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Abstract

[ . Title
The damage reduction strategy for the types of landslide and debris flow

II. Objective and need of R&D

O More than 70% of our land is mountainous area and two third of annual rainfall
reaching to 1,300mm is concentrated on summer season, which inevitably causes

landslide or debris flow.

(O This study is intended to investigate the landslide and debris flow occurred recently
so as to classify the cases and identify the cause by type of occurrence, thereby

establishing the nationwide countermeasures based on outcome of research efforts.

(O Particularly among the research is evaluation of hydrological factors (rainfall
intensity, rainfall mass) and topographical factors (slope, soil depth and kinds etc)
based on DB data. Based on correlation among rainfall — soil moisture - rainfall mass,
“computation model for evaluation of landslide” is applied to foreign and domestic
cases, which will be supplemented by investigation of the experts’ group on exposed
dangerous slope so as to develop the hydrological criteria for assessment and forecast
of landslide.

Ill. Contents and scope of R&D
QO Classification analysis based on existing data and case studies

O Classification analysis of landslide and debris flow by topographic features (urban,

mountainous area) and facility (apartment, road)

(O Analysis of damage by domestic landslide and debris flow by geographical feature

and identification of cause
O Classification of landslide and avalanche and countermeasures

O Establishment of the strategy to deal with landslide and avalanche caused by climatic

change



V. Outcome of R&D

(1) Classification analysis of domestic landslide and avalanche and analysis of

characteristics

(O Classification according to Sidle and Ochiai would be appropriate from the
viewpoint of disaster prevention adminstration for damage reduction

O Current slide criteria is based on average value concept through history analysis
which is feasible from the viewpoint of post-landslide analysis but insufficient for
forecasting. In this study, possibility of warning by introducing a 10-minute rainfall

intensity - preceding rainfall was evaluated.

(2) Political measures depending on type of landslide and debris flow

(O Based on investigation of the standards, system, police and technical development
with regard to domestic & foreign cases of landslide and debris flow, the system

and technical criteria to deal with landslide and avalanche are hereby proposed.

3) Disaster prevention strategy to deal with Geo-disasters caused by climatic change

O R&D road map for integrated Geo-disasters system technologies is proposed

e Development of police infrastructure of disaster prevention for reducing
Geo-disasters

e Development for Geo-disasters recognition and stabilization technologies

e Development of multi-purpose intelligent short-term detection technologies against
soil disaster

e Development of platform for Korean style Geo-disasters prediction map

e Development of urban Geo-disasters prevention technology and integrated
management system

e Development of Geo-disasters risk estimate and damage assessment technology



e Development of Geo-disasters SOC infrastructure prevention and restoration

management system

V. Plan for use of R&D outcome

(O The measures proposed in this study will be implemented by relevant teams and

according to schedule of R&D road map, parts of the subjects have been

underway for developing the detail plan while others are scheduled for

implementation.
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A LA FHNY AAE R ENFY 58 B4

1 sbAbe) 2 EMRY 48 £F

Al

AbAALH o] 2FALEl(Landslide)s= 2H Al H (source area)oll Al o] ® FEl(type) 2 A3
G Zholl AP BERE o] FtH A F3 H S0l vFe 3 ERFHO U= B¢
7 £ FHE FEA &1 EXNF(debris flowE WHI= A7t B2k ENF
(Debris Flow)= AtelEdo] mdaen & ol FA 50% ol FqFatiaA #F
3l AHAbEl(Landslide)E ¥7A =k webd B4 F(Debris Flowe &Egtol=otes 28 3
g3 gHo] FAHA fv= AUt Bow A FAWo]l dre=th(Vanes, 1978;
Ikeya, 1989).

