O-mmhAR LS (8%)
m‘l;ﬁ%i’m)jw:}l‘<§j\ﬁhﬁ—é:t@0 EE’%——G‘Li%W@zicf 0 L = —— L e e e i 2 o
BECHOND, Hifa~ e, AR A B R 0,001 001 o1 1 10 100
BR~—v (L, %kjgw&m %#ia:@gﬁéﬁu%m@if& HIZ (mm)
TSI T VB, FHHOME L COME, P RPN
A7 L ORHHER L DO 2 D15, 2 MRORIE




TR ST, ’7@5@’% IRMRREZ TER S DN DT, Bl D—FDIEERNZ 7 rn—Ee L=, &

—4 13K AT

IR —F & ttl\fﬁf
6\ﬁﬁiﬁwszéoI%i\tf/%gﬂw%yﬁ®&§®%ﬁﬁ
DEFEHIE L 7 a—HEOBUE T, WL
B, BFERIZ A 7 TIIKR OB IR K D IRl 2k

7)

7 Az

7, i

2 Vi

=i
[s[=N=§

Wt OKH T AXAT) OKHTARELE 7a—EORBGRTHS, KLy, Bi~—
B3P 720 b OOREN

Weh 7 o — i & < BAFRMEEZ R LIZZ L

(C X DIRETeHM (B

Al A

HEMEAZmE LTz, 2212, Bi~—T 08NN

AMEEEL7ZRA L LT, BA~—YESL

270kg/m’ & L7-, 7285, BA L hEE 100kg/m’ &35 &7 o —fEIE, BKS—3T 200mm i &, ZoRG
BEWETDHHDOTII R -T, ZNHDZ END, ;]

t%VF%@U%@EEEﬁMEEW25OEﬁ\iqi%ﬂ%ﬂmﬁ72?47

il & — S ERTREOBR TH D, TN ZhhiKT—%

SWRERE p o T, R4 ITHBIOE RS R 278978
LU OB &R RN

=i
[aT=§=§

SRERI 2 A 7Tl AR 20kg/m

(TR~ —3

N A TTHYE
THBRE IR AT A LRI Ch D,

FEE AT R A EER R AIIRDBD L S I Lo b LD, FETH~D
WHIZ BT Cid, MEIORBEGFT L5 Z L TEOMRE Be D72, FRHTHE

PR L LTm b
SIEA 2 A T OUN
BN\, TR K

SROM B VTR

ATV, EZREL S A ET DB D,
4. EHYIC
i EOK T —F B X OBR~—VIIREFEM OMELE L THWD Z EMATHETH Y, LT=R-> T

H TR Z OHFIZI1T H8EHR 7 & D2 & U COERICAZ E B2 bivd,
AR MBHOTRAECABIZENZDOUNT ZHRW 72 & F LB K 0BG L BT £ T

SEIGR 1) AT TAWSR : SGTH ZERFEEE T~=27/V, HAFRTAWS, 20044
PN 140 —
-3 MElORG B R < 120
ﬁ%ﬂu% 2 100 | ]
- . U Ens B | =
H A HRL T B IS e 80 1
(E1b) (f& ) (2%5) i 60
2 APANES (%) 3.67 40.4 37.0 57.4 w40 |
Bib7 L i=u5 | (%) ] 203 243 20.0 18.8 E 20
mRLsE gk (%) | 093 1.1 9.8 347 [ ‘
it~ x> o5 [ (%] 042 0.57 0.82 0.42 0 ~
fRIL LS T L (%) 49.7 0.20 0.39 0.22 it @#EHE FH E@
e bV UL (%) ] 006 0.13 0.48 0.49 3 5 [re>
FRALA ) o L (%) |_0.4 1.95 2.0 235 B3 PRI~ — 2
TR o 23 9.0 9.6 53 VN EE A OB
240 © 4 —%(K=900,0=75) [] 220 ] @ 5—#(K=750,0=150,14%}) ] 800| ®7—F 1800 | @ r—=
220 & 7—(K=500C=100) [ ®3—3(K=270,0=150,124%) || <> 700 (K=900G=7%) ( (K=750,6=150) Vod
' 200 P(K=2706=150.1253) || & *— ~ 1500 | ¢ v—3
T 200 = < 600l (xes00c=100 € (Fe270,G-150) //
\i 180 \E/‘SO __‘__ - = 7 = 500 // 2 1200
g 60 60 | 400 w900 |
I R R | cupmeE | 8 / supmnE | o
O 140 O 140 | &—p N\ | g8 300 i 600 |
N 20 - N ¢ .\ i 200 b A R EEEGE
100 |1 120 LT | & 300 ¢
L I I R e i I _‘-:__!_\_'!__F_
80 100 0 0
5 10 15 20 25 30 10 20 30 40 50 60 70 5 10 15 20 25 30 10 20 30 40 50 60 70
KHSRE (kg/m?) SEHIE (ke/m) KHSAE (kg/m?) BEHIE (ke/m°)
B4 RRETEHMOK -5 BEFsHh o B-6 BEsHhiok BT BEFHHO
T AR E 7 a—HORER Hli L 7 v —EDRIR W A g L EEOBR AR LR ORISR
T4 MEIOTEHRRERE R FT5 EEEETEMENE O BRE S OB S
o gt i ik T —x ~— (&) H A7 (kg/m”®)
e T e | o e (LTI F22 Fo0i | RS BV P PEF)
B FI UL mg/L | 001 0.00 Kim_| Jmer | 0.00Kim | e K C s A W
227 | mgL [BHEEF]  FHH B N B . iz —=] 900 75 20 — 628
#n mg/L | 0.01 0.005AM | w4 | 0.005AMm | WA AHFA54T BlRr~—| 500 100 15 — 766
iz ] me/L | 0.05 0.04Kfm | e | 0.04KMm | #e b —x| 750 | 150 | — o | cs6
fit 7 mg/L | 0.0l 0.005K4m | A | 0.005A45 | @A Ak AT
AR mg/L | 0.0005 | 0.0005A40m | j#if | 0.000540m | i Bhle—v] 270 | 150 | — | 25 | 840
4l mg/keg | 125 0.5 K i 1.2 i B
EBES mg/L 1 0.1 475 i 0.1K 5 ey
Tl mg/L [ 0.01 0.002AK4 | & | 0.002Am | &
S mgL | 08 (RESTE BN ENEST BT
X JLERE ; T HMBOIE YR D BRI NE)  (BREDT A RE465)




