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W7 VT REEOHIKICH 2 HAFIE X, KV 74 ) e vioETL—bea—7
7 ALROKRETL - FickEnTE Y, MEGROMRET WL hoTWwd, 2Dk
O, ELoD 75 %25 0d L IZ oI s ILEHEETH 22, IiiFo BB A AHRIIHL
WIERIFEF 2 KIS S), MEEENIC X > T LIX L IEHRER, M IRMETIC R > T3,
ARG IEE Y A — v RBEICE L, HERETHROFEIC X 5 RIAKN & mUC X 5 51
Mlo% BN S 725 &N %, 2HEARAEIHRMCR Ty EEoSESHEch 2, H
THEEDHK 51 BAEERHICIEE S h, 22 ADDK 15 %asfEdEL Tw 3 (ELRHE
A3 A, 2012) o HABHI O L CIIAIIC o <) 7 E&UED 5K E Lt Eic X -
THIE A m 22 2 EEX B S h, BEIICZZNBKEOMEK L 7 o THUE~ LG
INb,

25 LN RHE, MELHERE LclittciEft - BESIERCHREL, HReL
TR E 2 E L UCEIERIC XY, SRR, SEBRR, R CRlmE 7~
F+z, chooBHRIEFT—MIc~ AL —7 2+ (Mass movement) & M:iZ# (Penck,
1894 ; Sharpe, 1938) , HUEZAAMICIZMIBEN DBl e L CTA L MR- 2 HAFIR L L
THMINTE e, —77, EFOLHAMDZAIC & b 7 o TILFEHIC I 1T 2 FFE 3 HE A
N% OIEENIH L2 & (LR~ BT T 2L 951Ca b, ZCORARHRCTHLI~VAL—T
AV b, Nc2o%dn, MEZEI T CHRETLEIIChd L, ZRIEFEWEEFEL VD
HLOMAHRICHALL, ABEOHICE T 2BREEL LCREIND LIk T,

L12BEEE L TORITARD AR DLEM

IWKEORATOHIT Y (B 1.1) 13, KEECRELEELDES S WO T,
KNGRBA VST IHBREL, TR E2HE L IR EEDH L, L Lars, HoHE
DA EDH Y FFicxt 3 2 EROFITZ CBETRBICZILL, Ko - KERES L
ICH T 2HRKIIREVICD 2 2bOT, TRLELRED VDLW L — FISRICKERREZ



1.1 #3I~Y DEKXE (Varnes, 1978)

Fig. 1.1 Schematic diagram of a landslide

MBI IIEE L 2 2850, 20X tbakilodkcid, BikodhicdzhEea =
P73 =<V AQRBREB RN AL LYY S 5 (M, 2007) . TOEREDDLEDE L
T, Mg Y oFANE, B, B, 2 L CRALM OSLEREEA T L, SETIC B
REHEART 2 T L CE OB EZ X2 Y 7 FASRICERS Y TONTE T & TR OR
REEALI. V7 PANEOHEMN R ZX 5 -0 I1ciE, #HiF <D FEHICNT 2 TG
Erzmbxe2  EBFETHY, 207013 Y) ot s L OEEIEEICTT 2
BB RO b T,

113IRDDEHREDLE

BHEICHBWT Y ] L) FEER, #3525 HARICA - T 7 Landslides DE
ReLThroBRIC R o TEDNE L7 (Eke, 2002) . ZHICEIALARTA & HAT
b TE LA ZH VT, UK CE UL KR E CREESH ZEZ 3D
T, AR A UBBEIR/NE GEGESN Z R T D O E LD D\ I3 FREE L
SITEZ (B2, A, 1974 5 Bk, 1992) o T D X 5 RERRIRRED D B D, H
TRY L FIEOBFIIBEIR L 72 o T e, BIETHPIRITE R IE 2 DX 53 HE U 2 1A 23
HY, MEOHEEZ IR OB %, FEET ) CHIT O EFELIFA TS, —
7, EEOAT XY DXy LTIk, ~AL—7 AV &ML LTRIBL % Varnes
(1958, 1978) IC X ZEE ML AV ONTE 72, (LA OBRIE OB ENIC X > TE



Cb~vAL—=T AV X, #T (Creep) , Ui (Flow) , #H) (Slide) , % (Fal) o
EBERIC /SN D (Sharp, 1938) o MfTIERE 7 V — 7, WENE HAET-CRR, HE
IR OBEWRTOM TR LA, T IXEO S X CHEO —E  hE MRy e B SR
ELTHIGNS, Varnes 1Z, 2D BETOHERSETDOY AL =T XV P 2T
b (Landslide) &EFL, AL LA, BAICOWTHETHT Y OHIERICED 72
(B 12) . 207», ENTECHVUONTEEREOH T~ % [hEOHT Y |,
BEE [ABEOH TR | EFERZ RS\, 2D XHiC, T oEFRICBEL CEW
HRCHRIL 7 WIREEA R { ft T & 7225, 1990 ERICHE T ) Bl# o [FHER S5 (JAEG,
ISSMGE, ISRM) D7t 25 MMk L 7z R 3-< v HEZZ B4 (Working Party on World
Landslide Inventory ; WP/WLI) (CHW\WT, HT Y ZRDO LI ICERT M RENT &

Nz,

<A L—T7 X b (Mass movement)
(Penk, 1894)

AT mEn BE BT
(Creep) (Flow) (Slide) (Fall)

xBY)—7 TR - Iy (EFK) BB - IR
; . BRiE |

#hF -~ (Landslide) (AzE)
(Vanes, 1958)

g~ (Landslide) (BEPRELE)
(Cruden, 1991; Cruden and
Varnes, 1996)

X112 JRAL—T XY bODELEMTRY DLIER T

Fig. 1.2 Classification of mass movements and landslide in perspective



The term of Landslide denotes "the movement of a mass of rock, debris or earth down a

slope" (Cruden, 1991 ; Cruden and Varnes, 1996)

Thbb, I i3 560, &8, -3 toll (P20REAY) »PRmEEZRET T
2 #EE) | ZEBEL, Varnes ICX3JAFDOHTRY LIFIEFHIFETH D, T X D ¥ETHYIC
AT TR L VI BEFZCOEBEERICIHI &Ik o7z, KimTHIMIT Y D
ERDZDOERICHEI L LTS,

CNDIEEDHT XY ZHIIC D 72 2 FHHIFE T ES) 2 WiEICOR T 729, 2 Dp8HIcD

Tp

Sp

Sl

B # X HERR I

Cr

Ej

A FE

®13 HITRYBRONE I~ AT 20 - WEMABEES, 2004)
Fig. 1.3 Classification of landslide phenomena (Committee on geological and

geomorphological terminology in landslide, 2004)



WTIIEEA RRITA B 2bN T &E /2, < 1% Varnes (1958) 23RHRIFRL & BB % #it
MERHIC L o TR L7223 H 5, IFEDOAAR L LT, HAMT R EEOMT Y IcBF
LY - B HRER B AR (1992) (3H3- ) 2 R L RIS O 572 D D1 1T
Mk, GHEE, GEEEAEE LChBEBS oz (R 13) o ZONMEORIZ, it
CHEBERERE LT v 7 (Topple;s Tp) , A 7L > F (Spread ; Sp) , 274 F (Slide
5S) , 2V —7 (Creep; Cr) , =¥ =7 + (Eject; Ej) , 7+—/ (Fall;Fa) , 71
— (Flow ; Fw) @ 7 X ZW Y EF722 ich b, Riffgecid, FiboEERNRT<Y
DEHRB LUOHIE - HEHFEZBRIC X 2 0BT L 7228 iam &

12 5EMINRDICEAT EHEME
121 EZ2ERE T I ND DERE

HARICE T 2T <) 0o FFERIIENTH 2, Z0—77T, HILHIT 0 HAMEHIL
R T O LM CIXFICER L 2 M3 <0 B K FET 2, Hilgs (1984) Ll
EHIT Y OLFHHIRTH 2HEETIE, 1949 F205 1981 FF TICHKEL /- 2264 1F
DT RY DK 46%233 H2H 5 HO@MEHIc o bns &L Cnwd, ZO—HT
e3> (2004) 1ZHFHRIREN 21 AFTOHE=ACEH TR0 TEHNICBII L 2z 03 AR
BEIRAZIY Lo, HEHOM T EHER LR TH ) SV I
(FET2 (BEFT2) ceirnl (14, B15) . 205 2 THEHOM I D
DRIERICHER I NS AEETMEHOM T R IC AR I N5 & v ) FHEHLEOFE D 15
FL7ze TOX IO R (I FEHIK O RE LN RAH 2 E WEEE T Ick
N3 e oREILREOE L WA H 2,

122 MEREICKDHIND

BEHIN TR, [ES ERTEMSEMICR 2 & KB OB /KIS EEH 2 5 #E
BN ~ZE L CHBRKED ER% D725 L (Horton, 1938) , 37XV A CHE X
NTWEERICT) & AMRER A L T R 2352 I Nnd, ZDXI AN
ZALTHAETIHT R BB T Y TH 25, @MEHT Y oA ARHEE L LT,
PR BRI 3= 0 B0 2 8EAE CGul,  1995) %#B 1.6 ISR d, FRiRHET XY ©
i3, 3 HUBORMSZIC L b2 5 M F/KAZO EFIC X > THEST R D E@ 2GR L, HS
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Fig. 1.4 Movement types of landslide in snow-covered period (After Sato et al., 2004). A: Type
of steady change in snowy period, B: Type of accelerate change in snowy period, C: Type of
activity in the early days of snowy period, D: Type of activity in the spring snowmelt period,

E: Type of two-stage activities in snowy period.
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Fig. 1.5 The percentage of each behave patterns of behavior in snowy period
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Fig. 1.6 Example of landslide monitoring in snow-covered period at the Akasaki landslide

Moy KEEHNET 2 L, 1996 EIBRMIL)IHT <Y GREFIE2, 1997)
1997 FOFKHEREE/IHF~ Y (K/UK - #thH, 1998) , 2007 FofEEREILH$~
b (FA - #, 2010) R EDH B,

ARSI~ D ORI O WL, T IETEN QRS KORERK IC O TR
W3 b, BEEER2» O ORISR O ftHG 13 H A& L (NfIE2, 1994a) ,
ZOBIFELAMCHEEORK, TAXFOETAAE 2 EEHZ2R72 (HE,



1994b) T (& BWIL I I NTz, ERMFIEME D b his X 7z MK & IBKE O ISE
B aWgE T, R ICHbRG X RS K X B RIFRAKED BRI & < ICEREHT K
THAEICR D 2 X (FGEE 1988) , M3~ O HUIHES A & TENICIA A > TIRBED X 4 4
BB UM, 1988) AR 4, REHT D ICBS 2 BRI EA 72,

123 BEEFEICLBHIARD

EEESFET 2 HAWICH T~ ) SFE L 25l & LTiE, 1981 4EHTERIR B S5
0 (BRHIZ A, 1981) *° 2017 FEILEMEH T~ (ERIZ2, 2017) 7% 3%
Fon s, BMAWNICIERLT 23 R D OFERICD W TLANE © 132 ISR S fif o AT RE
MR T w3 (BA - B, 1973 5 AL - EE, 1988 5 MK - A, 1993 5 AL
tl, 1993 : #f, 1998 ; Matsuura et al, 2003) . L2 LEAEMEIC X 219~ ) DI
AN =X LD WT KRR AL CFREhTw 5, it - BfA (1973) 1, #EE
BT R ) COBLHID SEEFEOHME & b IR IER(L L, EEHIcEb S
LH1% R L7z, LT <D ICowCiEdul - o (1988) , MK - B4 (1993) , Huil
(1993) b FAkDOHT NV BRERE L T2, BEEROMMIC X > THhI R ) 0 fEH)
EEA ERT 2 ERE L CREEMEIC X 23 = ) oBihn & @MKo F 4 i
X233 RYETOEAMIGT DR T ZHGmL T 2208, ERNRBEITICIEE> Ty
T EEHICH TR BESUMEE T 2 BBRIC OV T AHTH 5, I (1998)
Matsuura etal. (2003) [ZHTHRREFHLS <D i cOBLHIA L REFREOHM L L b IC A
CE LT 2012 R L7z, AR OB EREE 130N R TR T =Y (FHEIE2°, 2003)
THHEREIN T E, COERIL, BEEOMKIC X 2 MERHRKEOET & BEH
HICL2TXYVEOEMICTTOBEME LTWw 328, EENRBITICIEE > Ty,
COXHICHEEMEICHFI TN /T D F, BIEHT Y L8 a0 SR AEH %2R
3, ZOMMIZ, ERTHIHT XY HoOMPHIE &, FHRETH 2HE OHER - #iEHHE
BAEEMICER L 2R e HEIN 22, BMEMEIHTRY OREMCHS T2 K
REARREMCHFLET2BRICHPND AL, ZOEBOH—MIRIEEZBZ LN TuEk
Vo T X D ICHESHEICE T 2 BT X, MR -PRE & ik U CHRE R 2B T
Wb,

13 I AND ([T 2EAMTDEE



131 I RO ERADALER 1T

3RO O EB N 2 RS 2 Fakicix, BN, BuEE S AN X O RE

R LB D, TNTNOFEORHEREMT 2 LU TD XS iIckh b, HETIFAR
X, MR KT 2TV ECHE Lo - 2RI, =EiEaEe Y v o
AWTERERIC X o TR b 7 RS DR ) 0EB 2 A3 2 Fikcd 5 (f
%1%, Wang etal, 2002 ; Sassa, 2005) . #13=b [FF I B0 AWIERE LKA T & »
ST FENFHICER I N TEHT 20T, b ERD 2L THT <Y EEN % Hiy
MR DR A B 28 TE 3, 27 LA RBRIEH  EcEERBRTH Y,
BRI, ABRA2EL 722 —Ho+EH v 7A08 T ) 2ERERHKL Twd EREL
72 A TOEMICTR D, L TAVEROHT Y 3, BHCEFICL b RRoZl
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Fig. 2.1 Occupancy of the landslide area by geological system in Niigata Prefecture
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Fig.2.2 Topographical map of the Busuno landslide research site and landslide blocks
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Photo 2.1 A bird's-eye view of the Busuno landslide research site
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Photo 2.2 The middle block at the Busuno landslide research site
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Fig 2.5 Locations of the sensors at the Busuno Landslide research site
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(B42.8) . BUADS R ZEE) LHNES, $0EE LT, sXU0FBEEO3EcHs (B
2.9) . HERICH 72 o TENRIEICHEM 3 2 MK % B ICBEF 2 7 0K EEF o JE I %
FERPCHRIEL, 2o L TEZXL Y MROX Y FF A b TIbK L THRE U & Ok
IKDOFRHA %P7, FIBUKEGHC 0 FKRBIEHI O #iBIN TR & L KRGt &2 & b2
THIER L 72,
(3) KRB
Hog ) W72 & 2 A K O FHHHIIC AT 300 m2 O I % 72 ARSI = % L,
KRN, MSHEEEZ P OICHEORRBME B h-7- (K 210, BE 2.4) , BHIERI,