AA AbAbEl(Landslide) @AolAls &Egtol=¢} EA4 {(Debris Flow)7t 534 o2 1L}E}
e A97E diiEololA ERAFHE A (Landslide)E T-E37+= oAldoi (1LY 9,
2000). &, ArAtel(Landslide)] AlZHd(source area)oll A= &elol= 37 @Ay 1
T Ry o] A SRR o]Fste ol EEoA AHt Ago] FrlE WAk, 27
o] Egfol=o] o3t I EAFH olF FTEAAA FUIE A EZEo] FAHAAMN ENF
(Debris Flow)Z &34l ®tiUohnson and Rodine, 1984). E4}F(Debris Flow)= Al &4
7 olsF=E 9 stek FZ A (depositional toe) & 384AE FFaokRt h(Costa, 1984).
ATFAGNME 71 o] FEE zte= 4hAME)(Landslide)d 7% &3] =4 F(Debris Flow)Z
Rt on, vtz olsF =7t ¢ &2 Feols Sel=2 BRI AtHol

I FEH APAE AR A9t o @e TER AFPNAE FTAp &itE

2~

o N

B3 nwlo] 9std 53%¢ 1,386/ HdPo|lx <elo]=(shallow translational slide)=.,
42%°) A Fst= 1,109/ EAF(debris flowE 253 thFausto et al, 2008, 19
2.1.1 a). ¥vA st=9o A= 107 A9 3,4357) 4FAFEj(Landslide) = 71 & HE+=



Hols ol HAL 45.9%% 1,57570lH, 5o 2 & NEs HIPols £t
ol=9} EAMF(Debris Flow)7l swtsl= AEle] 4ArAbei(Landslide)ol™  ol&¢] A<
42.3%0 1,452 AAstar EAF(Debris Flow = 4.2%%0 143700 E3stti(2d 2.1.1
b). otgle] F ARA EAZQ Aol BPolFs Setolro BEHELS FuEtet
A MANA =R A5t Hlsiy, EAF{Debris Flow)e] 74-¢- $-gugel A= A
2R el (Landslide)®] 4.2%E AHA st Edsty A AlAl AsdAE 422%F A8t

o] Z Aol E HRITh

Others,
131, 5.0%

Debris flow,
1109, 42.2%

Shallow slide,
1386, 52.8%
Data numbers: 2628
(a) AMIH 2,62600 AALEH X225 EU2 NHAIHUH A SAEH AAE SEYE HIS

Debris flow,
Unclassified, 143, 4.2%
265, 7.7%

Shallow slide,

Shallow slide &
1575, 45.9%

debris flow,
1452, 42.3%

Data numbers: 3435

(b) =LHSl 3,43500 ALAIEHE THASZ &t AMAIEH REY HIS

a8 211 U AR & EAF 72 25F Atdl 24

olglg ztolHe] ouA HIRHIEAE WAL doy, TRAAS zolz AddH

A}E (Landslide) ©l) A1

2

ot $Evete] Hgols Letole @ EAF(Debris Flow)7F 2 A

2R 5k= vl &0l A AA AbAeE(Landslide) 5 E4 R/ (Debris Flow)7} A 8h= Bl&3 A
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F(Debris Flow)7} & F7F9] 4HAtel(Landslide)2 FH =+ ZAolg. &2tol=2 A%
st =47 (Debris Flow)2 W& E o] o]F3st= AHAtE|(Landslide)E =& m SAANA=
EXF(Debris Flow)= /3 A= Add

2. QAE) 2 ENFY o5

AbALE](Landslide) 2 ¥4} F(Debris Flow) Al J A= 2 &
s, EF, Y] FFo] s Eon, A dx9 Ul FES ANE AE L A7
W 7)Aotk EA /(Debris Flow) o - FRA| 28 F53 #Hste] w53 32
e = S s R B Atk EAF(Debris Flow) #&d A47F &
o] XMPxE wrtet wrPE #AE B AFV|HLe FE A= AFAATIH, AHA
HOoREA Z Fo] Fo VB vt 2ok

