HORB AR E S, 77, 49-90 (1987)

R & 2RImAEONIE (1)

P ORAE L OBRTE
N A

Landslides Caused by Earthquakes (I)

Occurrence of Landslides and Their Sliding Proccess
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¢ o, (1-2) & D A BREICHD LTV DS, BRI A BBEUTTS » BT, BiERSE
HLEbDrHlshs, §6bb, FEBKTHES, 2 >070»> 2720 (A.£0), 50\,
=0/ho x>0 (A.<0) THAEETH b, CD& X, HIEFHNMO LB TH, HoLse
i3 1 2P0, REET 0K 5,

112U, BRBEUKTE ORENKE VRS, A bIREIL CEADEEZHIC L 5t d
%, 0L S5, FEHKTHBCHIMBKEDASFIBE 726D & LT A ZFRL,
ZOFERICE - THHF L SIS 5780,

A DOEHBEDEETH - 2BAICE, 7ov 7 BELEPBVL, LEAFVRELTS,
EERHE THATREOBIE L TWE, 20 XOKKRMBTNOENE BER 3, &47 7 v
7 DI DIE TS 5 2 EMWPERFE N 5,

1. HESH&HEREOIEIC K DRSS

AETR, KI5 2 SOREERAEF v E L, MRS PHBRIFICET 20 ohoX
EHRTOME, BABsE3IEick-T, MEOBHBISTY 22 0RFOREOKEI LY
AR %o MRITICIE T TRAZTTEER B0

1. #EOEFIV
1) #EEFIVL
ZDEFNIRG LI T, KETHENLHEORFEZELETMLLICbDTH 5,
Juoy s OFE e 1.8g/cm’
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7oy DEE L 158X10°cm
7oy 7DEX H. 65X10°cm
®fER 0: 25°

TomEELIc>VTIE, BBKEICBEHRT 2 00LATIE, TX0Ick3b0Db5%% 3
(TE4H (2), ME 3HTHLT 2HMEHNOROLEER L 0, #5512 200 g/cm? T
—%E, WEEERE L 13 3-6) Ricit-TRIDLTV bD LT 3,

(e)=0.381/(1 +320e?) + 0.959 c - (3-6)
eld, 7oy /DBIENTE, TXDEMBOLTH 5,

SEMEZEIZ ICEIN 3 B FIBUKIE OHEE I3, (1-12), (1-13) K&V 2, BEKIRD & 51
ED B, B, A IR TOKEIEEL DT, Tow 7 NTOMIEESE 2 & LT, ASIIEEE
Z2fEcLicborHw 3,

Aw=2A sin (i) gal, w=2r/T  (A: AIEEIRE, 7: FLD

n =04, z=H/cos =72x10°cm

Vo=1.0x10°cm/sec, 7,=0.01

K;,=4.0x10" dyne/cm? K;=2.0x10"dyne/cm?

K.=1.1x10"dyne/cm?
ZIT, V, SHEHANTIT - SRR A ORI OHEEL, K. 3 V,, 0, 7V vty
(=03) &b, kATRD,

K=[1+v)/{381-v)}]pV}? S (2-1)

THRFOBRHOELICERNT BRBKTEC>\WTIE, BEkhcBET 2 EBRA TS 575, (1-
1) X2 z0FFHVE T LT3, REHRBKRDOLS I L TR 3,

FRE 2 TBIBEAMILT v 13, HRICBI 2APINERE A, & 0BG, S, KATEON
5,

t/Av=pz" {sin(wz/V.)/(wz/V)} < (2-2)
CCTRIEELTVWEDI}, TROAETOMBKETH 255, MERH»SDES 2=H/cos 6=
72X10°cm, A,=2A gal, V. 379 v 7D S EHET, kA THEsh 3,

V.=/(1-2v)/ {20 —v)} -V, < (2-3)

V.=5.3x10"cm

0o & on-1 iF, IROMEICHT B, T OEICEESEICERT 228 S LT,

o=pgH tan*(45° +¢/2)+2c tan(45° +¢/2) e (2-4)
LKORD B, 1I2L, ov-i ZNEERA ¢ OALCRIBUKEORE I - TR LT A, ©
CTREEDIDIT, D ¢ KOFEEND 0 2> T, HIT ov 1=0, BRSSO ES
%, ¢, ¢ ICRREOERFEREH VT,

Onv-1=0,=1.056xX10® dyne/cm?*

Loz # - T (1-14) REFETNIE, Y4 7 VB THCBE 2 duy 25SkE0, N ¥
4 7 VR T BRDRIBUKE uy (3,

Uv=un-—1+ dun <. (2-5)
0, TEREONTOWL s 727U, uv & uy OREIZ, EHRETHETE 0L 3,

(2-5) REFTHET B 7odiTid, FIHARIBRKIE wo 252 8 3L SO, B2 13, FIZRLR
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MWL IBELHCED B &,

uy=>5.2 kg/cm?*=5.1 X 10° dyne/cm?
EM B,
2) HEEFINZ

COEFING, TEEEHES 5V IIEEE
FEL TV B,

Ja .y I DEE . 2.0g/cm?
& m | & 60°

oy s KR, BEXE, 7V LEH
Thb, T, HIT/KIFEELBOLEREL
T, BBKEI W TIEEE LIV,

g O EM O Lo \W T}, BT H )
L BEBIEREDEBZIC LT, KDL e x16*
IZED B, Bl2-1 F~hIifkS sEH R

NEREEIERA ¢. 50° (—%E) Fig. 2-1. Decrease of cohesion caused by sliding.

¥ & JS1c: 200kg/cm?
FEHOT RO ICESRDOBETIE, K1-1 Tom Lz ki, BEOEAIEET ™M
RETHD D, BEINEE->ThbL, RO, KREISHTHAT S (3-2) REIKREL, BK
BIRO XD ICE VT,

c=20/(1+10%¢? <+ (2-6)

CZCC, cld3fES (kg/em®), eld 7o v 7 DREIICHT 2NV ENBORTH Z, ThEK
ATBE, K2-1 DL 5, B NDPHEBT 2D e=10"" 2F T NOE[MEH 0.65cm
K-> EETH B,

(kg/cm?)
- N
T = L T T T °

-
o

Cohesion # # 5 C
o

SF
-l
Nf
wl-
sl

2. FHARARRIKE DS

Fiffic, 71 OREOVEREIREKE%: 5.2kg/cm? &9 3 &, WIS RM 15121532
LERAID, AEITR, 7V 1 OREOYIARBUKENSLZ(LT 5 &tk - T, EEEHRT
D7 oy s OBEE (TNOERME) HEDL D REERTIENL I L0t 5, HZEHe L
T3, NEREIRIE 500 gal, I 0.6 Ik % 7 #% (RkFehER 3.5 #) AN L7, AtEERE
2-2 1LY,

PIHARIRKIE S 23 kg/cm? LIT D& 213, FEICRES T (Z0HWNE 126 Hilchie>),
S22 I1mBEDI Sy I NTETHE-TVBEY, 23kg/cm? 22 % E2ucBHEEEL,
ZOE FHEANLHEATOL , IHBIBR/KEAS 7kg/cm® T, FEEKTROBEREIX 20 m
T b M3, 7272, THBRIKIEDS 7.1 kg/cm? 282 5 &, HEZEEHMH BRI ZER B 1 UT &
WoTHD, 0L HAHIIHERICREELEW &Ik 3,

RAMMRE S IED SEIICHEITT 2% b > T, BEERNXIE ERT L, C ORBLIIPIRARIBRK
EPRELBBIEHE->TREY, DIDOUBHETHECES LS5, HERBHEO X
X3, 11~12m BT THh 3,

5B, FEEHKTHEICIE, RBIB/KERR 45kg/cm? 3E FRLTW3S,
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wE 1 ES
£ & 3&5
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20 HRRIRRAE (kg/om®) .
{ Initial pore pressure
W HEE)H N %) %é
EALRIC b &V LUBT (BRI Sk
FEBEL? HitE RN £ 5T "~ Liquefaction
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5 i <&
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>
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101
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1
1
i
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1
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1
Initial porepressure!and
moveddistance é atthe
breaking time
FRARIRRKE &
| BIEEBIE
% 5 10 15

B B Kk E(kg/cm?)

Pore pressure

B 2-2 IR & B EE oG

Fig. 2-2. Relationship between initial pore pressure and moved distance.

3. MEEIRIEOE /

E7N 1 ORHET, ANIMEEOIRIGEE A ZZ 1580, YEHRTHOBER B & O
KEZER 2-3 1R9, 2L, WRIEIEZE T, B, #Erfznhesn, 058, 358 (7
W) TH B,

M IRIEAS 365 gal LI N DOBAIR, MBIcE TESR VY, ZOEABA 5 AR
38U CHitEd %, 700 gal O & 2 OFEEHK R EIR I 27m TH 3,



R & BRI O (D)

FEEFE TR ORIBUKE &, NIEE RIS
LR %, 630gal IcE->TH
DIHICE T 2 FEREE BT 5, RIBK
[Eos bl E A B2 7 REEA R L & EF
UL, MEENRIE 630 gal DL L8
Rk 5 T it B,

BEEDRELNE, ILEBE IR & Hhic Zuduc
H¥%b, 520gal xHABE, RYIOHEIL
BHORICHBIEL TLES T &b d, T
ITH, BEERFOBHEREIT 1m LIFTH
%o

4. WEREOBRIORE

Rfe 70 1 ~D AMESOH %,
MR RRIE & e b w5 &, K24 D
LR D, WHBITRTTHELLD
T, HiEE ORI T hE NS B,
F o, MBUKERRET 2 (1-14) RKig, B
H OS5 HMOEGOERRTH DM, ZIT
BEnEMoRMic b ZOF £HH L,
M RIESE L WiGs, FioEWh
BHRO LBBLBHREOANE VL, F
to, —EOBEREE/ S 0iciE, HAY
DHIEENZ EAIEE TH % EBMET
b5, PlZIE, bmBHFIE LD,
B 06 #7551 370 gal TLWET A
%, 057513 460gal, 04 B155E
715 gal DNLEEIRIESHETH 5,

Ihik, FERECHELVHIEEN,S
Bk 3 &, AEHOEEORETVL &N
bbb, PlAE, EFV1 O/MEE, FEU
400 gal oHiEZEshTH, FHL 04 i
SlEARC X ws, FA 0.5, 06

Pore pressure at the end of main motion

TEEHE TRIORRAAE (kg/cm?)

61
3
2% 5 b3
g 43
= 3H
wir ! 232
S 1 3
X 1 1 — n o
g ° 3
—
m

TAYEC B3 LHAE

Upper load on slip plane

Ly ARIRAE
Liquefaction

Initial pore preissure

HHAREIRR K E
5l 1 ! 1 /. 1 L 1
30
BB s mEic £ R
25 [oR /W
[Not collapsel Collapse by earthquake
]
e |
]
& 20
el
3
3
=
e
L]
Eoy
@ 10
5

0

Moved distance at the
breaking time

BRI OBH g

~—.—
Pt e T O

300 500 600
IR E RIS (gal)

Amplitude of acceleration

2-3 KR RIE & F B R oRI%

A e
300 700

Fig. 2-3. Relationship between amplitude of acceler-

ation and moved distance.

