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The Preparatory Study of Prevention
Strategy for Large-scale Sediment Disaster
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Abstract

The Preparatory Study of Prevention Strategy for

Large-scale Sediment Disaster

Abstract

The duration of this project is three years (2016-2018), and this report showed the
research results of the third year. In the past three years, we worked together with the
Research and Technology Development Team of SWCB and has published 27 research

paper, which included 2 journal paper and 25 conference paper.

The main achievements of the project in this year are composed of four parts: (1)
propose the plan and recommendations for research and technology development of
soil and water conservation, (2) inventory the results of SWCB annual projects, (3) test
and analysis of sediment-related disaster numerical model, (4) integrate the future
development issues for sediment-related disaster prevention and mitigation strategy.

The result of four major terms are described as follows:

The planning and recommendations of research and technology development directions
for SWCB in the future. The goal is to provide a suggestion for better prospective policy
to managing high uncertainty and risk of large-scale sediment-related disasters under
climate change. The workshop of soil and water conservation planning and
development strategy is used to analyze the challenges and difficulties in research and
technology development. The workshop proposes overall strategies for short-term,
mid-term and long-term soil and water conservation affairs of different divisions.
Furthermore, through the sediment forum and with the combination of industry-
government-academic-institute of expert’s discussions, which proposes future

sediment-related disaster management strategies and aims to be the foundation of
I
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forward-looking policy.

The inventory of project report of sediment-related disaster strategies and technologies,
which collect and check 1545 reports from 2008 to 2017. The stocktaking project report
focuses on the results and its data format, which is aim to establish core data of soil and
water conservation bureau with standard data format and regulations. Furthermore, base
on the data collection and sharing, the data value-added application, and feasibility of
the continuous develop technology, which provide supporting suggestions as follows:
(1) convene regularly workshop of core data for research and development; (2) establish
core research data management platform of SWCB; (3) planning the tender document
of project expected result checklist; (4) regular review and assessment the feasibility of

project result.

The numerical simulation and analysis of sediment-related disasters are performed with
three kinds of model. Three different numerical model include: “IRIS, HEC-RAS 2D,
and Rainfall-based warning model” are served as different sediment-related disaster
cases to evaluate the model’s applicability and limitations. In the case study of Rainfall-
based warning, model use QPESUM rainfall data, landslide variation ratio from the
satellite image, and disaster records together for predicting landslides. The study
proposes an evaluation index for rainfall-induced disaster hot zone and set up critical
rainfall warning mechanism under the cell size of QPESUM. In the study case of
landslide-dammed lake breach simulation by using HEC-RAS 2D to estimate the
flooding area and impacts on downstream reach during emergency response action plan
is the most priority topics for government officials. In the study case of the IRIS model
to simulate landslide occurrence time and failure slip surface. The numerical model of

IRIS, which contains rainfall-infiltration, slope stability analysis, and critical slip



Abstract

surface dynamic modules.

The future developing issue for slope disaster prevention and mitigation strategies,
through sediment forum and expert’s meeting to gathering ideas and conduct the
conclusions. The combination of sediment forum and expert meeting on comprehensive
slope land management and disaster prevention measures has conducted three major
strategies as follows: (1) sediment budget and management in watershed; (2) intelligent
slope land monitor and inspection work and data management platform; (3) strengthen
soil and water conservation adoption strategy under climate change. In addition, in
order to promote future issues of sediment-related disaster to formulate a
comprehensive management strategy, we propose supporting suggestion as follows: (1)
intelligent watershed sediment budget and runoff distribution and control management;
(2) promote the organizational culture and assist connection of each division in SWCB
to identify large-scale disaster prevention and mitigation frameworks; (3) apply
advanced technology and techniques in to promote efficiency and accuracy of disaster

monitor and establish an integrated slope disaster early warning system.

Keyword: Plans and recommendations for research and technology development
of soil and water conservation, inventory the result of SWCB annual projects, test
and analysis of sediment-related disaster numerical model, future development of

slope disaster prevention and mitigation strategies.
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4 eni % (Linetal., 2011; Jung et al., 2017; Xiong, 2011; Zhang et al.,
2010)

HEC-RAS #i3¢ wﬁd BF AN R AN R AR
fE 4 = ;% (resistance equation) - fie & & & ¥ 42 ;= (Standard Step
method) i& {7 $f% o & p » L #7%< A ¢ HEC-RAS5.0.3 > H ¥ 10 ¢ *
i 0 LA IR A = R O AN

HEC-RAS 2D % & 7’k 72 (unsteady flow hydrodynamics) #3+#1] -
A2 3¢ {%ﬁr} i m-grde 581 4258 (Na-vier-Stokers equations)
koooX KM S 3 ¥ R (incompressible flow) ~ # -k & 4
(hydrostatic pressure) % 32 3 % & (uniform density) (Brunner and
CEIWR-HEC, 2016a,2016b) - HEC-RAS2D #i;V #.¢ 77 - aF s
Nkt 4238 (Saint Venant of the Shallow Water Equation) % = ‘&d%
fk > 425¢ (Diffusion Wave Approximation Equation) ¢t = &= 423¢
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R CRA G RN EEE > B R R AT

oH | 9t | S(hw)

+

= X
. o 5y +q=0 3 (4.6)
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d % 4-10 R T3 PRI GBI UFRH L ET o

=

s

FHF IR UBF SO EF AR TN ERE R
&

FhA o @ 3R Gl ®HE 2 g o MipHE S FARERE

SR R A IR Al o

580 — — 250
Runl HW C,~1.1 Runl Flow Cy, 1.1 A—A—A Runl TW Cy=1.1
] — — —— Rum2 HW C 1.5 — — — — Run2 Flow C,,~1.5 @~ -@— @ Run2 TW C~1.5 =
e Run3 HW C, ~1.8 — - —-—- Run3 Flow C,,~1.8 +—-—-— Run3 TW C,.~1.8
— 200
576 —
E — 150
=
-2 572 — -
<
5
= - 100
— 50
564 T T | T T | T T V| - = T 0
19:00 20:00 22:00 23:00 1:00 2:00 4:00 5:00
Jun 03, 2017 Jun 03, 2017 Jun 04, 2017 Jun 04, 2017 Jun 04, 2017

W 4-13 v i GRSk - 2 AR EB (Runl, Run 2, Run 3)
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580 — — 250
Runl HW T~=0.1 hr Runl Flow T=0.1 hr A—A—A Runl TW T=0.1 hr
| — — — — Run7HW T~0.5hr — — — — Run7 Flow T=0.5hr @ -@— @ Run7 TW T=0.5hr [~
—_——— Run13 HW T=1 hr —-—-—- Runl3 Flow Te=1 hr 4—-—--— Runl3 TW T;=1 hr
— 200
576 —
E — 150
=
-2 572 — -
<
5
= - 100
568 —
— 50
564 T T | T T | T T T B T 0
19:00 20:00 22:00 23:00 1:00 2:00 4:00 5:00
Jun 03, 2017 Jun 03, 2017 Jun 04, 2017 Jun 04, 2017 Jun 04, 2017

W 4-14 Fifu pri-k =i £ FAE (Runl, Run7, Run 13)
BOEERBGVE RS PR R RO REF R R B 4

552 Gt H %40l 4-15 2 & 4-10 #77  WEFF U S

al
F_&

B RS B Bk P F S B e @ B o0 1% b

ARppRE T ERPEZABEIR BAZEYE 5674 2% 24 o
Aot A AR U R o F R ) 45 100 16

FifF o Hg k4ol 4-16 2 £ 4-10 71 o ARl¢ ¥ g 0o

fu
i

m?3/s)

Discharge (



g 2 E T AR MRS RIE A 4T

E )10 =02 > K] 16 BB o gt oR T E PE RS AL PRI e R
BIERE T OERIT AR R AR T Rk AR YR R

g B ] e

580 — — 250
Run4 HW C~1.1 Run4 Flow C,,=1.1 A—A—A Run4d TW C ~1.1
] —— ——RumSHWC =15 — — —— Run5FlowC,;~1.5 @ -@— @Run5TWC, ~15 [
Y Run6 W C, =18 — - — —- Run6 Flow C,,~1.8 +—-—-— Run6 TW C,,~1.8
— 200
576 —
| -
E — 150
= b
S 572 — - £
< <
g £
e — 100 .2
28 - a
568 —
— 50
564 I I I 0
19:00 20:00 22:00 23:00 1:00 2:00 4:00 5:00
Jun 03, 2017 Jun 03, 2017 Jun 04, 2017 Jun 04, 2017 Jun 04, 2017
W 4-15 v i GREEsEok - 2 ESR B (Run4, Run 5, Run 6)
580 — — 250
Run4 HW T~0.1 hr Run4 Flow T=0.1 hr  A—A—A Run4 TW T=0.1 hr
] — — — — Runl0 HW T=0.5 hr — — — — Runl0 Flow T=0.5 hr @ -@— @ Runl0 TW T=0.5hr [-
—_—— Runl6 HW T=1hr —-—-—- Runl6 Flow T~1 hr  4—-—-— Runl6 TW T;=1 hr
— 200
576 —
E — 150
= b7
2572 — - £
< <
g £
2 — 100 .2
28 - a
568 —
— 50
564 T T I T T T T T T T T 0
19:00 20:00 22:00 23:00 1:00 2:00 4:00 5:00
Jun 03, 2017 Jun 03, 2017 Jun 04, 2017 Jun 04, 2017 Jun 04, 2017

B 4-16 Fifae Pt -k -t £ AW (Run 4, Run 10, Run 16)
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d 4-10 ¢ XL F AL TR E OEFF IR B A
Hoprdo s in g A w4 1312% 2 17.25% 5 “E 5 F 4 u P o 4c o
Hogpdhowing A wip> 5 9.86% 2 2287%- t2 4-10 4w A 47
IR GRS P ERE SR T o F S A B AR

B E R 2 9.8%1 229%2 F > i A drE A EKIERT

FH HRI R SRS ERORERDEF S 5 0 B

Bor i Sk d 2z B8 B2% T4 411 %77 o d &7 7 U
A MR ELZ 010 (Run1~Run6): # T3kEh 2
ctod g FHuERE L 05 (Run7~Runl2) 2 1 (Run

13 ~Run 18) % &|pF » H Tio KRS A 17 3 18 2 B o ¥ b A

It
o
b

[
iy

B3

(=i

3R o R R R0 RS R RS
P65 3 TA(MS) 2B 0 dk AFEPER ) 053 1

2SS PIE TN EFR T 496 1 5.69 (m/s) 2 &

FIIRS

SRR BRI bR RS HE B B

#6127

N

é’_ﬁﬁis:’;/g/}ii *i#i7 ,6 4:/r1 1? 1’4#/12 \

i

B RIS
oA AP I8 B E R T o EHF 0L P R E Y (Run

1~Run6)» H T 2Fd v T3oainid GEF ;65 22 0t o TR T
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Fr i 2R T R MR RS A 4

PP S PRI 0 2 T E A T RETG 0 ) 0T PR T T ek

R 21~23 0% 24

Nud

A A A RimiEE T R ) o il
WL 05 2 1) prdil? 8 0 o T bt 9 5 5.7 (mis):
BAAZER RS Pl A~ FFonad o TR A NE - BiP g AR

BB PR R P 0 £ A TR R A B T R T e

mT o0 R g e R E A o
% 4-9 '}ﬁ‘*ﬁ’]?ﬁ% )& 5
FHEHE | EiAUR (Runl) # 3K % (Runl9) £ 55 ¥ 25(Run20)
b Kz (m) NN S I L (11)) oo R g |k (m) N N
(cms) (cms) (cms)
WA F 576.67 164.45 576.67 74.49 576.91 74.02
HWTH | 567.6 566.99 565.09

i 410 FHE S EA RS (1)

FinEdk | Cy=1.1(Runl) Cpw=1.5 (Run2) Cpw=1.8 (Run3)

5P fmo(m) |4 o R ke (m) |4 # AR | ke (m) |4 % s B
(cms) (cms) (cms)

W E 576.67 164.45 576.67 165.49 576.67 166.1

WHT 567.6 567.58 567.55
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3 410 B EEAFEE

by s & T¢=10 (Runl) T¢=30 (Run7) T;=60 (Run13)

I Kz (m) N ST o B o (1) Zogn g |k (m) SN I 4
(cms) (cms) (cms)

W E 576.67 164.45 576.67 95.94 576.67 83.95

AT F 567.6 567.36 567.29

¥R AE | Cy=11(Rund) Cpw=1.5 (Runs) Cpw=1.8 (Run6)

7P ki (m) | & E R R | ki (m) SN T S I A (1)) wOE LR
(cms) (cms) (cms)

WA F 576.67 146.76 576.67 166.01 576.67 172.08

WA T X5 | 567.42 567.48 567.49

R REE: S T=10 (Run4) T¢=30 (Run10) T¢=60 (Run16)

7P ki (m) | & # R R | ki (m) SN T S I A (1)) wOE LR
(cms) (cms) (cms)

HHW s 576.67 164.45 576.67 132.28 576.67 113.19

T 5 | 567.6 567.03 567.21
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S F