HO 0S4
= 1T O
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H

(1) €2 : ZENEYH, 2ENSEN (ol ESHPA, WEMNS THoHRE XA P2 A
(Disaster Prevention Research Institute) S0l US

F ANEHAZA(USGS)HIAM DI=&S2 XIEMHKIZ, AAFEHTHGHRIE S

o M HHESILD /UE. 0l AT EAZ MolHES st L2 012X ==

A IR A0 JEE D /JUS. 2 =2 DOT, el g2t E4F
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nio
o
ol
2
e
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2 | 246t XEHR(GEO) BAMUIM 23 &2 AH
H, E4F 28 Mol X=2 &Hd

(4) HUICH: 2t X HLOIA SH HHG0 AP 23
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(5) OIEeI0F : 3R (=2 &eD|2, XNEARA)} SHHIE HAAHGHH AP 3

r

(6) AAA 1 WSL(Wood-Snow-Landslide)Ol Al =AFEH2F AFAFEH 23 A3 %

0

(7) &E=: =282 (Chinese Academy of Science)dtol AF2EX| THOHEHAE H R A (Institute
of Mountain Hazards and Environment)llAd EAF A3 AXQ| 20| JUS

)29 A9 w22 A ZAHUSCS)H 7= 4 H(NWS)o A Keefere] mwlg o] 83}
= Aol = MEPA 2T AGE hFo g A9 o - ARAAE FF8t] &
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Litiibulichs dvmiwiew map of e corermenoin, Uled States. tletanl colar denots
ULE feclogical Sarvey, 1857, Dagilad o et wlihis avesrvauw map of the ¢
Tty Dhjgsin-File Ropo G700, ¢ nih ey Jenathin W Gadt, svailnbl
Pl N et cramg. po puaiopes n- fis -t poed el 20702 A0

™. 2.1.2 012 USGSOIM Z2tsh 0I= MA XY AHALEH 9IE3)

ol waywg landslids oo cuitoncs, From
mcxm Lirstod Saates U S Geologienl
wirls il

2T BF FFGCEOC, TFAN, TF714H ¥ AbAte(Landslide) o - 74 B2 A
2Hls gt 19843 FE ARE IEsr] AAS AR 71ES B4 W oF 1074
ol el A AFAtei(Landslide)7t oA &= %24 2443 A7 175mm, A5
70mm/held& 7IEo g2 st Utk 239 AF, FA= Lumb(1975)¢] HireA et &
o] Z¢= ¥ AHAN AT/ HFo Folog Agsta, vy A IG¢TF B
AYAFF el siAo] Auj eIt oy, 1
ANE vbgste] g2 ARt Wes JTEee Aoy F&EA
Ao A0 BARC] = AAte](Landslide)E Yo 4= 9o, AAMel(Landslide) ¥
A A A A=rE AAQl 2310] H= o]&0] $-AlstT
= =4 7Debris Flow= 13k Jaf Aza A8l A= F8 A =4 7Debris
Flow) RUE @ A 2"S 753 27| FBA2"ES 98 A ot A= B30
wol A53te AEl7 Aoz s EAF(Debris Flow), 4HAHe](Landslide)ol] tha 7HA)
gFol AAHLE o]FAX Ut HAFTE¢rt TAL A v 102wt FeEFS B
UE P 7138 S ¢l 88 78 3 TANE 5 8-S A& Adsta glom
A7 (Debris Flow) #Aloll AH&HE= AS7] 2 Aulze gfolojillA, A-EA, 253
FAA 2 o5 RUEY Aol o] &¥ L
Y Hol 739 Yagi and Yatabe (1987)2] A+
2 Wols S ZedAgE Ade] B2
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(Landslide) A A 3¥ =Ee 799 Ad) A& BA G99 AA=7t ARALE
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MslAtt gfolo)d AlxEle EXF(Debris Flow)7} 28 Welos 7 $oloje o]
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21 F(Debris Flow)e] 24
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=3, AFZ20100S AHS AAeh o] ndldgste] A2 a5y @ Ay muy
AaE sty JEY 2 A ST

o

1
Of

], 5ol osi4 HAs= 4HAtEl(Landslide)s 2 &4 EZF ZoldA IS
HZ 2HAbEiGshallow landslide)24 o]2 E83 #AHo = df4s7|93 E7|bk =
ol M Bl Fgo] o] FoAL Ut

