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< SUMMARY >

Through preemptive preventive management, prediction of debris flow and
optimum disaster prevention facility design are essential elements to mitigate
damages. By advent of the 4th industrial renovation, we can obtain the physical
property database by applying a highly efficient spectroscopic technigue and
through a machine learning algorithm. The goal is to develop a design technology
for an optimal disaster prevention facility based on the debris flow behavior with
the application of those technologies

The specific tasks are designed as follows:

* Development of spectroscopic techniques for volumetric water content extraction
and infiltration characteristics evaluation technique:

— l|dentification of spectroscopic characteristics of domestic granite weathered soil,

Purpose & ”
Jumunjin sand
Contents — Linkage between SWCC test and spectral characteristics test
— Infiltration analysis technigue based on spectroscopic characteristics
¢ Estimation of the behavior of debris flow based on machine learning and
Development of vulnerability evaluation technique:
- Predictive machine learning model for quantitative information (final volume) of
debris flows
— A decision technique of optimal location for disaster prevention facility based
on the vulnerability assessment of debris flow
¢ Development of an optimal design simulator for debris flow disaster prevention
facility based on Augmented Reality:
- An augmented reality—based simulator through derivation and verification of optimal
design standards for disaster prevention facilities
Expected development products are as follows:
¢« Development of spectroscopic technigues for volumetric water content
extraction and infiltration characteristics evaluation technigue:
— Patent application 1EA, SCI Journal paper 1EA, Domestic Journal paper 1EA
e Estimation of the behavior of debris flow based on machine learning and
Results Development of vulnerability evaluation technigue:
— SCI Journal paper 2EA
¢ Development of an optimal design simulator for debris flow disaster prevention
facility based on Augmented Reality:
- Patent enrollment 1EA, SCI Journal paper 1EA, Domestic Journal paper 1EA,
Software registration 1EA
O Application plan
e At present, there are limitations on the accuracy and efficiency of techniques
for predicting and responding to complex debris flows in a variety of
environments with variable time and space, This basic research on advanced
preventive technologies for analyzing data and using spectroscopic camera will
be very useful in view of social urgency and necessity in the future
e By the future application and more practical research, it is anticipated to
adopt those technologies at the disaster management department of local
governments, and the forest management department
e By gradually expanding the area applied by this research achievement
Expected technology, it is possible to develop advanced hazardous area management

Contribution

and disaster prevention systems further in the national level
O Expected Contribution

Technologies that shift the paradigm of debris flow management measures from

post-recovery and countermeasures to ‘preemptive response’ can be provided

e The best combination of parameters for the design parameters of prevention
facilities, and the scientifically proven method of optimal design conditions will be
proposed to enhance the construction technology competiveness

e Establishment and operation of the prediction and response system of debris

flow will not only reduce physical damages such as social facilities including

public facilities, but also improve the safety and welfare of public people

effectively

Keywords

_ Disaster . Spectroscopic Machine
Debris flow . - vulnerability . .
prevention facility technigque learning
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3-1. 2&7IH 7(gke] XUt AMH

(=13
=

sH| ol F&E7|s MY

O =8 UYd: 5ot =2 5 ZE =4dc I S70l w2t 2Rl AL SMSHE JHE . 2dEASdE =
Mol /ol wtet olHX|E S5t BHAlshs o7t A‘IE 2t 2t 2H7F 7K Ae AREE FE
ol 7kseH(ag 3-1-1). & AFoM= X|ghe| EetEo| Sutetol w2t SEALS0| Holxls S4E
0| 835to{ Z|tte| ghdol e ZASHES ML EMN JTA(Ee| gH| ARE ESSIRUY, 7[&E &
TH| EYZAIRt Hlusto] MEHdE AEE

REFLECTIVE

EMISSIVE

400 nm 500 nm 600 nm ‘ 700 nm ‘ \ 1100 nm 3000 nm 5000 nm 14000 nm
DA 7z 23 2 FEAE Y « OZHCHANS 4 2 2y
sfietsl ZALZ 9I3HE Saby SH TN 2R RY e Ry ThAs S 014 3l B
st R o2t el ECTER
A o1A] 9l = Flzer e U 2R JtagsEes | -EE e
S| RS 7| S0 =X of 7 25 i CEEmA R
oot EALE SIEHE Eube | - IEStER| 9 2E
- Alwzieg sfika Efx|
Al Q14|
- siles At gl
- 1B oA B
O3 3-1-1. EtE &8 Jts Al 2
@ AtelM-7HNEd =EH
AeAM-ZIN M ZHEO[E ARTE S5ts Yol &, F SEEE MR &, &F, 77X S8
a8eg 5 A 2AHY. 2Xe] olHX|= ZTHollH x|, 7&'0 ofX|, MAHXIZ Lis = AS. Ate
M-I EM 2 olHX| 2 gheteh 42, Aol X[of siEer. = ARAM-JIAFM e S5 AL Liel ©
Atel MolE de7|A &. ol HAMOl= At Lfel MAFE, § ZA| stettael 2 J|ststA
Txso S0 w2l E=Es 9 olyXx|el F7] & MZ|7F ohEA LEHE. W2t ARl M-THA M 2
HH2 ZAe| MATFEAH HES fUstedl 2HE e F st
HIS AtEfel Xl 2A7F JIA S R ARl E EctH Mo7F SR fAts 2Atel /ol ot
2t CtE Edet uEte| Wg S5t0] MAMO|E Y722, S5 oEe o =HH XL &4
of EFE &l & UZ. Bt 22 FHTE 2 ZHdols A2 B0IsHK| 22z, MMEZEs
dget M7|o| 2 SHo| SoAZ & S Mol 42 MYIE Hluste] EEEE SHe. LdFet ot
Zo| Yol Alz ZAof &2 I D3z FEAH 7|2 HE2 o2 22
- Lamber %
20| 015.5 =ME Fuotz mf, 2o BhAL A, 2HE 2o s40| o] mEol Lo MZ|= EolX|
A &, Fo M=o dlof XANARIE F|otH, ol= A el FHof dzg. STHTE ol83st0] o|& &
galoz LEM £ Ao, EFArc Aol Sdol w2t E2tE. HEToM dAtEe 2 2t F
opdo] ZE o] HIE 2OE EAISH Aol S4EE9 FA dofl vlHEES BEHE HE log(4/]) =ad
oltd, a= E4H4SE olojgt
- Beer HA
Beero| Hzl2 =d2ol sk 5=t Hrtel A Haly, Z2 fu oM Az 8Fel sx&
SIZIE AE 22 FAE SIM7IE Aot €2 2ot