ER/RES =T 1A ANl i

4 411 THACREELAFLESE

% 7| Runl Run2 Run3 Run4 Runb
kiF (m) 2.12 2.24 2.29 2.17 2.25
T gajnig (m/s) 6.59 7.10 7.19 6.71 7.15
B g (m¥fs) 154 173.7 180.6 159.2 175
%) Run6 Run7 Run8 Run9 Run10
ki® (m) 2.33 1.8 1.79 1.81 1.86
T yainiE (mls) 7.36 5.44 5.39 5.38 5.55
S g (m¥fs) 187.8 98.5 98.8 98 101.8
% 6 Runll |Run12 |Run13 |[Runl4 |Runi5
kiE (m) 1.83 1.81 1.70 1.73 1.74
T mynig (m/s) 5.45 5.5 4.97 4.99 4.92
e g (mds) 101.8 102.9 83.8 84.6 87.5
% 7 Runl16 Runl17 Run18 Run19 Run20
ki® (m) 1.88 1.85 1.86 1.66 1.64
T 3ainig (mls) 5.7 5.74 5.64 4.56 4.59
Do g (mifs) 107.8 107.8 107.8 74 74

(Z)FH

Al R R I %

FEAR AL BV AR, S BRFE (1) RN T R

mREAeRER 2 vhEAEZEHS IHBEIFETE, Q) e hEe

(:;:;

BELIEK®EE FrA3,4) 4 5-kwmorsdp PEFHET
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BT 2 > B ERYEM A4 (Hanson et al. 2005; Wu
etal., 2011) -
MoE TR R AT TR L e R S

B RLT PR A o $ F 5 &K? i oo+ 4 P/%E‘}iﬁ I

133
o

SRS ST 7R KRR SR s SRS AL S-S A
B BB PFEE L) FREE A E R R AAFEMEFT
B2 Rl iR & T* (Wuetal, 2011) -

GAFH I S E TR S A AGREP BT P
AEFALR A T o AFFE I AT HEEREIERY AR
MEE P B A RS I BRI AR 0 3 R AR
WETEREE ER B NETER AR B RN R E P TR
Fn s B R R F R PR e B R o o T R
BEFRERE ST EFFHEEH on LR ETT AR g R 2

N e
s

ine

KEET N AR R UFHFUERAL g AR DE 2 B F R
R

PR £ 0 B HE 2 SRR B AR R g 0 e T AR &

BB R R GRS R R AR T
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Fw R 2R T AR BT R g A 4T

o R A E A BORPEErAR F o SER R PR 4 0 H R 1 EF 3R
A MR, SR e R PR TR S B T

FOE RSP R K 2 R EE o kA B R LR

MEMEF GBER AR I R A FTRAR RS b
BARRCT ¥ B A 2 W R 5L od IS 2

AR RHFI o R ANPE A akA R L RBRIE N2 E
TR R AT A Renp F AR AP RN R P

SEFARR 0 E RS o R S A

FA2 BT RRERRAEAEL o & HEC-RAS 2D F#ifst ¢ » 4 &

NI L 7&@1’@%&%2.@5;}_2&@ P kb fie e RN 2 A o

T Hork B R R EEEIE S £E 2 P
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]

Rl

AP 2017 £ 60 R e KER BN EREME
(i tst o Fhd F A SR THE RS > UL S A 2
F s Gl AR PR R SRR PR o AT ] R

ﬁ_%’é‘,—l—% ;};-E 4l ] F iﬁ%ﬁ‘%;/\ .

e

(=% = A 5 F TR FREp e i S 2

o

Bk R B AR o Al S F AR

|T

;‘iﬁ.&: ’ 1:)\'.\[%‘:;— 'lé/n Eﬁ’(u\’_j—gﬁiigﬁﬁ‘ < o

(Z)d 2N A 4 i 2Rl 21 1 o s S PR 2 T
PRI B R R R AR ARG 95

220 8 0 95 R AGSE L LR RE 2228

(Z)R&* HEC-RAS2D #i# > & A+ 5 AL % 6™ » ot Ak
R E S G o2 BN EERE & 0.6%~1.4%
2B FHUFDEFE G 0 BE A2 XENE DR E

B 1+ 41.7% ~ 49.0%2 fF -

(e3)f ™ HEC-RAS 2D #ic8 - i 47 g AU 5 BIT  Skin il
B R Go Hg L L E TR PREIGR b 13.1% -

17.3%2 B> F3fu e € 2 6 0 Hid &2 X80 E g
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Fr i 2R T R MR RS A 4

w g R e 9.8% ~ 22.9%2 [’ o

(R)A BRI E oA {72 SR T o R Gl pF > #
R AR R R R A IR il Bk - AT
g B ECE TR AR e A R A H R R kS

¥ iF 49.0% -
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Y= AECELEAER rZEEFEEIRIS #HN)

2017 # 6 % 13 P %= & i@ = a L FHEIR ALt B2 G E AR N
FEARHESE4* & 4§ 5 (Unmanned Aerial Vehicle, UAV) &
FRSHS P FIpE U EF RS FH A ER 2 PR LA RZF
FREEM - RpLERAATHEe 7 74p8R Y ~ i & 503 (Digital
Surface Model) 2 ® 11 # 3% F 3 > £ 1% 7 o pr 20 Bic i 3 A H0 A
(Digital Terrain Model):g {7 o ¥ 3+ 5 3k 4 > § o “/f gLzt s A

T B RN B R A~ % SR FERIHEY (Integrated Rainfall-
Infiltration Slope Stability Model, IRIS,

https.//tech.swch.gov.tw/Results/ResultsIRIS » -k % ki Fisr= 5 3 & | e

KfcHE #3 Fdom o - > L] * Richard » ;% S Hose "% & » BB

>.
o
|k
IS
_-.I N
3
-\-}\r.
14
fiﬂ

vd 4 1

Al
p

7 ER S R SR ]

BRI g R4 0 1 Janbu 1R R AT AR Bots 0 P AL
;‘ﬁ’ﬁ“r} B f5 23172 (Dynamic Programming Method, DP) % - f# 57t i #+
oo fI* UVARFIRED L > VUG PE #RETLIpEndy

T e & IRIS B35 7 5 > 247 #3hgf 24 B 2 piif dm o

AR L 2017 & 0613 & F 2 B orid 2 g FEAR L
4-46


https://tech.swcb.gov.tw/Results/ResultsIRIS

B R 3T HCRAR M RS A 4t

FAREE M LT S0 R3S EMT2017£6 15p T =3
B £ A B S S WE s W EGRARY 10 2 Tiod
BIRRHDI A2 > #HmG #£9 1400 T2 o8 (F M #HEE) £
HB0 2% > FH30 2% o Ed 3 RYT,200F 3 2% AT
PR SEMBIRRE Y 2~3 2% > el 417 2 BIAEH

B AR E e Ckikh »2007) - A5 B 2 44 £

3

F E 3k

]

(C1H920)2017 = 6 * 13 p 1 2017 &= 6 * 17 p " & %4> H R F %
7§ %) 275mm B o 4o 4-18 #ror e

AR A 4% UAV ik % (Phantom 4 Professional )i {7 7.3
NE HFIFBRZCFHRF|ESE S A EFRPICB 419 917 o
Peth s B B RER AHCR ) AT B RF G B e 1 B b
F A 2 M FE R 4o B 4-20 #7or o A #7 % 2 * Bentley Context Capture
Version 4.0 e 72 dp R 57 = 22 3B > 1A 9= 2 DSM
TR Hgetfair Ak 2 002me £ ¥ o FH AR AR TSR ¢ 0 b

BHENZD S MP LT NI EEE o AcB 421 17 0 BN
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W 417 XA 2g 7AW (k2 FEFLHaEL B - 2017)

50

45 6/15 158505 % T4 4
i (R=275mm., I=7.5mm/hr)

351

30 A

25 4

20

15 4

Rainfall intensity (mum/hr)

10 4

5 4

0 il
2017/06/13  2017/06/13  2017/06/14  2017/06/14  2017/06/15 2017/06/15  2017/06/16  2017/06/16  2017/06/17
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

Date (2016)

W 4-18 £ ¥ & £ = 2017/06/13 1 2017/06/16 & & F#L

4-48



T E 2R AR MRS RIE A 4T

§ 4-20 3 & 4|8 X W
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= Rt
IRIS #5823+ g 5 =304 » 5 A * = & Richard’s > 42
S SR R O S AR Bl ReE b E L SR LA

PUR B Janbu s vk e T AR AT Bt B BRI B A R

EIR ERIE S 8 X

(—)ARLA 1 IRIS $278 43

ARG R K ERPIFTLFE | 2D A3 B LTEF 2
A 1 IRIS ((Integrated Rainfall-Infiltration Slope Stability Model, IRIS)
BER 7 A % 1 I MR B o B AR AT B -

A ETER TS

\\\?{r

SN

Bk R f FRTHRA LA B
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PaR
";% ’ .ﬂ

7

AT Bt B A A+

B At BETREAR &

SEHPER A EESIREE(RIS), ver.1.0.0.0; () RTDT, SWCB, 2018

Step L2 R T IRYIEE R ER

S 3R T AR B RIE S A 4T
HR AR ¢ 7 F A AT
TRz LA FTEERETIE
TR BRI B AT %
T AL WA 1 g doT oror o

1-1 AR E Lt
FELEEES : © aonE O BiezERRm 80
| X hEEe EEHe A 60
» B 11.50621 0 - -
1.242895011 1282451 [0-552572600000045 2 | 1 /_/
2485790022 13.51441 |1.10674510000001 & ——
3728685036 1389301 |1.6601 1760000004 0
4971560044 141331 22134001 20
6214475055 1418031 2.76686260000002 0 20 40 60 Y 100
7457370068 1447051 |3 99023500000000 | V| SEE —EE 1y

1-2 BRTRABRE

1-3 TIRBEKERKSHRTE
n TEBEKEARKSHESTUR=EREL
n MFEEL - AERE=EL 22 HHER
n TEK S5 BRALognormal model

3 Yimaxss | @4 pmEm . [IRBRAD v
y BEEEE: [BFrsBiTEs 9|
—— 0
Bedrock (Impermeable layer) BLEZERME } B E_EZESEUE 2 ETEZESUE 0
s owos o ... s o e wom || Kelmdd Os bzhu] O ] o) ot
imax= (number of nodes in X-axis) -1 e.g., imax=22 in this case 000122 0.41 0.065 1-26.4 10.486
0.00122 041 0.065 1-26 4
imax: 86 jmax: 1 kmaX: 9 : 0.00122 0.41 0.065 -26.4 0.486
=% T—%

ju

W 422 3252 3 $EEER G KL
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SEHIET A S B IREE(RIS), ver.1.0.0.0; () RTDT, SWCB, 2018

Step 2: T E¥NAFLIRK B HE
AR EEBEREY : b

ek -

Baga

HEBEK - o1 Z mm/hr

BRI #YA7KEE : -0.01m

B 4-23 AR i R o K LR

Step 2: - E#NIAFLBRK ER1E 15
AR ERBERE . )

EEMmREEREY |0 - 8

Time(ley) Reinfellgnmh) Inpui(ndt)  dischasgsuiiy) fpmee, Dl vabr 2

0 0 0 o |eae3mmas0asiare
1 0.1 292461306 6.864986E-06  2.18825E-.. 645 BB549267022
2 o1 2924613806 6844248E-06 | 2.115098... |645 35589500455
3 o1 203613806 |68314SIE-06 | 2067204... |644.831624811659
4 01 292615806 (682190806 | 2022527, 644 311417551115
5 o1 203461306 (681456206 | 2005372... |543.704452690992
6 o1 203613806 |6808479E-06 |1982722... |643.280050331612
7 o1 203613806 |680262E-06 |1962049... |642767784767167
g o1 293613806 |6798977E-06 |1945154... |642.25790535508
9 o1 203613806 |6795164E-06 |1.928816... |641.748636976055
10 o1 293613806 6791812E-06 |1913613... |641.242112106192
1 01 |203613E-06 |6.788842E-06 |1899302... |640.736045067123
12 o1 2034613806 |6.786180E-06 |1885691... |640.232082057767 0 20 40 60 80 100
13 o1 2934613606 |6.783715E-06 |1.874105... |629.720124906047
14 :0.1 ::2.934513505 :5.7312145-05 E.assgax... :639.228238041526: +EBAATILRKES TR
15 0.1 2934613E-06 |6.77884E-06  |1857851... (638.727088669046
16 01 2924613806 |6.77650E-06  |1.84968E-.. 638.227195687073
17 o1 293613806 |6.7744256-06 |1.841750... |637.729448393104 HWEER REIHE Eticsv
18 01 292612806 |6.7723656-06 |1.833082... |637.232006713244
19 01 293613806 |6.770302E-06 |1.826268... 6367507736896 |
20 o1 292461306 |6.768498E-06 |1.818609... |626.20089158336
21 los 293613806 6766676808 |1.811056..._|625.744060171925 | ¥

% %

W 4-24 2 R A~ 43t MoK R B
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SRR ABEIREH(RIS), ver.1.0.0.0; () RTDT, SWCB, 2018 . X
Step 3:FERAZRIBIKIBED T
31 REEREA
i 0““‘“‘“' : 3-2 TIRBIRERE
> 1 5 = TEEMNBERNABERBII—E
5 5 = BREREASBBESH
B 0 y [tf/m3] : C [tf/m2] : Y [deg] : U
: 2 © SERIREET SRER T IR B GER
B (time step) © 60 (o) © SRR T Do TR
REAREE
60 4000
50
i
4 L~ i