Bk, SR, mEKE, BEHEE, MEFECTH L, FHHEICOWTU TR
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Fig. 2.8 Schematic diagram of the piezometer and water temperature gauge
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Fig. 2.7 Vertical locations of the piezometers and water temperature gauges
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Fig.2.10 plan view of the meteorological observation field at the Busuno landslide

research site
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Photo 2.4 Meteorological observation field of
the Busuno landslide research site. The top photo
was taken in Non-snow-covered period. The
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TH5,

a) FEEOR i LIz 2T 4
ko PCIc X 2 B ERARIZFEIEL, A2y PV = WO T —2nh—1c X5
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bottom photo was taken in snow-covered period.
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RIFFE D HEIEIA > 2 7 202id, FHELSMC RS 7 — 2 ik oiEx H3 57 — &
o 77— (Campbell CR23XM-4M-XT x 3 %, CR10X x 1 %) ZH.LiciEz7-v 27 L% % &
Loz RYAT LIZT — 20 —5105rHETO 7 — 2 IUE LdfE 2 Hli#l 3 5 7290,
fFERICIE T — 2 a ¥ v 7ok En 2 SEFERRICHBIICEHIAER I 7% L,
PC ITIRTEL R WHifliZe v AT L L5, T—2u—IC3ET o088k, 7TFHr/E
AEEHR (2011 4EA* 5 FOMA 7 ¥ 2 v 7 — X 5815) % F VW TR O R ST FEAT ICERE
X 1172 Microsoft Windows % 0S & 3 254K PC 22 bl 7 — 2o =% Y v 7'F X AL
BHHETH 5, BMREMEMOZER PC 3T —4 a7 —0HHAT7 7V r—vav
(Campbell PC208W) DA ¥ 2 —ABEREZFIFH L CEMINIC T — 2 a7 — e ike L, Bl
M7 — 2 %ML, HHEIT 5,

2.3 Roesgrenda #19 N D S E& i
2317477 LA#IND

74y 272714 (Quickclay) &iF, /AT 2—RRAV =T VREDAA VY FETH
B 1 Xl YA+ B Bk (Sensitive clay) & % (Torrance, 1983) , %72 % D
MR CRET I RVEI I v 7 7L AMFTRY LIFENDE, 24y 771409V
TNEBR 2.5 IWRT, 74 v 77 LA ORFIZBEMEIC X 2R &K R
k% b OWERE L TH 2, # 10000 ERTICHE F - 7= BOKIIFEED) Ic X o TRk L8
Peflbs 2 &, MRk D Nat 23HEFOKIRENC X > CHEBLE h, RTHEHDETFLEZZ24 >
7 7 VA DB E 17z (Rosenqvist, 1953) o Torrence (1996) 17 4 v 7 7 L A % “BiliL
k2 30 XV H K&, 2227 4 —/ 22— 7 R | (Falling cone test ; Rajasekaran and
Narasimha Rao, 2004) 1 X 2# ViR LKF 4 A WIS AS 0.5 kPa A £ TIE M3 2 K" &
EF L7z, ¥ 5IC Karlsrud et al. (1984) 1ZIFHK=EERIC X o T2 4 v 7 7L 4 DJfe
PAEEEZRD XS ICHBRT WD 1“2 4 v 272714 FbTh 03 %O TFATY — 2l
FEICGEL, 3%DEUTATHENRE— 7RO S50%E TR T T2, $274v 2727141
W EMEYE % 0f2 & O, Bjerrum (1967) (3iFERE L OB B v, AKX D
JEAEYEDS NS % & & %#/R" L, Torrance (1974) 374 v 7 7 v 4 @ X 5 RIERTEEM L
DIVEMEE N B BRI HFIICE U 2 EFIC O W TR L 72,

DX RfFEaEEERO 24 vy 7 7 L4, AL ERTHALICX ZIGHE
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BE25 74v 7004, BRIKE (B) 2ETLBHITRIKE (O 5. &
RIELT(O (CBERE S BB IN TV Nar BEESNTRELL (A) T5.
Photo 2.5 Quick clay samples. Natural condition of the clay (B) is easily liquefied (C) by

disturbing. The liquefied clay (C) is solidified (A) by adding salt (Na*).

fLick > TAEGICERMBESENLTHIRIL L, FA LTI <) 2525
(Geertsema et al., 2006 ; L'Heureux et al, 2012) , % 72+ IXR(L L CREE#HE% & <
MET 2720, WEIHEHOMNZ THBE AL RS, 20D 74 v 7714 D0%
T T R 25 DA - PINMEDIREAKE G & %2> T3 (Karlsrud et al,
1984) . /A7 z—ICE T BREMR T4 v 27 7L AHd <) KFE L LT Verdalen Hig~
h & Rissa i Y %%1F % (Gregersen and Sandersen, 1989) , & ® Verdalen 4~
D 1% 1893 4FiC / vy = — RO AR Trondheim 2> & %X 10 km AL TFA L 7 HifE 3.0 x
106 m2, +855x 106 m3 D@EEFAMED 7 4 v 7 7 LA MT RO TH Y, 112 #2344
Lo tz, FAERKITMIMREIC X2 RIREDALENTH 2, Thiz ERBIE RS
XD b b T RAEMOHEBIAAIT 100K & /N & <, 1FIFFHICE W T H 7
BLIBRDBIZA Y 7 7L AT Y ORHERCRLT WS, —J5 Rissa 19D 3
1978 4F1C Botnen il THA L, % OHBIIMME 3.3 x105m2, L& 5-6x106m3 TH Y,
1AL Y 7 ODRG L S FOREPRELZR T2, O3 <) OFAFRILAT
EOMETHEI b b TrEm OBt THECTH S, Ty 3B LE ETOREC X
S>TIE Y, ZNICX o TRLENL 72 JBAR N D HRENR R 2 & FE~ KX L TIRK L 72,

2.3.2 Roesgrenda 19" X D DHFE

31



Roesgrenda #i3~) OffjE & TP ZH 2.12 1ICRT, T3/ vy = —FEloHS
i1i Trondheim DAL 60 km IZfiiE 3% (63°48'N, 11°52'E) , HHbiz / v 7 = —#HR O
B 2T 5 7= EEEE 7 BN IR A S 7S 28, BEFEHHICIZ-20 °C LT oA % i
32, BEHILEE L 10 AR 6844 4 ARt E cilo bh, FHORAEERITN 1
m T® %, Trondheim 251} 2 XA RIZK 2.13 IT/R T X 91T 1988 2> 5 2002 FEF TOHE

Scarp line

—0—————100m—"\

2.12 Roesgrenda it g X ¢) HERM DI E & R, BPD A - BHRIER 2.14 THEHD
N 3B OAKRIE
Fig.2.12 Location and topographical map of the Roesgrenda landslide research site. Line

A-B corresponds to the geological cross-section in Fig. 2.14.
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2.13  Trondheim M&RE (Thorolfsson, 2007)

Fig.2.13  Air temperature and precipitation at Trondheim (Thorolfsson, 2007)
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Lo Tl E» 24 v 2 7L
ACZAL L 7z EEL DT KTRE)
JECIIRE L bR L T
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Photo 2.6 Aerial view of the Roesgrenda research site
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7 Roesgrenda g R BEENER

Photo 2.7 Landscape of the scarp at the Roesgrenda landslide research site

1 % 18 CHUE D BRI 28 Fe 03 T & 7z, R EFRHERNZI) 237 & 2> D JFIK T X - T
HoEelL — vHEEYZ KX CBIET 272 CIE T LTV o7, BEDOIETIE 1893 Fo it
KickddoT, ZoBCHINEEEERIZHER 80 m 2*5 50 m IC 7% o 7z, REEER D
EPICX o TELNZEE 30mIZ EDHEEIALELR A v 7 7 L A2 BB T & 7729,

AN - 2R T DHET N 2FAEL 72, ThHDHTRY DIFEALIE 1980 4
RICEE X N2 IC X > TLEL L7245,  Roesgrenda #1190 Tid 1995 i~ D
DEEIBIRE o720 2T TR2IZA v 27 7L AEE X AIHEREYIE % & U iEE 0 —ik
DR % L BEN % B L e 0d D RBRICIIAIE~E 2N 2 2 4 v 7 7 L A {3~ 0 23k
MIcF4 L7z (Larsen etal, 1999) . H9-= D | 1995 45> 5 2001 4 F TD 6 FfMlic 1)
THLFAEL, 2DV 22K 2.2 IR T X9 I BRI M A% (£& 10000
m3iLAb) WECTHEL TS, ZoMiT) DR EFHOMEEIEN %M 1.3 o) 58
MicYCiz® s L REMTIIAT Ly F (Sp) , BEHEREEcld7r— (Fw) 1K%Y T %,
Roesgrenda 19"~ b ZXERh 0 MU T (X % B 2.14 (<R d, MakBRith o HE 3 AR o
AT, zokfiicer — vHEREYIA 10m, 24 v 27 2L AE2825-30m, fhit, v
b, B X o TR S WJIHERYEA 10m OE S TR ENHERE L T 5, HEER
EICHEA 11T & A &R SE i s L O EEPFHEIC I b Y e 2 Eh gL & L 28R 15 m

34



* 22 Roesgrenda 13-~ v 3B&HEIC 351> T 1995 4E2> & 2001 £E ¥ TICF4:
L7-#ig =D

Table 2.2 Landslides occurred from 1995 to 2001 at the Roesgrenda research site

No. Date (m/d/y) Volume [m?] Remarks
1 03/05/1995 20,000 The largest landslide
observed since 1995
2 10/18/1995 10,000
3 07/05/1996 10,000
4 02/ 7/1998 --- Minor failure (less than 20 m?)
5 03/30/1998 - Minor failure (less than 20 m3)
destroyed St1
6 05/11/1998 1,000
7 07/ 7/1998 150 Occurred at beginning of July
8 08/17/1998 3,000
9 01/20/2000 - Minor failure destroyed
soil temp. sensor of St1-St4
10 01/24/2000 --- Minor failure
11 02/10/2000 --- Minor failure
12 03/02/2000 2,000
13 03/04/2000 300
14 04/20/2001 - Minor failure

HI B D AR EEBIR S OZ L T 0 IR 12 0.5 m RioFEaFhtEowE I LT
5, TtEOYHEER 23 KT, 74 v 7 7L A4ADHAREKRE (W) IZTWERA (w)
D—MAETH 5H) 16 % (Kristoffersen, 1999) % L[EY, BH WKL T 2 2z 0B EZ R
CIRL T3, #EE SN2 EAMEKRE (Ka) 13 10-9-10-12 m/s (Larsen, 2002 ; Long,
2005) &1 TS JIS A 1218 TREBEMN AAEKE L ERI LT 5, WJIHEREYE O
BUFIE K RBUTRERNZ 23, W8 ICHAET 2WEED S b T k0B IHAED b
EHH Ay 2 7L ATEED bR REVEHEESIND, KLIEOMIRNE KR D RHI
72A%, AR CId AR E & 3 EEREfRIC B B X £ 103-10-5m/s TH % & & BENRE
595> Tk Y (13 Hayashi et al, 2006 ; Noguchi et al,, 1997) , REFHID Ko d 2H
ICHEF ZfEHE EZ BN D,

WYY DR RITH T X VT EZ E 2 HE LI TH 5, 1995 FFICFEE L 7=
TR TIIARE L 72 BBEDSRENE LRI £ CTiEL 72729, 1996 4EIC V F R o g s
D3RI ARG I G S iz, & OHERRIT I E T L 2 fvg L1 % 5 o L8 ~57
- FEL, BLE W) ~OEENIE BT S WEEE o, $, ALELES N
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ToiEE LEICEB DO 7 A ¥ — 2 v —BERE I N, HIEEL EoBEE G T hs
ieicld, B v 7R LEEZ @ T Ic T s EZHE L T 3

7 2.3 Roesgrenda #13"~ b 1§ oY)

Table 2.3 Physical properties of soil at the Roesgrenda landslide research site

Layer Water Hydraulic Porosity?) Internal  Sensitivity? Wet unit
content” conductivittV? friction angle® weight?)
w [%] Ksat [m/s] n [%] @' [°] St vt [KN/m?]
River deposits 28.2 N/A 41-44 28 2-26 19.7
Quick clay 25.1 10°-10 42 26 73-186 20.2

1) Larsen (2002), 2) Long (2005), 3) Larsen et al. (1999)

2.3.3 BRAMATH]

Roesgrenda 13"~ Y OYIERFOFEAEFRNILI) IR ETH 2, L 2> LIFJINCHE T 23 7
INTREVPIH S N ABHER TR OFFER L L CidF I ¥ 72 O BLE
(TRAT L 23 75\ 72 O SR BN 3 FF A & b E 2T v, BITED T X D IRE DK & L
TiE, EFERE L TREDHTRDIC X > TERE N7 2ER O EEOTFESZET 5
n, FHRE L CIIREN, MEick 2lBKED B, 2L Tzhict 7% 5 LoFMIGH
DY, EAWETNDOET2EZ NS, AWK TIE, o ~) DFERZHE 2,

(1) WEEMEcH T 2ROBEE, 2) 274y 27 27 L ABNICET S RBEKEDE
B), (3) TRk L & 2BEW, MISEEORRFIELZ R L 3 5 BUAIBRE %
L7z, BRIBEZR O PIIGLE, Wik, —EXzznzhX2.15 K214, £2.4I107L,
2o DBIIIFEZ AT IC~ 5