=214 7]%ke] AHAbel(Landslide) <5 232 AbAbei(Landslide) 24 4 & 322
2 F¥sr] miEel B2 78 Aeko] mE vt AZE AR, AHAbE(Landslide) 9l
Hog Add o i, sk X3 715 Wste] we} Fgo] JhsstER

l

o

A

o
A&

il



O AEAol Hthe HollA Aol Utk HZell= GISIRSY ok kAl WHo=
e SARY I F8o] Jhestng AA| 4AHAbel(Landslide)7t doluAl e3k
A FHAT A Gol| tig £ o] LolafA|a Yt

87 7]8ke] 4HAbEl(Landslide) o1& =32 Ward 5(1981), Okimura (1985 ]3|
Al AFERS b o g B 7|hke] 4hAbE|(Landslide) S22 AFAMY 2y 3

<

4
M
b
ofl
N
ol
N
fol
al(l
o
ofl
o
rlo
i
t
b
ofl
©
i
o
o
fru
-
ox
i)
2
N
.ﬂ
>,
(g
S
o
o
ofl
rlo
)—A

)
o
-
e
>
A
rO
o
ot
tlo
X
fru
o
ofo
of
k]
%0
rlr
=
g
S
Md
ko
)
r

b
rlo
re
-
)
e
=2
1o
:C.i_',

LR
teks mgo]l AAEI Utk Montgomeryet Dietrich(1994)= Abdo A Eo &
A g o] A Eet EZE(subsurface flow o2 7}43te] SHALSTAB =3-& 7)Estsidh

allf
ftlo
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gt olstel Ry AHAH o] YUk o R APGE =YY YFEAL

Hola Qo] A7y FEstdog 3 FASkT

el MASE AANT AAE 8 EAFE 5%l ShEr] FESU BFol
B 9o ols] BAST Utk web SN ANEE BAAIE 1 A

5

o

i

HAAQ e A8t & 5 dom, eok XY, A, Avrzde] A2 EFFo=
AA =] AR S BEARY A #57F 28 ET kA U AR 23 A7 A
SEA tig £ dAadd FEel o] wg Fasi

-9 2RAE B o] AR L Caine(1980)0] A=t 22 7He] #ALES Al
A ZE o]Z o]o] BHHE wWo AFrt HaLda(nnes et al, 1983; Olivier et al, Crosta

and Frattini, 2001, Cannon and Gartner, 2005), $-2lygtoll= & 20d %t 2%
ARALE] A 7Rl B S A% AFEo] IAPHATHEEE 9, 1990, ALY 9,
1998; A7 2], 2000; $+F<, 2001 2A7E 5 <], 2006).

Caine(1980)-2 73712 H= £&eho] =(shallow slide)e} E417F 4FALel(debris flow)S o4}
o8 9712 A9AE7E AAE Aol wiX= FEke AT 1ol olstd 4
AFERZE RS 9%k A1t ARl BA= ok Al ofstr dAARE el
AT} olF A3 st GA A A ZE B E T ST

of

[ = 14.82 x D-0.39
ol 7] A, 1= 797 % (rainfall intensity: mm/hour)

