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Figure 1. Fatalities and landslide damage areas in Korea from 2013 to 2021 (Korea Forest Service, 2022)
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Figure 3. Landslide hazard map from the Landslide Information System of the Korea Forest Service
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Table 1. Input variables for FLO-2D analysis of debris flows

Grid size | Simulation Bulking Viscosity Yield stress Sediment

DEM (m) (m) time (sec.) |concentration|  (poises) (dynes/ar) | specific gravity

1x1 5%5 6 0.4 97.91 259.22 2.65
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Table 2. Analysis conditions for basins A, B, and C in FLO-2D simulations (Case 1: all mountain streams, Case 2: vulnerable

mountain streams)

Classification Outflow (m'/s) Travel time (s)

Case 1 33.534

A 1300
Case 2 11.601
Case 1 15.419

B 925
Case 2 3.886
Case 1 22.689

C 837
Case 2 3.761

Ago] WAL 270.0haZ & 9749 A&7}
A3 glom, AR @ AP 2AF A3 EHAT
FFL7he 47) 4 (RA-1, RA-6, RA-7, RA-8)¢]
Aoz HAF Q) BEYe WA o] 126.8ha A%
AFR7L F 1070270 A8 Qleth. @A Aol
wE2W EQHst Hofkike F 4714 (RB-1, RB-
5, RB-6, RB-7)¢1 ZAo2 RAEQth CHA9
W2 1789haR AF7 & 57047t 938 lom,

ot Al2o] HFL7HS 3744 (RC-1, RC-2, RC-
)l 2o & motE] 9irt.
7t 59 FLO-2D EX4Z21H: BEXNR §54%
157 A2 Rt 4o WA FAF
FAERA SAHE HAA EY
243 A7t Case 19] siFsin, 2 #
F o7t et R AT Case 20] £42A
et QAch(Fig. 4).
oo gt FLO-2D 4] A} Case 10]49)

mr
r$J

S

12 =|HJ

El
T2

e

12 &sx2s

HEREAEE F 030 mZ EAM] G534
Mt 4R ASA SR SaAHE AoR
eI Case 2004 EA RO 95 Y7 A45A)
AR Bt Aoz BAEQIL oo Agdd]
el FhA A A A AL A s
A& A AR Jejdste B0

sk 7o) Wod Zoz e
BG92 Case 1014 EAF7L WA EXFO
A7 A A E ol AR W FAR7A
Acs AME 2T FEHETT A
mz R BENF GAB0] sHle YEHe
UERTE Case 29] AL 31RE Z42
Aoz FMEYA, EMFI}
HTAZ Aol AR Balo) ne
sajo] WY 750l glof tidfefol Aget
2ol Wad Aow

o)

off
i?l

>

B

= s o

% =
L
rir

o4 2 Jo ot
Mo 3L 4y ot ox
odu g X ok o

N T

= = N

:I=l" -

T oy

Y it

> o

> e

X >~

ot

1o,

i)

>
2


http://0.0.0.30/

Case 1 - All mountain streams

basin

basin

basin

CHAY 4%, Case 10]49] EXF K54t
HE7F A SR AR 8 F2AAE F et

UEebgTh =8 Case 29 EMARE BRI
SN EM BT} ASATIA] B2 2 Qs 24

o
Zeal Q7] whol] AR o] AA EFos Qg sHt

Case 2 - Vulnerable mountain streams

AEA 9 FARA EA T @ Ts) wA
7hsAgo] EAGITE B AT EAF BB

RO, ENFY SEHL WA Wel @

oj71o] FE= AsYAAAE tiAE FHehs 2]
Zes Z o= AgE

Wilcl 2/l



3. 7z

3.3 AbxIfsH FoHY TIE St WHLRICHE
Aol 23y mt

AR Fobd ke Ak Ul AR 2ol
e 2R 9 JEANES Q19A FAT HEC]
A U A st o= Qlsl sk B UiAl
A2 5ol sl AAAsl WA 7730l F43]
S7He S o, MARE delA s ARl
gt ZAF S B fARE 53 BddA =
ggks] A vt le Aol whEkA,
A A Fopde Bt Mfﬂﬁﬂ
Aslgol 4IH o= e 5 Qe yele]
2 A o] HAs| st
g} AR A ADSHE Pt
2 9 G} Zo| FYPR AN L Aol
g 7|2 AURAE Sste] 84S setstolor
e} 722A At 1Rl % EARA, 25
A o) sl e 0] s AREAE

) AR AATFEE SATFORK S5 BT
Aok W7k Aol g 27kol thelME B
AT Z WA EXF BAS ANEE

RREE

;

¢

olE Eoll ST AAF sHre] EARE Qs

g e 5 e AEA 9 FAA O s =

EAR FHoM Brke Bo dsiasls At 4
A sz BAE ANE B BAF Hopgol
714 e ol A= ARAIsIE et g
AT S50 715t
4.ZE