ZRER T SMHAKREBDERFTEILXRATRICH TS
FRRY - BIVREMRMECRIEEE=2) > JICDWVT

WO K S A e i ) TAY Y F AN
WERRZE TR i TR O Rk EE

H A K T AR TR HE A&
i E R E &SRR W

(Bk) KAz vy >k HE &

1. U &I

H AR A ) & W35 EARZE, $EFLI, A
&, R, R, IR, HAWIEHKR EICLY, A
WD D VIHRESNTHELZLDTH Y, FEAIK
BRI D RN R NI SR L T b,
LR, FRHLIZEE ) B B OIS, ZHD
HARABRE S 2 BT D S ORGSR EO IR 5
LEMEOIIEASRD 5TV 5.

HE O, AREIEEY OLEN & Sl 5 B
FHERELC, BREFARPET L5880 ENRT
filc OV THE 4 OFFE VTR 2 1To T 5. A
JETIE, 20D HRZEN A9 5 HE i AR D
VM= B BV, BUHEOIEBEABROFHY - BhiZ
ELRF L EIR L E L CEE ST L ZEFFHIC
L DEHY - BIRESENCOWT, SIS (el
SV, AT L OMERISERRIC X DM 21T o 7

72, ZEROFCHEE LR O T L FEEAO RS
WBOIEN A WGEET 5 BT, $HOE=51) v 7%
MELTBY, BETIE, NS OREROTMHER L,
ZEAFHERPRE O LRI BT 5 E=F 1) ¥ 72D T
RARD

HHED FRZENZ BT 5 BB g OfI 22 T % FHilh
$ 5728, RMR BL Q- ¥ AT ADEMHHIZE SN
7222 E AT & 22 208 ORIRIC L ARET &
5 DIRFES 5 28 B L RO HMAFRE T IV X B H
Wriomgss, BIOEN, WaEEY T 25O 2K
TC, 3WICET I & B A IR % 9206 L 72
F72, BHEOBERZERDS, )% 2 7B OB,
RIS B 7200, 3RICETIVIC & B BIHA BREEARAT,
B L2 WTCIREED IR ST 12 X 2 Bk s
f1o7-.

—7, BRZERAOTIEIC X 5 I E 08y - B4
EVEZ I 5720, 2 RICRHIABRERMT, 30T
ETIVIZ K DEHY) - BIATRERT 21T, $72, 28

i Y

RIS % FoIE L 7oA 2 & 2 SR iR o 920 L 72,

AFSLTIE, D O - BILESBI O R TR
e b, HEOKPESIRDOLESE) & DO ILED b,
BARZER DT X B5E kDI EIZ DWW THGE L 72

2. B B 88 00 2RV

BEykhkE, A SmRm Grimt) ISEL, &
D7 B JANRPHE L VT C, FERAIKEE = B
el 3 DAL, 200K E 7 BIRZEN & R ED
EEnTs &-1). F-1I10R-T2o00%i%, it
FNZER A, 23H B SO, ZEE A OFRIE, E 25m,
& 6m, ZEABIX, TH23m, &S9.5mTHhD, ZEH
B OFImERIZ, 1AL 3m OHERHDAEL T b, s
HED e RN S B 7 BT, s Efit s £ OV
RO %5728, K—1) v FHAE, ZefE:1
OfllER L VEEREBR T I L 7o AR, R %
B SR ACE SRR A TR ST D, 3568
RO X 431%, DL, DH, CL, CH THE S LT\ 5.
FERDTFRER L 2B AR 1 ORY. 2
F212, EEEEBROSEEESERMR Y, Q-1EY B
FOGSIY 12 X BEHifEZ R, TA T, JIAY 1,
FHROT AR LB 2 AR O T % % RMR fif
POWETHTHEAIRELTBY, R21IBIF5EE
S RMR ~NET 5 & A0 I FEREOHEE
i, R3DIHI%5.

11

X -1

HERIEIERE S & B IRZ2 O i



Rock ¥ O, O, E, A4 \% o,
vi
Class kN/m' MPa  MPa MPa Km/s
DL 182 0.69 0.14 220 033 086 378
DH 180 222 025 2060 032 275 437
CL 231 255 334 39680 029 485 50
CM 235 418 4.11 48400 029 491 55
*2 EETBROGESHE
JGS Classification  Basic RMR  Q-Value  GSI
DL(sandy) 15-16 0.025 15
DH(sandy) 32-34 0.333 30
CL(coral) 45-49 1.563 50
CM(coral) 60-64 10.42 60

#-3 RMR & Vg S /a0 tE

Rock

Y E, Vv, 03 c,
Class  kN/m’  MPa kPa
Surface soil 17 4 0.30 0 25
DL 18 6 0.36 15 8
DH 18 150 0.29 23 50
CL 23 5000 0.26 31 900
CM 23 10000 0.23 40 2000
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Simple beam model

Cantilever model Arching model
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