M OBEAIIEREL TV 3, 300 gal DHIEEI T, 0.6 POAMERET 5, LA L, ThiditEr
DIERTH » ¢, EBEOHEFHOWHE I, ASR BN, IEEZMITNS <20, ik
ESAREL BN, MEFHHSEL 250 7T, AEEFENSFEEL TS, EBICEEVEL VS

BHBEVTH A9,

X 2-4 T3, FENMRETIRAOBHE MEHFOBHE) &, WFhoAEs 1.1~12m

ThHy, TOMEIEXK2-2, X2-3 EEFIFHELVL, DT &,

- -

“ o

TREL TV AHIERTIZ, a4
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»
T )

BRIEESR ()
N
R
BEH
Jaquinu aAep\

25|

o

Breaking time (sec)

20

N
(=]
T

L RRRIC HRENC L V)
(550 7T mm

|_Not collapse | Collapse by
earthquake

¥

HOEEED A0 0> B LRI B R
Collapse before earthquake

15

TEHERTHOBHE ()
@

BB BMm
- E—

Moved distance at the end of main motion

Moved distance

Collapse

r M \§i&3¥5_§‘

% 10 20 35
IR RN (gal) 7 # A (&

Amplitude of acceleration Angle of inclination (degree)
X 2-4 MLEEERIE - B0 & B OMER X 2-5 RHOR & BEROM%
Fig. 2-4. Relationship between amplitude of  Fig. 2-5. Relationship between inclination and
acceleration, period and moved dis- moved distance.
tance.

1L1~12m D7 5o 7 BA->TRET, HESFEETLIEEZRELTHWS, 20, HIERKD
FETNDIE, BHEBALEETEUD, $50VERHEMICTNELD _HIR—TH 3T &4,
ZITHEDONB,

5. SlEoEHORE

70 1 OfHEIE, NhEEIRE 500 gal, FEHH 05 W OES % 70 Rk 3.5 %) fEHS
¥, X SIRimoEREEL2 B LS S igEoREIRE, 25 IIRTEDTH 5,

WFENOERITH, FTEESRTEICEE L TV 2RBKFE IR 9.8 kg/cm? 1c Kk 3sA8, @Al 13°
FTRABICEST, G4 ImBEDI S v /BT ITBER Y, £/, 33° 2BL 38T
13, HEZEEEET LA, BN 2P -T0w5,

A AS 13° ITiTVIEA IR, FIBKED FRE & 28 o8, BRI T EESHIRT T
% 35 FhHT VL, RIS 33° WiEkS< B E, MBUKED EREE2FTH1K, BLALESH
BHfS & e ICE 3 5 K 5078 5, BHEROBHRR 1 m i bili/c v, FHEEHE rHcidR
KT (@Rl 33°) 20m icbET B,

6. INUBADFEIIC & B AptRtFHE
ZOFITIR, TNOESERINAEIRSVLWTERT S, FHIT28mEF1IE2T, 7
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g 25

o |

= 20

S

1 1 J
0. 18k
S

~ __ 08 R |

g8 | Rl !
TR bk
£ 4 0af £ [
e 3% 0
% ® B o & 05

o # 0.2f r

N 0 i " 1 " 1 J
00750 560" 40 50 80 70
Oy 7 (m) 70y 7& (m)
Thickness of block Thickness of block
2-6 7oy 75 EERL| OBR 2-7 F oy o E LB OR%
(co BFESITL S —TE) (co BESITL > TEIL
Fig. 2-6. Relationship between thickness of Fig. 2-7. Relationship between thickness of
block and breaking time (¢, is con- block and breaking time (¢, changes in
stant in spite of depth). compliance with depth).

Oy 7 DEIDAEELICEL D, ASHER S, IEEIRIE 1000 gal, EH 0.3 #), #kkershd
218 (T3 & L1o WENEEHIEDORE 0~100 m IEER DT, FES DEVIC X ZHIEED
g S 5 VIR E L0,

Joy s OES GIECEAHRAOES ITHY) 2E2 T, ThENOWERLIEZRD S L,
K 2-6 Dk 5ictid, JE&H 58m LIFTIIABICE ST, 60~80 m DO THIERZI3HE L <
BB, 20, BFVEIAFETROVESRVEH RS NS Liciry, (1-2) itk
3 &, 370 m LUE T IBFILEE MBS » T, HIBESHAMO SA THOHAELTLEIRKRE
5%,

L L, EBICRIDEHI NI LI VET, HEAFROISBLDOMBHFALILEL LS,
5 BEROES ICHEESER SN 5, & OMHE#EIR, X 2-6 2K BEEOLMEOHT T, FS IS
THAE OB AWTRE 2 —EE L1 T EIT & B0, BEILSI OIS ¥ AKEE ORI
EELTOAY, c& ¢, & ITHEN c DES IS HMOFEEIAZ L, I TRARIER
THBHDT, HENEVS LOWEZD bDODOFHFO>EARIEE &V - LA BEYD & LTS,

MEEF L2 T, D e (o &T3) %20kg/cm? (7o vy 7/E65m) &LTWe, £C
T, BRI, & 50m T3 co=15kg/cm? FEEH50m 282 %<&, 1 mAEiT 0.5 kg/cm®
BNd 3 & S RNERBAEL S, THbL, (2-6) RONTFOHEEEFLOX HICELE 5, L
Lok S BT TORERTIE, M2-TIck->TREN S,

BMick 3&, 7ov2EN43mETHLU66m U EDEER, FBICESNY, 2F0,
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TRDMEIE 43~65m DRfiCERkE b, 11 TH, 50m FiEHE SIEFLIME L (1 0.38
), £ OMBICTXNDEDFEET 5, 20K, 21K, 3IROTXDEIMESNBHE S hIT,
ZDBORRIC LD THA I, LL, K2-TIZRHRD, 2N5DT~DEIZT T, 43~65
m DRNCFIET %,

LTAT, BRINCTNOAEMKENS 50m &V SESIZ, ¢ DEHSTAL LIS 2SO
EIR—HLTOE, T, co B—EDRIZ, K2-6 00 &S L S, BEERL O, S
ZRETHY LY, K2-7T D& D EBEINRTco 2 MM 1B, 75 7136 0D &1
5DT, BRDIERTH 72, LU, o OEMDSEHT, —HLBVEALH 2055
ATH b,

PbaZzshzd, ROLSic 5B,

ST IR M ER L 13BE, WIEE ) ¢ BES ICL OB VWES TR, EWETAIFE
BEEI NPTV, UL, coWESEHITHERT 2 ETIIE, BROBIESAPTVESHELEL
ZHUE ¢ PR LA 2 S IT—HT B BANE L,

SIRODIC, B B0m TRV EMERESNTZEIhSOHEL, < OEsEicHEifHs LT
BHLAELE S, K KEIS EWENck Y, $4ES 15m GLofETIE 66 m) £ Tl
BEcLD, HUCELENTOLETH A, &5I, BV, BULIERSERICE TRA
T, LL, 100 EREOHMMTE, FHICZhEEDZLFK T SunwedThid, PEIc
B5DF15mLUERDOEDTH S, DHGOHREE T co DIEiN, EDOREREEFLTVEHIC
LT, RICEBS HWEEH 5V IFEROBOEEBRES NG, Lichi-T, BYOREDR
T GRS O O F 1 SO LRI VWA, BT L KA LTV 285008, HEErsik
RBTRETVOT, Thickd 2FERNETH 5,

56, HERORED co DA, K2-7D7 oy 7[E50m U LOMYDHEE, =0 £I7H
LTwabnEd s, FillEHEOMZESE T, HABSHEARI XMW &N, FE, oM
PIhTV3B,

7. HEHEIHMBREOELDEASHYICL DTS

MRS OFERAE~NDOFZO O I, KREL DT T2HEVEZONS, | D3, EEYAI®
EOMBELEEANIEHA LT, BREFICHIE LRET 3EATHD, &5 1213, Hsswhn®
BEH/NS S FEISEOHIES D, & 2EEER LT, KREICHEALEIBATH 5, HIBOK
Hick->Tshd, ZNoOMBEEFHOZTHIRLEZTHAS,

TIT, RmETVL &2 oA, B 038, NskEIRIE 1000 gal oMEE S, FEH
0.5 ¥, MdERIE 500 gal OMIEEIA 52 T, 2hEFhOHBOREEHRTH LD, [ 2-8 1
BEE & RANEE OZERELER L D TH 5,

BRI OIS TS0 T, FEEKGIEIZER 0.3 ot 2.1 7, FE 05 0Es 35
WTH s, £, €711 OfhEIc, FEH03WOMES 2 EH S & &0, TR TORHIZL
& BHEBUKEDHE I, (1-14) X FEAH S WOBEOERR) 220 HIA L,

7V LIS, JAW 0.5 7, IMEEIRIE 500 gal DHIESHASEI 72384, 053 B8 (55 2 A A
NEnfcER) ICHBEIBIEL, FEFHKRTEO 70y 2 09 <XEEIF 5.6 m/sec, BEIE
8OmIZELTWVWE, —7, NMIEERIE 2 5D 1000 gal Tdh 5745, JELEAE L 0.3 B oHIES)
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800rY 0.5 # sec
i 500 gal
.: & Hard
5 ~ 600f 1
5% ||
- Neeas
3 B
3 14 400; 3
g i
5 ;
SE
S 200 i
o b 0.3 # sec
TN TN TN T L N 1000 gl
H 74 Soft
0 A J
i 0.5 ¥ sec
\ 500 gal
200l 0.3 55 sec B Soft
1000 gal
8r @ Hard
6 L
® B 0.3 ¥ slec
ckE 1000 ga
S & Hard 500 gal
B al i # Soft
e o (R A
o e 500 gal ﬁ"f
= ® a2t .Wﬁ Break ’// I Hard Not move
[ﬁﬁﬁ Break “"./" 0.3 # sec
i e —ee——=1000 gal (1% ¢ 7°)
v e - # Soft Not break
i i 1 1 Al A 1 " 2 PN R S S Y 1 A 1 Y R |
% 0.5 1.0 15 20 25 30 35
2 R B B @

Time (sec)

X 2-8 i & MEEEIORE £ DM A I & 5 HBENE & FHRMLEE ORIFZL
Gr: flmEFv1, @ e 2)

Fig. 2-8. Change of moved distance and critical acceleration under various combination of
grounds and earthquake motions (Soft: Model 1, Hard: Model 2).