. e .
" e

1000
10 — -
0 1 0
0 2000 4000 6000
we Rainfall i i o—
® FS<lHIBIE -
= O Fs<1 {8t L

W 425 %3 >332 FRETL e W

SRR A B AFIRER(RIS), ver.1.0.0.0; () RTDT, SWCB, 2018 — X
Step 4:EHABRKERE
BHIZIERE : © a#RE O &
AEEETE : © BERE O Bil
ESBERNRFABIE: o2 OF

Time(min) FS Area(m2) Wit(m3m) Rai

- Bl
. 1147
. 1058
- 969
38
- 791
- 7.02
614
. 525
436
- 347

258

169
- 038
. -0.09
. -0.98
- 187
. -276

T=0(min)  Rainfall=0.0(mm/h) FS=0.850095
80

= Slip surface

k=2 REDHS HEER Edicsv

W 4-26 #8528 W
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(Z)fF & -r Z e
IRIS #-5% 4% * = & Richard’s = Az g 3 & ¢ Binehm g > #
SoKR Y TN AR
Cw) 2 = PKWITC + 2} * (49

HeY CQp) 5 2 k& 2 -k % £ (water capacity) » K(Y) 5 k4 B H &

(hydraulic conductivity) » 2 3 -k i» $Fd R4 * Kosugi (1996)4#% !

e

er7 LN #-37% (lognormal distribution model) » 738 # &IV 4 L5 5 ¥
TAEAST o REEN AT Y W<0) 0 F oo R

S, (effective saturation) ~ C(Y) &2 K(Y) ¥ 4 77 5 :

6 — 0, In(y /) R
Se( 2. _9) Q<T> & (4.10)

X (4.11)

o 6,—6, l ]2
) p{_[n(zp/w )]}

&~ VIma(—) 20°

1/2 2
K = K [Q (ln(zpa/wm))] Q(ln(wéwm)M)] & (412)

# ¢ g, m3/m3] i 4 4r-k » % £ (saturated soil water content) ~

0,.[m3/m3] i 7 4k~ % £ (residual soil water content) ~ ,,[m] % 2
B IUH L 2 ¢ = #ic(the median soil pore radius) *7 % & 2 & + % 5%
(pressure potential) » o & 47 it 4 3£ LG5 A F B Rl P F50 S8k

Kim/s] 5 4 fcd 32 k4 @8 i~ Q) AL 5 41 A F ik
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$wd 2R NE AR MRS R A

(residual normal distribution) » ¥ # % 7+ 3
*® 1 u?
Q(x) = \/_exp < )du 7 (4.13)

PAEEETRAEF W20 R4S KWY) =K, 2 Cp)=0-4d
W (A13) 5 B AR AR 0 EEIRTE kT G U F

i+ Ff2(Istok, 1989) -

() e riice
Fifd 3 RUF 2 RfEAER 0 BEEF KT RI KT BB

IR MRE e £28 R S R B R S

w

® e b Janbu ke R E > MR WAL AL S HE -

Brr PR EFRA THEE o P R 2 H T X > REE

A2 A
Y. [{c;li cos a; + (W; — u;l; cos ;) tan ¢;}] /m,
s - Y.tana; & (4.14)
T YB
m, = cos? q; (1 + fan aiF‘Scan g0i> * (4.15)
B i Sifde Dt nmil o 52 ERA o) s 2P
Bk W, af#iMzLi» Y€ i Y2 fFa &

P (4.14)2 A; 54544 -~ B L ERE 4 o
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(w9) & fzqh if & o

d >t it i % Janbu j# & Spencer 2 E P a5 2 0 ZE AR
FER BV a2 F®e > AR R 2 GEKE LT > REE )
2t e ZTRAFRE RA o LB &0 - RRAERERAE A

HFAPHFE T 28A e o 500 IRIS BN 4% & 04102

IR

(Dynamic Programming method, DP).% & % 4 /2 = ;\z- 5 I %

W

% #c
B 2§ F #= & (Yamagami and Ueta, 1986 ; Baker, 1980) - & @ - #*
B ALEE oA 30 % K42 420 30 Bic(additive functions) - @ ;¢ (4.14)

2

£ L iE 25 2o Baker(1980) % + & % A4 W2 157E T

Q
E
L

|4
N
BN

EW et adic G 4r5t (416) 0 T EP KjEffer Sl G 2 5] BN

A4

(4.14)% > ¥ F; 2o 5] & 5 % % (equivalent) o 7= e iy 2 0 3 24 5
B G2 boo] BRT O EEIT R A S E G % b Gk 2 BB S 5 et
PRy )2t L pE s BIC R G g #3% 2 R i & 5 (critical slip

surface) o

n

6= (4~F-B) # (4.16)

i=1

A & L R 2] >l & (4.16)° 14,

g\x‘i

By 2 F 395 Adrlio dcf M 2 AP A A E LR R AR

Glde F, =1 o
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= n+1FF(stage) » 4o 4-27(@)2- L E Mo pro & - [EIOV L if §
A % R (state) 4o ) 4-27 (a)2 1B o 4o @) 4-27 (b) > # (i) %
(i+1,k) 5= fpsspEensd gl > B jk 7 4R % ) gl e g B R A
7§35 abkj TEARLFZHE R E P - B P I T R (4.14)

25 (4153 B HApRDA; 2 B o Flt o d (4,)) 2 (i+1Lk) 2 G

% E DG(Lk) 7 7 &

DG;(j, k) = A; — F; - B;

(\‘
—~
:b
|
~
~

s Fe ik H() 5% -2 ()29t a3k ] & RF

Hiq (k) = ]_grlll;lm[Hi () + DG, (G, k)i T 41 7 (4.18)

B A RS

H,(j)=0,j=1~5 7 (4.19)

Gm=minG = min [Hy,()] ;¢ (4.20)
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k2 LEBIZAZ B vt (A14), et R umfee 2 K @

PE<1misse e #3% TLiEhida o

k (+1, k)

(a) (b)
(b) 4o M #ELT LB (Mdr=x & £, 2014)
w o~ AT R

ﬁ‘i‘ 4B P RIS RN 2 ,{;ﬂjb,,. ﬁi(l%] 431) JL?LE:%&V'

“

AATHE S BB A A TREE 2 F0HA) ¥ RS e ikl gy
RA o HAEER AL A ETHIEEER ~F AT

B B G AR TRl 2 AT KRR IR 2 0 Bt 3417 0613 A B 7
2 BB R AT o N T2 B SdE L T2 AR B RF

Nz BB HI s LN AR2 IE P S 40T o

(—)RERAAFTH

IRIS " & » # B H AL AT F 850 $Hce 3425305 82 %
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S Sl PR R A b et 4 B 202 Y A R

ARG B kRS 2011 & poredtdp iR Im R BcE B AR
(DEM) » r2 2 2017 & -k 4 %45 K g {7 & 4 §4 & (Unmanned Aerial
Vehicle):d & #7118 2_ fcig = & 5 3](DSM) » H 4 & 5 0.02m - fr ¢
FEFHARREY L F e hEER E3 2017 £ 6 % 13 p 1 2017

£67 17Tpafzag o

ERgEC B G Bl
HFH A2 B iE 2 A &g EcEy A ECF)(DTM) > #3832
B AR 5 RFEP-p 2011 & poFoitdp 2 B A2 01 (DEM)
W2 e MPIBp ok EaE R 2017 £ 60 18 p g AR
Phantom 4 professional i& {7 JL3-3% & ¢ > d Context Capture version 4.0
EFEFY 2 AR ERE FAcRD AR 2 BcE s & 03] (DSM) - B
4-28 L2 s RREH M2 e R B Ay 2 FH AR
Gikyp i DSM 2 - ppftd e 5 N E R A b o 4o 4-28
STIR 202 AR o
Tt A AR AL P EBGRE o LR R BOF

Bk 10 2% s FLARE ALK AR T A LL =251

108m 2n,=10me- 2 % = & 2 :#3 #A| Bl4c B 4-29 #7771 > R4

PERZFREKARLZ DEM> M2 ¢ ME A > HIL{Sk A EREZ
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FH KRG DSM > 12 ¢ FBEAE L 7 o
IRIS 5% * U1 4 4o 0@ ]+ 2000 4487 X & % 2§ Gd® F )

3200 B0 ¥ 5T EEATEER 0 A R A X w2 BEER A

540

520

500

480

460

Elevation (m)

440

420

400
10 20 30 40 50 60 70 80 90 100 110

Distance (m)

W 4-29 §f © FH 5T
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BN 7 P AdT R R R B AR T He p
W2 4740 B4 KER 5-0.0Im £ &3 5 & 0.Amm/h 22 B 2% & > F N

FHAR(MIE T % > 2014) o A AT Tt daT HOKR GE 2 2% BB
BFF b2 V(T 300 2 2 HEtEA o £ P R PR E R 0613 R
e F 2 Rfen o el 4-30-2017 &5 1pOFFE 6" 30p 23 0%
£ 60 R 2R FA IR RGP RIBAFEPIT, BT

feor BT FE A AR 2 Ak (base flow) B A RApE > T 2R

5 kB R T R R A T S BT 2 A 43 K

40 -

35 4

30 4

25 4

20 4

15 A

Rainfall intensity (nmd'he)

10

EE bbb R bbb PR R r P b b S SEEEEE 88588888

- R R R EEE R R R

— [am] ™ ] [=a] —_ =T ] [=a] ] [ | =1 ] (] [ T e T ] ] ] (] (] (]
Diate (2016)
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AMEF R 2 S BT AL AL - 0L - Rt g
LB G E T R T - AR A e M . A A
FHAATIEE A I N SRR A T 24 & FS

IRIS =58 $ * Kosugi(1996)+& ! 2 LN #-3% % 77 3 3E-R x4 d

7»’%&"{?;} 34 %‘3

Y

Hos P AT B E Ao P TLE L 0 2 S Y s b
Fod 45 5 W8 ke d 412907 AR B e g kR

TSR REY T RS TR PR Y FTE P

(r9 )i 8L 48 T A 45

A ATV R RIE E R TR (8 0 T - PR G Bkt 0613 s Hp
2 u g T a4 tbfﬁﬁs?])\ﬁv}ﬁ:{ A8 52 2017 #5 % 1p 232
2017 # 67 17 p 23> £ 4B rz2 @R EF ¥ - 3 a » & IRIS
Best e PR R TR AR R B A d e T 7 g
TR PSR > Fp 0 AT R A H2 R o 100 (Ym?)
B¥ed s 60 (degree)r (T3 F B o450 Bl 4-32 2 72 e 43 Sk
e v IRISH S $8c2 X2 A4 TP Ficd 413477 -
Al G 2 EE e Fy RS Gk (kg kg k) &R A S 1.02

1.52 27 2,04 (/M) ~ 3 A& ' 2 B 5 25° ~32° % ot 3F Sk
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2 412 JrENL el B F Sk

05 Or Ym .
(M3/m?3) (m3/m?3) (cm)
0.41 0.065 -26.4 0.486

Bar0s Lt dok A 3 B (MUYMD) 0 0 5 AKA B MM o ym 5 2 HIL

Y T R R A R (M) o By i 2RIV L A R g )= Sk

2 4B LI F Sk

Soil properties Max Min Mean
¢ /:(n3) 2.04 1.73 1.89
(t/Cn;Z) 2.0 1.02 1.53

( degees) 32 25 28.5
(rlrc17s) 10+ 10° 10°®

FiiyidmE=EWUMd) ¢ L RE A (M) @' 2 3 A & (degrees) 0 kg &

% % Gl(mls) o
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WG 2 ek

SV PR BR IR 22K T
Z‘”ﬁr'rli 7300 = 2. F Z_E % 5B
0.lmm/h = 4 » 2017/5/1~2017/6/30
£ 60 % & & A
$5 ~ (% 4-12 LN model) £ 3k & 4+
W A2 i

ﬁ”i%ﬁﬁéﬁ
@?J »~ 0613 %= # /¥ 2017/5/1~2017/6/17
£ 48 & T

# 3% P /¥ (Occurrence time at failure FS < 1)
= /4 % & (Critical slip surface)

A
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v

% ik K
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.

A

% ik Kk,

10° m/s

v

A

v

%8 ik kK,
108 m/s

v

A

;;i/%"\:’; Cl
2.04 t/m3

é’i?’\i Cz
1.52 t/m?

/;‘i%xk 4 C3
1.02 t/m?

é’i/%"\ 4 Cl
2.04 t/m?