(1) Hr9~~ b ZEf7 8L

3 KoL BB EET (EX-1-EX-3) Z\EEE L OREHMICKE L 72, #13~h onlEe:
D & Bb 2 BARHE O HEEE~ EX-1, EX-2 %, BIFEIZRE L T\ % 285k K#

Bt R Y OFREN T N BT~ EX-3 Z#%& L7z, EX-1, EX-2 & EX-3 [ Mgz

#130m TH 5, WEREMRLEESFAGHIAY 4 Y —%kY, WEEMEZXF—rvy FT

FELCT v A—E L, BOHHIC3EHER Y 7 2 (BE 2.8) #Eaftdz, sHllEy 2
CHEAENZT A Y =1L, Ky 7 ZANDO 10BN ET vy a A -2 &7 -V —ic&
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At: Air temperature sensor P1-P5: Piezometer
R: Rainfall gauge Wc1-Wc2: TDR sensor
St1-St6: Soil temperature sensor Wh1 - Wh2 : Tensiometer
MW : Meltwater gauge Ex1-Ex3: Extensometer

2.15 Roesgrenda g N ) HERM I H (T 2 BRI DL E
Fig.2.15 Arrangement of the instrumentations and locations of the landslides at the

Roesgrenda landslide research site
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Fig.3.1 Schematic diagram of snow depth measurement

by an airborne laser scanner
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Fig.3.2 Measuering range of the airborne laser scanning
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Fig.3.3 Time-series of snow depth in 2002-2003 cold season on the meteorological
observation field at the Busuno landslide research site
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Table 3.1 Specification of measurement of an

airborne laser scanner

H OH = %
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FREE 2 2R L 72, & 0 WV RE A 5% AR F CHE R TR 2HINIC 8 L 72 BB 035 & 7z,
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Fig.3.4 Flow of the measurement and analysis of
the snow depth distribution by the airborne laser

scanning
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Fig.3.5 Planar distribution of snow depth by the airborne laser scanning at the Busuno

landslide research site
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Fig.3.6 Histogram of the obtained snow depth
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Fig.3.7 Comparison of measured snow depth by between the ground truth and the
airborne laser scanning. Points from A to F is measured by GPS. Point of Me is

measured by the snow depth gauge.
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Fig.3.8 Vertical distribution of the snow depth obtained by the airborne laser scanning.
The above corresponds to the line connecting L1 with L2. The bottom corresponds to the

line connecting L3 with L4.
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Fig.3.10 Snow depths obtained by manual measurements at the Busuno landslide

research site. Value measured at S4 is reference due to a lack of measurement number.
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Fig.3.11 Snow loads obtained by manual measurements at the Busuno landslide research
site. Value measured at S4 is reference due to a lack of measurement number.
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Fig.3.12 Snow densites obtained by manual measurements at the Busuno landslide
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FHAFEIFN O i iE 140 m & /N3 72 D & A E PR O I B 2 BfR 13320 b 7 2
o723, RHATIALR R — A, @t - @it & O HIERIZAL 5 CII RS R I
L7z, Mo —ETIIE/M, WEIC X 2BEROWMMIR, BEEO2 ) -7, 77
AF, WEZE VI X 2MBEEROBIMINSA U 72,

HF_OHA 4 SOR —F v 7Y v rHE L DK H, TR HOEEFRITEL
DERBL B I N2 MERLWMARANNTH 572, DT L hbARRBEE CEkiEl
INT-HEERTE AT NV OMEFRE L A L TRV LRI NI, R LT
Y M OREE - HEREBRBE O S ARTE G L 2B EEEDO N7 Y i X ) BEWEORE
PP REL LD PRI NI,
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BEICHMT TR DL 1L, BEORBIBM T XY IC X > TEL B H
OB EIT 2 FEEIRT < D LT 5, WEIC X > TF Y HDEL, BiestEL, %
DRI BREICECET L T2 DT, FHEHRMS ) ZRERPHEIC X > THRE
DI Z 4 VR L 72236 RIARIC D 72 o TRRIBICHEEI 3 2 Kz F0,

REFHES < 0 IFENEE O FHF ICALE S 2 MR R Z7 4 F (S oGS 1
TR TH B, EFFELHICITIRKAEEDOZEE & o THIRANIC— R ICHERE T 5 23,
RS BN IZREOME K & 7n o THUEEN IR~ iy ic fiie < IR IES ER$ 2, 2o
TeOMENNIC AT RO EE S RE TN BB S & 2 ABMREPHE T R Y TIIER R
Mg~ Y EESESHEME &b IicREICIEL L, MEMOEE L MCREDH 5, AE
TIEH T RV EE 2 EEWICLEE T 2 WA & L TREMERICER 24T, RO B
FICHS ZRBWEI T ) EFB 2 I3 288 L2 o2 ics 22 L2 HE S
%,

4.2 IREFHIT XD DEIREICEI I S ERARER

421 #EREELEKE (MR) HESDEAN

MR T N 2K REITH T Y OFFR & L TEHERZRZFO25, AWK TlEZ
DIKGTEEBHEF DI L BEKETIE 7%, Matsuura (2000) 234283 2 MR mFEKE
MR (Meltwater and/or Rain) Z M\ CigEid %, MR ZRRBHICRE I N FH 74 &
A=z (MEKEF) TRz bNKSEICHEL , WESMMIRNE, BHEHE
TkEEEFFENZIREL ZBENEOGEHEICHY T2, MEMIKTIIMRKEH>TH 2
NHEE DL & NITHIEE NI ~EES S, 2SI IR 72 < &b aEHK
BN~ G T N 5 72 0 IRk R & BN~ DK G R L 43 L b —E L 7223, MR
TR 2> & AR NER~ G T N 2 KT EZ KO RICX S FIEL CFHficE 2,

422 BEEE L URHRKE
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Bl N7z o7 EE7m vy 7@ E1 2Bl a v 7 @ E2-E4 1[0, HREF
PEOBMM A TN 4.1, 4.2 187, BUAHIEIE 2002 4 6 H 15 H2>5 2005 4E 5
31 HE <ok 3 4 (1082 HIE) 7243 —ERIci&dE, BIIFMMOUINT, BIROKEE LIk
3R 2 &S, REFHT R LT KD 4 ey 2 ORI NG, 20D
LEIHF — 2 0¥ o 72 thifi 7 m v 7 Z RKROWERNR L 35, BHIBIRICH T 5 hiEE 7
v 7 DRBEIR IR 41 1R T X9 E#AS 304 mm (E2) , 719 mm  (E3) , 3536
mm (E4) &720, 7wy 7N CREBTRE LS R o7, 70y 7K TOR
BE D ERIE, “RIEEEICHEL TH D ICHEBURIBIC S 2 703 < b icxf 3 5 # 2 k&
TN R M 2 7> Z E BHERR S 7z, AREmTUE, FROKEOEERZE S RN E & D 2D
WY ONEFHRLE 6 H1HEMTFEOENH L LTED, 20024 6 H 1 H 25 2003 4F
5H 31 HET%02/034, 200346 A1 HA5 200445 H 31 HE T% 03/04 4F, 2004
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Fig.4.1 Landslide displacements monitored from June 15, 2002 to May 31, 2005 at the

Busuno landslide (plotted on the same axis)
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Fig. 4.2 Landslide displacements monitored from June 15, 2002 to May

31, 2005 at the Busuno landslide (plotted on the different axis)
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# 41 REFHLFT Y O FERENE

Table 4.1 Annual displacement of the Busuno landslide

02/03 03/04 04/05 Total
0 0 2 2
El 0( %) 0(%) 0(0%) 0 (0%)
- 7 209 88 304
(- %) 144(69%) 30 (34 %) 30 (57 %)
255 371 93 719
E3 166 (65%)  247(67%) 42 (45%) 455 (63 %)
o 1688 1761 87 3536
1402 (83%) 1492 (85%) 72 (83 %) 2966 (84 %)

H I EMARLE, T B (10/1 ~12/31) DOEMLE,
O WIREERZEAI R 5 2 iEEl o2’

DT 2 B REIIHIICTH A~ 2 LIS/ T v —#H O FHIZB) L REFH 3~ ) o BT
%¢ (Matsuura et al, 2003) T3 FkIh, EEEIZ2 (2004) 12 X 2508 X ITEES
2 BB O R D IS T 5, TRV BEHEONENMMEZR 43 IR, T
filX E2 T 2.0-2.5 m, E3 CHE 6.0-6.5 m, E4 THFME 4.5-5.0 m OXFICED bz, &
B EBEERICIZIZ A ZE LR RE 2 ) — 7 7% & ZRINEBNZBIE S nF, M0 3EhiE
HETRAVUTHE—7 vy ZIIGEE T2 L E 2 bz,

MIFKIEOBLFE R A, MRB X UOEEZHEL & b IR 44 10T, FFRIKEOFLB)E I
7wy 7S (P21, P22, P23) T20kPalbllh&v&<, i (P31, P32, P33) T 10kPa
LU, KuGiEh (P42, P43) Tix 5 kPa LAT &/N& v, ARG X3 T /KA AMEH 1 1< b K i
fHEE TdH 0 BN - AEREOKE ER ORI D 70, 2 OEFTLFEN - @E R
HKMABTER TIN5 L E03H Y, Z OFRIIERERLE D 5E 2 b 5 #/KEDRAEZ iz
2B (F7b b K DIKAL) AEIHE 5, MBUKE O FHiIZ 83 R (P42,
P43) TIHHIARL Lz, KEWICIZ3 A»5 5 HOMEHIcE<2Y, 1A»52HD
A L BB D 6 HIT(KL 7o 7z,
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Fig. 4.3 Vertical distribution of the landslide

displacement at the Busuno landslide
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Fig. 4.5 Response of the landslide movement to the pore water pressure in fall at E4
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43RO LHOBE - EAEE
431 #FND DBE & ET

Mg <D I ZRBUE =K~ 25 XY /NEBIZ “ M3~ 0 IcHBiT 3 2 (LR,
il 2 DT~ Y OHEERIC & b 7o TRAMBIYE L EBEA LS 5 (A,
1999) . il Z 1EH T~ Y OYIHILREIC % AT 0 I E D03V 77z L
B2 TR TR Y [ EZ2 BB T 5 2 L 23% v, (REFEBRIL D X 5 i - )&
L3 A 72 Z M3 R D TIUEIESIIL L 72 RBENER D S5 71 725 2 12 mA g — 1, BT Rk
KLT, BELLHICEELEL L, Bz Ld 5TV L CEBHOALL LT
EIGOBIED OER L R\ 2 OEHFHELZIEL FHIiTE v (FAf, 19725 1978) .
AHECIHREF B O3~ 0 EE) 2 BfE S 2 720, —RIOUETBMITFiEs L 07z 1o
KT WM FE W, TV BE e LB EE T S

4.3.2 —RITEF M

— MU FHEE M TR0 O LRI A — MBI N5, TR TBCERT 3160
FERIC X o CTRZR 270, BEICL b %5 BEPER T LRI 72 5 REBA T Y
y VB E, BERREEOREAZTC Ty 283k E g, KiffgEoFE
AR Cch 2 7 ey 7Bt Nz ch i, MEOBEIEEIIR A2 7R

ZICBIFLENENOBEERZLMEITONTEF L FLaER LV, LELEBLA
HFETIEUTD 3 2OBEBICXL YR Te vy 72t E T wE—oiid <) 5
LAaA LT, (1) MRBEE,»LIZ 70y 7 NICHECHEE BRI EE S, Eikon
v 7 & LTCOXEHIFAD oy, (2) BHEOHERE R, o7 v v 7 0B 1 5lix
SHFER 22 b KU £ TIRIE—HROIEEZH L, MR OB 7 AL MESE 2 R & h—k<, B
ig b BEER 2> & KIS~ 2> o CHARIICZ(L T 5 GREFIZA, 1998 5 [AIZ2, 2007) |
(3) E2, E3, E4 ICB T 2BEEOHENIZIZITFL L, FEFRE O LEHDIZS R
LRREMNIED 2 ) — 7ZEHRE LTz, [TH 5,

DX IR o TEET ATV ICEWT, e ERmEHIIIC X - <
o BEEIL, T~ LBoBE L HEOEFONGTICL > THRING LERX S
TENTES, TITEMTRYOBE EEVOBEERICERL, <) oBd)ice b
oTHRBED XS CERT 2D, v HICOWTHmT %, BAKICIZ, U
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— XA R el 41 A L 42 XTI N5,

L, — Lo
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& = 4.1)

L; = diow(ey — dupey + Lo (4.2)

T 2T, Lo 3ENTBHAGIGIC 3500 2 L — Fimfa] O FRHEREE Lo (30 ¢ Bo@& o big—T
U] ORIEERE, dupy, diown (TR ¢ #2820 Bk X T im0 MR HBEIRECH 5, & 23
ED & & LBUIAIR, AD L ZIIEMO —XITEE»EL 5, KimTIHEENIC, Lyl
N A S EART AN RO BB TR L T AL, BEIRZ broFhicikod i
BEMHIER B b, TR EHEIC X 2 FRIEE A BN 04/05 FERE,
E3-E4 [Hli¥ 2002 F 6 H 1 H2*5 2004 4 5 4F 31 H £ <o 731 HE, E2-E3 [EliE 2003 4F
3H2HZ5 200445 H 31 HE ToD 457 HE & 35, FFUIBEENT L FEkic 6 H 1 H
&35,
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Fig.4.7 One dimensional analysis model for landslide deformation
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4.1 R X o THH N7z E3-E4 o —RtE B oK RIZN 2K 4.8 107, AUE
LAETGH L IEEA SR, AESEMiZ RS, SRR oRBEIEIX E3>E4 L hb 7
O, NI O T2 X5 R IICHRE 74 x 102 D% /R LT, RICETEEEE % K251
Titlici2, 6 H2»H 8 HIchF CIIBEIE, BFEL IT/NE CHF R D IIRERR
REED e 72, 9 H22H 10 HIC 2 TIRHE DRV IER % 2 o 22 1F & L TREBICHIRETE
BN, BNELMEEINEMNT 2 11 A2 12 HC 2 CEMAaML, chick d
o CHIERETE AR O HEEK L7z, 11 HE 12 HD 2 » ARloZTEE 13 1 FEHORLTEED
72 % (02/03 4E) XU 73 % (03/04 4F) T, FEMEHEBOKT»ZLHw =, 12 ATH
KRV ESBEPTGHET 2 L 2 TCOBM R TEMAZRRML, Thice b WEEA#HLL
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Fig. 4.8 Long-term deformation process between E3 and E4
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4.3.3 RIEENE OBIREET
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FEAAANT (X3 0 1B b & TG0 REAN R ORRY Z XY 777 7 RicEi I 7' e
v b L, #irN7z oM % © %S 02 A2 BE L < LB TR 2> 0 Gl 2 2T i R
FROETFECH 2, REEAMBEOHYNY, FitoHRBEEME® B X) 1, T
O HREAME M (Y) e VmEORMFEEZ 7wy 332 Cciirnsg, Line T
SO ENEE D E L I B oM X 1: 1 L a Y, REICERIIE LR, P2 (LH
FEDRMRTIC R & AU E 13 1 X 0 dKRE R YV BERE S, Wi Lo 2SR
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HEZERL, RS R I EELERE IR E FVIE LR 3/ E v,