DEYNBE R, HBRBESN T, FEHETRHROBEFEN I m THEELTVWS, FVfAn
i, 1lm DI 5y I HBA- i TRREEFICEAI LIS 5,

LIANM, EFU2 ORI, FE0.5 R, NMEERE 500 gal OMIEEHSIEH L T, HIE
KREE epsie T 5, JE 0.3 %, MEERIE 1000 gal DHIEEIDHER, 042 % (B2
BT ) gL, FEEFHRTHRO 7o v 703 XD HEFIE 4.0 m/sec, FBEIEI 4.1 m
Th b,

Pl &Ehs, HITT/KOBERKHEOMBTIE, MEERENFIEREXHL LD, Ao
HEEOHIZES2sEEICRAR L, HITTKOEE LRVEE SR TR, FESEL, IEE
KEVHIESSFIEICRED > TL 3E 05 —REERIPSHEZTEXEDTH 5,
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I #HRIC K SHEDHREBIE—WN 59 FREFFEEIHEZHIE LT—

HBIETR, EFLVEEERY, 2odo 1 D ORTAEAELSEE LiIcL-T, 2ORF
DA DN BHEH 4T, RETIE, BANILEF S LT, BB 59 FEFETGLM
BT K » TRA L HEOKIREFE (HERN) i, BT~ hFEE2EH L, 20Ean
=& %,

1. HEOHEE

HAFN 59 4F 9 H 14 A4-Hij 8 BF 48 NHICHA L - BHEHHIEIZ, <~/ =F2—F68 B
BREERFICE 5 &8 35°49.37, B4% 137°33.6/, S 2km OBERMETH - 12, BIEL
FleB 3EEF— 7 3B o0Eh - 1ods, RS L THEMEE 200 gal 2R —L e T
FLTWBZEREEEZSOET, BN 400~500 gal IEEORAIEESE LD &
RIS N TWBY, F/o, TERPOHOERICE I 224 0885 5, 400 gal R OELE S
T3,

B MR O —RRIEHE S S, FHAKS 3EEE T, MESOMEIIE,» - TH A
5, WNAIT, B 15 BRI 78 14 DLEHOBARE (B Jb#& 35°47.1°, BHi% 137°282/, </
=F 2— F6.2) OMET— 75, SlA 0.5 MAEAR SN, F 72 200 gal Ll 0iRE)
DFEIENL 3~b &b h TV 32,

BE, BRIEDILTEPRIRT, £ OOPHADBRUE -» .FE» S, BRIEOHRS
NrcEFH TR, BRRENNCEIINEE A& IS AINEE AL U LS TH B2,

C OMBEDRREE 12 - LEERE L, HMEETEIRVHEIATOHROLL, W 2hDHERD
IETESITThITE Y, FlZE, BEAREEARBEOEREES L5174, E£HNT0°E, £ 14
km OWifEE FUBIREEIN TV B2,

CoMiEIc Ly, HERNERZICHELT, WL ObORAFESRA L, HE - THR
FB20ZDT~NTH, MHEHFEELRBEFNCEI-TELLTAERICLZWEKETH 122 & 13,
(Littic B 2B K EBORBME LS RO LTV S,

2. HERNOBER
HIRic X 2B ohT, KRbREOREZVbDR, BEA\SBTREL 2 [HEHN] <
bHb, TORBIIRD XS IEHIlE TV 3B,
e 1900~2550m, E&: 1350m, §§: 350 m
RAREE: 160 m, ESERIA: 25°
RifropiEtE: #3600 7 m®
FREERTOILOMAZ TiE, 5 2000 m (ficfz bIic X 2 BABSER SN, O2ED Mg
o, HITFKDOBEKICEZHY =55 6~7T A SN TOWI T &0, HEROEHEED ol
WHINd, Lich-T, ToRERE® FAHES 2000 m fhIicid, 5750 OBRBEORKEH
HotctEBEZONS, TOWKRBIZIEZ, 9A2H»S 14 HETD 211 mm DERNDS, EE0R
TP KLY 2@ - THFRE SN TV TH A S,
COLHMIKEED & 2 A, HIEEIAIIND - TRIBUVKTEAS FR L, &5 2350 m HEL Fo+
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s < RICHEE), KT EHMOIESALELL THE L bD LRI N 52, o
LAk ORE I, TARBEEEEZS XL L TiThh, Zhib LAolE, S5 E
Rigy—MR7 vy 705, HEHFEOHRICROHE L bDEEZ SNTWEP,

CO &S5 KILEHERYIHIT I 610 5 KBURHIRE, MR & 2 oA b o, 41
IR, PR KEIEELS &KV 233163 2 Mo fed: L i c iiifntE c - Tuv
%,

LIAHT, S, RMAMIAIEE OE T RBERFEMEE, KIMHEREYO & S 1ckEE S
ATEREREDIEVCHIAE L D &, BIRICKEEBIENERIET EEA SN, EBICE OfINRS
Nd, LIAD, SRIOEETIE, »OTOERBEOHT, 47158 LE RSN 54 #
Reicld, [MEORFE LD SNEL - 1,

CO&D SHEHE UAERE LT, BIE 7 HiCHlR~N/BEHIBEG LTu 3 EER onb, -
0, DM & Ol 5, MRS O FPAHENR 5 - fofod, SESHIAR I HER
NHRAEL, EEHSHERR ISR OZALATED S VFERICIE - 72D TH B,

H T REERERIC b1 59, HENMERAR - 28l & LT, BEuklittEyog
EPBIOND, $b5, RRIBEICHNTRESERV Y (EREERET L, ANER
#) 65° 1C12 %), REEKRABEDN, IHHBECKLIEHREYEIC L > TRE (RS0
TH 5B, KILHHERBYIO & 5 E R <, IEEAKIBICEIEBS N30, HtTcoRER
MTH, RlEEEtHER I 5 KILHEHEREYIIR O BAIRIE D FERIBLL LS 3.4 T - 72
EMHREIhTLEY,

1, BROREBERBESTIEEREE S0, HEAPRABKECHRELIZTH LD, &
i, MIMKOEFHETTIOMEMEF L, RANOR 2GS0 LBbh s,

INSRECHROBE WA, & LEED XS SHEOSK D L5 51F, EEHRhORE
D1 OOHRPEBEDEEZ B,

3. WEBRNTNYESHOLZE M

HEFNOTXDEII, TAREAEOoTIER SN, 22T, HEoOREMmEICELELT
WaEE, o3k 2 3/ (No. 1~No. 3) (L, UTO+EEREIT- 71, BEBE L TIC,
HETE S 2HESFET N0 0T~ ERkE B4) 1 (No. 4) ORI,

BERMARKER L, 38 No. 1~No. 3 25 1.5 g/cm® Fijtg, #¥l No.4 28 1.62g/cm?, +H T
DOHERRDO®BEY TH %,

No. 1: 251 No. 2: 2.40 No. 3: 2.37 No. 4: 2.69

BEN %X 3-1 BL X 3-1 12RT,

No. 1 OF LWL, 204 F00523% D TVWBETIETH B, 201®H, £3-1TiE
10% WiE%HAMA L IETEY, HERE, BREKE SIEFICRESBHIEICE %, T No.
1 3bBAHATH S5, TAREGEH L CHEREOAEL, HEOEADIEREICLL, L
Mo>T, —R Ay THIRICRZ 243, MKIICKSBETN, BOET EZOKIMBET
LCiRic iz aE»BED SN0 5,

Ri, No. 2~4 OFEHT > W TOFHRBHFR AKX 3-2(1)~(3) 1T/RT, TAMBEALD Fito &
SISHEED o, RHERAPCBURAORIE FIEF IR, R, No. 1 OREHRAE No. 1~
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Fig. 3-1. Particle size accumulation curves.
£ 3-1 KIEEMABRAER
Table 3-1. The results of mechanical analyses.
] F oA B o® M~ D
Y ¥ Huge collapse Landslide
Sample No.
No. 1 No. 2 No. 3 No. 4
4.76 mm PL L oOFif 33% 34% 24% 0%
Particle size 4.76 mm <
4.76~2 mm DF-f- 15% 15% 15% 0%
Particle size 4.76~2 mm
2~0.42 mm DOFi{- 3% 11% 13% 28%
Particle size 2~0.42 mm
0.42~0.074 mm DOFif 5% 9% 12% 30%
Particle size 0.42~0.074 mm
0.074~0.005 mm D )V b5~ 18% 19% 19% 31%
Silt 0.074~0.005 mm
0.005 mm LLF %5+ 57 26% 12% 17% 11%
Clay <0.005 mm
0.00lmm PATOIT A K55 23% 6% 6% 6%
Colloid <0.00] mm
2000 7V A EBEETGE 52% 51% 61% 100%
Weight percentage through 2000 u sieve
20p 7 V1 BB E R HDE 49% 40% 48% 2%
Weight percentage through 420 u sieve
TAp 7 VABEBERETSE 44% 31% 36% 429
Weight percentage through 74 u sieve
FAKRifE Maximum particle size 25.4 mm 25.4 mm 19.1 mm 2.0 mm
60%%fE 60% particle size 3.2mm 3.3mm 1.8 mm 0.23 mm
30%*31"% 30% particle size 0.011 mm 0.060 mm 0.029 mm 0.0205 mm
10%%i#% 10% particle size — mm 0.0020mm  0.0015mm  0.0048 mm
B2 Uniformity coefficient — 1650 1200 48
HE4% % Curvature coefficient — 0.55 0.31 0.38




g iz & B RIEFAE OB (1) 69

100+ N (1) FAHRERE (No. 2)

e Senbonmatsu pumice
2R 904 . .
£ S RMERR SR Liquid limit

i) [7)
S 2 gy 68.50/;
E' ¥
(=]
=

A
(=)
D
g 3

2 345 10 20 304050

80 (2) F#x#eEEE (No. 3)
Senbonmatsu pumice
2 704 ® A MERRSR Liquid limit
g 62.5% )
8 :\.J_\ 60" ° L 2 4’— Senbonmatsu pumice
g 2.2 [RTFERER N 1)) 029 &L Remald i S0min
3 X D ” (» 16 ~  Remold in 60min
5% 201% 7 R %i A
EO 4 ’ Ai&‘l \Mﬁ ENﬁ 4;30 L
407 1.8 “.I andsllde clay 3%8"}!]01!1 mL (/
sL16) & 2
1 2 345 10 20 304050 20314 ’
o wl.4r
(3) I~ YHerst (No. 4) ﬁ <
Landslide clay w T 1.2F
SRMEFRSR Liquid limit £ ;";
T < 404 o 36.4% S0
B R | T e (0] <
€t~ I o 0w gt
8 R 307 P
g 0.6
2 ¥ 20 v
2 0.4
S
10 0.2
- . . 0 S L s . L L L .
2 345 10 20304050 100 0 02 04 06 08 1.0 1.2 1.4 1.6
BT R OB FEBISH o (kg/cm?)
Number of falls Normal stress
X 3-2 mEhihER X 3-3 —mt AN (—o i)
Fig. 3-2. Flow curves. Fig. 3-3. Single shear tests (t—o curves).