é’i/%"\ 4 C2
1.52 t/m3

é’i%"\ 4 03
1.02 t/m3

é’i/%"\ 4+ Cl
2.04 t/m®

g’iﬁx\ 4 C4
1.52 t/m®

;;i/%"\ﬂ; C5
1.02 t/m?®

y

|

@L%’%"ﬁ‘ ¢1~¢5
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B AR %

M ERGE > A7 % Bentley Context Capture Version
402+ HBFZ GBI FH SEIHARITHREFABTFE
oG MBERE o # % L 2011 & 1 f j247 B DEM e i i
d UAV 2 @2 002 mfz47 &2 DSM FHEF R E - 2 57 W s
PR3 R 347 R 2 8 A F R 0 - DSM izt A4 5 Im*1m >

WA RFRERBITREEFERBE S 2 FABFRZEWE G

f 4

7&! %_Er T"t‘?il:i o A M TE G f% % 2729 L 3 o=, Eﬂiﬁa%ﬁﬁ% % 19,278

_%Q}r{,p_,g_r?\g\,%-&rvgl433£z< 414’“1"[“’

Value

@ - High: 13.7

W 433 ARy RFLABIRG LR
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e 2 e RO M RIS A 4

£ 414 PRy EBERREE

Depth (m) Number of grid  Mean EL. (m) Volume (md)

0.0~25 831 1.25 1039
25~50 443 3.75 1661
50~75 441 6.25 2756
7.5~10.0 366 8.75 3203
10.0~125 375 11.25 4219
125~15.0 340 13.75 4675
15.0~175 106 16.28 1725
Total 19278

(=) #3 Ham e %

d 30 IRIS Ho58 45 7 BT s it FEH A A Bk
Gavigd 2 Fde  Tho] & 2 GEFL R Fte P H g
Toenikgp s & > G2t 1o £ F 0 IRISHG U5 fE & & A ki
AL FAPRERT o a BT ededp gl TP 2 BT AR E L 2017
#5119 23 @A FER L 0min; & F 5 HEE4 E
B % 15 p 3pF . JpFg 4 PR 5 65810min; ¢ AN w1 & £ T4
BAPF RIS B b b3 B 2w @do | % 2 Gl T A6 o

ARG IR A-32 1K w2 T2 w0 B Y 4 15 WiRE S
Bl & >l 1 T BN AR A 45 REIS gL

PR % BEs 1228 G822 MERA4 1z 8wtk
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Bt on AR R a2 206 F S ATE Wh 4-29) #% A F

Hd BRE BTSSR 0§ 58 iR A bl dR b 2 R G
2017/06/1516:50 » H 22 3ppe 3¢ 4 32 PER LY 3RiT o At K H|P o
2R G RES  BEiAWR L 109m/ss 1.52 t/m? > 31
(degree) o f1* IRIS “TH# 2 Tl Ffm B LIS RMFID A2 85 0 §
WHE 434 R gl S G G A SRR o
R IIRIS $i558 e ] > H BB gt % > Gl 1L pE o rim b
Fokg o i3 2 PV RN 2 i oo S M B % S M chenfER s F L

FFH RN S B I #3 A o

g
I
=3
L
= .
440 A Before disaster (2011)
—6— Observed slip surface (2017)
420 A —8— Estimated critical slip surface
= = Bedrock
400 T T T T T T T T T T

0 10 20 30 40 50 60 70 8 9 100 110
Distance (m)

W 4-34 RIS 32 #5F o
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Fr i 2R T R MR RS A 4

% 4-15 P E S IEBIREES

, 5 3 N
s (rrll(/ss) (t/rcnz) (de(sree) e ;% i«;
58 31 Y 2017/06/15 16:50 0.99
59 30 N 2017/05/01 00:00 0.98
60 29 N 2017/05/01 00:00 0.95
61 1.52 28 N 2017/05/01 00:00 0.91
62 27 N 2017/05/01 00:00 0.89
63 26 N 2017/05/01 00:00 0.86
64 25 N 2017/05/01 00:00 0.83
65 10 32 N 2017/05/01 00:00 0.99
66 31 N 2017/05/01 00:00 0.94
67 30 N 2017/05/01 00:00 0.91
68 29 N 2017/05/01 00:00 0.88
69 Ho2 28 N 2017/05/01 00:00 0.84
70 27 N 2017/05/01 00:00 0.82
71 26 N 2017/05/01 00:00 0.79
72 25 N 2017/05/01 00:00 0.76

(—)IRIS #2011 # p pefn iz 1m el 3 243
(DEM)&2 = i§ 3 % fr 34 25403 » £ 04 2017 & -k 4 4% b e 1

£ A §* £ (Unmanned Aerial Vehicle):? & 7% 2 ficig 3 # #-3)

4-69




107 ER AR PRI XHEADFY

(DSM) v 5 M85 52 8 > £ i~ L & B T4

N EH AR T AT o S EH - SERIE

7

B 82 X {5 DSM @ Aot g0 B2 S IR A pER

(=)d 72 2] ¢ PeE N % > 1 T j},@"% EE R e -

20z B 2 kAY 0 B5ET IRIS #IcE st % 2

ep ;S DR N = R s e = R T I s Sy S 6 = Sl gl B2 I

BOE S A M T Ft 0 b HI RS R B 0

RO U

(ZDIRIS {87 M F i M P 2 TRl i do 5 8 > HAP R

WIGAE L IRISHN B R B A » p ey

AR E AT 4 o m AR ARSN R

o g e 2 1 E -

F’F'

i% /'{‘ |R|S ﬁt}\‘ I% *

BAL R P > TR TG

4-70






1% IR AT EREAE

¥I% IR FRRAE

% — ZE Lk RIS S

HaeT LR R n-B R RAFA SR FEAB-H R ERAET

WFEFLT L AFr -F BRET R GIFR LN G R -

N

Pl 1o - SE U Y s - N R DA S I e = F
WG BB AP ER AR L 0 S e S TR RS R K
kS BN NES L YR E LR S L S
W IHBAEERE MHFREIL GHF I REFERT R

e RS RS

%

Lo~
[

4~

J
K3
\ -
=

Bl & Py B ez B o~ Ef@ SIS

\54

BEAPemg  p BARAEZEE  AIFTA v jp R 2 2 1

v\

JASEEEEEENCERE SILEFHA S Y15
8+1 #vk o drk 51> ARBE P FAELACT o A E RO P 1L EiE

B2 RIED GHERLM T Ry R EF RFTYRLIFE OE

5-1



107 ER AR PRI XHEADFY

251 2pmiivegr i Ed

y 8 % o 8 % o 8+1 + o
RAL Cop e . )
(2 7)) (107.08.14 i ) (107.08.15 i )
1_1—% l“t‘g%‘:“k _ N i""’ %%I—‘l&::\g
#rre ISR ol i - HEERLT
Femyie | L Eamasa o
— N 2 | B
. W3t A7
Ly
123t s | - > Mk s B8y
ERE i\ﬂ - L i;*,@i - E R BFR
/4: /’.-— "";:i_?‘ ”‘ "";:i_ *=
*frjlj:/{ P‘}F%EL’F“} 2 L*ﬁé?f&’@

.
FEES

2-1 23 AT
M2

~ B

R e W SR |

P e BRTR

W
P4
J
K
\ —
=
1
e

2-2 3 By FATE

2 EEUHTR

N FART S st B2 PR 3
23FEAI | I IHFTAFEF | I - HEAAFTES
T B BARE o B ZE
limuFh'e | &~ F BFRAFIZ | 5~ LIRTA Y 0
A v 2R FrR 3

i

R 1
«fl]’!’r

SRR 20 /NP S M
Wi g

SRR ERE £ U

AR RERE A ¥
3_3&;1%%”7?‘{ AN ap b 3 F s ’\‘#i"ﬂﬁk%iﬁfi"
i S cic M N AR z

— B REFRMaRT

Reg—- A& G XT P LA M ERRA A1 ETR

5-2

L A R T4

F




1% IR AT EREAE

A%

L A

“%TA;'JEIE%%f??; I ¢ ? e & FEARTE s RG] ik ok
RN N SIE N RN S T

RN T =3 SLR

REBRTR O UAHTEPFEI BT FEHESE RS TE

2
e
gL
R
=
s
R
R
=
v
I
i
R
e
823
¥
St
=
]
SMe
|
L
48
=
S
e
&
»
5!
.

AW Z B LT PRIEFCRYERE > ¢ T e FORIBN
(;J(Q‘ MR A =5 SR %}é}:’f‘&fﬁ)\;ai‘ggj;glj;}ijﬁ(yké \ﬁ.;f]p;\;l}.
PR R R ATE B (K SR B RRE )2 R

R (F Pa)E B %o 2 R A2 5 TS R R @R

Ping
/
=

FREEEL NTRTBIDERF ERALEEE T HE R

~

B A AN AT AREREN A TERRTLBEAR S

5-3



107 ER AR PRI XHEADFY

TAEEB AR e NTEEAI R B E R

FAEZ2 A0 ERBERY LA TEET LR

TEHFAFEFLALT L TFEREE RN R e v A 2

Dy A A E AR RS R -

R BT R T AT R BB L i
Rug= A B pmafE @4 A RS ERE X L1 2 %

BBt~ MG R (ot 4 2 BB)E T ~ e d > T4 AT

I HRAGEIREA (8 FHREAN  XTPIS) NI EA %
ZALEBEE SRl A TRBE AL FREEIRFE
PR TR FAFHENELZAER G T RGPHE & e E T
3+ J‘stw&%;;aﬁg%qﬁ@ay@—g RS L DR /AN e ‘é’i‘g’z’ziﬂ
b A TR R RN B A L g e
PR ¥R EHFLAFRIFEFN > DI E 80 i B2
PR R BT BB Rk E T8+l & Kk p Az THEp LR

L AR N B



Bp AT T S B R R

*ﬁ
|

Hels
=

L RA AR EE R
e ‘/E’”\‘é“f | # bta)a} L&%n] ,_ﬁ&s}ég*}_é\ l—/'f;:_/ﬂ:ﬁljJ, fJ:

ETAAFIT AR TR Y AN ERES Rl a2

N

BEAG LB E LA AR F R BER 1Y g
o F P R AR AN B ARG  RE2 Ah
AR A TRETL FD ALK CTRER R E A BT
B RER =R BBl a2 AR ARG

/":',J

TR R B R

N~FAAER LA E
K~ SBBRTFCEIAETREE BLBA AR L%

\\
>
~

=
fJ)u‘
oyl
=t
—
\m:
a«-
G
3y
b
e
RN
I+~

L9 RS L RS NG T U

ot TEHC IR UT FREE T L T a

7

§ 472

G ¥
FRb S E R R TR A BRI A R

W

(35
|4
X
Ey
=
~
»
=
&S
W
=
S
e
ANE
o)
7
=
&~
il
¥
(@) ]
N
o

2,2 22N
K



107 ER AR PRI XHEADFY

252 2HHARR 2 HEB L FRRESL (1)

8+1 + ok # % H
(107.08.15 i (107.08.14 i3 ) (107.08.15 i )
L)

118 28 F Eirs |11 25+ @56l
23
122 kR ¥ 1.2 = KR 2 A

- HEEE mbwmz{zgzﬁji l%%?;gizféﬂa

L ERir i
-
1327 g nIm4p g2 1.3 8 & #1272 Rt { A7
HLAF BEET 3t (AT 14&1&%@%&%
14%a%% FoRGE (21-BBREET FTREREE

Ry @

22@%#*ﬂﬂ%& 7 PERBRTHREEE

- R R | REER
B2y 2334+ BBETHEEN (23 BERETEzHDEE L
K& ok AR 37
24 >R P BB T |24 BRiEs A HR AT
BEELMEAEEFH
R HhA)
Sort iy (315 AR REBEHE |31 5 AR B E R
BlZplyme | BEREL B2
ZE Y B2RM BB HERITH#EF [ B2R R B E RIT R R
%HE@“ vt g
3FTA| 2w E RIFTAE 33FATAF BT RIFFA E iV J0
LY g
E s LR (A1 REFBRABFHEFES |41 FE s IR SR
Bl E & BT | e i
# A2K LR E A (42K LA RS B
B JE

5-6




1% IR AT EREAE

352 IMHEARG I BB EREEL (O

I HBEER (Sl ipFagEd e Sl ipnFTagrEemidly

BR2FHESWNEErr |2 FREENNEES v
v Dl e

53 <y A L E LR 5.3 ~ #chp L 1A EA K

Y i S WF R 2 *
A AIFTAR |6l EmBE L2 ad e (61ERBE L1 et e A
TIoTHEE | mrEdm £5m
# 6.2F fi 2 F)BEEHIFSE L | 628 i 2 BB S 1 2
ik &0 FER
6.3 F K wiE 1t BB | 6.3 K wHFE L e E A
! 6.4 2 S ipddnd
SR AN SN A SRR e M S S N R ey A
2ty | Bk #
il
CRAAY | TIRBREFAREIK  (TIRRESE FD L EFK
AR BHBA'GENEL BT ([ T2HERGE L 80 BT
e
7350 BER GRS | T3 H P BT R RITR 8 AT
R i
TA M ARt B4R ([ T4AR I HARARY WY
B
75 @ HmE R TR B R IR
M EEAR (BLARGERIETE R (8l UARERTE X FER
AN B R #
82t XTI FNFF |82 IFLTFAFAF TS
T e

8.3 5% 13 = Fiirl I E |83 E R LT E L E

g 8.4 K FE A ABIEFL

5-7




107 ER AR PRI XHEADFY

BT 2R 2 TE ERE I GRS R LA
BHE N A REA AT L AR kR AR Y

FEAR-HE TRETAFEFRL & AF*-F iz BT LR

AR BRSO AR R e im0 0T SRS SRR R T

WHm B ENHER L RRFICHRNAKRT R F B REEP L

F’B Fr:ll&’l";ﬁé ré»li%ﬁ%& ‘ﬁf}\fé*@% Ef“‘ LE—»*E— W Pf ?‘)é‘ (;;’EE ,J ’ (.i )%1- # %q—
FERPHEHIO B2 2RAMEE I H LT R RS FE
B 2 g B e T R - AR FEP 0 Bk

JEERRLI IO T FBERESLT -

(F)PHIE KR RLIBERL AL B R kS

<le
|k
|4

RERERFINFEAR -SRI EFRHINLE BB AF2L

R R AR B A N RLIE A B 558 A s



Bl R R R R

*ﬁ
|

Hels
=

VRS ZELET L ud Al PRt Tz P
(<) &2 R et 52 P AT 2 ARG 2 BP 2 KL G

KBARAFR ARIFLE DR P E RIS FR AR D

;‘Eﬁﬁﬂf@ﬂ:‘%‘il’\ hEIRP R e B e o 22 Jf#"’ (NG
E QRN |
(-)afmd o A KBS SRS RS E S LM TR
S B 2 FTRpee T R B LR R R R R AR b
R IIPEL A M R GRS o TR B L BRI RO

NGB LTS T E AW

\\\?{r

()&@rufresdg > Fel Bl (TP iz &

PR T B RN E A R e O RO E L APMSR X 4 o
S RSN EE SO B PR I R o A o Bl - B2 K Gl

Wi JE & 1 AR 2 30 TR WU F Sor AP T 2

R ERIREE L

).‘3

o)

=
5
pE:
N
ki
a8

o

‘%?%%gigiﬁljﬁiﬁﬁji/ﬁ,fﬁ ]E]I\/:’-&f" _l/Pl (uj\:.]xj; “( ,_LE% ,
B
\nd



107 ER AR PRI XHEADFY

A2 2inp QEXNAH BB LHB I A ge LT ER
3 o ig’;gEéE% ¥ nggfgﬂ;ﬁi - i&,%?’q& [EEX;Ii%i;;? A /Eiéﬁi T 5
el et i SR S A D> g S AN i N W E IS I < S > S A

C)RBLFAHFTY > SEFHREEI- L AFEWLIRL T

BE LA R i ok SRR I R

FEYLERITR KE AR A IFEE TR 2P
CHEZE ALY 2N SN R -

5-10






|
Hels
<il
% .