i:l =
7(FQI’S TIAIM 222 MXE Aol HFE*% o0 AX|oE MM FF EEHe EAL 21 s
230 A JAS. oEH EXfof| HMAMES FAISHH XMO[Ll XM, JIA|ZMECE dHX|7F GeeZ
XY MAZE Fo| sHAS OE'°5’|XI 235t 2Xte] T S(vibration), =I&(rotation), 2l
(translation) S2f &2 02| EX2SS L2714 E. T2 EXe| Aol 2§t S5 &5 AHEH
O] LIEtLIH o|HE 2XIe| T= AHEZH(molecular vibration spectrum) HE= He|M AHIEZ(|R
spectrum)0l2t &. £X} 2zo &F= AA 2AlE(streching)Zt =€ (bending)Zs22 LIE. AMEXS
2 29X} Atolel ZEtEof wel |XIZEe HE[7F AfHez Hils 2522 tan) vitja 230 U
2. ZEx=2 280l ZET) Bt Ts2 2 TR Fl=(scissoring), EHREZFE2=(rocking),
A =2HFA=(wagging), WAXS(twisting) 22 FE2eH(AASH 1996). 18 3-1-28 H™H He|Mof 29
510y 2 2R ASsHA =1, Ztzte| 7|F s dhalo w2l 2 2AF IRe Fs dXd tSst=
Me|Mo| =0 a8 3-1-3uf &2 AHER kAS LIEHA F .
(]
0 0
H H
H H O H H
CHEl Al ZX|= 2R =
a8 3-1-2. 89| 7|= 7=
Wavenumber {em™)
‘Hlll'lﬂ 60!!0 Sﬂ.ﬂl] 00
.09 -
.08 -
LK
‘,_, .06 —
4.‘—-5 h.0s -
= — wi
é .04 nl::.lar'petliun u’?:;’.;:';‘.ri?n
0.03 | pand at 2500 nm
002 -
01—
D'“n 1] L] L 1 1 L | 1 T T T T
130 [ 1] | =11 Ll 170 IR} 19040 2000 Z1H) 2200 230100 2400 2500
Wavelength (nm)
a8 3-1-3. 2 24 gbg A" E>Z A Clevers et al, 2008)
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b 9l An 2RI A|EE 55101 HME FM5E 4 st sHEskE XE22 28 2ELHEN
SME g2 F JUS. XL 10001 A ot 35, dEs, MES SoA OjaEHe S8 FHSH|
st ctoz 22 (spectrometer, spectro-radiometer)S A5 <L, AZAEAL 2ol E AEHAO|L}
OF2lof|M Clkst X|ZEL| EABIAIZME FHSIV| fIsto] 22AHE AlSst S, AT shtel =
HolAM stetel EHIME EHY = U HHHo| =EE A2 IS FHses ZE skaoict EHEYN
SME HdE = A2, 0|E 0|8510{ Z iAol siHsE SE=2 UHE YEE FESt= o AMEE
ZEYIH 2= 2IlAZM(line scan)HAlE &5l OO|IE{E ZFHst, o= s4HHE, AHEH
MHE o[o|X| HEE =EZ&ESH= DataCube HENZ XNZHE. FAH = Oa=Eel & 2iels =Lt 232
Soll 2ol=0|A =M O|HEZ ImspectorO|2t Sh= O|O|X|22&7|(Imaging spectrograph)E& 7HA{ MAo|
EESHA = EkMel 2T 2= o= SF H(spot)ZtE FHSHATE ZE2&2IMH 2= lineg FYsH
=0y, O] lineoll= = B2 Mol tist EJ} =& ez Z= 2lelaE Sl &P = o|o|X|o
M Z+Zte| gMolct 22 Hlole{7F ZatE ZoE ¢g ¢+ AS(ad 3-1-4)
Matrix detector il [TTTETRRATIN! T
Imspector optics - _Spatial axis
—Target 2

L'}

E

E

5

Objective lens " Entrance slit

a8 3-1-4. =2& 72t &l2((Chang, 2003)

TG -CHaE oM 2 282 Fdst As ALl 230 2F oliX|el &7t dojLt=
otEhol 22, HMpAHERMe &5 w3 =29 7x& EFECE ML FF0 w2t 2™
g0, 2 Ujo| HEte BEximol @At B ZA HAMD} pE

H X

(=] o o
o o|sxt olet HE =2 31 H 4o 2f

§— = = ’
R dzE 4 ARE 2EEHE S| flsto] Al FHIE TS0 DT Ao ALSE &
StE= M2 UM, T8O, ti2d a2 F4 oM MR EHAD, Refls T2 ZEARIEE
= 7I2E|0|EE 0[8510] AleE AASIAS