100 T T T

SEELT (FF - BR)

IEREER (kR &)

TiRDORBEEN S [mm]

SI3RER (RE>1) i

BER (RE=1)

0 2 1 1 1
%\ ERER(EE<1) 100
iR RIEZHIE [mm]

49 REELLE DN
Fig.4.9 Example of a trajectory of cumulative landslide displacements between the two

points
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ohta L, BEDOSH 3L HTKT T2, 1EMOPIMNIINE L 72l 2 & B ciish
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Fig.4.10 Trajectories of the cumulative landslide displacements between E3 and E4
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LA RART 2N TE D, 2 THIFOLR S X O HBENZRICEN L 2R 2 &
BAT =Y OBITERE R L, 1 EMOMIEZEROMIC B L 72, Z OF5E, Bk
12 02/03 4E, 03/04 DM STT 7 2DEBAT —VICKy I Nz, FARAT—JICE T 3%
PRt 2 R 4.2 1IORT, 1 FER-ICEH T 2 B — TomBoZ800ERE (M, B 13 4.7-
6.6 (5 TH o7, FAT —VICE T ZEMBBFORHEIZA T D X 5 IcHH TN 5,

(a) B o X i3 1 281, LB 2RV ZB3 4 U 5, E4 OBE)EEES E3
DHEE% L2720 TH 5, mERILE CEBRITNE v,

(b1) B (D : B ME 22172 Y 5IRETE A 8T 2, RN E O AKICHIEL <
E4 OENLREDIER T 5 —77T E3 OEHEEILE DO R\ TH D, HENGEE —7
ICEZEL RV,

(b2) B (D) : BB DA = 2S5BSR IC 72 B, B4 CHRATAML SRS I B~ 5%
U E3 OENGREASEILENIC ER L2 2 Lic X %, BOEHKIC X 2 KB LId iR 3
RO IK AN BN AR TH %, 02/03 Fid Z oMM SRS R DB L 72 0 5]

42 REFHET RV ICBT 3 27 — PRl oA R

Table 4.2 Characteristics of the landslide displacement at each stage

E3-E4
02/034
. 1] MRZN R [mm]  Z00E S [mm/d] ISR I
e 27F—v  FlMkH wrHa  HE E3 E4 E3 E4 (E4/E3)
a HH 06/15 09/16 94 414 140.4 0.4 15 3.4
b1 B (D 09/17 10/31 45 3.8 2669 0.1 5.9 70.2
b2 I (D 11/01 11/13 13 89.3 681.0 6.9 52.4 7.6
c TSV 11/14 12/27 44 717  505.0 1.6 11.5 7.0
d HEREH  12/28 04/05 99 -0.1 35.1 0.0 0.4 —
e R 04/06 04/30 25 422 49.5 1.7 2.0 1.2
f B 05/01 05/31 31 6.2 10.2 0.2 0.3 1.6
03/044F
o s WIRZALR [mm] 2073 [mmy/d] Sk e
s A7—Y  BAH ®TH A E3 E4 E3 E4 (E4/E3)
a B 06/01 09/19 111 542  109.4 0.5 1.0 2.0
bl B (D 09/20 11/10 52 222 1822 0.4 3.5 8.2
b2 B (D 11/11 11/20 10 151 1652 1.5 16.5 10.9
c S 11/21 12/17 27 1822 1043.0 6.7 38.6 5.7
d HEREH  01/06 03/16 71 7.7 40.6 0.1 0.6 5.3
e il 03/17 04/21 36 421 45.9 1.2 1.3 1.1
f B 04/22 05/31 40 13.1 16.0 0.3 0.4 1.2
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BEEs AT 2 (BEHEEY) LBEBEEREML CERRAEL R R, T id
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Table 4.3 Parameters for the stability analysis
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Photo 5.1 Apparatus of the vertical

extensometer. The above is a
whole view. The middle is a side
view. The bottom is a view after

covered by the protecting box.
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Fig.5.2 Mechanism of measurement of a vertical extensometer

#* 5.1 IREAREF O

Table 5.1 Specifications of the vertical extensometer

Atk (M EED  BERSE 014 % FS. (F—xn#H—& X OEf)
I HE 50 mm (50 mm £} ), 10 mm (10 mm =} )
HIZE iR EE ¢ 5.0x10° mm (50 mm £t ), 1.0x10*mm (10 mm &)
HIE IR 1 ke[l
MK W600 x D600 x H350 mm ({34 i 7 5

A—FKvey P M REEHEELT Z X F v 7 (CFRP), #ME 5mm, EERE 0.68x10-° °C

A s bR SR E ORI AIRETH 5, fIERA A —K v v v FOZEMITFHIEA O
FTAAEMEHT X o CERMIL 72, O3 ARENEF 3 3 GHEAE 2 &, #iEA 15 sXv
Smal 14, KRGH1HEORES 2R T 2720, 2H0T7—2nh— (FHv 777 X,
NetLG-401) %A LICEKE L, Ny 7V —EBHIic X v 1 R cERIlL 72, 73K
cAEKDIRACEIC X 2 &R OB Z PG <720, i RERE B I IRER (PREER
IP55) %472,
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A—Rvwy FClEd 58, SRR
R R 2 RS 2 720, K=Y
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fERE L MED =0, MIEHA —R v vy FARER (R34 05m) ICHRE L7,

Fig.5.3 Location of the vertical
extensometer in the Busuno landslide

research site
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Fig.5.4 Vertical displacement monitored by the vertical extensometer from December

2009 to October 2012

5.4 1T, BUNZ 2009-2010 4, 2010-2011 4F, 2011-2012 4E D 3 [ DFEfRE (FEMRLE
LIFRTES A L LETH I O 1ERMZIET (RFT, 2013) ) &A%, T1hZX409/10
F, 10/11 4, 11/12 L $ %, RIEREOBFERIEIIER 5.2 1R ) W O IERLE
DPFICHRTHEERELS , L IC 11/12 FIFRABEFHED 551 cm, RAEEHEIT
17.05 kPa (T3 L 7z, @BLHIARIIC 310 2 FLN DK IE 6.5-13.5 °C, Hi Lo KRz it
-1.6-40.1°C TH o 7z, FPIRICE T 2HHEMAD —F v u vy FoZiie (REAm) 321
RICHER 02mm NI E 272, TNX W h—F vy FOREREEZEHRTE 213
INE W BRI NIz, 2O O FTHARLENE (VE1, VE2) @95 B, 7ART =10
mm O VE1 FFHUBIRERIC R 7 — At — =L 72720, KTl 74 27— 50mm D
VE2 DA ER Lz, Bk, KPR L 2ZEEE BEKkE, HMEREHIEKRE, T
HIGE 7 D AR B OB R TH 2,

MR OV T & e 2R 3 nEZ M IS HIRICR > THh, LT O XS iz,
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£ 5.2 FEREFOHEBRE

Table 5.2 Snow cover environment in each cold season

JEH 09/10 10/11 11/12  1989-1999 ¥ *1
R M Faks H 2009/12/7  2010/12/15  2011/12/9 11/13
¥ TH 2010/5/7 2011/5/12  2012/5/16 4/28
H# (day) 152 149 160 166
HR 2 AR H% (day) 145 149 153 141
TER AR (ecm) 420 471 551 357
AREH 2010/2/6 2011/1/30  2012/2/11 2/14
EERE A (kPa) 18.94 19.44 25.73 12.82
AHEH 2010/2/25  2011/3/14  2012/4/11 3/6
R e 1623.3 1762.6 2430.7 —
(kPa * day)
*1) Mg A (2004) 12X 3
1) BB & IZITFERFICHIRE O T2 0 E 5, 2) BEEOWMKLE L I T 2T 5,

3) VLT X R I
EH I ETE
b, REOWT, Ko
HH L L CHESEOFERH
b iz, —MRICEDS 220+
J& 3 & 52 TR 5 &
¥, JEMIR Y 138 AT &
EHEER T TFONE (+o
FE#m AMREZRE 2,
1998a) . i 4
L7z ko cd <= b H 8N
TlE & AWETE % R 3K FH
HERvONEP o7, TOD
o, BUHE N EME
HEMEOFEMIC X 23~
h LEOEFELZFIC L > THh

oinieEzOLNT, JE

=DH 4.3 TR

KRR LD, 4) MERMET T 2REHICEEICEL 5, 5) H
ZALMEIES 5, S o —HOMEARMVAEIIESEOMEICHIGL Twd Z

09/10 10/11 11/12
0
I B i
é 10
= 14.1
ﬁzo- -16.4 '
kel -19.9
-23.0 223 -28.6
L1
30
B sA%EzuECITE) [ | SKOBZUE(ATS)
® 5.5 HREICH T HFESTHDOIELMNE. =L

HEEMZIEENREY 2HS% 30 B BDES

=]

2.

Fig.5.5 Vertical displacement in each snow-covered

period. The conclusive displacement was observed 30

days after the snow disappearance date that the
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BAE L DIRASAEZA N B3 5.5 ISR 3 X 5 1C#) 22.3-28.6 mm (FEAf/T A% IEE 3 5)
THh2, BHLEE 350m) »OEEINE RO TAEEZRKD 2 LK 6370-8170
L7%%, 2D EDOHT Y LERESFHNICIH W TIEST AT HRK T 0.64-0.82 % D i
BIGHBELT WA 5, —77, RRKILTHROBEER3-66--87 mm TH Y, ZhiFLT=E
D 29-37 BICHE o7z, TOZLIFHFERICKTHRAPERE L2 L 2ERT 5, K
SOEBIIBEREVIRI NS 720, FEBS T LICRET Lt 2 8% R L 72,

532 BEFMEELIMELRUE

53.1 JHICHWTC, MEMICHERNEM SN2 ERIIBEMETH B LHEE L, 21k
LITHEEMESKEZVIZEZDIEMEIREVWEEZOND, KRIEEDRAMEMEL
MEZNEORFRZ R L 72K 5.6 Tli, RAESMEORD KXW 11/12 F I AKDOHE
ZfrE (EfEAm) 238N, CofEEE BT 28R L mo7, Lo LELEIARKIAS 3 &
FeDrnizo, EMERMELNETMHEDOBREZIML 5720103 X & 75 5 BUARE R O &M
BRETH D, BfiLe LT, 09/10 FIIEHRHEROR L2 (ELe L BMEOME,
10/11 FiC i3l 3 2 BRI IRALEHE o 2EA
BEEND, 15

EEME & NELM R OMRIIEGE R E
5.7 IR d. Mol LEsmEmEo g 20
= 09/10
pacc] E=) WA T R
HANC X o CIEMIL, BMEREORMAICK - b mM1
GIRICEET BT Y o e 27 ) v 2k f P
S A L o L 3 1112
Wiz, R KBEES/KEOEMBIHIZ 2 H 25 H Y
30 ; ;
(09/10 4F) , 3 H 14 H (10/114) , 4 A 15 20 25 30
11 H (11/12 %) TH 25, RKLTEOHE BRAESETE (kPa)
WMHEFENEN4HIH, 4H16H, 411 B56 SFERFICET2HARSFEE
HeéZmY, RRESKEOBIHIH2OH 1~ & RAREE R E DR
HENTHN (11/12 F£2FEL) ot Fig.5.6 Relationship between the
X, BEEMEMRDICHEL TD HEOWTIE maximum snow load and the maximum
%L DL WEEEFICE ML 5 3 vertical displacement in each cold
CEERLTVS, BALT REFORKS season

i1 11.7-245kPa s 72 b, FEfEHFE T LicA
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7YV ERBRLNTZ,

5.3.3 SAEEME & # T N D IEE)

g~ LBECE U MEEME T <V 58 & DR E A2 2720, B 5.8 ICEZfL
DB IC BT 2T XV BEES X CHBKEOEE 2R3 .75, T TnLkH
TRYBEE L L, ERB oM MR (E41, E51) I X - TRHMIE 2~ HLLED
KB & R E BB & OMNBERTH Y, FICHEREOMEABENR 7D %
V) R, YY), BEEREIC KD LEOEMICTML TR 0SB S ST 2 L HE
L7225, BRI o+~ ) BEBHE I IFNoWM L 10mm <80, BEERE
EDOBREERT ZICIERARTH o 72, phihfiEst (E51) <k 11/12 FIChE
ZNET O BNHE L FALIL 724 5 mm O~ A4 F 25 (FEfESTR) ~oBEEZEBHIL 72, F
JCIE A (2008) (IHbPHAERF R X B ~ 4 F AT OB B R 1$ - JE A R A 72 rREME T
HBHEERELTEY, RFHIFEREZOMRICHMLZbD L LR 2,
SATEZSAT G 65 12 3% & N 7= [ UK | |

i P51 (GL -2.85 m) , P52 (GL -1.36 09710 |° giégﬁa |
m) 1T & o TEUM & 7z FIBUKTE 13,

BEHCEBEN~RCIGE LKE R LH)
iEER L7228, BEEH @EMERO
IR AE 2B TH R I B D S M@\\
FRIBKE KT, 2 oZ83—k

BRI L 700 B B BOK FEZSB) 255 60K\4£.4m
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FEETTE [kPa]
X 57 BEFRELHBDELHMNENIERIIGR

(2009 £ 12 B-2012 45 A)

?