%
i
—1:*‘\‘

8 RBW

IRFER N AL BB E (P ) (B e 5ty

%4

Fitwm o BRED e o Einz o g B L eggerdad 2 g

e

ERFE T RBEREFRETIRIFRDEDRAD 0 U2 L E

FURF ERBEARNIHNLTZRIRIRMTMNE LT RG0S
Sl N Y e SR N SR R R L A A S Rt S R
K PP AP Bk k2 3L RSEDPEE 2 AL
T RAHBG R T PRAER ~ RIFATR Y R R a1 s
IMBPIEFT IR EHEEE S v 2 R RL R Lk BHEA
BT HFBRRE MFIRR S A KPR REKD R R 2
B THEE AL AE PR EHNFT > FIREF RN E B ST
NHERBEFFPERF»HEL God S Proi BE I ERRL L
T qeitAgait € TR RF BRGDE TR RAFFERS Y

6-1



107 ER AR PRI XHEADFY

REER TR

VBERAZ RS A e

A HALKY B FEL RS T R ES  $ R AH TR
AP AHFTRARE R BRSO T TR R FETIREE S
T BEF B BT FYF R R R TREA R RN
FR* > o AT E0cEp 97T ER T 106 £ B & 1545 i+ £ 42 72

TREXE X R 30 mINH LR P BT RBITE TR T AR

(DI L BAHTHEEL 5P (FHRAFEERZ)

-
>_L
&
EL]
=
a‘\
o
3
7“_.
)4
o
Ly
e
ey
&
o]
i
&
St
e
_}W
T

B ES B A AT 2 F 22 TN

g AYUZATRATHAN BRI FFH I LF LTI E

FARFHREE (S RO B TR R -

(D)2 k2 BF LWL AATHERT L (FREE

FRFRERAARS L I EER S ART 2 2R TR
B2 FRET Afen Ml i N5 > A RFT UM ET FTHR



R R s
g Fm-‘;’—, = Fiﬁ

sl
Hels

2

Bl kP AR TR A AN EANL EFT NS BRI

3

PR S RSP BT B B i oS R T AR (R
RE L) RFTPTENREE S A LG oREEFEAH
Bot ook REFRGETE 2R RAETEF LT 5 b

?ﬁ%%@fﬁﬁﬁﬁ %H‘gﬂif@ﬁ? ﬁ% @%@E

(DRI FRBEHEAP FH S5 FE (B 58F)

FHRR FEFHFRNERITFZOBRRE LV RRK D RAE

BA#FFAAD > RIRFEAFETRPA NS FE 78

AT AN S % R AETR A f N TR g 24 g

ARG Y R P ER AR R Y o HEE
BRAT PP F Rp k) BFELEEFH A D

FRABUTHFE H AR D2 > NP EAHEY T REHP D

N

S0 P R R FRETRT -

&)
SRBFRE St R FRL EERY R BRG] Y R

EF S F R FHAAOREE LR ST ERTHEN LT



107 ER AR PRI XHEADFY

FLED < By 4T 0 FARETE ATIRARZ BB 0 T o BE e 5 B

yxli

A2 iﬂ_ﬂl%[ﬁ_j\md\'%hé g f‘f"’?ﬁ—'—agmf] 1;‘\.4"[‘"Js.a

LET S T RS R A

=~ 2T AR MR RIS A 4

(—)HB A R R E RN

Y
=

L AP PIREFERY 2 IHTTESES s g
B AR TR R 2 R R p O BRSNS R
B2 FFEF AL RE -

2. AT HRNEARIAFESNS > GREA BT RE B
R R EREL A E2ERDE L QPE RRFFIN LA R LR
G E s o BEAREES NER T ORE M AR EREE LN FLR
KRG AR R REE2ERT

3. %d 2005~2017 #@ "B "Ex ¥ EHRER S > AFTY TR D
ZHARUHAFENEN AT T APFEB 2 2§ sTTEp
T gt 2R IRAT ARG B AR BAZFEANI AL

T ER R

()3 A B AR L5 R P R
L AT HERE AL E TP e pidie,

6-4



P R o
e B IE R

o
Hels

PTi A 2 AN AR S o A S U BURE B
ARE o HErg 2 F Al MR B RGETEAR S & o
2. o HEC-RAS 2D ##t » A4 BRI X 6™ » Fnfadc

EERE G o Hg A2 2B ¥R EAE & 0.6% ~ 1.4%2 />

49.0%7 ¥ -

3. Ju* HEC-RAS 2D #ioht » oA 47 8 i shii % 6T » 3iin fhdkc
GIgH RS G R A2 L AR R IR & 13.1%~17.3%2 F -
UGB E S G > B A 2B R PR FR & 9.8% ~
22.9%2_ ¥ -

4. 7 FBERE G)A T2 5 % BT 0 DS AL PE R B pE > 0

Ak R R B AR R R SR TRl B % 0 B o AT i PEL

ETEAR AR 0 BB AR S S 7 £ 49.0% -

(Z)ARA (B £ 585 &~ 35 U R (IRIS H05Y)

RIS #5554 2011 & poFedndp iz Im Rl B R
(DEM)iE = i st & o 3 25407 » 302 2017 # -k 2 g h e 7 8 4
£ (Unmanned Aerial Vehicle)# & #1182z @& % i3] (DSM) i® 5
Btz g o @]uﬁga EEALE AR BB ST o B

=22 = o4
2% /z:ifi —

P

ETOS
by
iy
hac]
AF
{4~
o
’ﬁ
s
=1
1%
A
R
)
wn
<
(7
)
=
ot



107 ER AR PRI XHEADFY

G R e -
2.4 T2 mEA P PeE DX > At 1o i’»;‘z@,ért B 4 PR

302 e fdA 17 0 B 5T IRIS BB g% > e 30

7

\

1PF > izl 8% > i3 2 PV B0V 7 o st o =T 3% > N FF M en
SR 0 Fp o b H IR S B NI 3 A o
BARISHN ™ M G »a g L pF 2 Tl h oo 28 0 H Ap Rt
AP EFHFHIRISHEN FEEE L L% » 2 e igs A~
Frae 4 o @ U ARAE 1 AR A TR I IRIS 5% i % R e

g T 5 AR MRS AR B4 2 ) E

6-6



by
|
Hels
<il
E
1%
i
—1:&\‘\‘

S8 FreREi
*F A2 E#H(105-107 #R)Z B FAE o2 EPLEHF
HEFATFEHF 223215 PIH2 0T A00 5 0 RiFAg

it g 18 h BABFET T H A B REAE 3

105 2R 238 KA gHhe » 8430105 & Bk g

\|‘

B g o AuE i THR LG R EHRE I BRI E WA R &
X o EFEEE L] T QPESUMS & § TR = B 2 %A
ERHN o dek 619w o

106 # B & == A g #7#% < - 4w 5T Feng-Chi Huang, Yi-Hsuan

Lee, Jiun-Ting Lin, Kuo-Wei Chen, Chen-Yu Chen, Kuo-Lung Wang,
(2017). The Case Study for Evaluation of Landslides Volume and Moving

Paths of Single Falling Rock. , Geotechnical Hazard Mitigations, 263-272 |
R TR E S Bl s 3F RIS (2017) 0 i@ * QPESUMS & & 7ol

B U A BN S ¢ ER L B4R 48(1) 0 4455, (R

<

4

HEL6 ERH2 ) T 23 6 R EH » X5 430106 £
129 2 p 2017 k2 m3FERE g Fmr el 6k A8l TR
FRAPEEFHBELED R LI IR B REIRA R A
BT IR R N H S S B2 ok E R 0T IRIS Y HC

6-7



107 ER AR PRI XHEADFY

Ba o gier T e - 2 EH #4585 6] THEC-RAS

KRy Tak & A xS LY R I T R

g
AN
—

e

d~
[x}
2

e

%L

W BEE AR 2 BARL T A B T LR A L

*:Lv}

'

WA 4F % 65 REFA3t € %~ 4~ % 5 T 5th GEDMAR - The Case
Study for Evaluation of Landslides Volume and Moving Paths of Single

FallingRock ;; ¥ 7 3 # £ 106 # A k2 FiF= % 4 € > & 8
BT p AB e UAPB S £ 2 dF T iR e

2 F)

|k

EE-NUEWIEL A AL CETELN  CTAERR M
FUMWEE 2T ER > dodk 62977 o

107 # R e 2= 2K W% §H> » % 5 1 TICSE2018-ACase
Study for Evaluation of Landslide Volume and Two-Dimensional Slope

Stability Numerical Simulation Subject to Rainfall Infiltration. |~ " #) I %

£ ¥ 3 & % - Proceeding Annual Meeting of Japan Society of Erosion
Control Engineering-Simulation of Large-Scale Shallow Landslide

Triggered by Heavy Rainfall using IRIS Model | ; -k AR F 31 € 7 &

‘41

A G THE BRI R VRT SBE T AL MG FIEEE A
RERGELZT AW e XA g EAER 21996 &
R M RSB LR RRRRAE TR ERR G-
PAMEER RS0 TARAE AL N A 0 2 @R (RIS) N

B T RBOR D R LR F AR 2 ARG 4
6-8



|
Hels
<il
‘% .

IF
G
—1:*‘\‘

Bawl s tT107 # X F AT EFFHFANE-H I F A RUAFENE
FA3E ~T2018 SHEEE NS ¢ # ¢ FEMF L RNV RT
cRENER CIERTBEITZRY 12018 HHE kRS YE
g - e MK ARG R N REARREEAF Y F
NHP TR LY FARRRFEE ¢ 107 £ & § FH I E -
SERA ALY URIEGHBE - X UTEE RIS KK

L0 ded 63 40 T RO o

6-9



107 ER AR BRI XHEADFY

% 6-1 3 *%-2016 %> % %

R # 4 A ] UREDIEE B2
ML L REHNBEINEGE- NI FIRLES S (T EHF F e~ Fla
2016 FA 3 T 105 & B -k 4 (535 8 phers 2
i Rz 5 ol RLLERE LY k2 R g
M=z~ Flap >~ x23
2016 it g iz * QPESUMS & & Frfted = gy 0 3 " & 84 050 *Ei" ?}‘Jéi[&]i\ . 105 # R -k 2 F4F B iFT 3 €
B SN
4 62 5 2 %-2017 % F 4
ER %) Bt % RIS B2
HEC-RAS** 1 R W B M2 B -V A B X X M3 | £ 3ris ~ ot .z
2017 | B R pRR BT A R B 106 & & k3 B85 AR 6
= ¥ B o MREF
"L ARIS BoFN HEgRE A 2 R 1EY T 2 BH AR A T- N e | K WA IR T RIS
2017 A% 106 & B -k 3 45 8 iEFT 2
F’J;g ﬁ-*_}‘:‘éﬂl",‘wb’d “'a‘.‘}‘ﬁl_’;]’i‘ J‘ l ;}g/f ng
Mirs ~ 58 - R
2017 it g L FEAR LT RFRIRERSAF = . j;;i " 106 & & -k & FAFF T
> A s
&t | A ;kﬂ BT oM .}Lw &) g, Bl B e-R | Bap s F 2% e
F 2 3 S R = oy S s
TEF MR Fla
2017 it g A Rl Rt S R A S ko g@; #l 106 # & -k & 4FH iEFT I €
N 1= Ty F’