No. 4 OBHERFIRIFEAREETH - 7o No. 2, No.3 DEHRARICLTd, #hFh 3 HDER
i SREEEEE D 2 2B h - 1oh, ZOERICEKRELEVER SIS,

X 3-2 kb, FAWMEA ST DL OBHRARZENZ N, 60~T70%, 30~40% &FINT
Sha, TAMBLOBREKEIZ 100% FiETH -7 L8N TBO®, IhhbELSEE, b

TH ORI THIRLT 2 L > BREBICE» QT b EBbh 3,

— AW T EZHETIT - 720 I L 2B BELE N T WA, &51g, No. 1 i
SWVTIE 304+ E 604y, No. 4 1coWTid 30 5D ABKIEE DR LA L 72358608 AKRER
biToto FDFEERAEN 3-3 &% 3-21TRT,

FTAMEATIR, No.2 ENo.3RIFEAE—HLTLAERBLTLVA, Nolldzhdic
XU CTHEBE A S LS K& W, £/, T~ 05t (No. 4) o AWER 13, TAREALXD
KAMEVEERL TV S, BORLET- 2alBlic o0 TR, #RL SHic s ANREME T
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%32 —mEEAMRREE
Table 3-2. The results of single shear tests.

2 y PERHER A (°) R BE R R L
gxa 1 Nﬂ Remold (min) *ﬁ%cj]hékg/cm’) Angnle of internal  Coeflicient of internal
mple NO. ohestion friction friction
No. 1 0 0.20 53.3 1.34
30 0.20 47.7 1.10
60 0.10 42.0 0.900
No. 2 0 0.12 37.3 0.762
No. 3 0 0.11 33.7 0.667
No. 4 0 0.05 28.6 0.545
30 0.01 16.7 0.300

£33 HEoikeE
Table 3-3. Conditions of samples.

Remold (min) 0 30 60
% & Density (g/cm?) 1.5 1.6 1.5
&kt Moisture content (%) 84.2 70.8 67.2
HIBR L Void ratio 2.1 1.8. 1.8
LTOL BT LTS B,

—BHTREA LV, HFEREPAREVIEE, HEDOAREEALASWVARICS L5 T
b, SOBANE, KEORANLIVEE, FAMBERAZVEVLS T EIZH 5,

IIT, PHFEFROERELHVT, TN CANBE DK T2 RE 2 Hikico LW TEL
9o TniTiF, WMOEKLARNCBT 2ER b{ThN7z No. 1 OB ER W5, #0 LR
DFEKI DR, R3-B3DEY TH 5, AEHITNT, BIFEINIRETH 5,

T AWIGI KL IR % B 3-4(1)~(5) 1T/RT, o FEEIES, MoK LI
fExbT, K oo L S, MR LB TIH->T, $AMBERETLTV L,
OB LEIc L - T, BKILICENS 20T (F3-3), BiffichhETE VA, 3T 85%
BEICHE—LB5E, KTOEAVBEARELLETHAS, TRNETNOEANEE - FE
N OBE,HSBONE c & ¢ id, £3-20DHD TH B, HEHNOMEMIIRIEETH 345, NE
PRI S 0K LR & b LT 3,

EIAT, TOLIRFERPS, HMOKLICEZBEET, &2V IINPEES (B O
DEOSFEERIHSPICEB0, TN I BDE L OFRE & ABHIE D E L ORI & DR
I, BEEARD S LB TERL, FRUE, TNDICHEIFDELOEEE, T~k
BITBLEEILNENETH B,

ZTIT, MORLZTOEVEEOEAMIEKCEERIcEET 5 (K 3-4), BisE
BIGHDHETEDEONTVEYN, WFhbE—2I1GELKE, DL TERHICH 3—EE
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(1) 6=0.2 kg/cm?
0 4y min

ol

%
K F FE AL (mm)

Horizontal displacement

# AMRIG A (kg/cm?)
Shearing stress

(2) 0=0.4 kg/cm?

1.0 04 min

NE @ 30 4ymin
oo hd
w8 soé}min\
i w 05 . > .
£
= 2
< v
T—] 0 N N 2 1 L 1 A 1 1 1 1 n 1 1

0 1 2 3 4 5 6 7 8 9

X F % I (mm)
Horizontal displacement
3) 6=0.8 kg/cm?
AN g/

i 0 43min
— 304 min
<, !
S 810f
é" 3 604 min N
° aC) 0.5':
P

0 i 1 i 1 a L 1 2 | s 1 L L - |

0 1 2 3 4 5 6 7 8 9

X F E AL (mm)
Horizontal displacement
X 3-4 HAMIEII—KEEARIER No. 1)
Fig. 3-4. Shearing stress—horizontal displacement curves (No. 1).

WL TW3, COE—27DEIATHENSKEC Y, Z0%, KEEMOEINCHE > TEAR
JIEADPMEF LTV BN, XIS BANEEOETICHYST 2 EEATL L, HANIG
NDBEHNCEBEWT, EFIREEICE -1 XD c & ¢ BEK 34 DB TH B, c DfEICIEE
AEZRIRISVAS, ¢ 13 10° BERD LTV B,

F4AmhS5bhrb LI, (2) 0=04kg/cm? DFEESEBRVT, BRENICEAMIGIBELE
fEIE, 30 0 0EL-RKEDOEE S, MRS HOUEEIEBIEE LV, LT A, 60 78D IE
T &, HAMT N TREFERARREILEOBEMSECINESLL, ZDORKROE—7 DEAR
L, TROICE BERIBEABILIILD KL K-> T 5,
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20r = 2
[ (4) 0=1.2 kg/om 04 min
309 min

15
E w0 60 4 min
O 0
w5
< o 10F
R £ 1
B
B 2
g )

0.5-'.)

o " 1 " 1 n A1 n i " 1 " 1 1 1 1 d
0 1 2 3 4 5 6 7 8 9
K F E fL(mm)
Horizontal displacement
= 2
25 (5) 6=1.6 kg/cm
04 min

L
o9
w5
.\K/ (]
R
8§
i 2
<0
EJ]

-

c i 1 " 1 n 1 - — 1 i 1
0 1 2 3 4 5 6 7 8
X ¥ E AL(mm)
Horizontal displacement
3-4 (03%F)
Fig. 3-4. (Continued.)

£ T, IRICKRET L8 U378 SIS VI, BRI & - TR S e AMTIE 7K R4 Rt
%, LOLSICBIBORBIRZ T AOT N ICERT 20 TH 5, CORBEEERICHET 20
1, RAJREREDT, BYBIREERT DI &L B, ZOREELIRDELI>BEDTH 3,

THEDOFT DI L ZHANEREDET I, EERIC X 58 ANILIKEEN RO © — 7 LI
OHFRIZICHE S, 72720, BAWIGIRE—27BTRL, KELEMIIE -7 LBOEMAERED
EROEITRL, ThenBERIT/b Ll EdE >, ‘

HBEME ¢ (=7 PURBROENEZLXBORER TR L 2#) <81 2 HhoEANILT
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34 WER & EFEEO L EMEEH
Table 3-4. Constants on the soil strength at the breaking time and stationary state.
o NEREEIE A (° ) NEBEEHE AT 4
*£7§C73h(kg/cm’) Angule of internal Coefficient of internal
onesion friction friction
1% Breaking time 0.201 53.3 1.34
SEH I Stationary state 0.205 43.8 0.960
10 N o(_fz(kg/cmZ)
Ooo04
r a08
oo o o 16
S (3-3) R L BEHMIE Caloulated
E 0.8 by Equation (3-3)
A
a [ o / o)
0.7 [
0ey———— o.(l)s * c — oAl1o ! as
K3-5 ule)/uo & & DR
Fig. 3-5. Relationship between u(e)/uo and .
3, s -—oryoiFEllZEELTVWE DL
T3E, REWEKDILD,
le)=c+o-ulE) - (3-1)
c IERER (£3-4) &h—ELT 5L (=
0.20 kg/cm?®), 7 idu &HLFIBSRICE D, W
EEBRHOE LT ANIGIoZ L LIS
%,
7T, LeloXtd 5 ue) ofix (3-1) &
DHEL, e=0TOu DE, >FHDE—-ITD
© DB o (T OB/N_FEHEIC X BMEhS, %34
D134 TH3B) THRLUK ue)/ue %, € kL
T7ay b LEbDOMR 35 TH 5B, 0 DIEI L B - 3 r _’J
E>THITT oy b LIk, KRBT~ ¢ X0
bOTHY, HER—BHRLICHY 25 TH 36 HMa 2RESB1DDT T
% Fig. 3-6. Decision of a.
oz, KRO LS EHBEHTEMUL £,
©(e)/to=(1-0)/(1+ae*)+b - (3-2)

e—>oDE XD uE) ZEKR 34 KD 0960 &L, #=134 THs0 56, b=0716 &35, Lichi-
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T, (32 Kz

©(e)/1e=0.284/(1 +ae?)+0.716 -+ (3-3)
&3y, ERLT

0.284/ {(u(e)/10)—0.716} —1=qa¢* e+ (3-4)

DESic, EBE e DOEDO—RAEN D, ThEXRTBE, M3-6MELNE, 12120, Il
MIOLIT DS DDAEMNRE L, T DHEN L, BENIEEINCKELBE1H5THB, X
36 &0, a=213 5B o5NB, LEA-T, ue) BIRRDLHIIcERbSh 3,
1(€)=0.381/(1+2.13xX10%€*+0.959 -+ (8-5)
ZoRUF, FIE L IREETONIBEERREA, T X0IESBIDELICE->T, BOLTOE
FEROLLTOVS, 4B, K3-5icid (3-3) RNick 2 EBPEIL TH 2,

LTAT, (35) ADe i, TLEDERIICHT 2T NVEMBEDOLLTH 54, ThiEREH
BAEINS A —F ERRTIERTER Y, £3T, CITRIEHROEX () it sd
NOENEDI e %, ZTDLIE NI X =Y ERET B, 6 LD e DHH, BANERICBIT S
TAMEDOERICI DTN S TH S, e VB E, (3-5) RFRDLHICEL T ENTE B,

#(e)=0.381/(1+3.20 X 10% ¢+ 0.959 - (3-6)
1k, WRENCHES BANRE ORI, RIBKTICBRLcADOAEREL, KRETEKS &
T 5,

4. EERANTNYESOIREIC & SHBIKEDORLE

TERIIREAMA S b T Eic k- THRET 3, BBKEORTFEHE~ 0, HERNT
NOEOFARBEG O IAREIFERZ T > 7o, EEREEE L, BHX30cm, S530cm D772 )
NEBEREHMRZEE L 281, FTHROMEERIEES52 25512 ->TL 3,

HEOED S 23cm £ T, KT L AR 2D, Kb S 10cm R, g
FEET & RIBUKERT 2188 L 7o, SRl &7kbid 92.1%, Bl 3.44, %EE 1.34 g/cm®, HRFo
HE24TH 3,