D+ 7+$-7]%Hrainfall duration: hour)

of 44 A% slollA AAEZE D S e AL
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F A7 AL ALY 3.2Tmm/h o) Ao 2 A8A1 7 A &E u 4RAMEI 7 EAYdT) o)l S F
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24 12 22 ol stoz
e ETXEe]] 2222¢(mm) 2r A4 Ol 222 (mm) (mm)
S0l-0t4 1991. 7. 20 172 1991. 7. 21 229 401
AX-EHRA 1996. 7. 26 224 1996. 7. 27 268 492
&= 1998. 8. 5 97 1998. 8. 6 405 502
AN 1998. 8. 11 111 1998. 8. 12 248 359
A= 2002. 8. 31 870 2002. 9. 1 14 884
=2 2002. 8. 31 - 2002. 9. 1 - -
. 2002. 8. 31 295 2002. 9. 1 120 315
a 2003. 9. 12 118 2003. 9. 12 89 207
OrA 2002. 8. 31 285 2002. 9. 1 1 286
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MAC: OF&, GEO: HE, M&J: RF-& =)
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AN WA 28 2Feha, UHA Ao 1 Btk 23 2 Boks AA ey,
S S 28k AEE AALETE BAE Qs AezAe) 209 39
AEE ofulsts Eolth FEIN ZFoIAY AL} B AN mrh APstA BA

d AS B 0 B WeA st AA 433 2 AT ek

H 3.1.3 222t 22 = XG0 AAEY =S 8BS X+

PRE(mm) CPR(mm) Cc Ce Cf

Z0ol-0ty 401 1321 1.02 0.31 1.33
HE-=2& 492 1373 1.06 0.38 1.44
e 502 2349 1.81 0.39 2.20
af = 359 2087 1.61 0.28 1.89
A4E 884 2068 1.59 0.68 2.27
=2 315 1558 1.20 0,24 1.44
== 286 1449 1.12 0.23 1.35
Ot 161 1957 1.51 0.12 1.63
HE 222 1431 1.10 0.17 1.27

MAP: EH & 22 1300 mm/y
PRE: 22t 22 JI=
CPR: AFAFEW D} EHAHSH

Ja

e 0=

im

COA
2. GISE o] &3 = HAH/ENFY 54 &4

B AL AolA AFT e AR

g oy
4R Jetdast A8, A 2 EAE40 BE AEHS BASAT.

ATAS T AE, AT 2 pHAE BEAF AAETE H LA

[e)
o
I AFER G A A Z-(source area)oll HEo] Adta F3lE HAnpY =FEo] &
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3 RESH, o]F =%t HHHo] ENFE WA WA vhH AAele] e
IS TP EFHT U1 A 27 BLF BHF o] oshe] WAL 1
A o) AHe Fe AGAPOR thRE AAHEo] W 444-624m FEo)A WA
of AAol7l 21 AFE wek Fele} 1 pgel A EAFE B AKIY 3.13)

100 - Data numbers
& &A: 660
2 80 1 Y&C: 916
Z Jan: 36
Z 60 San: 102
E Gan: 525
c 4 um: 840
= 40 Sok: 86
5 ac: 15
% 20 1 Geo: 7
% . M&J: 248
% Y&A Y&C Jan San Gan Jum Sok Mac Geo M&J

@

s Location

M debris flow  ® shallow slide & debris flow = shallow slide  ® unclassified (gully, circular)

18 3.1.3 2t NGE LAEH =€ HIS

M AYG F AL 4 o]&d A5 7 Hof 1
1 A Ho] A MHES 5= o] Hot
@ T=

ARAR O] fPRE ARAME Rt E o] Do), Bl Ao o5 HAA " o] F AW
Aole} F& ZAo] folgth AEv FIA FHAFHE oot FAHo] shEdtnE
3 H(rupture surface) Ao tist FAAE= SA37] oJdoh =3 AAAHANA =
G EZo] AU AAIFE FAHE T FTEE Wt AW SRR olFHERE T3
S Ags] st ZAY] olHth wEkA ATFAYY A=
At ARAMEE RASHE B wEtAe AW ol AR E F WHE JHA1
TEE A% stH, #AHe AAve 7HA L fFRE ARSI e ok ey 4
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8 3.1.4 NGE AAEH HE 222 HIE