RA A WA

axee B4R 59

14 Hax|2&

A Aol BEt HOPd 7o) et St TlEo
Aol et AR o] dFe g A
229 AAE A FA DB oA
ARG WA AAAE Q-FHE A=
FgataLzt sk Ak WA tisiA g kAl
EFFA ZAE SR T Qo) AbA] sHA] o)
oiet SRR ofe] ARIAs) FHopg 7k o120l 44|

%3 Yt ol Aok, olo] AYFATS
Hge Agstel ARG HAMsN FAHA
AL 7122AE B stebst, 71 B,

EAEA), $EHE 9 Auhag A 5 59 U
Aol TN AUEALE So AAFBE
AXelok B, oleie ATE EUm 4HX]
SRA0 Ul A8A B FANE sl EAR
el BAe B HokY BohE suet,
e Zl of7io] Wil ETFAel AapgA iAol
SIEolof & Aoltt,



KOREA SLOPE SAFETY ASSOCIATION

o

23
FLO-2D Software, INC., 2009, FLO-2D

reference manual.

Korea Forest Service, 2015, Comprehensive

measures to prevent landslide in 2015.

Papathoma-Kohle, M., 2016, Vulnerability curves
vs. vulnerability indicators: application of an
indicator-based methodology for debris-flow
hazards, Natural Hazards and Earth System
Sciences, 16, 1771-1790.

Won, S.Y,, Lee, S. W,, Paik, ]. C,, Yune, C.-Y.,and
Kim, G. H,, 2016, Analysis of erosion in debris
flow experiment using terrestrial LIDAR, Journal
of the Korean Society of Surveying, Geodesy,
Photogrammetry and Cartography, 34(3), 309-
317.




ol ﬁ*
SIS FEE

EAHHoH F|2¥e

2 WAyt E*}ZHSHE
s S S R g
WS ATHIE 1). FE WAL 64% o]l
AAZ ARl QlaL, B3] A B dFor
A WA o] EAZ ] APE AL 9le] H-HE
APl F7Yste] AL 7NEAIE Wl Selo] EALRE]
L& ZUhsta Qltk A FUe JFE9-9
HE4E 1990dlel Hs) =A] 49 dFos
A2 o] EApE] Hepdell 2A| =& o] Qlrk.
AxgHor & sg /45 20119 EARAS)

A0 [T

8 8Jl

_4\_ 7‘5 52
VEZCEHD TS SjQFsta} Al
chsong913@pukyong.ac.kr

o|F I EARE] f-7]HolA EARRE] oS
9o HE A7 £y QAN e
71459 A8 ALt 55 Aol el
£ Safeland, NGI, IRPI, USGS, CEO 53} Z&
71 A EARAE] B E Qe EA, =
AR, granA] A&Hor A4rt zﬁﬂ
Atk dytdow B FaE MAHOR
gat7] AaAe Ade+EdE e
v o2 EARE] WIZtE T 937
AFAY FES R BE AR & 3
B EEEE ARG =S AGFHE ol &3t
FE LA w2 Hd H717t F st

e

71&

%

o1&

ox

-
b

4o Oiﬂ 1~Fl
N
(1

2


mailto:yuntkim@pknu.ac.kr
mailto:chsong913@pukyong.ac.kr

KOREA SLOPE SAFETY ASSOCIATION

5000 5000
B Damaged area (ha) 2
~@— Restoration loss (100 million won) g
4000 1 g
s g
& E
§ 3000 s
= ~
= ~
v
2 2000 §
g §
8 s
1000 - 5
g
0 - L
2002200 7 1020112012201320142015201620172018201920202021
Year
2] 1. EARRIGHZ Q15 mfsHHA] 2 S4H|E
EAAE Hobde UAET =2 Aoy AYsttt. wEkA Y sl gt FEget
Aol =& A Uloll EAste AP eaEFH e A Frkeh] YeliMe FEtxg A wE
S EE oulsta, 0~1 Atole] et A4 FHoPd 4 (Vulnerability curve) 2.3}tk F o
goz mAEL 02 APLLY 4l 98, IV BAM UTES DB SRt
1€ S8t gaagel WY 39S FATh  WAS V1EE 7Y IHOE THHT EAYS
van Westen et al.(2011)2 g|3AE g8 A= S7tdeE A8 &4 =3 S*b
gt A FE, oMY, g et tisk 3o FHE FTlele H4 FEHE 2FEHIH 2).
1.0 - L e
- = -
)
0.8 2 2
z L ] /WV v
= 0.6 /
5 oy |
% 0.4 V/
> /
£
02 1@V YV ® Non-concrete frame
/ / | ¥ Reinforced-concrete frame
0.0 . — - - -
0 50 100 150 200 250

Impact pressure(kPa)

Kot | b1z @32|E 7RO ForTA

M(Kang and Kim, 2016)




Bt

pe)
of
RE

A

E

EAMKSH

=2
=

Jof et

<r
1160

2z

o

1160

ol

Az, BREn g 494 s 2AE Ao B7E

=z
YIEYPER EHHL v BAYE TRE YHME FUTRYAC] G2 HopR o] Basi.