Bt 2.5, 5, 10, 15, 20, 26 Hz IZREL, FEREO L WEAS S, 14.7 kg (20.8 g/cm?)
DLERHEEPFIBED 2B IT- 120 VENLBBKEDORK IR SN T, T LS LWL
B CIREN S 2 BIRI/KIE D AHIE & hic, MBEERIE & RIBKERIBOBIR 2K 3-7 10 R T,

MLEE DRI - T, BBKES ER LTV, RUMEE TR, FEIFEO KRS VLR
BUKE SR E WVERICH B, TD &S EK 3-7 DRARA, IREEIC & S0 51, REIBEKE IR
MEED A DI E L TEATEVA, EBRICIIRFKOBELAZ VL, 20, E—NEES
S, IREO/NS OHEDSBBKERANEL K E, K3-Td7 oy FEICIREMARE 2D T,
NRREE & R A R IC BB T B 7omic, RATHEONAHEAEHKICE S,

E=(1/2)-p-(A/w)* (erg/cm?’ (8T
-7 i, 1 RIS W T ORAEREY /7 0 PRSI = A L ¥ — A2 FKb LTV B2, p 3%
Z, o 3ARIE A IMEEIRIETH 5, (3-7) RO E LREBUKTRIE & OBIRENRT 5 &,
38DLHicii s,

Xl 3-8 Dff[AlE, 3-7 L2 [@HTH S, LrL, EEORELHOA S S Icth~T, B
AEBRDICE/NEL, BETORTRECEHGREESHRETERVWOT, EWMEsZz0F
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60r

50 With upper load
IS e PO

-

tHEELL
Without upper load

a0} -

30

20}

10

FEIBRIK E4RHE (8/cm?) Amplitude of pore pressure

PR SRS EE R S 1 A 1 i J

K —Y o 15 7.0 25 30
IEE RIS Xg (gal)

Amplitude of acceleration

[ 3-7 s & Rk IE ORI

Fig. 3-7. Relationship between acceleration and pore pressure.

S
601 0(\00
& 7
&
& e
501 @RS
.@e‘\;@fﬁ g
X y
L7 (1-12), (1-13)=
) S - IC& 2Et51E
4 g Calculated by Equations
(1-12) and (1-13)
5
30 &

N
(=]

-
o

RARR K E 3RS (g/cm?2) Amplitude of pore pressure

05 500 B0 200" 8o
1BERIZ DWW T OB AT /- V) M HEY T X JL ¥ — (erg/cm3)

Average elastic wave energy per unit volume per one wave length

3-8 Pk %L ¥ — &REIBUKIE ORR
Fig. 3-8. Relationship between elastic energy and pore pressure.

TV, ZOEREBBIFESIE, Bl comXE#EHT 21T 5, (1-12), (1-13) Rz
FAMBICOWTOERRTH 20U T, EBTRLETNREASZ TEY, COmME%*
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BT 2D IR ICELR TH B4, BE T TicEidb i,

X 3-8 IC 3T BN AR TRENT VS, CORED FEHHEDEVR, FEHERICFEAL
EZEREURV, Fidok 57, RN EERELLET 2 C Licxtd 2RESP, FHEICHVE
BHIECRES SV EBEEEZLE, (1-12), (1-13) RI+AERCMAZ b0 & REE
Nd, Lich->T, 5%, BB TOEMREERKEDOHER, TOMREHWTITY J&IT 3,

1B, FOFETHALERER ROBEDTH S,

V.. 0.5 km/sec V.. 0.3 km/sec
n . 0.75 7. 0.01
K. 2X10"dyne/cm? Ko. 4x10" dyne/cm?

EEBRTR, FEEECEBICE->T, BETIMBKERENELTVWS, Ihid, LS
X BEEMEREBON S, FE, RETICKEIC EBWEOLTAR T, BEIICIEH 35
cm ODFFERTH -1z, Thickb, BRI 0.94 51y, (1-12) KXk v REBUKE K
1.06 {512 5 2 Ebsbh b,

W, o<tz LHiE, COEBRTRERL TL GABEIBIBUKITRBIE S NED - 12, RAA
2 (1-14) Kic &k - ¢, 2.5 Hz OB 0BERBKEZHAELTA 5L ((1-14) XbEFAKE
Fioxtd 2B TH A LICHEERET Z), LEWEOLVWEEXTT4X10"g/cm?,  FEFfET
FEOHBHEXT62X10g/cm? TH -7 ((1-14) KiFAW 05 HOEADERRNTHBZ0DT,
ZRICEGITV 25 Hz 2BA ), 12750, T3 | BIESAROETSH » T, & o iikEEk
e ud, K0 KEBMHICE 305, BRIBUKE ORIGIC T 28155, 2hEh 6.1x107° 1.1
X10* ThBIEE2EXBE, BRHRUEEE VWS T EIT B, Lichi-T, TOEERTIE, &8
RIBKE R, 7EXRELTH, FHPRBUKECHNTHBRIBDTH > lcdic, BRIETER
Mot &8, HED LS OHESNIDTH S, 58, TOHETIIROHIEEM V.

Oo=0yn-1=1.3%X10°dyne/cm? (L& EiEL L)
=15x%10°dyne/cm® (L#fHEH D)
u=0

LEo &5z, BIRIBRUKE & BRIFEBUKTEOR/NERE, BIRORE WEGEOIN/TRET Tt
WELT 5, COT &, KETIDORRICEBE LI TV S,

5. HERNhORERE

1 BTl iR, ERERLSGEBEL T, HERNOFEARCEH L TH LS5, AFE2
fTeiihiLdic, BRE Y= RT oy 20BE LA E OO HEESELTE, <2 THH
THREFNVITHROBELTVWDEEFAL LD,

HER N ORI L, K3-9 DX T > TWwd, AE2HTHAL 72 & 5T, EBROMER,
TIHE FABEIN, SIOTEABREE L TBEIT LV 2EBIcabhTOIcEHES
N30T, 7y 27 6X390ESIcEFIc24L, #0Fhic>WTHERITS, 2L, L
To7oy 7BTRIFLESIEREELL L, 20, ThZTho T oy 7 d8dcklimlicd
D, ZOREMD T oy 73S LEVWEDET D, Ld->T, STBOHEE, 25070y 7
DEENIIREOF TEE L TV B SE, EORER, BEVOFILIRETRIEFLAS LES, B
MBI ZOTHES 0 IL 2 BRDA2J/HT 5 LE2EKT 5, COGA, FlRAITO7
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2600,

2400
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18005 500 7000 7500 3000
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3-9 BB NHENTIX
Fig. 3-9. Longitudinal section of the landslide on the side of Mt. Ontake.

9y I BFTROEDIfDIT, EOT oy s BREERTEEVS LS5 HBE%E, E0ERIC
ANBZERTERL,

HRICKERE T oy 7 OFEITLIROBEY TH %, 121501, p 270 v 7 DFERE, L 2HERHO
R&, HZ7oy 7 DEX, 6 2iEEoEsfEd 5,

(M po: 18g/cm? () po: 18g/cm®
L: 69X%X10*cm L: 89x10*cm
H: 65%X10°cm H: 65%10°cm
0: 25° 6: 30°

I AR S hicHiE S, ERIF - B8 0Ll BET iz, AEo 1ok~
fok iz, MR TIIBREENC 400~500 gal FRE OB ANREAE CUtc &£ 2 TV, HilEI
BRY»OHIEEHNTO S0, BRIETRONA L S BENLEES 2 3 KILEE 3
LB EBbn2h, EESRVOTHL ShEIEShTHEA S, £I T, HEHERK
1Z 500 gal DBRANMEESAS SN ERES 5,

ATIMERE) O E A & F BB, 9 A 16 A4 7 B 14 HNEOZARBEOWE S &
KB BFAEBEZICLT, ZNEFN056F), 360ET S, Lch-T, BB 7THTH 2,
%0, ¥xIE 500 gal, EHR 0.5 WOIESGREA, 7HEVWIZ DET S,

T OB LCHEBUKEIC >V TI, FIEO LETHELAMEEF VL EETH B, 121
L, CCTRPEAE2 709 7 IBITEITVEDT, #NICHET 2P0 ALITicidd,

(1-12), (1-13), (2-2) Xhoz OfEiF, ROBY TH 3,

+H7e s 7.5X10°cm
TAhH7ow s 72X10%cm

THARIBUKE wo lc 20T, EA 7 ey 2 TR, FILLEN 20183551, £ FHT
Oy 7T, MTIKPEECH I EAZELT, PVIHILLEEN I5ICHEEIITED S, L
T, ROBOFHEEIN S,
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Input acceleration

AN HNERE

Critical acceleration
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Fig. 3-10. Sliding process of the landslide on the side of Mt. Ontake (Calculated).
tAH7v v s ue=15kg/cm?
FTAH7e v 2 u=>52kg/cm?

PLE0#ERERWTIT-» T EOEEEZK 3-10 ISR T,
BHEOKRABEICHELTWE EZEbRITVA,
PR FLAEE 43,

HEIURE»PZ VWD T,
HiEORZBIRIIOLES W HDTH A 0
FHTow s TE3IWE THTo Y 7 THROSHHKIC0 E10-T, DIRIED

T DFERW
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EICEB T ERIBVOT, 7oy 7 3EICRE MRS OEEERD, TXDEMEBEREL T
W<, FEHBHRTHOMEE, &E, £ BH®) Bzhzh

FH7ow 7 028m/s%, 0.13m/s, 14m

ThH7aw 2. 31m/s% 63m/s, 9.0m
THb, CNLSHMLT, TAH7oy 7Bz HINCHMUB L EZ0HEER, 6~Tm/s & LT
LVTHS 9,

BHRIBUKIE DR AME A 0.2 kg/cm® T, 13 & A EEER G2 0, BREIMEKEE, E5
7oy 2 T62kg/ecm?, FhH7 vy 7 T98kg/cm?® ¥ T LHET 3, F#EMEMN 13 kg/cm? §itk
TH5H05, Fh7uy 7@ DL THIMET 2L IATH- 72,

1B, NEBEEEMIE, A7 oy 2 T533°>523°, F A7 oy s/ T53.3°—>455° Dk S IT
WUt MBRTHRLT N IET 20T, ZoERSSIBDLTHL,

PLEDERE D, FIEERAEICK XL RIETRTF IR, NTEEAOE T & BREIMRKED
FRTHBIEBON B, ELKBEORENEL L,

C PEROLERMTTIE, FRAMEE E—E T, RN ATINLERE & BRANLEE 2 —F L 7 b5i T,

iSRRI L b o Ll i, B, EA 7oy 2130058%Ic, TH7ay 713002
PRIciEE 125, &AM, RENETHE, EA 70y s @BEEEIEEBRORELESS, T
HICA-> TR EHFEICBITT 3&UBEIDTH %, BIBCHITLESTOBRERI, 5
Jow s T1llm FHZ79927T02mTdHh-71,