4/9

*3/14

N
(@)

BZHIE [mm]
<
N
7/

2/\
fo
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JEoHhd XY icxf L CiEE LT,
3D BB R N D K SCE B AL
GBARMEDPET) L7270 L 3L 72,
Osawa (272> (2017) [Z{REFHIS~ D D
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Fig.5.7 Relationship of time-series values
between the snow load and the vertical
displacement from December 2009 to May

2012.
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Fig.5.8 Vertical displacement, landslide displacement and pore water pressure. The pore

water pressure was monitored from December 2010 to June 2012.

TRY RO EEBRIE, ZOBMEMOKCERDZE GEKEDKT) % B LEMIC
HIFFT 2RI 2, THICH 6 BTMid 2 X5 1C, MEWEISMBNHKZER T 2L
R IR A 2348 U CHkRERY 2 BIFKED EA 2 BUAE N5 Z &35 525, ARFHAICIEER
B ONRDP DTz, THEFHTRY EBAREE IC X 2 BEEH N LTk Ic G S B
DEKEZHE LT WD EL LN,

5.3.4 MR D SRS INEEHE

HALIE T AP HEE o 78 AR H o 2011 4F 3 H 12 HAFRT 3 Ff 59 /0 REFRALES %2 22
e $ 5 M6.7 DREIFRIIEHESFAEL, X 5ICH300HD 4310 ICRARE (M;5.9)
DIFEAE L T2 REFHET R D M C IS ERE S L2 IERTIC X - €, RERICHRARMEE
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FOMBEEZBM L 72, AKTHTIZ, ZHALEFHICELZMEBECL2MES X UTHITNY
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HEER OB R 2 K 5.9 12 % & ® TR, 1 R CBIN & 1L 5 S 25T VEL T,
HERAE 3KF594) 25 143%D 4 K 00 1 2.7 mm, # 1 K8 @ 5 KF 00 471 0.8
mm D&t 3.5 mm OFEMFEN ZFLEk L 7z, [A U < 1 R U X 1L 2 30865 o b fifiest
E51, E52 i XiE, M9~ ) BEEIZHESR AL, O 1 KfEEO 5 K 00 70 % Tic+1.8
mm (E51) ¥ X °-0.7 mm (E41) OHHFZEZBLIHIL 72, E41 OH$ XY BEE S AfE
o e ERIEFHIEBIRBIC X o TR T R — AV NO T A ¥ —fRALABH L 727290, LI
EEMEANI DN E U220 L X 572 P51, P521C X > T105 Z & @il & 7= kK
JEIZ B IC /K T 15.6 kPa (P51) 5 X UF 13.0 kPa (P52) D0 2&2¥A LA %2R L7z, &
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Fig.5.9 The pore water pressure and the landslide displacement correspond to the vertical

displacement from December 14, 2010 to May 31, 2011
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XL LBREBLTCNDS,

5.4 f&im

AW ClE, BEEMEICK > TR Y LEREEM GLT) 322 & oMEio—E
L CHEANE 2R L, BB LEH o REFHI S < Hc s w3 FEREEOBIME B
7o,

HEZAI R DSERIE S 72 3.5 m DEI ZFFOMT D LE Tk, BMEFR ESFE) o
BRICE b 7o TIRK 22.3-28.6 mm (0.6-0.8%) DFREEMEAAE UTeo i < @S HHIC 135
EE (BEEFE) OWMAIC L7220 > CHBIBERIRICEE U722, HE% D ShE TR
D—ERITIRBE L7z, HT <0 L8 OIME M, BZoR&ERE & S M O B ELERE 23 X W ERA
BRI, TN LEOEMIIEEMREIC X ZEFRRICL IR LEE L ONT,
P pEGTIC X 2 BUAAR R o3~ ) 22 @ IR T 10 mm R L /N <, SRE T &
DBARIC O W TIIAHECH o 72, BFWIR b o MIBRKTEL, MESIHIC R CEB) 8
L3 2R BN, ST THE S R Y LIRS EMEIC X > TEF I, EKREPMET L
Ttz EEZ NIz, 2011 4 3 A 12 HOREFEILHE O LR IC i3~ 0 Lo fnE
JE#E & BIFUKE D 27 EA Bl S 7z, C d 20 e BE AN 3 2 T KD HK
DS G D R 7 0 IGHBIRIBUKES R E L2720 e E X bk,
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Fo6E BEMEICERU THRAT 5:@RIFRKE

6.1 KEDHM

REEMEIIEICTTCEAWIC T OEME L CT RO MEIC/EAL, 3 oRmELE
ISRV 52 2T L5, —T7, BEMEIIT DML T TIEZE BN O T K
(FEIBAKE) I HERT 2 RN E R E T b, 2 ALl (1993) 13318 R o &t
BTN CoOBMNCK Y, LHOBSMEDIEME & b ICHFKED LT 5 H4l%
WEL T2, ZOoEEFHEEICOWTIEHaARERSE R IN TRy, KT ORI
FTRYDUE D, /7 x—[F Roesgrenda i3 0 ICH1F % 3 EROBUITIX, LHIck
PRI 23 72 WS b BIFKED EA 3 2 FEEB AR 2 b iz, ARFETIERHRKE
DZEEEE Z FHNICElR T 5 L L b ic, Z DR ZEEE O IEPKERT IC X 2 @ EI[E PRk
JEDFEITKD, EEMELZFHR L I 5 KT OZEERE IC oW CEMT 5.

6.2 Roesgrenda #19 N\ D BRI IC & [T 5 EBRKEZED
6.2.1 [IRIRE

Roesgrenda #i3"~ 0 ZAERMIC 515 2 1997 4 11 H2>5 2000 4F 12 H % T 3 FEHI DK
KREWFER 2R 6.1 1R T, WM & @S IC X - CHEREICHR X Bk RI3 4 2 & ARk
R EEKE (MR) %5, 1998 4£2> 5 2000 F D[ MR 1X 798 mm, 837 mm,
1003mm TH %, 7272 L 1998 4F & 1999 5D MR ICD W\ CIFRIE /K EF O HAEFIC X 2 K
HIHAME % —icEHE G Zol/NMED A REM 2 B 2, FEiEI o BIEIIZ 1997/1998 4,
1998/1999 £, 199972000 fED 3 MR R I Tk Y, LIEZNZhDOFEREER 97/98 4F,
98/99 4, 99/00 4E& LCTHUY 5., KMlD A - 72 99/00 FED0H OREFHERH (12 A 2
53H) ODHFHEMRIZ19mm/d TH VY, ZNREVESEOBEEH 54 L 2 ki
7 HMEKE 0.4-1.5mm/d (FAHIE 2, 1994) L BBTRFMLZEE ko7, —T5, Al
(4 A) OBV MR IIESHREML T 4 50 8.0 mm/d & 72 Y 5L 2@ KD E
xRl 7,

A KEFHEME CEM S N BB ES L OBSEWEOF X2V iR EZR 6.1 ITTRT,
F1EH Y FHANC X 5 Roesgrenda 9~ b B O S PEIL, HEHi2 5 8 km N7
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#26.1 Roesgrenda i3~ b iERHIC 51T 2T RS L CEFHEOF (X2 Y 5HAE
& [AIRFHA @ Skjeekerfossen BLHIFTIC 351) 2 TR
Table 6.1 Snow factors measured manually at the Roesgrenda research site and snow

depth for the same period at the Skjeekerfossen station

Roesgrenda Skjeekerfossen
research site station
Date (m/d/y) Snow Snow Snow Snow
depth load density depth
[m]  [kN/mZ] [103kg/m3] [m]
03/10/1998 0.33 0.54
03/19/1998 0.53 0.85
03/30/1998 0.26 0.52
12/16/1998 0.08 0.00
01/26/1999 0.25 0.28
01/31/1999 0.25 0.30
02/20/1999 0.54 0.76
03/26/1999 0.51 0.55
04121999 013 e 020
12/16/1999 0.25 0.4 0.16 0.36
01/09/2000 0.15 0.5 0.33 0.20
01/25/2000 0.30 0.9 0.30 0.40
02/11/2000 0.43 1.7 0.38 0.51
03/23/2000 0.97 3.2 0.33 1.40

Skjeekerfossen AR BLAIFT (55 125 m) OBLHIE & = HHBIBER (R2=0.937 s K 6.2) %3
RO b=, ROMBIFH % F v T Roesgrenda 3~ 0 Gl o HEEE R %2 #HEE L 72,

Sd, = 0.644 Sd, + 3.96 (Sd, > 0) 6.1)

sd, = Sd, (Sd, = 0) 6.2)

Z Z T Sd; I Roesgrenda Bl IC 35 1) 2 #EE % (m) , Sds % Skjekerfossen R
HIFTIC B 13 2 BUHREE R (m) TH 2, 6.1, 6.2RIC X 2 HEMEHRORRZ( % 6.3
I, EEREOHEMICE S THEBEET L OBTFERE LR 6.2 I F &7, Roesgrenda

D Bt OREFIAEH 13X 11 H2 5 1 A A £ T e SRE DB RINIT & 0 REREED 4
ATHTIZIE L 72, BRI ST 2 #EERAESEHEIZ 1.02 m (2000 43 H 16 H)
THb, EEl (12 A» 5 3 H) OFERIRIE 97/98 45 99/00 4F % TIEIC-1.7 °C,
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Y. IR T EEE I
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KEHEZEIZ 05 m UIFEE T
ET 508, HAREIER R L
DR ICE bR 3 EIEE T
LG R < 7r B I IC
Y, FICX o TITHEHEL
WA D A U7,

Sdr = 0.644 Sds + 3.96
(R2=0.937)
_ 1.0 0]
T .
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A i .
0.5} o .90
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e
0 0.5 1.0 1.5
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B 6.2 Skjekerfossen [UEREVAIPTDIEE IR (Sd.) &
Roesgrenda g~ ¢) SHERI D FHAFES R (Sd,) D%
Fig.6.2 Relationship between the snow depths at the
Roesgrenda landslide research site (Sds) and the
Skjeekerfossen meteorological station (Sd:) from 1998 to

2000
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Fig.6.3 Estimated snow depth at the Roesgrenda landslide research site



7 6.2 Roesgrenda #1930 GlEHIC 35 1) 5 3 FEMRIEOHEE B ERIR
Table 6.2 Estimated snow cover conditions for three cold seasons at the Roesgrenda

landslide research site

Snow-covered year 1997-98 1998-99 1999-2000
First snow fall (m/d/y) 10/20/1997 11/07/1998 11/28/1999
First continuous snow cover (m/d/y) 01/17/1998 12/20/1998 11/28/1999
Last snow cover (m/d/y) 04/27/1998 04/22/1999 05/02/2000
Duration of snow cover [days] 101 124 157
Maximum snow depth [m] 0.68 0.53 1.02

) Air temperature

Y 30 s

g

S

3

=

|

E Freezing on-freezing

= - .

=3 Missing / Missing

3 Freezing

front

E

£ 054 Missing

< Upper flat area

O -0t T T T T T T T T

NDJFMAMIJJASONDIJFMAMIJJASONDIJFM

1997 1998 1999 2000
Month
| [ | | C
° B ° 0 e 0

64 TIPS LV LEBFBBEICH T 2HBNHLETO7 74/L. 707 714)LI3H
@t St1-St6 DARIERRE S K V) 1FRK.
Fig.6.4 Time series depth profiles of soil temperature and air temperature at the
Roesgrenda research site. Profiles are based on interpolations of the soil temperature

recorded by St1 to St6.
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6.2.2 BEHIC KT 2 EBRKEDEE)

Roesgrenda Bt b ER P 3
X ORI 1) 2 K SCBLIIARS R A&
X 6.5 X UK 6.6 i/~ F . 6.5 I
U 72 R JE DR E KR L ETIK
SHIT MR ICEUBUCIGE L CRER Rl
FEA RV PDOETICKELSEHL
Teo THEIIHTERAICK] 6.6 1T L
7o HERH 1 T o W HERE T & 2
A 27 7 LA JE D BIBIKHE 1% 4 B
Zil L CEB A, FRREE I
5 kPa AKiii & /N 2> o 7z, FHIBRKIE
DEFEFEEFE (11-5 ) ICEHL
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FEEFICES 2 LHBFKESRARICRS (A b) , 3) BEHEENWDT 5 & HIRKE D 20K
T2 (A o), 4 ERICGHET 2 LRIBAKEOKTbFIETS (A d) . 2720l
HEICHR DTV P3 TRIFIBKIED ¥ — 27 8B 2RHICHN 2 2 &, fhofllb e 38 %
52BN R L 7z,

Fig.6.5 Time series of volumetric water contents

and pressure heads in the topsoil
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Fig.6.7 Fluctuations in pore water pressure during snow-covered periods. a: snow depth
and pore water pressure increase; b: snow depth and pore water pressure at maximum; c:
pore water pressure and snow depth decrease (snowmelt period); d: snow cover disappears

and pore water pressure stabilizes.
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6.2.3 #1F D +EDEMEIC & 5 :BFIFEBRKE D RA IR

— M RES IS O MR 3SR QRIS IS iz, HIBUKIT I3RS R
HIE S, AEHicm s L B b5 s (il 21, Coe et al, 2003 ; &EF %2>,
2005) . Roesgrenda M3~V TH [EEEIC MR IRESZHERE I A< (1-3 AFET 1.9
mm/d) , EFHICE v (4 A T8.0mm/d) BUIFRS GOz, &2 A03622HiT
W~z XS IR E RS HERER I & C RSN 22 D, MR DR & FEIRKED L
H,AKT2SHAIL 722 o 72,

X O BRI 235%E & 41T\ % Roesgrenda Hi g™~ ) GBa b ER 30 0 £ 4 f8 12K
6.4 D X 5 ITHEMEIICH) 0.2m DR T £ CHAE T 5, LEHEKIINIK, MEKoLE~D0h
HEREZHEL, MR L THRTOMMEM T RkPrABROEKT2b 20T aN3
(Bayard et al,, 2005 ; Stadler et al,, 1996) , HARDFENHIIC 3517 2 BrHb s X OBUfiE S
BRIC XL, KOREZRWT 2 T8 OREFRBHTE T 0.2-04 m LHEEI N T2 (Iwata
et al, 2010) . Z DBHEWFFEICHE 21X EHCPIHE T O SR 254 0.2 m IC3#EF % Roesgrenda
Mg =Y T, 7z AEBEICHENPME AL L Th 203 E 2 ERE © % FHR
KED EAICEHFLG LR E VR 5,