Aol AFEEl =2F FHH2t= SPECIM FX 102



H 3-1-1. ==&3t0let 73 2 4
e SPECIM FX10
Spectral Range 400 - 1000 nm
Spectral Bands 224
Spectral FWHM 5.5 nm
Spatial Sampling 1051 px
FOV 38°
Camera SNR 660:1
Camera Interface GigE Vision
Dimensions 150 x 85 x 71 mm
Weight 1.26 kg
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E 351 EAR GBI SR HS wy o MY
3% ont EE ] B
FYHA %E%j'_:f‘ SLH:;;;;% Marchi and D'Agostino
(A m?) (0] 3718 (2004
FAGA
15°0 A
(A4, m?) Aol S8 A Takahashi(1981),
Olge W EXF Rickenmann and
7B ZEXZ|HE 9 HEA JHs A =7} .
. 30°0(AF B ' 2o “Ic’c 5 Zimmermann(1993),
& ) XX = 9 ArcGlS 8 Lorente et al.(2002),
OIX} (A0, m? Brayshaw and
SAAN AlBHe EX™ ZAAt Hassan(2009)
15°0|3} BHA o8t M EME
(Ai5-. m? BN 7tsd &7t
72 BuBA AAs AtH 2PME0] | Marchi and D'Agostino
(S ) det= 0y (2004)
& 7]kl S =z Ke) pS| M E
Al 372T§|?|X|T TRI= [Z(ﬂfu—fﬂoo)ﬂm Al ﬂ;;} S=2 Riley et al. (1999)
FARES SR+ A, y i ; :
PP sTh STT=1.4( 5911 )04 ( 05(1)256 )3 So 20| o8t Moore and Wilson (1992)
x 5 + AR MY HE 3
f orﬁéﬁ)xl_‘— SPI=1n (Astanﬁ) f N Wilson and Gallant(2000)
07|M, Age SFAH 7|0|HY, 3= AHZAE LIEHE.
H 3-3-2. UM XY EMF JeIXt DB +F
ooy | E5EF =qus Suz
54 (m3) A Ajzy Ay A5 S TRI STI SPI
1 W1 46250 75,600 27400 61200 16100 19 125.15 30.86 4.06
2 W2-1 4400 14700 5800 15400 4000 16.2 101.92 26.70 437
3 W2-2 3120 38400 9000 23900 15900 16.2 99.65 23.90 3.92
4 W3-1 22500 93600 5600 68000 29200 17.5 111.50 26.80 4.09
5 W3-2 26400 118000 26200 88000 26500 17.5 124.62 34.84 473
6 W4 30912 421400 69200 245200 69200 17.8 109.48 29.28 412
7 W5 878.8 74500 600 32900 25600 11.8 69.34 16.93 3.26
8 W5-2 685 158600 200 50400 42300 11.8 61.62 16.32 3.20
9 W6 14730 149400 25200 119700 33100 12 95.33 24.19 373
10 W6-1 6730 43500 18200 43000 8000 18 108.69 26.79 3.61
11 We6-2 5400 78100 20800 62700 23500 15.6 94.00 20.37 2.95
12 w7 18207 786400 95600 485000 147200 15.8 97.85 24.49 3.70
13 W9 39067 678900 176200 505900 136200 19.7 116.36 31.10 423
14 W10 3188 64200 3200 39700 15500 17.6 84.16 22.19 347
15 W11 18765 315000 161000 284200 34600 21.7 128.62 33.51 426
16 W11-2 14857.6 127800 18600 99800 34400 21.7 102.59 26.93 414
17 W12 31744 29200 8200 24900 5800 16.9 88.72 24.02 3.60
18 W12-2 2,307 5300 3400 10200 1500 16.9 84.93 22.20 3.20
19 W12-3 1630.7 7100 400 6700 1700 16.9 74.54 21.25 341
20 W13 6074.6 164100 71200 142000 31800 17.6 109.64 29.84 416
21 W13-2 5657.4 159900 24800 128000 28300 17.6 91.94 24.04 3.65
22 W14 1338.7 17700 3400 11500 6200 15 65.46 19.07 3.67
23 W15 73314 11400 2400 26500 13600 15.6 76.94 1943 3.29
24 W15-2 2327 38400 0 7600 6900 15.6 60.86 16.21 3.10
25 W16 3176 90900 1200 44900 22400 13.3 73.79 17.02 3.09
26 W17 2552.3 57000 3800 39400 16500 15.9 79.86 22.60 4.01
27 W18 37101 65700 6400 47700 17600 194 103.77 26.17 4.31
28 W18-2 9870 119700 32200 92600 27000 194 120.85 31.25 435
29 W19 10465.5 76200 40000 65000 10200 209 13047 3443 434
30 W20 6960 90800 25400 76400 18200 20.1 12542 32.26 432

_20_




Flover fitting)ol

% k)
=

tH2ts 1t

°

Pearson, Kendal |, Spearman

[

2 s =™ 2Yol 72|

&1
1720 A

O:
[

=

)

Z| o4

b =Z0lM Felsicta

5]

2 0.05 O]

o

ol
0
El
<0

—_

ﬂy_-lﬁ

oF

ofu
KH

ar

0.201lA1 0.2 Ato] e

A= 0.22

)

tl =04

9

ol

1|0
Klo
il

0l
"

1o
ol

b

S
=
—

=
S

2

p-value
0.001
0.000
0.000
0.002
0.001
0.000
0.000
0.003

ol =ty
ZHotgol xZet=x| 2 HolHE

)

S2l Bayesian regularizationO| A}

SHAl =0

=
S

|

S
2!

L=
= -

A=A

Q
=
M~ |~ |0 | x| v S| O | X
=l mn | - | © | O | n | v~ | v« | ©O
oIl ¥ | QO | n | ¥ | X199 m
.m00000000

.

RO | @

Ro|

<+

Hlg

T | Slo|l o |l9o | o |=-|o|lo|=
sl &2 | @ |9 |lols|a|o
S|l e | e | | Q9|9
sl | @ | 8| o |c|c|c|oc
QL
rS
Clo | — | <« | v | ©| © | w;m|uw
Bl | oo | © | m | & |0 | o | o
Ele | N | x| w1 |wn |~ K| W
5l | ©o | o co|oco|oc|oc|o
)
o
(7))
[
S|l | o | — | © | — || ol o
sl 2| o9 |9l | |S
S|l e | e | | Q9|9 |<Q
gl ||| o |c|s|c|c

RO

=a

<+

0.521
0.601
0.594
0.477
0.562
0.794
0.602
0.590
H(training phase)2t AZSEHH(testing phase) 2 O|F0{X

Pearson’s r

2| & (error back-propagation algorithm) 2]

F

C
(i)

il

At
=

TRI
STI
SPI

| =

=
=

ANN 2

FAIZi2o{, o]of

2

THFE 10 THHR]

el

o

oo
83

Hof
2 -0}

| cloleHAMe HolH Helet

F

C
—

=
o

Z-
(=]

AL, 30%=

C
—

i

[=
[l

307H2| H|olE{7t ALEEHA2H, 70%= &

=
=]

ai

A—=Je]
= T

T

L
=

]

2

F(Mean
AH0| 7 MSE

K
01

M=

=
[L

el
H0

4

F

A
(il

to Hlole Helet 2

°

of AtHZIE

I

A
HA

1

[=]
M

e
T

=
ar

A
~

h =4

tod, 10l k7t

°

21 2
N

=
—

°

ol 2

O

232
I 2s 101 17Hx|

[

!