V. HRICL ZHEREOFA—FHEHRHL T <O ZH & L T—

1. x&OBE

ERRAUR R LLET (3 BR T i B O PaRR I LB L, SRFEA NS O o Rbmn i, SRR~ D)
WER->TVE, A DOTEDERICH Y, BELLMITNY, THKORAEICL-T, 1T
LU EEY > CTE 1, SERTEFRHA MR TH D, & I3 FEE LY, BEREHIEIC
B BAHIE A E L R SO st ic s E s - 0 2 381, EXUERE S L UL
EHIEBS NBEICE > TV 5,

Z oHd N HE O—fic, HREAKFEWE L¥EHEFIC X > THERMAR T S0, BBKER,
HirhZE3t, MERIET, MEEH S S ok AL OIS N BRIV S hTWwd, 22T, Hid~D
HiHH I (A OWE AR D, [ ETEXHFEEAVT, B X 2BOTRHEZIT> TAH L D,

K 4-1 1SR &SI, HTXOHAIZ 9ARDY v 7 VMHEABA T, WHRIEES XX -
VIRBICLBE, INOOMETIE, FE 3~10m iiteon 2B okt (V,=03~05
km/s) BEAL, ZO T RE=LEEHitORLE RS (V,=08~1.0km/s) &7 - T3,
g ~ROBRETZETHE, CORBIEVPEHTIEEILOND, 22T, SfHoXRBEL %,
MEEZIECTOWL 5D T ay 2iihid, 7oy 78 | B85 EET LT 2, &7
Oy 7ORXXEEFAXABELAZGDONEL41TH 3,
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4-1  Hiteig ~ b IR

The plane figure of the landslide area in Yui, Shizuoka Prefecture.

Fig. 4-1.

2. WRICKBHMITNYDOFRLETFA
Tk, mH—HZ2ES THL ORIV TOHRPRB LA LBV OT, NEERIE 300,

500, 700 gal ® 3 FEEOHEHICH>WTEHEZITY, ARVLEN S 058 T, 10 FIkEET
5HDERET B,
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#4-1 &7ov 70T
Table 4-1. Several elements of each block.

woox B T Boam  E sm )
Section Block Thickness Length Inclination
AR E _ Upper 10 70 35
T Lower 5 40 35
F _F Upper 8 65 40
F Lower 4 80 35
G I+ Upper 8 95 30
F Lower 5 60 25
FR AR T-1 I Upper 5 50 20
i1 Middle 3 150 35
I Lower 3 70 45
T-2 I Upper 8 55 30
fr Middle 8 70 35
) T Lower 4 115 35
T-3 21K Whole 5 220 40
& iR N-1 JtJ5] Facing north 12 55 30
F14] Facing south 5 60 40
N-2 4tif] Facing north 10 85 25
1A Facing south 5 50 40
N-3 Jtji] Facing north 8 80 20
m1h) Facing south 5 65 40

LicoZEE A, X4-1IWRTE&ET oy 7 IHEHLIBEDIEE S, FiEIKKL->TYia
v=varvlL&d, 9, LEBEKRERDLIICED 5,

FEOEIE 3 1.8g/cm’, THEMEEZOT XD ITHEIRDG, BAEi>WTRH S
BTldps9, NEIFOET V] ORIEERKE T 5, BORIBKECBEL TR, Av=(AN
ILEEIRIE) Xsin(dzt) (0% b, REBZNEZLELBVLOT, BN TOMEBEHOMIEEE 2
2\, V,=500m/s, K,=2.8x10°dyne/cm?® ((2-1) KL 0) &L, zhlADEHIEEF L
LicELWwE LT,

BREFEERKTIC>WTIE, Ve=270m/s ((2-3) Rk ) LT (2-2) Rk t%k», (2-
4) K& H DIEIZIE U T on-1, 00 23KD 5o FHHRIBRUKIE L, K= v 7Lk S ¥ L
TO0ET5H, thkick-THMENTVLEEDEEZ S,

HEERAK 4-2()~@) 1TRT, BT IR E2h0HMNE, 1EZ6HICi -7, 2% 0
PRANMEE 2 IEDEER SIS o 7ehy, HE2VIBIEEEERDE LSS, 10 BUHE TR
T4 EDMEIZTIS - 1208, BIRIB/KESHET % &, BEBM L LTI ->TLE HSEAI,
FHEEDSFAE Lo b D ERM LT,

300 gal DS, FAEICE S T a v 2 BEHELI W, 7272, FEEO LA 7o v 2 & T-1 Wifi
OFA7ayricld, 6cm @Y 5 7 BHES B, £/, T-3WmE, N-1, N-2, N-3 ¥im
OHEMEEE 7oy 7icld, Hlem D7 5y I BT EIH-EREL->TWVWS, LaL, #4300 gal
BETRIERZV LTINS,

AR RIEAS 500 gal o752 &, FWEO LS 7o v 73 10 AHE etz h s, 108
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PRB%OMEEIL 46 m, #EIX 23m/s THb, LEH-T, AMHEOTHTow 730

EAZT, A7y g LICHEL T alREESRE b,

T-1W¥mo A7 ey 7, T-3WH, BRMIXOEEHE 7oy 713, FEHRTRICEEE
D1 LI » ThitET 5, T-1 Wilncid, FA 7oy o 08gEdT s &k, th, Fo7
Oy 7 ICSEENRRIT ENTDEL SN,

Ihon7oy 7 OEER, WIhb 10 AHEICA-THASTHD, FEBHOMREERRA
botEITNIE, BREBCETRESKWT EITK B,

£4-2 K7 vy s OWE - BENRR

Table 4-2. Situations of breakdown and movement of each block.

(1) 300 gal
153 -] B 10 A # & 8 kK
At the breaking time After ten periods
W BRI *
‘ - W Ty s i P BRKH: kg/cm?
B K Section Block Situation of pegy gy BEER - Tpol pressure ¥ Bt
breakdown Moved : oved
Time (Period) distance o o o o Velocity distance
sec istance g w o w B m/s istan
m Dynamic Excess
AN E Lk Upper X - ~ - 0.12 0.18 0 0
T Lower X - — 0.13 0.09 0 0
F + Upper AN - — 0.12 0.17 0 0.06
TF Lower X - - - 0.13 0.07 0 0
G .I. Upper X - - — 0.12 0.13 0 0
F Lower X - — - 0.13 0.07 0 0
FRAW T-1 N Lpoer X - - - 013 006 0 0
F Lower ~ - - — 0.13 0.05 0 0
- - — 0.13 0.07 0 0.06
T SRR ¢ - A
F Lower x - - - 013 007 0 0
T-3 4 4k Whole N — — — 0.13 0.10 0 0.01
& iR N-1 dtii Facing north X - — — 0.12 0.18 0 0
®iJh) Facing south PaN — — 0.13 0.10 0 0.01
N-2 4t Facing north X — - - 0.12 0.14 0 0
B Facing south PN — — - 0.13 0.10 0 0.01
N-3 dtMl Facing north X - - - 0.13 0.11 0 0
®i1 Facing south PN - - — 0.13 0.10 0 0.01

*ﬁﬁﬁ%nb10H@®%®@@%%%&@£v1£bﬁo

R L e BARINEESEDME ARSI B2y, 5\ 10 BB REcZLEAS 1 LT
ER 1),

FRAMEES FEEAHE VR L TWAEY, 10 BHKTHICRBEOMARY, ZeRs1PLET
% el f—o

A BRBENEEREICIETH 30, bEric7 oy 7 0BEFBELNS,

X BN,

O

* The situations of breakdown from the start of shock to the tenth period are showed by the
following symbols.

@® Breakdown (The critical acceleration had not become positive, or the factor of safety
became less than 1 after ten periods.)
The critical acceleration had repeated positive and negative, but it was positive after ten
periods and the factor of safety was more than 1.
The critical acceleration was positive at all times, but little movement of block existed.
Not change at all.

x> O
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%42 (o0%)
Table 4-2. (Continued.)
(2) 500 gal
103 - 3 10 B M & H B
At the breaking time After ten periods
AR j 2
W Tay s Rl [ BRKIE ke/cm
oo Sl TR g g g TRATIY 5 0 gmw
ime (Period) gy tonee ————————— Velocity /"""
sec m B oM & # m/s
Dynamic Excess
wAEIR E . Upper O — — — 0.20 0.59 —0.21 1.32
Lower O — — — 0.21 0.30 0 0.95
F t Upper [ J 4.5 (10) 3.32 0.21 0.56 2.28 4.55
TF Lower O - - - 0.21 0.23 0 0.76
G . Upper PaN — — - 0.21 0.43 0 0.38
F Lower A — — — 0.21 0.23 0 0.02
SRR T-1  E Upper X - - - 0.21 0.22 0 0
1 Middle O - - — 0.21 0.17 0 0.53
F Lower [} 5.0 (10) 2.74 0.21 0.23 0.60 2.74
T-2 I Upper AN - — - 0.21 0.43 0 0.38
H1 Middle @] — - - 0.21 0.49 —0.24 1.28
™ Lower O — — — 0.21 0.23 0 0.76
T-3 4k Whole [} 5.0 (10) 2.32 0.21 0.35 0.46 2.32
bt 7] R N-1 dt[m Facing north PaN - — - 0.20 0.62 0 0.44
#i[ Facing south ® 5.0 (10) 2.32 0.21 0.35 0.46 2.32
N-2 e[ Facing north A - — - 0.21 0.48 0 0.07
R Facing south o 5.0 (10) 2.32 0.21 0.35 0.46 2.32
N-3  dtli Facing north X - — — 0.21 0.36 0 0
®jlA) Facing south [ ] 5.0 (10) 2.32 0.21 0.35 0.46 2.32

* Same to those of Table 4-2 (1)

Thbo 7oy 7k, HEEEERLESVY, EQEF, FOF, T-1 of, T-2 ot Fo
K70y 73, BERNSEEED 05~1.3 m I KU, EFHICALELT 20EENITH 5, HIZ
HIDREME &I & 2 WK EDFEAEZE A LT 0L, FlET 270w/ BESIC2 3T
HA9,

G, T-1 0ok, T-2ot, BRHEXOIAZDE T oy 7iIc>oW\WTid, Z1E ERHEEIC4 204
BizswtEbh 3,

NEERIEAS 700 gal 12785 &, GO, T-1 ®_F, N-2 &jt, N-3 0it%<, o 7oy
73T RTHET 2, 61, G, T-1WHEHO LS IT, WEFhho 7 oy 7 HEiET L, 7o
MEADVRHET 2ERUENE M H 5, £, N-2, N-3WHOKILEIE 7o 7id, FEELG
WEWRE-TH, BHEN 1~2m b B30 THEALAEST 3,