BB KIE % RO TR D TR P KIRE) 03 1R 7 7o o fibAE X L7 ROK, BRI T %
BIRKIEDIGE DRI T 2 2 L 235 %, Iverson (2000) 1ZBIFLEKFBOME (Kear = 5
x 10-8 [m/s]) H3~ Y O AW Y — v CRIBUKEZFHI L, BRI A3 R o Z= i PERER
RSB L CEBL, By ARMEORENICH L3l c& 2 2 & Z/R L7z, Schulz et
al. (2009) X3 A2H 4 HIch» I TA L 2MSE 0% 20 CHB/KIED 7 A ¥ Clg
D OMBEIC EF 35 2 & AR L7z, Asanoetal. (2008) 1dABUEHL TR Y <0 BFAMELA
ICX D EEROBIKIED =27 3E o —2 X0 b 1 v HENE Z L %/RLTz, TO
K 9 ICHE® CTHRENS 2 3 T oK D17 BN 1L B IH D IR E E AR ORI 2 V155, L L
727 5 Roesgrenda #1393 < I3, WEEW (TS5 H2H 11 H) O X
— YV IIAHAICHESZIICHBKELZ RS2 25 X5 2 FaiOFHERNIZEL Tuing
b, KOG RMTTIRE N & 135 2 b\, LA EA S Roesgrenda #ig < b
IC BT 2 R OFIBRKED E5IE MR OERECH T /KOMTTREICliEk <, o
RTEHLTWELEXRITNIETRD R,

Hutchinson and Bhandari (1971) 1313~ 0 tJ&~MBKEGE %2 # LA A CIEPEKETE
I L 72 & 2 WBEIMBUKE DR AR B L 72, 2 5 L 2 80R] - JE ~ o JEPKER Ic X

[

{

X

101



2 BT DS 13 BN R E BRI X > THHEIEX T3 (Sassa et al, 1996)
Z S DR FEIBR/KE D BIR 135  CHRRF R O IEPK AT IC L > THEL T 228,
D CEKEDR G LFCTHNIIHEEEDOFED X 5 187 H % 2 1 F 72 kFe i) 2 s IEHEK
AT IC X o Th Ao @REIRIBKTEIZFAEL 9 % L \»Wx %, Roesgrenda Hid -~ b GlEfhIC
B 2HEEE L BBUKE QTN 2 EB % 83T, BEHICE T 2BKKED 51T
HEERMED 7 4 v 7 7 v ATdE LW IHEREYIIE ~DREE 1 X 2 JEPKET IC X o TEE
BIBUKIEDR A L2720 e FE 2 bz, AT, HEEH L 2B EEO L LE I T ko
TR T CE LA IEPKSGHICHS T2 wr 5, COMREEIRSZD2DHEEIC L
THELEMTLONE, VE21d 74y 7 7L ABORAGEKREIBO TERWZ & TH D,
b5 DL DIFENCAE TN T 2 RIBUKEDICE B BD Tz L Th b, /74 v 7
7LV AIEMIEERN L0720, BRI Y LABEFREIC L > T AR S i
WHEOXA LA 2 vy —ICRBRL CTX 57 2 @EIMBRAKERE L %20 iz v,
Roesgrenda i3~ b gt o FEIZIZITFECREBOLTE2 & b o icthTw 5729
MPRED S A L 2 ABIG T IR TE 2138/ 3w, Ak, BEMRICL>THH
SN MK E D RIER I B3 2 BB G 258 S cs v L, 1993 5 Matsuura,
2000) , b DREEFHREIGER L 2 BRRERAKESE WX 5,

624 BERE L UOBEEHE & BRKEDRER

Roesgrenda i3~ b GABiHhIC 3513 2 S E & MUKEORRE ERIVICERT 5, &
EREOMEE R TIHIEL L CHERBH TR 6.3 ICRTFIIH V) HlloBEHES L O
WEBMZROES T — X 2 H\V 2, BiEOMEMEILY v 7 ABUCHIRIZ S 2 BF1EH Y
CXBDEMED =D ERNSFNBRETD 5, BEOHEMBEEOESE T — X (FEETIX
ROHHERET — 2 DO RN LY FRTATRETH 5. BIRMITIZC NS 2 EFEEH W
TEBIhot,

RS & MUK O BIR % RT3~ 2 72 0 ICIBUKER S (Auy) R L 72, BIBUKE
w9y L 13K 6.8 IR T Y BIBUKERHCBUI & - (EE H o RIBUKE (U) & BESBAAT
HORIBKIE (up) O#EHTHY 6.3RICIVKDLNE,

Aut = ut - uto (6. 3)
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®68 BEHAICHTHRBKEED (Au) KD DB HDFHERAX
Fig. 6.8 Graphic explanation of the equations used to calculate pore water pressure

increase during the snow-covered period.

Bl 6.9 IC Roesgrenda Hi3~ Y HOMEME (o) & 6.3 AKX V1G5 N7 BBKTERES
(Au) DBMEARRT, 24 v 2 2L A& (P1, P2) TOMFIZEWHE (R2 = 0.995-
0.996) %#b 6.4 ROEMGECTERYE 3,

AUy = TUgpow " O + A (6.4)
CZCHMDMEE TH 2 BRI rusow 13 LJEICIER T 2 S W EICH T 2 BIBUKED
EHEEAICHY L, HRAPRCESE O M 2 20U rugnew X BRGRIVICTE2HE
KD LRETIE 0, SERFEHKEEO BT 1 th s, BERERICHESK 24y 22
L ATED rusgow 1% 049 (P1) B X053 (P2) &7xo7z, ZAUIRESHEDK N 25EF
BIBUKTEICH S L2 C L 2 BT 2, YU &7 % a 3MESEHE (du) & EBGICESHT
5 RIBKIER > TH b, BRAERES W & ARE T IETHE T /KRB 0T 57 L E 2 b b,
a OfEiE P1 T 0.18 kPa, P2 T 0.25kPa 23§ o1, #atiyIiciZB EAED 55 10 %A I
KRB OFEICL D LEZX LN, —/TT, 74y 7 27V AERALICHLES 2 )11
Yld (P3, P4, P5) TIIEEME & BIBUKEN S QBRI TR E N, rusmow IXHEH
T&hrol, MEDOHEIEZIA Yy 7 7 LAREICHSRTHOT KT L7z (R2=0.840-
0.984) . JIIHEREYIE D REIBK HERE 5y % Il < AV ISR IREEIC & b 72 o T LA DS
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Fig. 6.9 Relationships between snow load and pore water pressure increase (Auy) of the

Roesgrenda landslide during the snow-covered period of 1999-2000
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6.3 1B DFEKM & EBRKEZEE

Roesgrenda 15"~ V) Clx + g ~DIFPKBET R IC & B 72 5 @K E DI X b
MIRKED B L7z, ZOBRICIIH TR RJEOEKERKE CBET 5, AREICITH
TRY LEOBEKMEICERL, HNWICEKED RS XY & EKEDK
Roesgrenda i3~ b CEUH X 11 5 AIBR/KEZ ) 2 ik L ¢, S IR I 2 KT
DEFERICONTEET 5,

REFHI T R I TRV AR BB REE 3-7m ICHEEL, 20 L2EHTHT) -
Je& i3 RS 7 R U Y oKL &R Ie s TR R L B, MR Y LJE AR o fIR1E K
BRI (Ksa) 1E 2.7-3.9x106 m/s (BISRARMELE, 2003) , K180 L ORRIEKFEIE
5x10-5m/s (Osawaetal, 2017) 23 &g HKaAE S X CENEKHEEIC X VEo N TWw 5,
Z N5 Dfitiit Roesgrendali s~V © 27 4 v 7 7 L A J&THEE & 1 5 BIRIE KR Koae = 10-
9-10-12 [m/s] (Larsen, 2002; Lang, 2005) IZFt~=T 3900 f5LA L@, REFHET X D o i
Ty 7iEd5 3 A7 SoOBBKED S H 03/04 FOEHEH 611 ITRL, Zib
DEEHE (o) &HBKELFE (Qu) OBIRZR6.12 1077,

REFHL -~ 0 CHUH & 1 2 FEIBUKE ISR EOHIIC & b 72> T L¢3, MEKS
SN Z@MEICKES ER LT —2Ic#EL, DBRNES  oEVkIER ki3 2 {#im
BT . T OMEMIIENESE ICHT 2007 e vy 7 B (P21-P23) T, H#iE
AT E CHUTKGZ2SE S 2 7 m y 7 FER (P42-P43) TiEF9v, 2 D70 M OES
K & RBAKTERE S OBIRII KR Y O 257 ) v 2%/, 2D &hbRFFHT
D CIRFESHEIFEBKEL B S 2 EEE R 23, BE KOG O A 2KE FFICE
532wz 5, REHT XY ORIBKE ISR EICKESE TICEE T 25729 rugow 1$
HHTE 7w,

REFHL < ) ORIFR/AKEZ B 1L Roesgrenda 13~ ) OFH) & LKL T 2 M OERNBED
biviz, MHFDECEZR 6.3 ICHA(LL TRT, 1 mHOZERIFFESHEICT S 5 Rk
JEDISEFFET® %, Roesgrenda Hi3 = b TIIAHE (] B O HIAMNIC HLB L CRIBEAKE 13 57
55, REFHT <D TlEHRA 11 kN/m2 DS E O /E I L CRIBUKED FA 1370
LT, BTV AETHAZRT, 2 REOEZRIIMEBEHORBKELS CTH 5, @5
IC 72 D B E M E MK T 975 & Roesgrenda #3~ ) OBKEIIRT 32 28, (REFHI3 <D
D IR S IR IC IR 7 B R 2R L T — 2 ICET 5,
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Fig.6.12 Relationships between snow load and pore water pressure increase (Auy) of the
Busuno landslide from December 6, 2003 to April 22, 2004. Pressure increase at P31 was

calculated based on the pore water pressure on January 23, 2004.
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(A) Roesgrenda landslide
with extremely low permeable deposits
(K, =10"°-10""2[m/s])

High excess pore water pressure MR

from snow load. (ru__ =0.49-0.53)

No pore water pressure increase
because of lack of infiltration
of meltwater
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Fig.6.13 Schematic diagram of the fluctuation in pore water pressure in snow-covered

period.
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Fig.6.14 Schematic diagram of pore water pressure response by snow loading based on

the Terzaghi’s consolidation model (After Committee on a primer of soil consolidation,

1993)
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®6.15 REFT Y (2EH (TS 1993/1994 FEFIREADRIPRKEEEh(Matsuura,

2000) . BEHTE - BEROBRISLE LIFBKEDLANRHHNS.
Fig.6.15 Fluctuation in pore water pressure in the cold season of 1993/1994 of the Busuno

landslide (Matsuura, 2000). Pore water pressure increases corresponds to snow

accumulation.
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Roesgrenda #i 9"~ 0 IC351F % 3 4E ] o0 BLHIAE TR % fdT L 72,

Mgy LFEERT 224y 7 2 VATEE Bz M) IHERYIIE i< 3510 5 RIBRKT 13 7
MNPRIEE & B L 7 WAERT 5 kPa Rifi o #livZ 8% /8 L7z, Roesgrenda Hid~ Y DK 1 JF
TEEAHNIC RS LAKShEIRIECTE w2 &, MEMRICE L T o 2N R w T & 2
i, EEHICS T MK ED ERBEREIRERCHMEUNOERTH I L EZ LN
oo — /7 CRIBUKEIIESIHIC LA L CRISINICET 32 FEILB 2V iIRT L2 b,
S ORI LR DR IZHEEKED 7 4 v 27 7 v A J8 &) HEREYIIE © i fERI L
7S E O IEPKE I X 2 @BRIEBKETH 5 L F 2z b,

24y 7 2L ABNOBEKERBEREICHHLCER Lz, BMEREICHT 2R
KIED EFENE (Fusnow) 1374 227 7L ATET 049-053 TH Y, ZhIFEEMEDOH,
S ERIEBEKEICHE G L2 L 2 BW T 5, —77 T Ao IHEREYIIE O FBRKED -
S BT EION U OB = BIR & 78 o 72, BRSNS & o il T HERE Y < 1
—ER DT IR 2T T B 2 L iC X o THERRGE & & b I EBIRI KT A B L 72 7
WEEZ O, FMBEKEOLEIFEERELITMT 2 HHEERZHEE b RIAROR
WIBE &R LTz, WRE OBHIRTERT & BB & O MIBRKEZL 0.5kPa ANICINE b, TEEH
DK IIESMEIC O 2 EEZ T 5 LB RB L 72,

O JERETE & R IEKTE % H S 5 Roesgrenda 1T, B K GREOASHH AT 1C 5 (R BFHL S
XY (Keae = 2.7-3.9 x 10-6 [m/s]) TIIEHOBEB RO & b 72 5 @K D F 2k
B LN o Tz, T 2RI ) TR KB ORI KA FA T 2 B I KUK TE D
v— 223N, 20X B ORBIBUKE ER % b 7 & 3@ IR Bk o F 4 - FE T
AT~ L OEMEE & EAKEE KL T2 & E 2 b,
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F7E BEHORAGMRE TRE LI ND OBERFE

71 RXEDHB

F o4 BT, BNPHMS ICICE L URIBICEEIT 2274 F (S o FEERH <
D N RICHEERE L OBREEE L 72, — i CIAZDOHT XY I X2 4 ELARHEH © —#B A
RECHE % FAI DB OBEL, mENICIIE~E2T0EbEENE, COX Ok
JRRaOH T XY OFH) 7' v £ 2 L CEFERES LD X 5 1953 2 O 5 1105624
RNT Db E AR A%, Roesgrenda Hid = D) TIREEEW D 1999 4F 11 Hic &%)
% 72 SR E O — BB 2 BlG L 72 0 b X ICHE % B, 2000 45 3 HICHvE, T
T2H5A7L v F (Sp) —7uvu— (Fw) B30 23F4 L7z, Y% O BAER I 133
KHBREMPHRE SN CTE Y, NEOBEIBIGY b REN RRTHEICES ETolthT
D BENE AT IS S Wiz, AETIE IS —HOBE 7 uw 22 Yko 7 V) — 7FE
ICED XL, MEMICH T 2 2B O TR ) BEEELEmT 5, T HIcHid
AR EH) 2B 2 FHERICO W CTEFERESC MR ICEH L THERT 5,