6-10




Miss s B RA %

2017 it e L ST B EA N BESRZ T AT o 106 & & -k 4 F4FF 3t ¢
¥
Feng-Chi Huang, Yi-
) ) Hsuan Lee, Jiun-Ting . L
The Case Study for Evaluation of Landslides Volume and ) ] Geotechnical Hazard Mitigations
2017 IRl : . . Lin, Kuo-Wei Chen,
Moving Paths of Single Falling Rock (4 5th GEDMAR & =] #p 71])
Chen-Yu Chen, Kuo-
Lung Wang
MBS~ MEF ~ L
2017 it g e AE BB UM L B~F EH s Flap) v | 105# Rk RESEFLE
ES VA
. TEHLZWT ~Fla
Eﬂi&q:‘i%"‘f‘ﬂ;}'l‘)’ L;;Eiipl,ﬂg_%_'l.l*:—wa—'— J}Lié\: 1 A ¥ +
2017 g CERTARFIOEE R A WTRE TR MR | 105 E Rk AR
E A ANE S
MR F
2017 it g AERP] PR s 2T R FME ~MIRF 105 & k4 F4F S %4 ¢
2017 7 i * QPESUMS =& § 3l = &35 0 3 57 BHC [106 |Mdr =+ ~ Fliap] ~ 37 Ry ¢ E-k 3 F45 5 4R, 48(1): 44-55
g T

LD

"~

(2017)

6-11




107 ER AR BRI XHEADFY

4 63 F 7 A%-2018% %4

£

S
5
el

z
v

a1

711§ K A

& Rl

h f
R ) . , Flap] s IrF ~ S ) ) ~
2018 it e BEEBEIEVRT SEP e 107 & B -k 3 iaF B3 €
SEy =3
. o . ) B Mo s iRF ~ FlAa ) ) .
2018 it g MIFTA MG FHFAERR A GEL LT (T ol 107 & B -k 3 iR B RT3 €
HrRE Lk~ Fla
2 2 AR KIPIRT S e E U 4 =TT 2
2018 it g B E AR AR N 107 & B -k 4 %% 8 jerr it
o AP L XS Lot = 5 . N *#E}(% N Fﬁ%i N Fﬁi:;:’ 2 2 7
2018 Fite 1996 # Fiaweh M WA B X HRRRIA 4 ol o g 107 & R -k 2 F4F B e €
BaFlap s SR
X Pid B~ R
2018 it g REPFFERETG-1D AP EER RL 6 * i ﬂj\ 7l 107 & Rk 3 4F 53t §
7y
: : Con FgeF ~ minE -~ 3 i . )
2018 it g AR YL SN o g R R (IRIS) BE5 B 3 . 107 & R -k 3 45 B i3 €
m R >F
2018 it g T Lt FEH mMER 107 & B -k 2 545 8 et ¢
) ) Jyun-Wei Chen, Feng-
A Case Study for Evaluation of Landslide Volume and ) ) .
) ) . ) ) ) Chi Huang, Hsuan-Pin | The 9th International Conference on
2018 it g Two-Dimensional Slope Stability Numerical Simulation ) i i
) ) . Wu, Wei-Ze Liou, Chen- Scour and Erosion
Subject to Rainfall Infiltration
Yu Chen
, L e e FieF ~ M3IDE ~ R .
2018 lﬂ;fg HE%SaRUEATR %JT\"]‘E\—E\W”&E% x F A\s}ﬁg’{i;ﬁf};;ﬂ?}g

6-12




FIAR] IR F - ot |2018 S H MF S £ E ¢ TE

2018 B g | mESYRT CREEE N ARTHEET LY g B g
~ 2 < @»
e , IREETN TN -
2018 Fite | - s ORI AR Y IR R A A 5 2018 etk fk ok % S AT

~ BBt

. ) _ ) Chen-Yu Chen, Hsuan-
Simulation of Large-Scale Shallow Landslide Triggered by

2018 P Heavy Rainfall using IRIS Model PinWu, Jyuanei Chen,| 2018 P 2B/ 5 §FLH 24
Kuo-Wei Chen
FEF 2T G| EARE TR ¢ FaE R
2018 it MR E AT AT MR S LT ER |E FlAR  BURF | FILE g 107 & § TH NP
EN-23 £

6-13




107 ER AR PRI XHEADFY

RN
AT L B R AR - W~ RGO 0T R AT AR
2R MR T ERERAARPN PRI EARS YRR

EEERNFE SEL T S

— ok 2 R R g R )

(- )k2 R LEyRLs Jicrm g e KSR HIE D

KB BOHERT 3 A B ] w105 & TR 4 R R 8 B AR
Bloadck L e he g DR AR - 1 ARPEE R S
R CHR S FRE2RE  AA#D L AHFTL L E S e
£ 2457 [k % Q02 B E M e 0 FavAERZE TR BEFER
BARE LTS R AR EREFTIHFEAREEL B
PRAZ s R R R L BT B R

()& AHF R

ZHREFREFThEGw AR I BFEDAAT L R AAR
PEEE RIS FEER RERHE R LA i
FEG LA -

(Z)E 2 FZ 5k 2 v AR

ERBTAFRIF AR ERPEBID B R E A EEY

6-14



o
Hele

SEE AP AL P MR M AR R LR R R
FEH KB BN kD RSB
(2)~#ZE2FEFFEFTHIBRL S
B R B se it E e R R ook e p & PER Ly

AR ERA R e 2 BT Y A PRREE B blde

H

%

FEERFIRFTFTHE > TEH P g B 20 Bz p

U

-~

¥
(5
o]

= 2R R R RATF R
BB ARHA LR RN ERE AN L

RPHE T RS TRATEFRT & KT -f

.

CiE BT kY R

=

PR AT BRI BERIED C(C)ERERFLIH

FEFE B E A R R A s A E P IR T
7

-n\

EERPNR LI e S Gl g o E
CRFEXT R U (2)E  ATRT R R e 2 2R
BT Ip AR R LA LT BN
o FELAPFRE S RV SR

Al (TE RGN ERR D 2 FRELETRES AR

6-15



107 ER AR PRI XHEADFY

P R E A A TR TREFRERS - REZ @ FEY

FALZTHRS AT GRS TREL E - FTHAFE R

—\\

SEFERPEFBEEFE Bk BFAN TR E R 2 ®

%o

- \Q\

R FFESBET R T N R R AT AR R

FBpEE Ak A BRFERI TR LR AR IR T
R H 2 LI A R RE S B ERIEARS TR
33 FRHFFTHITD » bldcd BN E R FA LS AFOTE

PEARY D RAFEFREY PR T CRESFEE RIS G

4.p "',‘J,](;l f,\%.i;/‘%i?ﬁ*:li ?J%%EH;Z%J‘% AT 5]_@_3, ?’%”Tﬁq,ﬁ;i
FErLlEEFEmE 47 > 23035 RATAIT RN ey

PATATA R BN AN S R o HE EE a0 AHTR B

6-16



R R s
g Fm-‘;’—, = Fiﬁ

o
Hels

ANERAFEELRS 5o pt it 5 TR 2 ai T IR
R BT o U TR

L5 #-2 MR T # 0 8rf RBILA G B AL T 2k

(s
o
s

HFATRE RFRFRE S T 8 LA FTAL PR
TRESSN AR o
2EFERLZABFHERFE TP PEREERT oo f
engh i Tk L R Rl 2 TR P o i TS
TR B Mei (S TR hERITOR 2 TR R AR T FR

3

Tk

ARFREE AAUERRFAUS S 2Rk BEREZHEL

Wit
7
=)
fru
=
w
e
R

AT S AR ko
3.2 PN EF AR L ERPAE SR ERp 2

FeEE RRAEILLp LELREY > UG mE R o

A R R fREAIGRB T ATA 2T R

g BOA M R ATA R TANRE Y e H AT G 2 TR A A

Bl FERAFHLE N AA KL EERY

5.4 5T FA A KA it £ 2 AL TR -8 (T EBAIL  RAE

\"‘3
J—
@

LN FFUMARN o Bldrhm R R % P @S o TRE(T 5)NE
P WA 175 BT iRy o

B.ATHAL ot BT S FRRPSH(REZ S R

6-17



107 ER AR PRI XHEADFY

P 1) R e TR 2 1 AR R

R
;?:
=
Y
(w‘
A
#
1+

<

1 1%555;»]3:’;47% o

ThAR T AMEE BTN o oG 1 i AT S

PR - SR SRIE S R R PORARLE A A

IR

6-18






4.

o1

o

~

0

https://246.swcb.gov.tw/VV2016/Achievement/DisastersContent?

342t

¢ER IR (2009) o ANEEAL
LR FREEE (2017) o R4 3

W) o

pAEL g

Efpoop Ao

GERCEEy

EventID=529

TRt k4 gk 2 g R (2014)

3 o

FRIREE &k R

K2 “*%ﬁé 3+ A o

%/ ‘é‘_@‘l]{‘fﬁ’:ﬂ"i"l [FE?

i 4 (2016) - i-Construction 3 & ILF- 4 & 4

R CFMER017) £ LT EE

ok d RPRPRG o

PP EAFTT A ERE o s o

FRIREE &k R

’?T/;EO é%}to

FRIREE &k R

(2016)

(2016)

FHLEE AL o I o

%k (2016)

Jfe B

o

o

(2016) - 105 # 2 < Apt w2

KA EFLE 2017 £ P



107 ER AR PRI XHEADFY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Frck B d gk R (2017) o BIQ K4 EHFR L
VI s -

TR b A gk R L KAk (2016) o fF R EiurT iR
EERHAE BT BRBI IR o A o

Fre P ¥4 B ¢k BRI Fp LT AR

https://246.swcbh.gov.tw/

E2 2@ kEm e E2 REAEF (2010) - % RHH

3% PR & 8+ B http://www.mlit.go.jp/common/000121614.pdf
Eld 2 gk @2 E2RHFPFIN(2010) o & Rf0H

®Hig P2 R+ B http://www.mlit.go.jp/common/000223656.pdf

El 2 4 E 2 TR AEF L o (2014) o Fh B v
KHMNESSHFAETF o P & o

E2 2l 4 E2 EFERREFT T (2014) © 74 #HHE <

FEEREFT LYY —RE RIHEE BT R

http://www.jeinou.com/technoloqy/2016/01/28/094000.html

A # (2016) - W H2z @ BY () - Mk
E’K‘“’}é&% o
Bigr 3 ~ FlAR] ~ 3FRgE (2017) - @@ * QPESUMS & €

Flad = #3k LTI ERN o EL S EHEFH 48 (1) o
%-2


https://246.swcb.gov.tw/
http://www.mlit.go.jp/common/000121614.pdf
http://www.mlit.go.jp/common/000223656.pdf
http://www.jeinou.com/technology/2016/01/28/094000.html

20.

21,

22,

23. .

24. ¥

25. .

26. .

44-55 -

MAREF ~ Fe 5~k = (2014) - AFE TR Z 1 kM
O A TR AR B P EL S RS 45
(4) »243-256 -

gl (2009) - WA SR o RAE T kELER T 2

By oov? kg bk

B A= o~ 3w oS s Rz 4R (2007) - 2005 F S b 14 F

ShhAAE RS TRE LA HIRIIE S S 4V 3

2ab—vave k1 E#> £ 515 931-936 - (Tsutsumi, D.,
Fujita, M., and Hayashi, Y. (2007). “Numerical simulation on a

landslide due to Typhoon 0514 in Taketa city, Oita prefecture.”

Proceedings of hydraulic engineering, 51. 931-936. (in

Japanese))
W% (2015) o jEBETE & FTACE B 3 € - F Z-F0009 2
11?5557—,5: o %ﬁb o

AR L TR et (2008) o 7 HAZ - LAFFEK T

#

B4 R~ FIEE P F o A -

SRS R IR AR T (2016) o B FFAEE TR

http://gis.moeacqgs.qgov.tw/

AR RG] B  (2007~2009) o £ AR Fit

%-3


http://gis.moeacgs.gov.tw/

107 ER AR PRI XHEADFY

217,

28.

29.
30.

31.

32,

33.

34,

BRFEE 3 i GBI R
(1/3)~(3/3) * & & o
AR F kIR B

https://www.wrap.gov.tw/index.aspx

Baker, R. (1980). “Determination of the critical slip surface in

slope stability computations.” International Journal for

Numerical and Analytical Methods in Geomechanics, 4(4), 333-
359.

Brunner, G. (2014). "Using HEC-RAS for Dam Break Studies."
Capart, H., Hsu Jammie, P. C., Lai Steven, Y. J., and Hsieh, M.

L. (2010). "Formation and decay of a tribu-tary-dammed lake,

Laonong River, Taiwan." Water Resour Res, 46(11).

Chen, K. T., Tsang, Y. C., Kuo, Y. S., Lu, M. H., and Shieh, C.
L. (2010). "Case Analysis of Landslide Dam For-mation by
Typhoon Morakot." Journal of the Taiwan Disaster Prevention
Society, 2(1), 43-50. (In Chinese)

Chen, K.-T., Lin, C.-H., chen, X.-Q., Hu, G.-S., Guo, X.-J., and
Shieh, C.-L. (2018). "An Assessment Method for Debris Flow
Dam Formation in Taiwan." 2018, 22(1), 7.

Chen, S. C. (1999). "Failure mechanism and disaster mitigation
on landslide-dammed lakes." Journal of Chinese Soil and Water
Conservation, 30(4), 299-311. (In Chinese)

Chen, Y.S., Kuo, Y. S., Lai, W. C., Tsai, Y. J., Lee, S. P., Chen,

K. T., and Shieh, C. L. (2011). "Reflection of ty-phoon morakot -
-4


https://www.wrap.gov.tw/index.aspx

35.