ool §hate] sp7kere] Ex3tal A Po] FHAE FAE AH AEHES Holrt
w9 &k oiFEo] 50m o]ste] ATRSl Ho] EAHo|th &R1-A, BE, FEI, &
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= A% F3pekuto] obd A& AlejstH AAEZE EASHA] et ERF o8t e
HAM S FlaE =] ALKHom spbEo] AMAEE BAANE ThEe FEd ES
(regolith)S &Fd8tA ZIHHALF <], 2000, AL 2], 2008).
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H 3.1.4 Varnes (1978)Jt MIQt8H AALEH 27

Type of movement Type of material
Bedrock Engineering soils
Predominantly Predominantly
coarse fine
Falls Rockfall Debris fall Earth fall
Topples Rock topple Débris topple Earth topple
Slides rotational few units  Rock slump Débris slump Earth slump
translational m a n y Rock block dide Debris block dlide Earth block slide
units
Lateral Rock dlide Debris dide Earth dide
Spreads Rock spread Debris spread Earth spread
Flows Rock flow Débris flow Earth flow
(deep creep) (soil creep)
Complex Combination of two or more principal types of movement

Hutchinson(1988)2 Vanes®] 4HAME] 3 o % A|Qke] AFd we} F714
F8E ARG &3], 2= ARHko] mjx(mass) FEHIZ Asste EtoldS AEs)
3} sagging A &gk Aol
Community Programmeo| A= 4AHALENS] 8-S O A &3 st

o JAbe) 58-S ATt (EPOCH, 1993). o= 7|Bxoz

o & O

rebound, creep, So= EAolt}y. gHH, European

Y, B, EAE TR

Varnes(1978)2] AFALE] #

o

-

| e AFEAE=

41
o

2

R et GE 3.1.5).

g s3 Y% AE 3o BHE ARsgon, 4

FPEE EHo

= 3.1.5 European Community2t HIQ+St AFALEH 2F 2+ (EPOCH, 1993)
Type Rock Debris Soil
Fall rockfall debris fall soil fall
Topple rock topple debris topple soil topple
Slide(rotational) single (slump) single single
multiple multiple multiple
successive successive successive
Slide(translational)
Non-rotational block dlide block dide dab dide
Planar rock slide debris dlide mudslide
Lateral spreading rock spreading debris spread soil (debris)
spreading
Flow rock flow debris flow soil flow
Sacking)
Complex(with run-out or changes of behaviour e.g. rock e.g. flow dide eg. sump-
downslope, note that nearly al forms develop avalanche earthflow

complex behaviour
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Vallejoo} Ferrer(2011)-2 Hutchinson(1988)2} EPOCH(1993)2] E/<tS EUZE AZ-&

ol HeiME =

aa]

BRFS AT Tt

el Exo] we}

3.1.6 Vallejo2t FerrerOl HIQtSt AFA

Zgjolmmul olye} X S(spread),

= Z 9(flow)

Agstgon, Az BsE 27 B3 Axw

ol e 7= A (& 3.1.6).

HEH

=
TT

HL

Type Form of initial failure surface Subsequent deformation

FALL

Detachment (a) planar failure surface Free fall, may break, up, roll bounce, dide, flow
from a (b) wedge down slopes below. May involve fluidisation,

(c) stepped liquefaction, cohesionless grain flow, heat generation,
(d) vertical chemical, rate effects or other secondary mechanisms.

TOPPLE

Detachment (&) single (a) pre-existing As above
from a (b) multiple discontinuities

(b) tension failure
surfaces

SLIDE

Rotational movement (a) single circular failure Toe area may deform in a complex way. May bulge,
(dliding) on a (b) successive surface override, flow, creep, May be retrogressive.