=7 e xH
HZE32(E
=1 HEoue
ERAESSEN
SHZRHE
=52 ELE e
d=37L
7IEt S
FeFxP Ao w2 FHogMg /MLyl Hazus-MHOIA A7, AAte], £42 wajie
JaliE e 2o A ZAe wel AR, ABe) SAMES AW ) Faks BE ol gl
WA Az HolE S E8) SRR W ulsiaEe]  Slight(%u}), Moderate(£3}), Extensive(3d}),

Y ARES B3t FY YA EF83L Complete(@uh 2 EFITHLH 3).

H 2 EMNAGIZ Tlsite 742 24T Fol(Hazus-MH)

REE R ZE R
Complete Partly or totally destroyed, evacuation necessary 0.8-1.0 (1.0)
Extensive Partly destroyed, loss of parts of external and internal walls 0.6-0.8 (0.7)
Moderate Cracks in the wall, stability unaffected, reparation not urgent | 0.3-0.6 (0.45)

Slight tS(I)ingtrnr;;:;]sgtsruocrtl;iﬁilnc;asmage, stability not affected, damage 01-03 (0.2)

T AR BEASE e A oo AR A
ENES g R EXA daMe 283t 3L E
A e AR EAAN} FASd PSS  wEoR AR TE BAsic)
o s A e SRst pA|slA E Aot

18 #slxl25



KOREA SLOPE SAFETY ASSOCIATION

Measured affected area (4 gcre0)

Computed arca
Computed  area inside
the affected area (A ide)
Computed area outside
the affected area (A,,,,.,)
Affected area outside the
computed area (A,,,.5)

1.0

0.8 A
bl
<
£ 0.6 1
£
=
=
£
2 041 —— Reinforced concrete curve
'5 —— Reinfoced moment curve
> — Reinfoced masonry curve

0.2 Brick masonry curve

) —— Light-steel curve
Wood curve
~— Other structure curve
0.0 T T T T
0 50 100 150 200 250 300
Impact pressure (kPa)

D21 4, T S| T2 EAPHSH FI2p B




2 FARYNl G2 2 Ao
B7he R MAE SRS 5 z0l U NgE
W} £ WA o e Al
S 5 WA A b ReAAAE 2]
A3 EXR Aol FEol Tt A

Aol AFHOR NPPANG 2T ol

o
> forecst it

Rainfall intensity(log scale)

Past | Future Time(log scale)

[HEEE 22717

2ol 228 1AWAAL viow A 5
S4e Salstol EARS) 9E4ES Bash Bk
A g—asa s 711%}% S EEC BN

3 2 Foby WohE

Method 3, Combined model

Method 2. Physical  based model

u

IMDebs o source ares

[t S48 UIst MAE DAY X1 F5]

"
i.
I«
:
.
"
L
[FETEYE0] M2 FATUS USS AYUSTY B27IF0| B2 HAY YIL o]
25 EAH Fo 7t 5B

BEE EAAE) oS3 R ool et BohE
A7) SPNE EARISS Sshs 29 B
o A4 YE 2971 dulolE, EA

LW A WAL I8 VA= W7, A gl
EARE Aok 41 Ao Waol, olsh e
9175 B8 EAPAE] 180l =BT A1) 2o o]
A4 $oE 7o oEr mH N4 2L

4>

[

20 #slx2s

(1918 |18 Hi¥oR RE5HA]

Al oS53 SiRAolel Tt Aok W7t 1%

e E3) A09] 714 24T A7 7 240l

oiet 7)&A et A D QEslelE Hastslel it

H] A2 A0 5 Ak %Al 7wl

oiulstel EAle 133t gIRAe] ok Wbl
A549) ATE E3 AP P Tl
e ol Wew Ao Almgr,



KOREA SLOPE SAFETY ASSOCIATION

174 (016), EXRS] SWBAT} B8RS
g A= E94 Y ), 33 At
9=, ek

- O1Ag (2018), 1EEE A T ATATE
A= 9 Hokd Bt 7]‘@ 7, &3 HhA
9=, STk

2. 573, oA, A&H (2021), AFEHH 5%

£ 7|9k RElS o] 85t BEAR WYY o5 7
7N,

3. FEMA, HAZUS-MH Technical Manual, 2011

4.Van Westen, C. J., Alkema, D., Damen, M.

C. J., Kerle, N., and Kingma, N. C. (2011),

—_

Multi-hazard risk assessment:United Nations
University-ITC School on Disaster Geo-

information Management, Version 2011.




[t EAR HI0718 JHE X SIE &S
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