36.

37.

38.

39.

40.

41.

S

the challenge of compound disaster simulation.” J Mt Sci-Engl,
8(4), 571-581.

Costa, J. E., and Schuster, R. L. (1988). "The formation and
failure of natural dams." Geol Soc Am Bull, 100(7), 1054-1068.
Dong, J.-J., Lai, P.-J., Chang, C.-P., Yang, S.-H., Yeh, K.-C.,
Liao, J.-J., and Pan, Y.-W. (2014). "Deriving landslide dam
geometry from remote sensing images for the rapid assessment
of critical parameters related to dam-breach haz-ards."
Landslides, 11(1), 93-105.

Feng-Chi Huang, Yi-Hsuan Lee, Jiun-Ting Lin, Kuo-Wei Chen,

Chen-Yu Chen, Kuo-Lung Wang. (2017). “The Case Study for
Evaluation of Landslides Volume and Moving Paths of Single
Falling Rock.” 5th GEDMAR.

Gary, W. B., and CEIWR-HEC (2016). "HEC-RAS, River
Analysis System, 2D Modeling User's Manual Version 5.0." US
Army Corps of Engineers Institute for Water Resources
Hydrologic Engineering Center (HEC) 609 Second Street Davis,
CA 95616-4687, 171.

Istok, J. (1989). Groundwater Modeling by the Finite Element
Method, Washington DC, American Geophysical Union.

J. Hanson, G., R. Cook, K., and L. Hunt, S. (2005). "PHYSICAL
MODELING OF OVERTOPPING EROSION AND BREACH
FORMATION OF COHESIVE EMBANKMENTS." T Asae,
48(5), 1783.

Jung, C.-G., and Kim, S.-J. (2017). "Comparison of the Damaged

%-5



107 ER AR PRI XHEADFY

42.

43.

44,

45.

46.

47.

Area Caused by an Agricultural Dam-Break Flood Wave Using
HEC-RAS and UAV Surveying." Agricultural Sciences, 8(10),
1089-1104.

Kosugi, K.I. (1996). “Lognormal distribution model for

unsaturated soil hydraulic properties.” Water Resource

Research, 32(9), 2697-2703.

Kuo, Y. S., Tsai, Y. J., Chen, Y. S., Shieh, C. L., Miyamoto, K.,
and ltoh, T. (2013). "Movement of deep-seated rainfall-induced
landslide at Hsiaolin Village during Typhoon Morakot."
Landslides, 10(2), 191-202.

Kuo, Y.-S., Tsang, Y.-C., Chen, K.-T., and Shieh, C.-L. (2011).
"Analysis of landslide dam geometries." J Mt Sci-Engl, 8(4),
544-550.

Lin, C. H., Shieh, C. L., and Tseng, C. M. "Water level
simulation during Typhoon Morakot." Proc., International
symposium on sediment disasters under the influence of climate
change and tectonic activity (2nd), The Japan Society of Erosion
Control Engineering.

Lin, C. H., Shieh, C. L., Tseng, C. M., Tsai, Y. J., and Chen, Y.
S. (2012). "Research on Water Level Simulation during Natural
Dam Breach in Hsiaolin Village." Journal of the Taiwan Disaster

Prevention Society, 4(1), 5-15. (In Chinese)

Marinos, P and Hoek, E. (2000). “GSI - A geologically

friendly tool for rock mass strength estimation.” Proc.

%--6



48.

49.

50.

o1,

52,

53.

54,

GeoEng2000 Conference, Melbourne. 1422-1442.

Shieh, C. L., Wang, C. M., Chen, Y. S., Tsai, Y. J., and Tseng,
W. H. (2010). "An Overview of Disasters Resulted from
Typhoon Morakot in Taiwan." Journal of Disaster Research,
5(3), 236-244.

Shieh, C. L., Wang, C. M., Lai, W. C., Tseng, Y. C., and Lee, S.
P. (2009). "The composite hazard resulted from Typhoon
Morakot in Taiwan." Journal of the Japan Society of Erosion
Control Engineering, 62(4), 61-65.

Singh Vijay, P., and Scarlatos Panagiotis, D. (1988). "Analysis

of Gradual Earth-Dam Failure.” Journal of Hydraulic

Engineering, 114(1), 21-42.

Tsai, Y. J., Kuo, Y. S,, Chen, Y. S,, Shieh, C. L., and Miyamoto,
K. "The landslide movement process at Shiao Lin Village during
Typhoon Morakot." Proc., International symposium on sediment
disasters under the influence of cli-mate change and tectonic

activity (2nd) The Japan Society of Erosion Control Engineering.

Tsou, C.Y., Feng, Z.Y., and Chigira, M. (2011). “Catastrophic

landslide induced by Typhoon Morakot, Shiaolin, Taiwan.”

Geomorphology, 127(3-4), 166-178.

Wahl Tony, L. (2004). "Uncertainty of Predictions of
Embankment Dam Breach Parameters." Journal of Hydraulic
Engineering, 130(5), 389-397.

Wu, W. (2001). CCHE2D sediment transport model (version

2.1). Technical Rep. of National Center for Computational
%7



107 ER AR PRI XHEADFY

55.

56.

57,

58.

59.

60.

Hydroscience and Engineering NCCHE-TR-2001-03, Univ. of
Mississippi.

Wu, W. and Wang, S. S. Y. (2004a). “Depth-averaged 2-D
calculation of flow and sediment transport in curved channels,”

Int. J. Sediment Res., 19(4), 241 - 257.

Wu, W. and Wang, S. S. Y. (2004b). “Depth-averaged 2-D
calculation of tidal flow, salinity and cohesive sediment transport

in estuaries,” Intl. J. Sediment Res., 19(3), 172 - 190.
Wu, W. and Wang, S.S.Y. (2003). “Selection and evaluation of

nonuniform sediment transport formulas for river modeling.”

Proc. XXXth IAHR Congress, Thessaloniki, Greece.

Wu, W., Altinakar, M., Al-Riffai, M., Bergman, N., Bradford, S.,
Cao, Z., J. Chen, Q., G. Constantinescu, S., Duan, J., Gee, D.,
Greimann, B., Hanson, G., He, Z., Hegedus, P., Van
Hoestenberghe, T., Huddleston, D., A. Hughes, S., Imran, J., Jia,
Y., and Zhang, L. (2011). "Earthen Embankment Breaching."
Journal of Hydraulic Engineering, 137(12), 1549-1564.

Wu, W., Shields, F. D., Jr., Bennett, S. J., and Wang, S. S. Y.

(2005), “A depth-averaged 2-D model for flow, sediment
transport and bed topography in curved channels with riparian
vegetation, ” Water Resources Research, AGU, 41, W03015.

Xiong, Y. (2011). "A Dam Break Analysis Using HEC-RAS."

Journal of Water Resource and Protection, 3(6), 370-379.
%-8



S

61. Xu, Y., and Zhang, L. M. (2009). "Breaching Parameters for

Earth and Rockfill Dams." J Geotech Geoenviron, 135(12),
1957-1970.

62. Yamagami, T., and Ueta, Y. (1986). “Noncircular slip surface
analysis of the stability of slopes-An application of dynamic
programming to the Janbu method.” Landslides, 22(4), 8-16.

63. Zhang, L. M., Peng, M., and Xu, Y. (2010). "Assessing risks of

breaching of earth dams and natural landslide dams." Proc.
Indian Geotechnical Conference - 2010, GEOtrendz Macmillan
Publishers India Ltd., IGS Mumbai Chapter & IIT Bombay, 81-
92.

64. Zhang, Y., & Jia, Y. (2009). CCHE-MESH 2D Structured Mesh

Generator Users Manual--version 3. x. NCCHE-TR-2009-01,

University of Mississippi.

%-9






i

M- 107 ERHF L A&

ABE A B R g 107 £ R E § KA

ya,

REEATEREAHER 107 FEFTRE

wh

10751241 B(AMN)

TR 13 CREE P FERIIE L &
E@MEc BEEAPEREFRSLY
BB AR EERAREEAR ELTHAIHARIETRR - BFH b
KueEm BAXFRAPALEFLL2 ALY EHEABALFGA B2
LBABAMPERE LA TSR EFABETRARAR P - EFRE
SRABEMET O EREARLFEHG LG BT RLBIFHRG LT -
PRRAALBSEGLAGTLEABS G WP ALRERGLAF - ETTK
TR HS LR HATARIBHAGOET - PRIEENE
35| ] | EHA I EHA
09 : 00-09 : 30 BRI ESBETH
09:30-09:40 | M% BEEATEKEEHEEREFTRES
09:40-10: 10 | 107 &/ ] 3855 S0 5% REF RS
10:10-10: 20 | A4 & Mot ae AEHEFRM
10 : 20-11: 00 | 445 5% X AR5 1K LT HEHRELRE
11:00-12: 00 AELGHFAAAT 8T
12:10-13: 20 Y
KER M%mtx )
BXER(—) | WXER(=) | MXER(E) | wXER9) [ FERIAF
AR R AR | KERBEEA | ALFHE AEGIERES | ALFAERR
— i — ik —E— —fE— EEMBET — i — i
REH AL E A=#%E AZHKE < AEHE
13:20-14: 50
AT EiE
PRABAL | GBMEKER | SPTAREE | ShTKREE |FRET EiE
RT3 AR | HEGLT | BHRGOE | WP MK
R #t | RUNEFE | THRE F | ®BuR¥ER | AHD UHR
EokiR BYIT A
14:50-15: 10 R4/ T A
RWXER(—) | MXER(=) | RXER(E) | WXER(W
AEpERA | KERBERR | KEFES & EARAE
—m—i i =g ED 348 L
PEH L E A=HE AZHE I~
S IO A e kit | PEREAL | SAASLA
TARKAG | iy | RAgAE anar
S e | MEMEFE | mtn pp | RRR EE
16 : 40-16 : 50 E ¥ IEFRME - FHGEY
16: 50-17 : 00 R 4 AEHEFXRR




107 ER AR PRI XHEADFY

i i fE BB IR AR & R 3
Plap|lR e U misall £ g3

B AERERIDEERY  EELERG G AHEEEEAHEHE (Unmanned aerial
vehicle, UAV)#A#ERA > PL 3D ERU%?*@L%%&: EZETETIEAL > OB SR o b A R SR AR
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1. Development of Training Platform about Slopeland
by Using Virtual Reality
Wei-Ze Liou™  Chen-Yu Chen™ Jyun-Wei Chen™ Chen-Yu Wul!

ABSTRACT In order to demonstrate and visualize the sites of serious sediment-related
disasters, this study created 3D spatial model of slopelands by using aerial photos which were
taken by Unmanned Aerial Vehicle (UAV). Additionally, previous investigating projects and
images were merged into the visualizing models to establish the spaces of slopeland in virtual
reality (VR) and immersive platforms for training. VR technology utilized highly overlapped
methods to take aerial photos, and processed aerial photos with continuously high-resolution
images through 3D modeling software which was ContextCapture. The data was reproduced
3D models and developed VR environments by Unity. Recently, VR had become the most
innovative fields. By developing the training mode, new engineers could understand real
disaster sites through professionally training platforms without being sites in person.
Furthermore, the results of this research not only allowed several users to discuss emergency
response or construction plans but also could be handled without spatial barriers and even
improved the efficiency of disaster prevention.

Key Words: Unmanned Aerial Vehicle, Virtual reality, 3D modeling.
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1. Feasibility of Disaster Risk Matrix Subject to
Rainfall by the Area of Newborn Landslide

Jyun-Wei Chen™" Chen-Yu Chen™ Wei-Ze Liou

ABSTRACT The number of disasters is increasing since the climate changes were much more
obviously in recent years. However, the efficient way to decrease casualties due to natural
disaster is establishing the warning systems which can evacuate people who lived in the
potential area of disaster. Although many results show that the water content in soil is the main
reason which induces the landslide subject to rainfall, lots of warning systems of landslide are
only measuring rainfall without the factors of geography and geological conditions. Hence, this
study integrates quantitative precipitation estimation (QPE) radar rainfall data and the area of
historical newborn landslide into a 2-D disaster risk matrix subject to rainfall. In this matrix,
the assessment index of disaster hot zone during rainfall and the geo-vulnerability indexes are
assumed as consequence and likelihood separately. Furthermore, the geo-frangibility index is
defined by statistics of the newborn landslide area based on probability distribution. However,
this study selects the cases of Liouguei District during 2005-2015 to demonstrate. Moreover,
the result shows that this risk matrix and its warning system can predict reasonably.

Key Words: Area of Newborn Landslide, disaster risk matrix subject to rainfall, geo- vulnerability
index, warning system, QPESUMS
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1. A Case Study of the Landslide-induced Barrier
Lake Breach Assessment in Nantou County

Chia-Hsing Lint" Chen-Yu Wull Wei-Ze Liou™? Kuo-Wei Chen™ Chen-Yu Chen !