(c) multiple

Non-rotational (a) single Non-circular Often develops a graben at the head. May have a

compound movement (b) progressive i. listric toe falure of different type.
(diding) on a (c) multistoried ii. bi-planar

Trandational (a) planar fallure surface May develop complex run-out after disintegrating. As

movement  (sliding) (b) stepped for falls and flows.

on a (c) wedge

(d) non-rotational

SPREAD

Lateral (a) a layer beneath topographic Can develop sudden spreading failure in quick clays.
spreading of hard rock surface Slope open up in blocks and gulls or fissures,
ductile or soft Liquefaction can occur and the whole slope spreads
material (b) a weak either as a totally collapsed flow or with ‘floating'
which deforms in interstratified blocks and grabens.

layer
(c) a collapsible
structure

FLOW

Debris movement by (a) a natural, complex Flow will involve complex run-out from source. May
flow on i. unconfined be catastrophic. May move in rheological

ii. channelised mechanisms.

Movement by any hillslope Creep may be gravity, seasonal, pre-failure or
creep on progressive.

Rock flow (a) single sided mountain slope May be slow gravity creep or early stages of
(sagging (b) double sided (a) of rotationa landdliding, but not displaying toe deformations other
Sackung) (b) compound than bulging.
movement on from listric

biplanar
(c) stepped discontinuity May invlove topping.
COMPLEX

Movement involving two or more of the categories above
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H 3.1.7 Flow SEH AFAIERS]

2 (Hungr et at. 2001)

o
Lo
o\
i
i
-
W
;E

o
)

NRE PO F2(ow) FeE ARstel AASAL 1
L &E 240 B Ex
o f¥e FEILA HY

she @xol AT (& 317,
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Mineral Water content® Special condition Velocity Name
Slit, sand,
gravel, and Dry, moist, or No excess pore-pressure Various Non-liquefied sand
debris (talus) saturated Limited volume (silt, gravel, debris) flow
Slit, sand, A 3 . .
. Saturated at Liquefiable material Extremely  Sand (dlit, debris, rock)
debris, and rupture surface Constant water content rapid flow dide
weak rock® s P
" At or above Liquefiable in site® Extremely .
Sensitive clay liquid limit Constant water content* rapid Clay flow dide
Peat Saturated Excess pore-pressure Slow to' Pear flow
very rapid
S Slow movements Less than
Clay or earth Near plastic limit Plug flow (sliding) rapid Earth flow
. Established channel® Extremely .
Debris Saturated Incr. water content* repid Debris flow
Greater
Mud /-.\t q ?bo."e Fine-grained debris flow than, very  Mud flow
liquid limit .
rapid
. 5 Extremely .
Débris Free water present Flood rapid Débris flow
Partly or fully No established chianinel® Extremely
Debris saturated Relatively shallow, steep rapid Débris avalanche
source
Fragmented rock Various, mainly Intact rock at7source Ext.remely Rock avalanche
dry Large volume rapid

! Water content of material in the vicinity of the rupture surface at the time of failure.

Highly porous, weak rock (example: weak chalks, weathered tuff, pumice).

The presence of full or partial in situ liquefaction of the source materia of the flow slide may be observed or implied.
Relative to in situ source material

Presence or absence of defined channel over a large part of the path, and an established deposition landform (fan).
Debris flow is a recurrent phenomenon within its path, while debris avalanche is not.

Peak discharge of the same order as that of a maor flood or an accidental flood. Significant tractive forces of free
flowing water. Presence of floating debris.

Volume greater than 10,000m® approximately. Mass flow, contrasting with fragmental rock fall.

2
3
4
5

7
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H 3.1.8 SidleZt Ochiai(2006)Jt Mt AFALEK

dlides and flows

Slower, deep-
seated landdides

Slow flows and
deformations

Surficial mass

snowmelt period) followed by a
large to moderately large storm; if
preferential flow paths exist route
water quickly to the failure plane
then these failures can occur during
an isolated high-intensity rain event.