—

EE

AbD

0.05 ErCt

[

ol AHXIA ==t

Square Error, MSE)
Sk, MSE

ZF
HA
C|

oo

—_—
o

il

<l

<
Ol
Tol

K
¢

7ol
!
pal

_A

Kilo

Stof 7t M

s

n
m_

=
ok

Hl

|

10

<+

=3l

of 572 =&

A% 0.82, MSE=0.25) .

A
T

FSH
[==}

|y
=

VS
—

.I

67 x|

Llet . &

=

vy
— =

A= el

AbD
(=l

ol e

=3

!

=)
=

Klo

-

M=

=]
e

. % log-sigmoid functionZ} linear function2| =
b training 0.91967, testing 0.88295, ZMAX}IZE (.854472

b= log-sigmoid®} linear functiongl =¢r2 JI1&I(a8 3-3-3).

CIs
(=}

=

1

A
(i

7HH,

.I
52
FEE 02540 AN 2

q

=
=3

ol
e

S|
oS |

o{(28 3-3-5), Hlu

o

_21_



# 334 HYES =g
Mess xg R
logsig-purelin
logsig-logsig
logsig-tansig
- - 1 ~7
tansig-purelin
tansig-logsig
tansig-tansig
1 1
ol -4
gos gos |
& 06 H 06 |
o o
o [=]
o 04 o 04
B s —&— Traming o —&— Training
k| 0.2 =k fAm = Testing = 02 r == Testing
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Number of neuron in hidden layer Number of neuron in hidden layer
(a) (b)
o 1 o 1
gos A i i gos | [pmneiem Bt ==
o
g 0.6 g0
8
S04 § 04
2 02 ~—&8— Traming B —@— Training
<7 ==t =- Testing 3% -=fy-- Testing
5 0 1 A A L I ' é 0 " A A i A A i
0 1 2 3 4 5 6 7 8 0 1 2 3 + 5 6 7 8
Number of neuron in hidden layer Number of neuron in hidden layer
(c) (d)
(4 1 od 1
'é 08 ‘é 08
& 06 | g 06 |
& 8
a 04 S04
- 8
& . —&— Training g 02 —8— Tramning
502t ==gy=- Testing = I ==fr=- Testing
0 1 2 3 i 5 6 7 8 0 1 2 3 4 5 6 7 8
Number of neuron in hidden layer Number of neuron in hidden layer
(e) (f)
a3 3-3-4. B Y ASCH AE4

(a) log-sigmoid & linear function; (b) log-sigmoid & log-sigmoid function
(c) log-sigmoid & tan-sigmoid function; (d) tan-sigmoid & linear function
(e) tan-sigmoid & log-sigmoid function; (f) tan-sigmoid & tan-sigmoid function

_22_



Training: R=0.91967 Test: R=0.88295 All: R=0.85447
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BRI, AN ZEo| Rp* Zf2 0.798 LIEMAS(OE 3-3-6). &, 2 AFZEH JLE EAMF I oS

AW 22 7| Zof szREIEd 5724 BHECH =2 MEHATS LERICD B 5 US. w2t 23 AP

Rlojnt 8|28 NPT ARlo|A EMF LEOISS SlsiAl 2 ¢l HWE AN 2| REY Aoz

7|cH e

O Zael geuwol

- 2 o7 ZNE S T ORI EMR APXTE HE JHSE(IE 337). 5, AU WAL Y
sel EMF BRGNS MHSI0 WAl TH0| LR YAMY Al 2AXNER BBE & US

- 3, EMR ABEE g2 £AR 7S oS0l 0|8 siMZmete| 8IS Sal YHAILES MAAl ol

1 E+05 ; I?G‘ISQ'E I?J"‘B[ I?i’l'kE I??I‘?f ;
E—g @ Regression model (R2=0.65) L "
- AANN model (R2=0.79)

g

=
= !

; D
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= 1.E+04 } 2 " A g :
5 .' e A 5 &
2 o8 A

E ° A o A

© L4 !

£ 2 A

E AA

1E+03 " Y " PR R | " " el
1E+03 ‘TE+04 1E+05 126°60E 12I°0E 12IME 12reE
Observed debris flow volume (m3)
8 3-3-6. ANN 2&T} 3| 2MS 0|2EH <ol = =
= o Hdl=ds 08 T 337, EAF HIO|S AN 2Ho| BE ofA
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DEM (5x5m)

r r__ 5 r
S = tang ¢’ —o’tang (3-4-3)

tanf ¥ z,,(y * sinf  cosf)

Infinite Slope

8 3-4-4. DEMS| FerAtH J1E JHEE

MO - 160
Value 161 - 200
™ High : 66.14 201 - 260
261 - 270
Low: 0 .

a8 3-4-5. GIS 7|2k AFHZAL HO|E{ 0] A
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3-5. DANSDE &23 2 EMF =y

O B8 o U8 = od7PoME MRS AYNES D] A EMF FSHAM Tzael
DAN3D(McDougall, 2006)2 &835l%S. 2| EAS BAo] MBMS AESY| 9510 CCTV, SaerA
EUE SN2 Ss EMT STt #F BSE 20N Yolok R EMR HE 2N2 5SS, o
TZHIE EOlZ 835 DAN3DE EE8 EAE 2A Ao &g Jtsst X222 Ma2stakF &