ROBOVEHHICHET 201, FWEO LA 7oy 7 TH 3, H18% GREREHICA-TT
<) ICBUEL, FEEHR TN, K 18 m/s (65 km/h), BEE 36 m iIcbELTWL 3,

420 (D~@) 2R3 &, MB/KEOHTEHIKED 5D 2840, FiEOBERNOH
EHBLT, FFICREV, HEHNTE, FEHK TEOBARUKT I 2, BHIKTE OIRIE
DOH# I 0.02~0.03 TH - 7243, Hitho 500 gal DS, ZOffIZ 03~12 Th 3, 7=, HizE
4 FIOIRBEEROBUE T, BREKERHES NS - 0hs, HEL, LioHhEIZ 10' DA+ —
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Table 4-2. (Continued.)
(/3) 700 gal
3 - &3 10 8 8 & & K
At the breaking time After ten periods
Mg ]
;W Om 7oz B RIBRKJE kg/om’
B K Seetion Block Sl);t::ﬁér;r;vzf Hﬁ“ (=) ﬁfgﬁ Pore pressure _# J ﬁ%ﬁ
ime (Period) distance Velocity distance
sec B o A & m/s
m Dynamic Excess m
WA R E k. Upper [ 1.6 (4) 0.87 0.29 1.31 9.3 17.5
Lower (] 5.0 (10) 10.7 0.29 0.66 5.6 10.7
F k. Upper ® 1.0 (3) 0.74 0.29 1.22  17.7 35.6
T Lower o 5.0 (10) 7.03 0.30 0.52 3.4 7.0
G I. Upper [ ] 5.0 (10) 5.01 0.29 0.94 2.2 5.0
F Lower @] - - - 0.30 0.52 0 1.6
SFRAR T-1 I~ Upper ) - — — 0.30 0.48 0 0.8
1 Middle [ ] 5.0 (10) 3.69 0.30 0.37 0.7 3.7
F Lower o 4.5 (10) 23.4 0.30 0.50 15.4 30.8
T-2 I Upper [ J 5.0 (10) 5.04 0.29 0.94 2.3 5.0
tf1 Middle [ 2.0 (5) 1.50 0.29 1.08 9.0 17.1
‘N Lower ® 5.0 (10) 7.03 0.30 0.52 3.4 7.0
T-3 4xfk Whole ® 2.0 (5 2.60 0.29 0.76 14.0 27.6
b7} W N-1 Jtjiy Facing north ® 3.5 (8 2.14 0.28 1.36 2.7 5.6
Wil Facing south o 2.0 (9 2.60 0.29 0.76 14.0 27.6
N-2  Jtin] Facing north () - - - 0.29 1.05 —0.1 2.0
#ili] Facing south [ ] 2.0 (5 2.60 0.29 0.76 14.0 27.6
N-3 ikl Facing north A - - - 0.29 0.79 0 1.0
il Facing south [ ) 2.0 (5 2.60 0.29 0.76 14.0 27.6
* LK4-2(1) B
* Same to those of Table 4-2 (1)
(1) 300 gal  (2) 500 gal _ (3) 700 ga
12¢ X al ie
X i i ; r E
8 . 10| X xi - A :o o; )
o€ ; | H
gﬁsx *x xia tx aloe A mee
N i E |
o »~ 6f 1 I | |
SO Fxx xlA txa ody ool el
2N 4f ! b [ I e
= 3 x{ & | jo e i e e
2t ) ! i
L ' L :
ol t 1 g [ NP SR | Lty L
20 30 40 50 20 30 40 50 20 30 40 50

1& # (&)

Angle of inclination (degree)
42 HH - 7oy 7 IZ LR OB

Fig. 4-2. Relationship between inclination, thickness of block and state of breakdown.

5 —TdH 1o BINIKE &BEKITEOR D D &5 5A/NER G, 8 ES 25 HAOHE I BIF
LTHD, HENREL LB -T, BKEDOEHD BEIGII/NS BTV,

LIAT, £4-1 LR A2 AWK 5 &, FEOBIE - BERLMUCE, FEotiE <0
DES BHBOEX) BAEXCHEELTVWAT bbb, TNSDOBRERIRLI-b D,
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X 4-2(1)~(3) TH b, Xhoid50EKkE, £4-2 OMEDED TH 5,

FINic & 3 &, HEEICET 2RIAOINE I, HRhCE XREhTW3, 300 gal TiEX EA
D13 35~40° 1H D, 500 gal TRAEODEEE 30~35° Th b, T/, 700gal o752 &,
OL@DELL 25~30° icdH B, L7IcA-T, 500gal 2185 LA-8BE11cid, 35° UL Eofiios
M, EICHEREINOYRETHE EHMHTE S,

Vb o, HZSo L EoRE, YIRBKER Stk -T, 2/0IERB-TL 3 EED
namn, LWFLITLTHEETEI 2 2B VKEEEHECL LR, ElobksRESE5C
LIC&L - T, REOHERICE T 2BEHERTL, 0z BENEE T NSO Tuhi
FHUEE S50,

L] &

EHY T, 7097 « TEFAVEROAMAOMEBIED Y I 2 L— v 3 VITOWTEEEN
ATEI,

70y 7 OFEE VSRS THEMILL e FVICHIESH 252, &5 tomEnT(Lork
IKHEDEAREEE LT, 7oy 7 OEEERTIHEERLILODTHS, Thicky, HIESH
DFFPECHIBE S D& WV IC & 2 FIEEERE O E VAT & L,

LL, BRic&-Tid, 7ov 2 « EFLE0OLDONEREHTHN TV ARAN S Z, T
DEFNMIE->T, AJRERROERICT ST LS EThE, 7ov 7oy HEHn» < T3040
28V, TOJAITE, 7oy 7RO TERERLE S EEICANZ TN ST, FIEIES
IHEMEICTE S B, BURTHOIED 2V IBBET RENFHBEALHBETAIL, E5ILEFDLD
BRNTFZEPTLICn b, Lnd, BITHEE2EMICRIET 22 ERBIBEAERAHETH 5,
2% 0, BTTEELEIFBILL T, NEEBRTHZOMREEE NS TL & 5 aJfetEA
ERICH DB, LIcH->T, BITHEOEEESHOMEE LT, WEETAREE LciilE
TFHIOHEE LTI, KGXOLHETIRE A THEEEZ LN S,

Filo &S, ToHERBRETE L TEMLLEREON-6DTH 54, ERMIC
ERESVEH THEARHL TO2 b0 ERBEEZDT, SREENSAMEHTAED LD
KRS T O ERZEL T IEE 550,

E =}

B LFEOEROPOFE E LT, SNCHEMERES & ORRBMRIRENT 5 K ES, Ficik
DEFohTEik, Lhrl, [REVATEERER TS 2HIZ1L, HE 20 0H, [EK
FEEREPICHA 2 KB EL2RAESE20REES KX V2T TR, [RKEOLEKE S
510 AHIET I XE B > TS,

KX TR, TOLIBHBICL 21K EEZRD L, ZoRAEME, BFEERc>VWTH
C, WP, frcrrEofimicdd 2 BRNRoRRE -T2 L 2EME LTV S,

MBI X 2T OEM LS, TR 7oy 7 ERELAFELEY, —FERER
M EeHEET 5L 05, kbBMbancEF VICEEM]A 5, B 1ICBVWT, 7oy 2
TEM 9 B IRAVKCPIERE A (RO 112135 & 5 BAHIEE) 1, KATtibash
%,
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cos 6-tan ¢(¢) —sin 8)+(L/M)-(c(t) —u(?)-tan ¢(¢))

cos 0+sin @-tan ¢(t)
IIT, M: Tuy s0ER, L. 7oy OEE, 6. $X0mOER, ¢ EIIEE, @)
W&, o) WHEEEMA, u@): BRKHE, TH5,

Bl £ 12 A(t)>Alt) TdH BIKENLEE A@) 25, ERARIAEHL TS Ed 5L, ToTay

s DEEBHRRRKRADOL 1B, 121EL, #EFA%E x #ioIEOARET 5,
X" (t)=(cos 8+sin 6-tan ¢(2))- (A(t)— A(t))
Ch& v, BEMEEEEAWT, Touy 709d~N0HE, §X0EMNE BHE) K05,
xi=x i (X ) G t-)/2
X=X+ X iati—t )+ 2x” i+ X)) (ti—1-1)/6
L, Tay 2 icBOEESE B, ERBEFICKEVWEDLLT, F0HEE0LLT
&Ko

LIAT, THROBAWTEE R, IRFEZIFEIEICLD, FLBHICEIBOELICK-T,
FELBEZI S, C0O5, KRXTREHHES CANMBEDETEZEEICANS, 1
5, Coulomb DORFELMHN, WEHOATIRAL L, HEROBEHICHLTLENTE DL
LT, BAWRRIC X ZBHEZROTAMICSTIOETE, ¢ & ¢ DELIRZELDHEDTH S,

F1o, HEEAZI S Licky, LEDOMBKESEILT 5, 2OMEEIEAEL SN
BICHEBETH B, T TRIRENC K b RAET 2 ENRIBUKE S BBIRIBKE 2R L 5, i
FicoWV T, Mavko & (1984) ok » TR S - BRAEHL, KREICOWVWTIE, IsHiBAsHI
5 (1977 KX AEBRAEHVWTEHEZITI J&IKT 5,

Pbohkt, 2 >OMBHLSEEE S VICGERT S EICkD, LUTO XS REEERFEE
hht, TN 1 BESHBAEEL, B 1.8 g/cm®, FIEER 25°, #&7713 0.2 kg/cm?
T—%E, WEBEEEK y GRSk -> TRHD LTV b0 ET 5,

©(e)=0.381/(1 +320e% + 0.959
el37 oy VBT 2T NVENMBOLTS 5, WIRBIKE L 52kg/cm® &35 (WL E
R15), £/, TFNV2 GEFELSHBAEL, &E 20g/cm®, FHEER! 60°, PSRRI
50° T—E, ¥EN c @Rt - TR d 5,

c=20/(1+10%-¢% (kg/cm?)
HIF/KIIEER S, Licds-> TRIBKIERER LSV, HIEEE L TR, FrciddoSwiRy,
#iE 500 gal, A 0.5 WOIERESE THANL TV 5,

D ®Fv 1 OREOFBIHIBKE A Z S € THELER, 23kg/cm® LITTEEA 1
miEEDI S v I BEFT BRI THEY, FThEHBAL53E2IcHHELE LURBECES,

2) =71 OfET, AJNEEIREEZ/LSE G, 365 gal IT TIREIES S, /o
630gal 2% 3 &, TXOMEICBT BERKELS E#mES LE 5,

3) EFN1ANOASTHMEETOAYE, IEERIEEHLICESE L, MEENELVES
REROBBHBBBNKE L, £ABPELS —EL S, HEANOHES I & RIEESHE
B EDr 5,

) =FV]1 ORHEOERIAZL S B IIGE, 13° 282 5 LPEIcE S, ERIO/NS VR
1, BIBKE®D FRE$ > T THEEN B4, A 5106 - TIHIENHLIER Z 5,
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5) 52 O/ET, VIHMENHES 50m £ TR 16kg/cm?, ZhEHBZ 5L 1 mEIc
05 kg/cm? N3 % & D & L, ASHIEEAIRNG 1000 gal, FH03%, 7L T B L, I
FIES 43~65m Officzlk s, HTs 50 m FiE OBWIER LA R b H L,