Typicaly requires extended rainfall
(or snowmelt) to initiate movement;
movement continues through the

rainy(or snowmelt) season and then
subsides when rainfall is infrequent.

Same as for dower, deep-seated
landslides(solifluction responds to
snowmelt).

Initiated by freeze-thaw (frost

Types of Rainfall and other climate Timing of the landslide
soil mass conditions that contribute to
movements initiation of slope failures
Shallow, rapid A large total amount of rain during During the storm event or at the peak
landslides and individual storm, often with a of rapid snowmelt.
period of high intensity; exacerbated
by wet antecedent conditions. Also,
during prolonged and rapid periods
of snowmelt.
Rapid, deep An extended rainy period (or Usualy following extended periods

of rain, but towards the latter part of a
moderate to large storm.

The lag time between the start of a
rainy season (or snowmelt season)
and the onset of slope movement is
usually at least several days, but can
be several weeks or more.

Same as for slower, deep-seated
landslides.

May occur year-round, but most

wasting heave), wetting-drying, and wind active when frost heave and wetting-

under nature conditions. drying processes predominate.
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Model name Description References
Anderson & Lloyd (1991),

CHASM Combined Hydrology And Stability Model
Anderson et a. (1996)
LISA Level | Stability Analysis Hammond et al. (1992)
o . Montgomery & Dietrich
SHALSTAB Shallow Landsliding Stability Model
(1994, 1998)
SMORPH Slope MORPHology Shaw & Johnson (1995)
Distributed Shallow Landslide Model/Integrated )
dSLAM/IDSSM ) . . Wu & Sidle (1997)
Dynamic Slope Stability Shallow Landslide Model
SINMAP Stability Index Mapping Pach et al.(1998,2001)

Ewwen et al. (2000),
Birkinshaw et a. (2010)

. . N ) Iverson(2000), Baum et al.
The Transient Rainfall Infiltration and Grid-based
TRIGRS (2002),

Regional Slope-stability
Savage et a. (2004)
PROBSTAB PROBability of STABIlity PCRaster GIS package Van Beek (2002)
PISA Probabilistic infinite slope analysis. Haneberg (2004)
combines the hydrological distributed model
GEOtop-FS GEOtop(Bertoldi et a. 2006) and an infinite slope Simoni et a. (2007)

geotechnical model

(Saturated Unsaturated Simulation for Hillslope .
SUSHI . Capparelli et al. (2006)
Instability) model

SHETRAN System Hydrology European TRANsport
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Twoes of
soil mass
movements

Rainfall and other climate
conditions that contribute to
initiation of slope failures

Timing of the landslide

Shallaw, rapid
landslides

Hapid, asep
slidas and Hows

Soawer, deep—
saaiad landsides

Slow fows and
deformaiions

Surficia mass
wasiing

A large total amount of rain during
and individual storm, often with a

pericd of high intensity: exacerbated
by wet antecedent conditions, Also,
during prolonged and rapid periods
of snowmelt.

&n extended rainy period (or
snowmelt period) followed by a
large to moderately large storm; if
preferential flow paths exst route
water auickly to the failure plane
then these failures can occur during
an isolated high—intensity rain event.

Twnically requires extended rainfall
{or snowmelt) to initiste movement:
movement continues through the
rains{or snowmelt) season and then
subsides when rainfall is infrequent,

Same as for slower. deep-seated
landslides(solifluction responds to
snowmelt),

Initiated by freeze-thaw (frost
heave), wetting—drying, and wind
under nature conditions,

During the storm event or at the peak
of rapid spowmelt,

Usually following extended pericds
of rain, but towards the latter part of a
moderate to large storm,

The lag time between the start of a
rainy season {or snowm et season)
and the onset of slope movement is
usually at least several days, but can
be several weeks or more,

Same as for slower, deep-seated
landslides.

May occur vear—round, but most
active when frost heave and wetting—
drving processes predominate,
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