O E4% 5 SHEM W u|I
- 7|& 4d8d 2HHo| oldl EMFR HT, T, S4Y 52 Loclks HA2 7Y ool X[Hol|A] ChEZL
ot F=XMo| JtsstER EMFII s2&= nfHoMe EM HEE e = S, w2iM, olz{st SHAEE
223517 Qs oz AFKEo ol FxIshHAM Z=zao| I Ao HEXC EXNES H|lwstH E
3-5-12} Z+2. 0| = DAN3D Z =22 Ef T2 s X2 Tas 5 it ofg] Jix| |Hst
M DYg TeE 4 elcks CSS 323 Uy
¥ 351, EMR HEEY A Z20¥Ee FeEY
riation .
Model Rheology Variatio Entrainment Reference
rheology
Frictional, Hungr and
DAN3D Voellmy, and Yes Defined McDougall,
Bingham 2009
) O'Brien et al.,
Flo-2D Quadratic No No 1993
Process based | Christen et al.,
RAMMS Voellmy Yes and Defined 9010
Frictional,
MADFLOW Voellmy and No No Chen and Lee,
. 2007
Bingham
O DAN3D =23
- X|ujetd Al DAN3DOIAM = RAMECH SES 3542 I EMFE Zosh| flsi vHEEHEA
(semi—empirical) &g 7|42 2 575 & (equivalent fluid)2l 7HE Dt 2% (continuum) 71 & X351
=(McDougall and Hungr, 2004). S7Is&3F A&H HE2 cldst E2E2 0|FHA EMFE siLLe)
JMMEREZE JI-skE HWE s, oSt T AlEE Sdll S&E EMF HSES Zohst REHEE 2
2 EJE £ AZ. DAN3DO| X|ujgtMAl2 2laZX|oHLagrangian) HIE w20, 22 H= gb-HAlnl 2
S EE dyAloz FMHEN US.
op
—+ . = 3_5_1
ot V e pv=0 ( )
1o}

(apt“)+v prRv=—\ s+ T+ pg (3-5-2)
047|M, p= MAEUE, t= A2 ve SEHE, 7= SHUYUEH, g= SHIESEHE, v ol ALK
CE U, g HAM 22 UE

- AR AAIRe EMF sl 27o| FA| wE RuZJ HACR Hold & S, DANSDOIAE
HAEZ2 S E{sty| {5t Eqg. (3-5-3)nf o] EAMRFRe| Ru|Jt o|sshk= ZHeld w2l XXM e=z
Sotstctn J1IE6IR S

In(Vv,/V,)
L AZAZ (3-5-3)
S
o7IM, E.= AdSBItE, V,= EMF 2S5, V,© EMF V|70, St EMT d=22| FSPEIE L]
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Critical Characteristics
Influencing Debris-flow Motion Input Parameters

Initial Failure Volume? ' Initial Failure
Geometry of Failure Mass? Mass Info.
>

(Mcdougall and Hungr, 2004)

e Tl sessssssssssssessssss Grow‘lh
Erosion of bed material? i Rate

DAN3D
Model Framework

Rheological

Rheological Characteristics? @ Parameters

Much researchis ongoing to determine these three critical input
parameters for debris-flow modelling

O gy o & = AF0Mes EMF o5 ZHES flet 371X elXt (O 7|74, @ AdS7ts, ®
FH=d)E Z2T5P| flet WS Metsils
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Neural Network

Training: R=0.81939

g 5
+ 2% + 25
H %
=20 ETO
E- 15 o
(-] 15
] '
Relate rebef rato Channel length . 10
i (= H in
: : EE 3
5

5 10 15 20 235 N
Target

All: R=0.82948

8 B 8
& B B B

2
s

-
Output ~=0.67*Target + 5.1

Output ~= 0.7*Target + 5.1
@

@0

5 0 15 2 2 0
Target

(b) ANN & 7=

T8 3-6-4. HIEHR ObEZE £H ANN 2 4w

2t 23 WHSo| FBs EBHQ YHAMBY XMY Al 27EE EMR HNABS TEs| s
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o 232|E 7= 232 7=
(006401 %)

_ e(— 0.018 x407)

(_0.004><p1.812) . e(_ 0.0167><p“'917)

—e€

V=1 V=1
Z10| V=1— e(—2.152xh1'“”) V=1— e(—0.440><h“‘725)
V=1 V=1

d=o 4520 FdetsrE (Z 3-7-2)o HEH. 24552 23t EMFE sl Extensivelt
Complete =0 U= Z=0| AW AL MHX| D ey XHez MEHM chs HAZ TdE.

E 3-7-2. EMRE QS HAE £&AS5329 MY 4 FokEE( V)b 2 (Kang and Kim, 2014)

Impact pressure(kPa)

s on-concrete frame : Reinforced-
Damage Damage Vulnerability Non ‘L( el m‘]u. Reinforced- | Brick- Zanchetta
A (Brick masonry/ concrete
classs description (0-1.0) o concrete concrete . et al.
wood/Steel light . frame
. 5 frame (2004)
frame) Hu et al (2012)

. Partly or totally destructed. evacuation
Complete ’ : s 0.9-1.0 - 30 5 18 10 - 90

necessary, complete reconstruction

Jartly destructed. loss of parts of exter-|
) . nal and internal walls, evacuation nec- .
Extensive | e 0.7-0.8 - 100 - - 35-90
essary. reconstruction of destructed

parts

15-30

Cracks in the wall. stability not

affected, reparation not urgent, flood- _ _
Moderate | 0 & 0.4-0.6 35100 | 618 | 35110
ing of the internal rooms and damage

to the furnishing <35

Slight non-structural damage. stability
Slight not affected. furnishing or fitting dam-| ~ 0.1-0.3 0-15 0-35 0-6 0-35
aged

@ EAMT ZAEH HSEAM A (Debris—Flow Cluster Analysis)
DAN3DE= EARE AR siAsh| Mol EMF d9ol Solet & HE
A