72 9RO B X ORIERREOHE

BUABARKIF 0 1999 4F 11 HICHIRB BRG] EX-1 35 X O EX-2 2 %E L 2K ERAIC S
WCHES R D BEIAAE D, 2000 3 HicREs R L2 (R7.1, EE7.1) . 1EHOD
A7 12 2000 4 3 H 2 HICK) 40°DIEED i3 IZ 08NS 5 X 5 ICHEL 72, Bk 1T)E
F2 4y 77 v A@EMIIMEYE BRI TEY, ZoBBERMRES 15m, & 30
m, & 2000 m3 T, HIKOH TRV JEED O A THHEETH 572, Z DR ITHIERS )
HalEX-21C X o CTHIMl & 7z 72% “SLIDE-2"& 9 %, SLIDE-2 D¥AE0 6 2 HE D 2000 4E

3 A 4 HIC, SLIDE-2 OHEEA " RINICHITE L7z, T DHIVEIZKRBEIEEF EX-1 12X D
Bl & 727290 “SLIDE-1" & § %, SLIDE-1 DA 137 I HEREY) CRERL S 7z SIIDE-2 ickt
RCOMIER D OT, BEH10m, 1K 15 m, +E# 300 m3Th -7z, 1[EHOD SLIDE-
2 DFIYE LB IZREL L CRIE P A~ F L V PIROEFIET 2 H~adElsh, 51
ERBRICh > CEA T2 OFEIE L2 (B7.2) o 2 [81H D SLIDE-1 DHAE L8 % iz L iiE)
fbe 3, WEETMOMWEICHER L 72, 22 oK N EERE & 5 T & id SLIDE-2 T £
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//

W
R : Rainfall gauge
St1 - St6 : Soil temperature sensor
MW : Meltwater gauge P
P1-P5: Piezometer

Wc1 -Wc2 : TDR water content sensor
Wh1 - Wh2: Tensiometer OSts t6

Ex1 - Ex3 : Extensometer R

Observatlon hut

At : Air temperature sensor

7.1 Roesgrenda b9 N t) K5k ©H4E L 7cfl®@AA’%S (SLIDE-1, SLIDE-2) DfIE
Fig.7.1 Location of slope failures (SLIDE-1 and SLIDE-2) occurred in the Roesgrenda

landslide research site

BE 71 3% L1cR®@ARE (SLIDE-1, SLIDE-2)
Fig. 7.1 Slope failures (SLIDE-1 and SLIDE-2)
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Flow range of
the mass by SLIDE-2

=

Plough shaped dyke

m\ . 1 80
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k.. 1 \!
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100

3 Flow range of
.| the mass by SLIDE-1
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\

7.2 SLIDE-1, SLIDE-2 (C&K % AR¥ELMP DI FEaE. SLIDE-2 MARE M (X REESEZ R
TL, BVEROLIBRICE>T 2 AR~NDEISNIzDE (T{F1E L 12,

Fig.7.2 Flow ranges of the mass by SLIDE-1 and SLIDE-2. The landside mass by SLIDE-2
traveled a long distance, which was divided into two ways and stopped by the inverted-V-

shaped dyke

300 m, #J50m, SLIDE-1 T#J40m, #20m T» %,

Scheidegger (1973) ¥ X U'#Mi (1987) 13 %5 D M3~ b R} A IE O B % Ff <,
M R R, A I B b o I EERR R (BRT &K T B 5 B R o dRE o L2
TX) ot R FERKIC ey F LCHEOBGARE/LE (B 73) . 20K
2> b A O ERR RO AR LRI X o TlEREIRT S L, EESKEWIZEWREMEL $
T LA D 5, Roesgrenda M3~ 0 CBUM X 4172 A % 0 G EE GRS (H/L) 1%
SLIDE-2 T 50/300 = 0.167, SLIDE-1 T 20/40 = 0.500 ¢/ »>7=, ChEz7ay b§5&
SLIDE-1 |3 EEHERY 72 i PH IC N & % b D @ SLIDE-2 D A 413 H 8 L i@k o @R ig i
Hhol-bHEI NIz, TOMBEE LT SLIDE-2 374 v 7 7L A%EATORZI &%
b b,
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3 I I I | I I I I I I
®:log(H/L) =-0.094 logV + 0.1 i
o (after Moriwaki, 1987) o:log(H/L) =-0.157 log V/ + 0.624
T - after Scheidegger, 1973) 4
A + o
=} - - -
;E - ® SLIDE-10 -
G i ° 7]
< L _
3] Q
s | 3 o ®
% SLIDE-20 e %
o @ o =~.. 0
O <
0.1 -
- & o 7
0.05 L I 1 I I ] I 1 ] I 1 ]
10° 10° 10

Landslide volume, V (m?3)

73 pRELX S & HMERFE (H/L) D8k (Scheidegger, 1973; Moriwaki, 1987 [
ho%)
Fig. 7.3 Correlation between landslide volume and the coefficient of friction (H/L) and the
positions of slope failures of SLIDE-1 and SLIDE-2 (After Scheidegger, 1973; Moriwaki,

1987)

73 BZRICED T TOMTAND BEYS U
7.3.1 #1I RNDOBEN DR

s~ Y ORREFHG D> O AW 2 FHEHHY%  (SLIDE-1, SLIDE-2) IC%E 2 £ COBEE,

R, KXICHET 2 20 RZR 74 18T, X L ICHIERBEEEN EX-1, EX-2 1T X
i3 ) BB BT 2 R A BLAE R 2 K 7.5 1SR 3, EX-1 3B EIRHMA % 1999 4F 11 H
30 HICBAIL (1.0 mm/d) , EX-21320004E1 H 4 HIZHAIL 72 (1.5 mm/d) 2%, “F{T
ICEXIE S 172 EX-1, EX-2 Of7iERR (K 2.45) #EE 2L, EX-1 2888 % BUAI L 72k
mo(1999 411 A 30 H) CTHEAESBEIZHIG L 72 & WA 5, BHENIE L 72\ Ic B Ehs
% EAR ¢35 93 H%: (2000 48 3 A 2 H) i< SLIDE-2, 95 Hf% (H 3 H 4 H)
SLIDE-1 ~%E o 7z, FHHAAIC & b W HIRBE EEE EX-1, EX-2 (39 LS E) = BLl 254
T L7,
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7.4 Roesgrenda 9 R HERH(CH (T 2RI BEARERAERT 4 » ARIOEAKER
Fig. 7.4 Observational results for 4 months before the slope failure at the Roesgrenda

landslide research site
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EX-1 : s T.|" SLIDE-1
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® 7.5 HBEBIEH SRROLREE TOMRBEHE (1999 F 9 A 1 B-2000 £ 3
A318)

Fig.7.5 Ground displacement from the initiation of movement to the final slope failure

(from September 1, 1999 to March 31, 2000)

73282 Xk —TEBRICE T DT RO OBENSF M

RAIDEEN % BMG L T b E~R 2B A2 2 FiEke L<T2 Y —7 (Creep) D
Wend2, 7)—7LF—EIENDb L TYUEKDOF R () I & & bichzic
BWRT2HRE S M TEE, 20060 . HARAHIIKI 2 B8 % flls LEE %2 B
BADRAEICE S E CIIFHIBCHE IR R 3 2027 ) - TR 2R S, Thb b
e & HICHEZWR T 55 1 R 2 ) — 7% (Primary creep stage) , “Fd@EB) D 2 X
2 ) — 753 (Secondary creep stage) , NIEELEB) D 3 X7 Y — 75 (Tertiary creep
stage) TH 5, FH3IRT7V—7HEAE L ICHED L ATHIIAEICE S (B, 1966) . T
o IXFEEE LItk W 7.6 DX 5727 ) —THifkE LCTiping, Wb EEHEXHLL
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Primary creep Secondary creep | Tertiary creep

P S (M)
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Time
X776 7Y—TdbiR

Fig.7.6 Schematic diagram of the creep curve

REBHEICE D DD, HD5VITEFTEIET 200 L v o ZEEOMNEBETRIZZ O

7 ) — THHEICHEOWTERBTE 32 A% 020, TR TCBINEED 7 ) — 7
Ho R FEB OGN (1 21F, AL, 1995 5 K E-/k#y, 2009) <R REL] o Tl
FiEsREINTEZ (Hlx1F, A, 1968 ; flA, 1985 ; Hayashi and Yamamori,
1991) . ARMiTIX EX-1, EX-2 IZ & o TEUH & 7zt 3= 0 B8 A3 R ALY 7o R A 7%
SLIDE-1, SLIDE-2 IZ% 3 ¥ CTOBENREIcoOWT, 7 ) —FHEDHrbEERL 7,

B 7.5 icH VT EX-1, EX-2 IC8 1 X7 Y — 7HEBOREES 3B S s, ZLo2b
H 2R — THEBOFEEEE S RN, B 1R Y — THIEEN E s hr o 7R &
LT, BEIREGOT7 AV —DfEHic XY, BEWIHOR/NMSE) %2 &b o 72 iR
IR BEb g, 2 K2 ) — 7 OMGRE X, EX-2 T 46 HRE (2000 4£ 1 H 4 H-
2000 £ 2 H 19 H) , EX-1 <93 HfE (1999 4£ 11 A 30 H-2000 3 A2 H) TH 3, &
HHEEXETH 25 2 X7V — 7O HEBREE TR 1 E—E T <, N B 7 1R
e Hirol,

EX-2 1355 2 X2 U — 7R b KB ICH 3 K7 V) — TS A~H4T LA & MBI R i
B2 12 HESHERE L 72 (2000 45 2 H 19 H-20004E3 H 2 H) . 3 X2V — 7%
S OBEEIRE DR R 7 — V2 LK U 72 fi 740 4 HE o RS EE %M 7.7 1073,
X 7.5 T EX-2 (ZfEC K %2 #% T SLIDE-2 ~E->7- X 5 IclR 222, H7.7 1 XnidE
B SLIDE-2 13 15 43R LANIC RN HE L 72 2 L 23935 5, 7235 SLIDE-2 O FRAERT
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SLIDE-1

500 10:45-11:00 on Mar. 4
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S:Secondary creep stage P':Reconstructed primary creep stage
T : Tertiary creep stage S': Reconstructed secondary creep stage
T': Reconstructed tertiary creep stage

7.7 RRIEFERT4 BRICEH T B MREBHEDORIFEIL (2000 F 3 A 1 B-2000
#3848)
Fig.7.7 Ground displacement and velocity of landslide mass monitored for 4 days before

the slope failure (from March 1 to 4, 2000)

T (12:00) D ZRREBEREIZ 67.5 mm, FENHEE I 0.5mm/h TH -7z, —/7TEX-1 Ti
B 7.7 ic7"9 X 51T SLIDE-2 DHATE % 2KEICEE 2 X7 V) — 7k A H 88 3 X7 ) — 75
~EAT LTz, B3R ) — 7R CIIRE RN % &b 7 o BB AYEEI & X IERIRIC 47
REfEkSE L, 2000 453 H 4 H 10 : 45 225 11 : 00 O AHE A ~ZFE > 72, SLIDE-1 ®
WE RS EIE 1 399.3 mm, [FFEREE X 63.7 mm/h TH o7z, ZiLid SLIDE-2 & L~
TEEBHET59EREC, FEKEROBENEE T 127 f5KE 2572,

SLIDE-1 & SLIDE-2 D[] CHRHAIAE N 3 2 ERASEIE, BEREEICH 6-127 ff0 £
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RL7ZERE LT 3 mAnETFond, 1 RidZ2A v 77V 4E0oUEOREETHE, 74
v LA RDbTH 03 %OOTATY - Z7iEEIGEL, 3%OEIOTATHRES LY —72
KD 50 %E TR T T 24Y, bI»rARLEECHERELET 280HEAEEZ LD
(Karlsrudetal,,1984) ., D7/~ A4 v 7 7L AE@% &L SLIDE2 DHEIZZ2 4 v 271
AJE% & $ 7\ SLIDE-1 ICH~T, BRI T 2RBEHEINS 0oz FE 2 b5,
b 9 1 5iIE SLIDE-2 D ¥4 L 7= R DR S CTH 5, SLIDE-2 DFEAE L 7= RHANZ A BC 3K
FWZ Ehn, RO SLIDE-1 ICHRTX O REREAWICHBEB 2 EZ b5,
ELICRED 1 e LTHBRARRRONIENI T b5, SLIDE-2 A3F4 L 7= AT 134
AERIFE A ER SN —) T, SLIDE-1 ORHEIC IZEEER = TEMEAELEK L Tz,
MADIRAAS L2 R, REOREELZ XY S ReERE b5,

EX-1 Td SLIDE-2 iC & 2 KIfil ORI X > TRIBOICIHIRENZEL L 72720, H3 K
7Y — THEBONE & b I AT 1 R b8 3 R0& 2 ) — 7K (P, S, T) T
PR S Nz, 1 Rk2 ) — 75 (P) 13 2 B, 52k ) — 7fEEL (S) 1 31 Wi
ke L, ZoRERE O KZA. (8.0 mm/15min) % F Y A —& LTH 3 X7V — 7HEE
(T ~BATL 720 8B 3 K27V — 7RI CIINEERES) 28 14 REAkGE L 7205, SLIDE-
1 23R4 LRHAIIAAE L 72e 2O X5 ICEHERITAO R IC X > TSTIRERZELT 2 & 2
Y — 7RI S S L L 2 L T o T,