6) TFu1 &2 omahmc, A& NEERIESE 4, 0.3%), 1000 gal & 0.5%), 500 gal
o 2 EEOMES A EH S $ 0, £F V113 500 gal TIIFET 545, 1000gal T3 1m
D5y BT BT THD, —F, EFNV2IE 500 gal TIIE FEAEZIF VL, 1000
gal TUHARET 2, 2% 0, WEHE TREAROLEVE OIES), BEEMR TR mSE
OHIESAS, HIEICRAS L TV A ERIDSED S0 b,

BfAflE LT, BRI 59 AEEFFERIEIC X 2 MEhEo XRISEFEIC, FidohEEtEH
L, BT oy 223 3hRTET2o0 70y 7icad, PIRBKECEE T, A
Juy 2 THOEW%, FhH7 oy 2 THIWBRICBAIEEIZ 0D, FTHTay 7Bk
NI U L 2B sERE 13 6~T m/s EHEES Nic, BERAEICKEEELRIETHRTFIR, N
WEEEA OET EBRBBKTED LR T, BIEEOEENEL L,

%72, HEBHELOHIT OO WL SHhOWiEIC, FRoHEEEHAL T, MiRic X sy
N OFHAEIT- 12 & T A, HiZEShcHd 2RIEOEE R, @RI B SN TED, FIAR
500 gal DIBAIE, 40° DL EOERIOMHEIMBFIEICE S & W HRKEME S,

51 B X #®

BIH 7 EOREEE, HE & mKAS). HiZ, Vol. 5, No. 3, 1984.

WEAX AR HRFEXR W& 1984,

W RER: BHOEECERT 2 AOBE @)L e -, EFS, HARAd 1985,

WA « I8 HiIEE i & AL E 0. FTibBh, Vol 35, No. 2, 1982. '

NGE - LDgHER: Hid N0 Ik THIES O FribE;, Vol 36, No. 2, 1983,

NewwMmark, N. M.: Effects of earthquakes on dams and embankments. Geotechnique, Vol. 15, No.

2, 1965.

7y ENETR: B & 2 N0 OR S L OBEME I oW T, BTN TES E EE L g~
DR BT AHE ) (REE: LOBMAR), 1981,

8) MEFMEZ - fhaAEZ - (B TE MESIIC L AMEOT D IOV, EHEH, Vol 53, 1978.

9) RAKIZ - HEETHIME - Wai F. Cuen: RIHOREMEICE T 2B T N0 EfLic>V T, £RFR
X, No. 358, 1985,

10) EAAES « BER= - (BT HESHERECRIETHEIC SOV, BfRE, Vol 53, 1978.

11) VKR HIEREO T, BRS EERITFAMERE No. A-56-3 [HMGHAICE T 2 RIIEOHKE
FRLcBE BHH50) (REE WHIRERS, 1981,

12) JAEGER, J. C.: Elasticity, fracture and flow. (BREHIRZER: stk - B - R, 7 HRR, 1972).

13) AEmHm: HEESNFORER. BESHRe, 1978

14) /WERFEIE: Bt SRHEOEERSE. HE, 28, Vol 21, No. 2, 1968.

15) Harp, E. L., SARMIENTO, J. & CrANSWICK, E.: Seismic-induced pore-water pressure records from the
Mammoth Lakes, California, earthquake sequence of 25 to 27 May 1980. Bull. Seis. Soc. Amer.,,
Vol. 74, No. 4, 1984.

16) MEEZRERIS « BRTEME HiT <0 WMHEAAREE GREEREIHILATRER), 1985,

17) Mavko, G. M. & Harp, E.: Analysis of wave-induced pore pressure changes recorded during the
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Summary

The usual main prompters of soil and water conservation engineering have been
disasters caused by atmospheric phenomena such as heavy rains, freezing and melting, and
so forth. But earthquakes, which are important events ranked with atmospheric phenom-
ena, have good possibilities of generating large-scale disasters which far exceed the scale of
those caused by atmospheric phenomena. Furthermore, they are leading supplier of most
of the earth and sand-making media of disasters caused by atmospheric phenomena.

In this paper, disasters in mountainous districts caused by earthquakes are featured,
and their mechanism of occurrence and the process of collapse are discussed. My purpose
is to make them the bases for soil-control planning, especially practical counterplans for
certain slopes.

Here, the simplest model, a quantity of earth regarded as a block sliding on a slope of
uniform inclination, is substituted for the complex mechanism of a landslide. The critical
horizontal acceleration A.(t) (horizontal acceleration making one the factor of safety of a
slope) which acts on a block at time ¢ is obtained by the following equation:

(cos 6-tan ¢(t)—sin 6) +(L/M)-(c(t) —u(t)-tan ¢(t))

cos 6+sin 8- tan ¢(z)
where M is the mass of a block, L is the length of the bottom of the block, 6 is the inclination
of the slip plane, ¢ is the acceleration of gravity, c(f) is the cohesion, ¢(¢) is the angle of
internal friction, and w(¢) is the pore-water pressure.

If a horizontal acceleration, A(¢), that is greater than A.(¢), acts on the block in the
direction of the inclination of the slope at time ¢, the equation of motion of this block is as
follows, provided that the positive direction of the x-axis is down the slope:

x"'(t)=(cos 8+sin O-tan ¢(1))- (A () —ALL)).

Al =2

Furthermore, the sliding velocity and the distance moved of the block are calculated by the
linear acceleration method as

x'i=x'i +(I”i—l +x”z‘)‘(l‘i*ti—1)/2
and

X=X T X (i~ ) T 2x” o+ X)) (G 1-1)/6
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respectively, provided that the velocity of the block is regarded as zero on the assumption
that the resistance on the slip plane is very large when a negative velocity acts on the block.

Then, the shearing strength of earth is affected remarkably by the vibration and
remolding attendant to a slide. In this paper, a decrease of shearing strength attendant to
a slide is under consideration. That is to say, on the assumption that Coulomb's criterion
for failure is not applied only to failure but also to sliding after failure, the decrease of
shearing stress after failure in shear tests can be expressed by changes of ¢ and ¢.

Furthermore, pore-water pressure in the earth is changed by earthquake motion.
Although a great variety of mechanisms is thought to exist with regard to it, dynamic and
excess pore-water pressures which are caused by vibration are discussed in this paper.
Regarding the former, the theoretical formula by Mavko and Harp (1984) applies, and for
calculation of the latter the empirical formula by IsuiBashHr and others (1977) applies.

By applying the above-described method to two contrasting slope models, some
characteristics of collapse are forthcoming. Model 1 is composed of soft ground. The
density is 1.8 g/cm? and the inclination of slope is 25°. The cohesion is definite at 0.2 kg/
cm? and it is assumed that the coefficient of internal friction u decreases according to the
following equation:

u(e)=0.381/(1+320¢%+0.959

where e is the ratio of the distance moved to the thickness of the block. The initial
pore-water pressure is assumed to be 5.2 kg/cm? (the initial factor of safety is 1.5). Model
2 is hard ground. The density, the inclination of slope, and the angle of internal friction are
2.0 g/cm?® 60°, and 50° (definite), respectively. Cohesion ¢ decreases according to the
following equation:

¢c=20/(1+10%¢%. (kg/cm?)

Ground water is not considered; hence pore-water pressure is not considered. Unless
otherwise stated, seven cycles of a sine wave (the amplitude: 500 gal; the period: 0.5 sec) are
input as earthquake motion.

1) With a changing to various initial pore-water pressure of the slope of Model 1, only
a fissure one-meter wide at most occurs if the pressure is less than 2.3 kg/ cm?, but when the
pressure exceeds this, the block suddenly increases its distance moved, and the slope
collapses.

2) With a changing of the amplitude of the input acceleration of the slope of Model 1,
the slope does not collapse if the amplitude is less than 365 gal. The pore-water pressure on
the slip plane exceeds the weight of the block if the amplitude is greater than 630 gal.

3) To relate a changing of the period of the input earthquake motion of the slope of
Model 1 to the amplitude of acceleration, if the amplitude is constant, the longer the period,
the greater is the distance moved. If the distance moved is to be constant, the shorter the
period, the larger is the amplitude required.

4) In a changing of the inclination of the slope of Model 1, the slope collapses when it
is greater than 13°. When the inclination is small, the increase of pore-water pressure
greatly affects the breakdown of the slope, and the time of breakdown occurs early with an
increase of inclination.

5) Provided that the initial cohesion of the slope of Model 2 is 15 kg/cm?® to a depth of
50 m and increases 0.5 kg/cm? per one meter at depths of more than 50 m, and provided
that the amplitude, the period, and the number of cycles of input earthquake motion are
1000 gal, 0.3 sec, and seven, respectively, the slip plane is formed at a depth of 43~-65 m,
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and the time of breakdown is earliest at a depth of about 50 m.

6) Inaninputting of the two types of earthquake motion to the slopes of both Models
1 and 2, (that is, the period and the amplitude of the first type are 0.3 sec and 1000 gal,
respectively, and those of the other are 0.5 sec and 500 gal, respectively), although the slope
of Model 1 collapses by the latter input, it suffers only a fissure one-meter wide by the
former input. On the other hand, although the slope of Model 2 is not affected by the latter,
it is collapsed by the former. That is to say, it is recognized that long periods of earthquake
motion of soft ground and short periods of earthquake motion of hard ground with large
accelerations easily cause landslides.

In a practical instance, the above-described method was applied to a large-scale
landslide on the midslope of Mt. Ontake caused by the western Nagano Prefecture earth-
quake of 1984. The sliding block was divided into upper and lower sub-blocks, and
different initial pore-water pressures were given to each. On the lower sub-block, the
critical acceleration became zero after about 0.5 sec, whereas on the upper sub-block this
occurred after about 3.0 sec. The velocity of the lower sub-block at the time that it had
pushed out into the Denjo River was estimated at 6~7 m/sec. The factors which greatly
affected the occurrence of the landslide were the decrease in the angle of internal friction
and the increase of excess pore-water pressure, especially the latter.

Furthermore, the method also was applied to some profiles in the landslide zone of Yui,
Shizuoka Prefecture, and the movements of landslides caused by hypothesized earthquakes
were estimated. Consequently, the results obtained showed that the responses of the slopes
to earthquake motions were controlled mostly by the slope inclinations: for instance, the
angles of inclination of slopes which collapsed were greater than 40° with amplitudes of
500 gal.