AHsez AL §E.
DAN3DOIA F&EE EMFT AX YESS AFESHM AXESE sttel 28 Z

a6l (2" 3-7-2) Z+
-y

2 s
EMFOl oM EMFTL MESS(F, Ful, 5k, Z0|) ALk 2t MEst Y2 7| ASES7H A
B ¢dunz|E=2 AFEdiM AMte oflE &3, KE# 7|74|3—|F§7|t.’=19§ QURI=2| fIx| HEE Al2sl EMRF
LREE SHAEHSEZRE e S alpha—shape HAFE LIN2ES A2 4 EMF SHAEHL| HAMES
V(P a=1g
Te
&
o "
& =,
] ‘:.4
* u
.' -
ot & a
Py
debris- PRl Tl debris-
flow o flow
particles cluster

[Collects individual debris-flow particles into a single entity cluster]
O 3-7-2. EMF UXE st EMF SEAEHE S&
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(Location Assessment)
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Equation proposed by Jéhannesson et al (2009):

h\? h R\ 2
Pritr T _14 By _2120
p \h h ph gh

Density of
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Hyoe = Maximum debris thickness at the barrier location calculated by debris maobility analysis

O3 6-4. EMF over-spillingE 27| fI&H &S A C|X}ol (£ : Geo Report No. 270)

_50_



=
= = o=
= 2t
Bot5E 2R
O
AN Al O AR = ZItoATIHERAIRI o RE| Sof
o T

=
Hotatrof sl Etet= Alsto| gl

& H24x2| 40l AZ
H

Hoz MA

[

=13

—

H8Z&. =7t}

ST S EAA O 55

| e

7o ATAY AA oo o TR FEA | Hm | NTISE
7| | AFEH|Y (Ed) (M2l (MEHT) |[(Mx| Ta)| SE HS
I 3
= onsu Ing - -
517 & 1 2006.02.20 14345759 =2

ojg CHARACTERIS CHARACTERIST & Testing | 1_? 1oop | 067059425
- TICS CELL ICS CELL System

_51_



of ot

H

o
o

AR LR S

9.

_52_

ol =I_ oA_ iy =) K < & - i
¢ o o3 m. 5 = = ) m m m| o
o % B 1o = or N o ol I+ ud z WM |z ull
- K| ol A 10 - K&l = sy pal I K 3 ok
X = f = K of0 E 3 G & ol oo
T oo B W = ~| = w3 Kk ol Hr B®
= I up I SN = i
= b 5 X ~ N ERERRIPSEC] - o —_
S 3 ) 2 ok | YIS |S| | p#S Ho ®o3
2o M g (0| |8 3| W @ | SO S Rl gr L -
Kl - o] TN o = i Ty = IR ol ol ofu = |20 IH - K s
oK il Kr ~a il — O< ofu - N — 0 = = < 3 K0 < ol <
o 7 = o of .r 20 | & S a of <A Fr wor =
i ™ N RIK o ~ <0 | 1 2 H = ™ T ~N zl
—_ o - - ! = ! KO o = - Ray
w3 K s oo 1 oo o3 < M Bl Wo WX Kl pill =
- Ko WX GRS H B = El
S R VTR N oo = Pl o
Xoog R ~ 0 = — H
<+ m_.=_”__ T = T o% _A_Vlﬂ ! 1 of | ofr T < .__M oK Mo — — —
K __Moa W ol A ) wo M M m. ERNERECEREEY % |gn |2 3 uUlje 3 uliol Ul 3 il
Wz o W e N o S e CE R = |y R SRS R FTIg &I
mooe Rl I T R el B B B S = =
ox o <4 1w Hm ] o K K K ol | ol @ ol ol ol
T = <l4n o Ol N ooy M T = AR B N - R
T @ S wKar 70 O R = o & o F g H o
z A W ER = o . 2 o - ol o o |« o B
5 ° ™M oK <z T3 N0 = = & 2 R X
ol 5 4 23 5 K r g =0 ool =% | 58 % 2
jo oF < — ol o ol "3 ol < — N oo [ K KT 1ol
_.._I _ ol - <l _A_l L.o I__AI . o o Yl .__n_ L ol _._._._ ) H_I__H H__LH
w 3 X RE mAL RIS S ) TnE wa | T | z@ | sw g O
o g 0z Iz R0 X o koo (k0| BR 2 . Mo O - |
o o7 Yo o or 23| Wo [t |t o | Sor 2 B OF m | OF gy |OF gy
B ® = mwmo | LPHE|F G| @ @mam TEHE @3 S - S
— ®™ B mew oK Dl ] Mg = KOO LB | o ® | B W
» & L KW X R0 % ol |3 |50 |5 | 5| Mo M s EUA B - I A (.
oF  _  op RN ! < . K ol ok < < < =
< IF —< ol __ Kk orom . H Ny
i ul R T ™ 00 K = 10d o, = O _
H 00 My ™ B W oy - n ur._um_m ok of & | oF Pl Hojor o =
o oo RO EI U0 O or - I T I B B = N U =
< o e = N 5 o2 T © KO | - < M2 [T H
% H (TR o LV [ - of ol yo @ RO up il < = 2
K i Ou_o il 0 lo _IH._ il . _u_o O_”_| ot N |__|_ H_u_ H__._._ _IH._ H__._._ "
ol % T o= = K K| o | o ss Mo N2 i
w o K no < _ 0l 3] 00 Ko | = — e N
<R S5 1 HIEH| S| g Kgf ®3 < o _
i Ik gy g0 @ o, = O o0 =z |w |9 K T Ho ¢ 5 o K ol
= Ir N ® s 0 2 o T~ K| K zl | 5 o= K o 3 T = 2 il |
swFISRGE Rt i3 n|Y Y] wh B hEE = =
axlma<m, Haw a2 |m| mErw mrEHE ) B o
L O N S < Y U 2 e B N mE w2 iy
LA AWAT D0/ T  w@@ A o ot T Gk 5 @ T < 7 | K <
. ° ° ° O . N O 3. ﬂmﬁ u K