TAMIRNDODBERE XOCREAZICEST 25K - KXEX
7.4.1 REBRE & K DREK

3RO PRAAIEO S A ZREN IS & BRSO C E BRCAIS TS (B 21,
Fannin and Jaakkola, 1999 ; Polemio and Sdao, 1999) ., Z#i, /K> DT iRE IZE KT
DERZRLIRVIMIAEHST 28 2P T2, $-EofEMIck>Tho
FAWRE KT S22 0 $2 (fl2iF, Fredlund et al, 1978) 729 TH %, Roesgrenda
i3~ ) BRI DS RD S YR A SN, @S e oBFRAEwEEZ LR, EIICA
L)BRCRHAIDS AT 3~ 2 U3~ ) IR AN X 0 AN ZZMNE ) A -t 352
EBHWEEZLND, & APBMIRERIC LT SLIDE-2 35 X U SLIDE-1 DRFEICE 5
L7z BbnsER 3 HE® MR £, 0.9mm (SLIDE-2) XU 0.7mm (SLIDE-1) ¢ b3

PCH o7z, F-AEFEART 10 HR D MR % 7.0 mm (SLIDE-2) 3 X OF 7.2 mm (SLIDE-
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1) LB THY, SLIDE-1, SLIDE-2 < L TR, @lEE 2358 < BIG L T v o afEEM: S
NENTz, % ZTRoesgrenda iR D) TEEICHKELAEZ & DR HIHFT D 205 L
L CHA%FEA:HT 3 HIf 3 L OF 10 HIE o Bk E % ko, Fivk & oBRZEE L 7=,

Bz b ozl R0 i3, HE2EDK2.2 DX 51T 1995 25 2001 X TD 7 4
MICEECREL TV D, K@TIEZDIH 1000 M3 A EOFHELEZ L ko7 6 MO
Hid =y ZnRe Liz, 30 DFERHONRIE 3 Hic2H, 5 7, 8 10 Hic& 1
BT %, 73 Roesgrenda Hi 3~ b i ClxKEBLINZS 1997 4 11 A2 LRI 272
%, 1997 4 10 A LRI O /K E T — X 122\ Tlx Roesgrenda it 2 & AL H 1< 8 km #ff 4L
7= Skjeekerfossen A RBUHIFT (& 125 m) TEUHIE -FkE% D L 1C 1997 4 10 HBL
HIOMKEZ LT O X 5 ICHEE L7z, %7 Roesgrenda & Skjekerfossen IZ 5 1) % #) 3 4[]
(1997 4F 11 H2>5 2000 4F 12 H¥ <) okkEOBER (K 7.8) % Lic 3 HEKKE
B CIREFREL R2 = 0.70, 10 HRERKEHAIT R2 = 0.83 OHERR Oz, ZOBGRE
w7z 71 K, 7.2 Ric X Y Roesgrenda icF1F % 1997 4 10 HLAFT® 3 HiflH X 10 H
ERKE % HEE L 720

pI‘lO = 060 pSlO - 08 (72)

Z T°T, Pr3: Roesgrenda IC¥ 1) 2 HEE 3 HEFE/KE, P Skjekerfossen IC51) 5 3 H
ik &, Pro : Roesgrenda IZ 31 2 HE5E 10 HIMB#/KE, Py ¢ Skjeekerfossen 2351 % 10
HiEM/KETH 5, 7d, 1997 4F 11 H LA Roesgrenda TOBINEE 72, x4k
IR ETIER S MR RSN XE TH 572, Skjekerfossen iICFT MR (E/KE)
FRBEITH 2 720 L CHKkEEZHAVEZ, COOBEMICHY T2 2 DORIEA X
v b (199543 H, 200043 H) 35EflHL L CRIHEL 7z,

HAVERT 3 HiEBokES X 8 10 HREBOKE 2R 7.1 173, BiRT 3 HEoRBOKEIZ
1.4-13.5mm DO HPH, 5.6 mm T 1994 F2> 5 2000 FEDFH(H (6.6mm) LLTFTH 3,
AAv& 10 HETOMKE/KE S 15.2-35.5 mm O#HiPH, 4 20.1 mm ¢FHEE (227 mm) % F
[%, ¥72 200048 A 6 H2 5 9 HIC 1 CTIdiAKHNWE 68.5mm, HiEHNE 121.0 mm
DEIHAMBE K ORI ATEE L TV A, ZoL XFEELHERFREL o7k, UED
fEi%1%, Roesgrenda Hi3 < 0 HbCHA T 2 -8 1000 m3 Z#k 2 2 hHUELL L o i A& 1%
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Q2
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7.8 Skiaekerfossen [REVAIFT & Roesgrenda 13 X V) (2& (T2 Pk DRIR.

(%) 3 BREIkEKE,

(6B) 10 BREIEKE

Fig. 7.8 Correlations of precipitation at Skjaekerfossen and Roesgrenda. The left is

precipitation in 3days. The right is precipitation in 10 days.

# 71 BEHEORERARFNICT 2 RAEEROHERKE. BEEI (199543 A 6
H, 200043 H 2 H) o/KEIZ MR GhEmELEKSMIGE) L Bix 2 -0S5%(d.

Table 7.1 Amount of estimated precipitation immediately before occurrence of the past

slope failures. Precipitations in the snow-covered periods (March 6, 1995 and March 2,

2000) are references because they are not MR.

Amount of precipitation before

Date of . slope failure (mm)

slope failure

occurrence 3 days 10 days
Mar. 06 1995 (0.4) (25.4)
Oct. 18 1995 10.4 24.9
Jul. 05 1996 14 15.2
May 11 1998 13.5 25.0
Aug. 11 1998 2.5 35.5
Mar. 02 2000 (6.0) (16.5)
Average before slope failure 5.6 201
Average before non slope failure 6.6 22.7
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74258 2R ) —TRBOHINDBEHICHIT 2R - KXEROZE

7.4.1 JHIC B\ C, SLIDE-1, SLIDE-2 % &% Roesgrenda Hid ~ V) o fe <4k U 2 &l AA
IO L CREN LS (I EEN B RUT S W S RS Nz, £ & TR % BTERT
DEFEIHEERETH 25 2 X7 V) —7HEBICHE L, FEROH T~ BEHEE I3
2RR KN EROFELEE LT,

EEIT EX-1, EX-2 ORBEEE & [RER, KXEROHBEEHERE Bl ko7, M
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HeREYIE O FIBKE, R, BEEROSHEECH 2, MNRMARIL EX-2 02X 7 Y — 75
I (45 HRH) & EX-1 % 2 X2 Y — 75 (93 HEE) <& 2., ffidc ot ssd
NEHEBFECHE) L7, O COREREE L ARER, KXEZOMBEE kD 254, HT —
X% EFHAGRAEIC X 3 7 4 XpNEKICFHTi S L7z 0, SR e BEoFRICE S 5 £
A LT 7 DB % T ) UCHBRHEICRESEC 2, —H10 HE T — 22w &,
Faticfit S 2 BEM2S 4 (EX-2) , 9 (EX-1) TIhEL &30 HT — & LRRICHBERE
fiiCHER AL 5, % & CliE ORERS RN S LI 2 5 HET — X ZIFfHH
fre LCERAL 72z, UTICKIEE OMBBEREZBR~ 2,

1) BEHEB X OBKE O E

Roesgrenda 1 3"~ O #IC XA HAICHRAN] 1 m OS2 HEME T 2, FHoewETRkD LT
Roesgrenda 13"~ O MO K RAHEEREE R (B 6.3 S LT~ 0 BBEHHE & ORR %
7.9 ICRF, EX-1, EX-2 & ICHEFRL M) BEHEE & oHBRIRIN S, BF
W O(WE) T ROBENCGEE S 5 202 LR E iz, RIC Roesgrenda Hi 3~ 1) Hb
D 5 FORBUKE &3~ ) BEEE & O HBIBR 2 K 7.10 1IR3, 7Zx BRI I REIRBRK
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Fig.7.9 Correlation between snow depth and landslide velocity
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Fig.7.10 Correlation between pore-water pressure increase and landslide velocity
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Fig. 7.12 Correlation between soil water content in the topsoil and landslide velocity
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Fig.7.13 Correlation between pressure head and landslide velocity
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A ERGE RS 270 REJEIIREITHEEREH O 3 X7 Y —F~BITL, ERHE
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b7x o M) BEIERE L, MR OIKICX 3 UK OHKIC L bk o TREE LT
MIcBEI L, REEOBENICL b7 LHOLBRTO 274 v 7 7 L A @ITsRE L <
AR 3 LI X ORI HIE T 2 L FEZ bz,

129



;) 8 ==3 %Iu\ EI%

HAGIE 3SR 0% FHHTH 25, 20BERE LTHARIMRE KO Z T ©
HoHEOFE NGB EATHWE Z L, T XY DFERE R IRNPCHIELLFET L L
BEFOND, HARIEIZE A MREROZZEH-IE A HET 2, ST o B A2 0k
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Snow effects on landslide body
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Fig. 8.1 Various effects of snow cover on landslide activity
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Study on landslide movement subjected to snow loading

based on long-term field monitoring

Takashi Okamoto

Summary

The western side of the Japanese archipelago, along the Sea of Japan, is a region that receives
some of the highest snowfall on earth. The gentle slopes in the region, containing weathered
Neogene tuff and mudstone, are prone to landslides triggered by meltwater. Recent
advancements in monitoring technology have identified a variety of patterns of landslide
movement during winter, when the slopes are covered by snow (the ‘snow-covered period”),
including many cases unrelated to meltwater. To understand the complex mechanism of
landslide movement during the snow-covered period, we considered “snow loading” as
another potentially significant factor controlling the landslides. This thesis clarifies the influence
of snow loading on landslide movement based on long-term field monitoring results at two
landslide sites. The thesis contains eight chapters; its main points are summarized below.

Chapter 1 defines the term “landslide” as used in this study, and reviews previous studies
on landslides during snow-covered periods and their unresolved issues. The history of landslide
monitoring technology is presented and the aim of this study is described.

Chapter 2 describes the geomorphic and geological backgrounds of the two landslide sites
used in this study. The Busuno landslide, located in a heavy-snowfall region in Niigata Prefecture
in Japan, is a reactivated landslide with a shallow sliding surface (< 7 m) that moves slowly every
year from fall to early winter. The Roesgrenda landslide, located in central Norway, is a
retrogressive landslide of quick clay deposits with extremely low permeability (Ksa: < 10-° [m/s])
and high fluidity. A description of the sensors installed at the sites is included and the automated
monitoring systems are explained.

Chapter 3 presents a survey of the snow depth distribution around the Busuno landslide
obtained by an airborne laser scanner in the snow-covered period and non-snow-covered

period. The snow depth distribution in the landslide area is almost uniform except along the
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ridges and the valleys. The snow depth and snow load, manually obtained at four points in the
landslide area, are almost the same as those monitored by the meteorological station beside the
landslide. Therefore, the snow conditions at the meteorological station can represent the
landslide values.

Chapter 4 discusses the mechanisms that restrain the landslide movement during the snow-
covered period based on the monitored results in the Busuno landslide. The landslide movement
obtained over 3 years showed seasonal cycles as follows. (1) The landslide began to be active
from fall and continued moving until early winter. (2) The landslide velocity decreased rapidly
as snow accumulated and it remained inactive during the snow accumulation period. (3) The
landslide began to move again at low velocity when most of the meltwater and/or rain (MR)
infiltrated the landslide mass during the snow melting period. The inactivation of the landslide
during the snow-cover season was likely caused by snow loading on the landslide mass. To
confirm this hypothesis from a mechanical viewpoint, numerical stability analyses of an infinite
slope combined with soil and snow were conducted. The analyses demonstrated that the
landslide’s state of stability changed from stabilized to destabilized depending on the gradient
and the internal friction angle of the sliding surface. Thus, the slope at the Busuno landslide was
likely stabilized by snow loading, which confirms the landslide restrain mechanisms during the
snow-covered period.

In chapter 5, a vertical extensometer is developed and installed in the Busuno landslide to
measure the vertical compression of the landslide mass caused by snow loading. The results
show that the landslide mass was vertically compressed over time as snow accumulated and
reached maximum strains of 0.64%—0.82%. As the snow load decreased during the snow-
melting period, the landslide mass expanded vertically in the reverse direction. These
compression and depression processes in response to the snow load demonstrate the change in
the void rate of the landslide mass, which agrees with a previous suggestions that the response
of the pore water pressure to MR weakens as the snow accumulates.

Chapter 6 discusses the excess pore water pressure generated by the snow load in the
Roesgrenda landslide which has a layer of extreme low permeability. Five piezometers were
installed in the landslide mass and were monitored for 3 years. The results show that the pore

water pressure increased during each snow-covered period. The pressure showed little
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response to meltwater and/or rain, but corresponded closely to changes in snow accumulation.
The increase in pore water pressure during the snow-covered period can be attributed to the
undrained loading of snow cover on the extreme-low-permeability quick clay. The pore water
pressure displayed a positive linear relation with the snow load, and the ratio of the increase in
the pore water pressure to the snow load (rusnow) was 0.49-0.53. These values show that
approximately half of the snow load contributed to the excess pore water pressure. In contrast,
the pore water pressure was stable during the snow accumulation period but increased during
the snow melting period at the Busuno landslide which has relatively high-permeability deposits.
This comparison indicates that the response of the pore water pressure to snow loading is
strongly affected by the permeability of the landslide mass.

Chapter 7 discusses two landslides that occurred at the Roesgrenda site in the snow-covered
period. Data recorded over 95 days from the start of the landslides’ movement until their
ultimate collapse showed definite secondary and tertiary creep stages. The effects of
hydrological and meteorological factors on landslides were as follows. 1) No heavy precipitation
occurred before the preceding six slope failures, suggesting that precipitation had no direct
influence on the slope failure. 2) The traveling velocities of the landslide masses during the
secondary creep stage were affected by the soil’s water content and MR. 3) For the third creep
stage, the traveling velocities increased independently of any measured factors. These results
suggest that the slope failure was preceded by surface movement triggered by an increase in the
soil’s water content; this movement caused the structural destruction of the lower quick clay
layer which led to the slope failure. Although the snow load and excess pore water pressure
theoretically had a negative effect on the slope stability, the value of the excess pore water
pressure at the monitored landslide was too small to affect the slope failures.

Chapter 8 summarizes the issues discussed in this study and lists the effects of snow load on
landslide movement. Finally, future developments pertaining to snow environments that affect

landslide movement are presented.
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