HA0%. APHLDIR S| HES o7 M
T == AAL O R ET[ ALE
WE (;E;—E—/ =m0y /= 508/7|Ef a5 oy 5t EHLXHZI/ %4%? —‘._;—‘?.:— 71 o (et= :\W (Scl
=5/ 7|1&y 55 88 A= |[/88 8§85 Ec= E/
7|eh =7} S5 MM B F
Axasul @ s B3R il B
B i ses e NS m MEEIE L o01910.23. FEF 5= a=
SWCC-Z=4 #AHAE # =
(8%)
Development of a
Regior;alv—VSCa!e LGdfl ide st} . | g
5 arly Warning System N ngineerin e
2| =2 Applying Statistical and _'Zlg MR g Geology 3.909| 2019.6.9 AFAL SCI
Physical ly based -
Approaches in Sequence
Characteristics of Water |gt=1} Nuclear I
3 | =2 Suction for a Korean | &7]&|X X} Technolog|0.953| 2019.4.9 i; SClI
Compacted Bentonite | y
A multi—objective
oplt.imizaltion of i.nitiall e Computer N
4| == conditions Iln a radloact.lve 51712 x| A s and 13345 2019.5.92 =5 sl
waste repository by numerical o Geotechni AFAL
thermo-hydro-mechanical | cs
modeling
Hazard Assessment Based
on the Combination of
DAN3D and Machine | gt=2} =
5| =& Learning Method for 53t7|& | MXF Water [2.524 2020.1.7 e SCl
. ALAE
Planning Closed-Type H
Barriers against
Debris—Flow
Sensitivity analysis of
influencing parameters on Internation
slit-type barrier gh=1t al journal ~
. N under 5
6 | == performance against | &7|& | M X} of 1.970 , SCl
. . . review AFAE
debris flow using H sediment
3D—-based numerical research
approach
Assessment of barrier
location effect on debris | &t=1} I
7 | =& | flow based on smoothed |&7|& XA} Landslides 4.252 unQer e SCl
particle hydrodynamics < review At
(SPH) simulation on 3D terrains
Shallow Landslide
Susceptibili.ty./ Models stz g
8 o Based on Art|f|o|§| N'eural 51712 x| A Remgte 4118 umjer =3 e
Networks Considering o Sensing review APAL
Filter Methods and Various|
Activation Functions
Soil Water Content
Regression Analysis of |st=x}
9 | =2 Measurement Data from |&7|& XX} Remgte 4118 unQer = SClI
. Sensing review AFAE
Hyperspectral Camera in &
Weathered Granite Soils

_53_



st z)
=L HELIOIE &Fxe| AL 7| =5
o=k EVAEIIX PN
10 | == s Eot —.ZJIE B 2ats] 0.36 | 2019.1.21 ALAL KCI
s olest |5
DAN3D 28 & o|&¢t _Jj?ﬂP St ubxy o ==
11| == FHM EMR AHS S SPS PN - 0.47 | 2019.6.30 KCI
_ | AFAE
£=X|2e 2l
ZEL MM _%ié‘ st= 1} cr=
12 | =& 7|2 ol 2 St|& | M XX EtESS]| 0.47 | 2019.12.6 ALAL KCI
gl 58 Tl |
7th
International
Estimation of debris—flow | &t= 2} Conference =i
13 | =& | volumes by an artificial |&t7|& XX} on - 2019.6. i;F H|SCI
neural network model | Debris—Flow
Hazards
Mitigation
A study of the
combination of risk =1t Risk =
14 | =2 | analysis with a citywide =7|& MZAF Analysis = - 2018.9. f}; H|SCI
landslide early warning & Xl
system
_ _ sh= 1t .
TEZE EMZ AR AlZtE} } N EH s = =
15 |7, = sPls o = - 2019.11 -
flol T2 o HAH SleE] =
MA11&F, 7[EF ALE
sHeiAle e

_54_



ZIESH (1996) A ZEREAM, DEA}

ZEN, 483, M, DY, sHE5 (2017) HHobE MM RHEME S 0|28 4=t HEA
4, HstA s x| 2 ste], 50(1), 1-14.

HElS, #Efd, ==t olad, =, ;IAIH, ol7|&, 488!, 44, RiEd (2015) CMFE)7tH
Els EAXG] HolA|AHE Jlgt ZEMET| S TINLALY  ARHCHA AR - H & B 1A

oldzl, A&7, olsl|X], ol&eH (2004) %LH stEo| st+EM IM 9 ExSt E5A FHol| st
A, sh= X|HhSES| | 2004, 334-341

23 (1983) Atetssh, 2 A}

AtEE7| &= (2014) AEIA

MR =2 HA tiwY (2007) S ERSF

SHAAMAIE MA7|E (KDS 51 50 40)

Brayshaw, D. and Hassan, M.A. (2009) Debris flow initiation and sediment recharge in gullies,
Geomorphology, 109, pp. 122-131.

Chang, C.W., Lin, P.S., Tsai, C.L. (2011) Estimation of sediment volume of debris flow caused
by extreme rainfall in Taiwan, Engineering Geology, 123, pp.83-90.

Chein-1 Chang (2003) Hyperspectral Imaging: Techniques for Spectral Detection and
Classification. Springer Science &Business Media.

Clevers, J., Kooistra, L., Schaepman, M. (2010). Estimation canopy water content using
hyperspectral remote sensing data, International Journal of Applied Earth Observation and
Geoinformation. pp.119-125

Fredlund, D.G. and Xing, A. (1994) Equations for the soil-water characteristic curve. Canadian
geotechnical journal, 31(4), pp.521-532.

Hungr, 0. and McDougall, S. (2009). “Two numerical models for landslide dynamic analysis”
Computers & Geosciences, 35, 978-992.

Johnson, P. A., & McCuen, R. H. (1989). Slit dam design for debris flow mitigation. Journal of

Hyaraulic Engineering, 115(9), 1293-1298. https://doi.org/10.1061/(ASCE)0733-9429(1989)115:9(1293)

Kang, H. S., and Kim, Y. T. (2014). Physical vulnerability function of buildings impacted by debris
flow. Journal of Korean Society of Hazard Mitigation, 14(5), 133-143.

Kang, S., Lee, S.R., Nikhil N.V, Park, J.Y., Lee, D.H. (2017) Development of an initiation criterion
for debris flows based on local topographic properties and applicability assessment at a
regional scale, Engineering Geologym 230(29), pp.64-76.

Kang, S., Lee, S.R., Nikhil N.V, Park, J.Y. (2015) Analysis of Differences in Geomorphological
Characteristics on Initiation of Landslides and Debris flows, ournal of Korean Society of
Hazard Mitigation, 15(20), pp.249-258.

Kim, K. and Hwang, K. (2012), “A Study on the Demand Forecasting and Efficient Operation of
Jeju National Airport using seasonal ARIMA model”, Journal of the Korea
Academia—Industrial cooperation Society, Vol 13(8), pp. 3381-3388.

Korean Society of Civil Engineers (2012). Research contract report: Addition and complement
causes survey and restoration work of Mt. Umyeon landslide. (in Korean).

Kwan, J.S.H. (2012) Supplementary Technical Guidance on Design of Rigid Debris—resisting
Barrier, Geo Report No. 270, pp. 88.

Lorente, A., Garcia—Ruiz, J.M., Begueria, S., and Arnaez, J. (2002) Factors Explaining the Spatial
Distribution of Hillslope Debris Flows, Mountain Research and Development, 22(1), pp.
32-39.

Marchi and D'Agostino (2004) Estimation of debris—flow magnitude in the eastern ltalian Alps
Earth, Surf. Process. Landforms., 29, pp.207-220.

McDougall, S. (2006). A new continuum dynamic model for the analysis of extremely rapid
landslide motion across complex 3D terrain (Doctoral dissertation, University of British
Columbia).

McDougall, S., and Hungr, O. (2004) A model for the analysis of rapid landslide motion across
three—dimensional  terrain, Canadian Geotechnical Journal, 41(6): 1084-1097,
https://doi.org/10.1139/t04-052

H

_55_



Mizuyama, T. (2008) Structural Countermeasures for Debris Flow Disasters, /nternational Journal of
Erosion Control Engineering, Vol. 1, No. 2, pp. 38

Moore, I.D. and Wilson, J.P. (1992) Length-slope factors for the Revised Universal Soil Loss

Equation: simplified method of estimation, Journal of Soil and Water Conservation, 47,
pp.423-428.

@)

Osanai, N., Shimizu, T., Kuramoto, K. et al. Landslides (2010) Japanese early-warning for debris
flows and slope failures using rainfall indices with Radial Basis Function Network, 7: 325.
https://doi.org/10.1007/s10346-010-0229-5

Saito, H., Nakayama, D., and Matsuyama, H. (2010) Relationship between the initiation of a
shallow landslide and rainfall intensity duration thresholds in Japan. Geomorphology, 118,
pp.167-175.

Suda, J., Hibl, J., and Bergmeister, K. (2010). “Design and construction of high stressed concrete
structures as protection works for torrent control in the Austrian Alps.” Proc., 3rd Int. Fib
Congress, Precast Prestressed Concrete Institute (PCl), Chicago, 1-12.

Takahashi, T. (1981) Estimation of potential debris flows and their hazardous zones: Soft

countermeasures for a disaster, Journal of Natural Disaster Science, Vol. 3, No. 1, pp. 57-89

Takahashi, T., Dilip K. Das (2014), Debris Flow Mechanics, Prediction and Countermeasures, 2"

edition, CRC Press, DOI: https://doi.org/10.1201/b16647, 572 pages.

Remon, A., Sanchez, S., Bernabe, S., and Plaza, A. (2013) Performance versus energy
consumption of hyperspectral unmixing algorithms on multi-core platforms, Journal on
Advances in Signal Processing, pp. 12-27

Rickenmann, D. and Zimmermann, M. (1993) The 1987 debris flows in Switzerland: documentation
and analysis, Geomorphology, 8(2-3), pp. 175-189.

Riley, S.J., DeGloria, S.D., and Elliot, R. (1999) A terrain ruggedness index that quantifies
topographic heterogeneity, /ntermountain Journal of Sciences, 5(1-4), pp.23-27
Rudolf-Miklau, F., and Suda, J. (2013). “Design criteria for torrential barriers.” Dating torrential
processes on fans and cones, M.Schneuwly—Bollschweiler, M.Stoffel, and F.Rudolf-Miklau,

eds., Springer, Netherlands, 375-389.
Van Genuchten, M. T. (1980) A closed—form equation for predicting the hydraulic conductivity of
unsaturated soils 1. Soil science society of America journal, 44(5), 892-898.
Watanabe M, Mizuyama T, Uehara S (1980) Review of debris flow countermeasure facilities. J Jpn
Erosion Control Eng Soc 115:40-45

Wenbing H, Guogiang O (2006) Efficiency of slit dam prevention against non—viscous debris flow.
Wuhan Univ J Nat Sci 11:865-869. doi: 10.1007/BF02830178

Wilson, J.P. and Gallant, J.C. (2000) Digital terrain analysis, In: Wilson, J.P., Gallant, J.C. (Eds.),
Terrain Analysis, John Wiley & Sons, New York, 1-27.

Zanchetta, G., Sulpizio, R., Pareschi, M.T., Leoni, F.M., and Santacroce, R. (2004) Characteristics
of May 5-6, 1998 Volcaniclastic Debris—flows in the Sarno Area of Campania, Southern
Italy: Relationships to Structural Damage and Hazard Zonation. J. Volcanol. Geoth. Res.,
133, pp. 377-393.

Zollinger F (1985) Debris detention basins in the European Alps. International symposium on
erosion, debris flow and disaster prevention, Tsukuba, Japan, pp 433-438.

_56_


https://doi.org/10.1201/b16647

of 2(Z21M &S ZESI= Mol=

gf5{of gt

I7ts7|s 712 ®Alo 2R HES