ABSTRACT The landslide-induced barrier lake was mostly triggered by the heavy rainfall or
earthquake event. The barrier lake was influenced by the upstream discharge of water and
sediment and caused dam breach and sediment disaster in the downstream area. To gain an
understanding of the traveling time and scale of flooding wave of a barrier lake breach, the field
investigation and numerical modeling were used to study breach assessment of the barrier lake.
Hydraulic Engineering Center River Analysis System two-dimensional hydrodynamic routing
was applied to simulate the breach processes of barrier lake. The HEC-RAS 2D model contains
dam failure mode including overtopping failure and piping failure. This study model and
analysis the landslide-induced barrier lake on 1 June 2017, in Nantou County. The HEC-RAS
2D is capable of assess the impact of flooding wave magnitude on a downstream area and
provide the government officials to mitigation support and disaster assessments.

Key Words: Barrier lake, Dam failure mechanism, Flood routing
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1. Investigation on the Currently Recovered Works of the
Disaster Areas caused by Typhoon Herb around Chenyulan
River

Yung-Chiau LinM®  Chen-Yu Chen™* Jyun-Wei Chentl Wei-Ze LioulI?l
Chen-Yu Wultl

ABSTRACT Typhoon Herb strongly attacked Tai-21% highway around Chenyulan River also triggered landslides
and debris flow. In order to examine the current status of the related recovered works, this study recorded the changes
of landslides by UAV (Unmanned Aerial Vehicle). Moreover, this study compared the historical photos of the ten
key disaster areas in the historical image platform of Soil and Water Conservation Bureau. In addition, we also
collected the satellite image of the landslides of the past years and analyzed the rainfall data for analysis and
evaluation. Primary results showed the current status of ten key disaster areas’ recovery including engineering works
and hillside revegetation of slopeland was well. Furthermore, areas of bare slopes were shrinking year by year from
Typhoon Herb happened, except the area around upstream of Heshe River. Heshe Rainfall Station could be an
example which located on the upstream of Chenyulan River. As Heshe Rainfall Station recorded, the accumulated
rainfall during the typhoon Herb is 645mm (rainfall duration: 30hr). Then, until the end of October 2018, there were
ten rainfall events over torrential rain (350mm). One of the rainfall events was in 2001, the cumulative rainfall of
the typhoon Toraji was only 418mm (rainfall duration: 24h); however, typhoon Toraji caused some disaster areas
which were considered to be caused by the impact of The 921 Earthquake and the higher average rainfall intensity.
The other nine rainfall events which were including Typhoon Morakot and the other two typhoons rained over than
800mm, the ten key disaster areas were not reported. Therefore, it was indicated the recovered works had achieved
initial goals.

Key Words: Typhoon Herb, Chenyulan River, landslide, debris flow, historical photographs
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1. The Landslide Dam Breach Impact Assessment - A
Case Study of the Hokkaido Earthquake in Japan

Chen-Yu Wul¥"  Chia-Hsing Lin®1?  Kuo-Wei Chent!l

ABSTRACT A magnitude 6.7 earthquake struck Hokkaido in Japan on 6t September 2018.
According to the investigation report of Japan ministry of land, infrastructure, transport and
tourism, the earthquake caused 223 sediment-related disasters such as debris flow and slope
failure, more than 2,500 buildings were damaged, and TEC-FORCE dispatched about 3,000
people for emergency investigation. A deep-seated landslide of about 50 hectares was found in
the Hidaka Horobawa creek which is tributary of the Atsuma river. Due to the landslide area
has crossed the river bank and blocked the river to form a landslide dam, experts suggested
that emergency monitoring and measures should be carried out as soon as possible to avoid
secondary disasters. This study used two-dimensional flood routing model of HEC-RAS model
to simulate the impact area and flood arrival time after the landslide dam breach in different
scenarios. Simultaneously, we keep collecting the disposal information of the landslide dam to
provide reference for the emergency response plan if the same disaster occurred in Taiwan.

Key Words: Landslide dam breach, Impact areas, HEC-RAS, two-dimensional hydraulic routing.
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Development of Visualized Integrated Rainfall-
Infiltration-Slope stability (IRIS) model

A Chen-Yu Chen*"  Jyun-Wei Chen!!
Chien-lun Huang? Feng-Chi Huang™I®

ABSTRACT Rainfall is one of the most common causes of landslides. To understand the
mechanism, occurring time and scale of landslides triggered by rainfall, the environment survey,
setting up monitoring systems and establishing numerical simulation are the essential method
to reduce casualties. According to the past case studies, the integrated rainfall-infiltration-slope
stability model (IRIS model) can be applied to simulate the process of landslides during rainfall,
and it is able to predict the occurring time and scale of landslides. The IRIS model is divided
into three stages. Firstly, the variation of water content is described by Richard’s equation,
performing finite-element method to solve the process of rainfall-infiltration. Secondly, the
concept of limit equilibrium using Janbu’s simplified method is utilized for slope stability
analysis. Afterward, the critical slip surface is determined by dynamic programming method.
This study improves the existing unfriendly user interface of IRIS, and develops the visualized
tool to display the change of water pressure in the soil and critical slip surface of landslide
simultaneously. The results showed that the visualized IRIS model cannot only predict the
landslides well, but also provide useful teaching aids.

Key Words: Landslide, infiltration, IRIS, visualized, simulation.
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1. Environmentally friendly measures and methods
in soil and water conservation

Feng-Chi Huang ¥112 " Kuo-Wei Chenl!

ABSTRACT Conservation ecosystem are related to homeland security. An important issue is to
create disaster prevention projects with ecological benefits. In field of soil and water
conservation, the engineering is located in the catchment area and the low elevation mountains,
and biological activities in these areas have a very close relationship with humans. This study
takes of the engineering life cycle, Ecological considerations at different stages need to be
clarified, the conservation measures to be carried out and the methods of application. This case
shows exploration, citizen participation, habitat assessment, and mapping of ecologically
sensitive maps, and propose specific environmental measures, construction options. Exploring
the effectiveness and improvement of environmental measures, tracking and evaluation of

ecological records, and the impact rate and re-incubation rate of ecosystems at various stages
as indicators.

Key Words: Environmentally friendly measures, Engineering method, Engineering life cycle,
citizen participation.
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Simulation of Large-Scale Shallow Landslide Triggered by Heavy Rainfall using IRIS Model

oChen-Yu Chen (%:5%). Hsuan-Pin Wu(Z§73). Jyun-Wei Chen(3# #54E), Kuo-Wei Chen(fi ] %)
Soil and Water Conservation Bureau, Taiwan (4575 4 1+ {1345
1. INTRODUCTION

A large-scale landslide at Hongye village. Taihmg, Tarwan was triggered by typhoon Meranti. causing
accumulated rainfall of over 500mm within 24 hours in 2016 (Fig. 1). To obtain overall impact area of post
disaster, the unmanned aerial vehicle (UAV) was used for survey. In addition. an integrated rain-fall-
infiltration-slope stability model (IRIS model). which was developed by Tsutsumi (2008), was selected to
simulate Hongye landslide. IRIS model is divided into three stages. Firstly, the vanation of water content is
described by Richard's equation, performing finite-element method to solve the process of rainfall-infiltration.
Secondly. the concept of linmt equilibrium using Janbu’s simplified method is utilized for slope stability
analysis. Afterward. the cnitical ship surface is determined by dynamic programming method. The soil physical
and engineering properties were investigated from in-situ sampling and laboratory test by Soil Water
Conservation Bureau. The results indicate that landslide occurrence time and failure slip surface can be
effectively simulated by IRIS model.
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Simulation of Large-Scale Shallow Landslide Triggered by Heavy Rainfall using IRIS Model
oChen-Yu Chen ([H#zF%), Hsuan-Pin Wu(=144), Jyun-Wei Chen([#54fE), Kuo-Wei Chen (5 [E )

Soil and Water Conservation Bureau, Taiwan (&K {7 5)
1. INTRODUCTION

A large-scale landslide at Hongye village, Taitung, Taiwan was triggered by typhoon Meranti, causing
accumulated rainfall of over 500mm within 24 hours in 2016 (Fig. 1). To obtain overall impact area of post
disaster, the unmanned aerial vehicle (UAV) was used for survey. In addition, an integrated rain-fall-
infiltration-slope stability model (IRIS model), which was developed by Tsutsumi (2008), was selected to
simulate Hongye landslide. IRIS model is divided into three stages. Firstly, the variation of water content is
described by Richard’s equation, performing finite-element method to solve the process of rainfall-infiltration.
Secondly, the concept of limit equilibrium using Janbu’s simplified method is utilized for slope stability
analysis. Afterward, the critical slip surface is determined by dynamic programming method. The soil physical
and engineering properties were investigated from in-situ sampling and laboratory test by Soil Water
Conservation Bureau. The results indicate that landslide occurrence time and failure slip surface can be
effectively simulated by IRIS model.

. o R B-B Geological Cross Section
Hongye village, T3 0 g
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600 Slate inclusion meta

100 200 300 400 500 600 700 800 900 1000
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2300 0400 0900 1400 1900 0000 0500 I 5 2000

Fig. 1 A large-scale landslide disaster at Hongye village, Taitung, Taiwan during typhoon Meranti in 2016.

2. METHOD

(1) Post Disaster Survey and Assessment

To investigate the disaster situation, UAV was employed to build the 3D model, orthophoto and digital
surface model (DSM). This study uses remote-controlled UAV Phantom 3 Professional equipped with digital
camera and GPS to acquire airborne digital photographs on September 16, 2016 and March 24, 2017. The
images recorded in 2016 is in emergency mission, the image resolution ranges between 0.042m to 0.370m,
and did not set the ground control point. UAV mission in 2017 took different elevation as an aerial survey
route to raise the image resolution which ranges between 0.036m to 0.190m, and 10 ground control points
were set around the landslide area to calibrate the elevation. Moreover, Bentley Context Capture version 4.0

i#}-17
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is used to feature the points of the aerial photos by aerotriangulation and produce the three-dimensional model,
and the DSM grid size is 0.140m (Huang et al., 2017).

(2) Landslide simulation method

This study used the Integrated Rainfall-Infiltration Slope stability (IRIS) model to conduct the slope
stability analysis. The IRIS model can be divided into several modules. The rainfall-infiltration module adopts
the Richard’s equation to simulate the infiltration and water flow in the soil. The result of infiltration analysis,
which was calculated by the finite-element method, was then used to conduct a slope stability analysis
simultaneously. A simplified Janbu method and dynamic programming (DP) method were used to determine
the critical slip surface and the factor of safety (see Fig. 2).

According to the orthophoto and aspect map conducted by UAV after the disaster, the cross section of
the landslide could be identified as the Fig. 3. The parameters used in the simulation were listed in Fig. 4, and
they were obtained by filed survey and laboratory experiment. Therein, The lognormal model proposed by
Kosugi(1996) can be used to represent C(y) and K(y) for unsaturated condition (w< 0). The simulation used
the rainfall data of Luye rainfall station from July 1 to September 13 as the antecedent rainfall, and prime
simulation duration was from September 14 to September 15 with 10 minutes as the time-step of the simulation.

Establish terrain Rainfall- Slope stability Determined the o]l als /=811
data by UAV infiltration model analysis model (ol lor | K [TORSVTA 1Y) 2. Critical slip surface

« DSM « FEM * Janbu’s simplified * Dynamic programming
* Geological Cross Section « Richard’s equation method method

Fig. 2 The operating procedure of post-disaster survey and simulation.

Soil parameters of colluvium

Hydraulic characteristics and soil strength ‘

Y c ¢ k,
(t/m’) (tm*) | (Degree) (cm/s)
1.87 | 1.0 26 2.04 x 10
Unsaturated soils (SWCC) Richard’s equation
050 )od0__0.-0, [ [y}
wi b ., W)= Gy ™ Taratv) 20 }
] 3 In(y " n i
e * . i) of 2D g ). )|
§ g;; A P Parameters of unsaturated soils ]
E 015 ‘4;
E 305 s 30r . Ym
005 |(m”/m’) (m*/m’)|  (cm)
0.00
ot e e o ‘ 0.477 | 0.168 | -178.96 |2.24
Matric Suction (kPa)
Fig. 3 Identify the cross section of landslide by orthophoto and aspect map Fig. 4 Parameters of the simulation

3. RESULTS AND DISCUSSIONS

(1) Terrain change and volume evaluation

To compare the DSM before and after the landslide, the elevation difference after landslide and evaluates
the landslide volume is determined. The results show that the landslide area is about 56,194 m?, and the mean
elevation difference of the landslide area is 2.70 m, including the deepest erosion of 13.48 m and the highest
accumulation of 21.25m (Fig. 5), and the landslide volume 211,466 m? is evaluated (Huang et al., 2017).

(2) Landslide simulation results
"$-18
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The simulation results show that the calculated slip surface from the simulation was very similar
compared with the actual event (Fig. 6). Furthermore, the landslide occurring time of simulation is at 04:20
September 15 was also close to the actual disaster.

750

Elevation change(m) —Ground surface

Value
p— High : 21.2521

—Bedrock
700 '~ Calculated slip surface
«+++Observed slip surface

B Low:-13.4822

650

Elevation (m)

0 50 100 150 200 250 300
Distance (m)

Fig. 5 Terrain change after landslide (Huang et al., 2017) Fig. 6 The simulation results of landslide profile (A-A cross
section)

4. CONCLUSIONS

UAV is an inexpensive, low- labor costs, effective, user-friendly and new remote-sensing tool, and it can
guickly establish the orthophoto and DSM after post disaster. Applying the terrain data and soil parameters,
IRIS model can simulate the scale and occurring time of landslide. To integrate these processes, this study
establishes an operable standard operating procedure (SOP) for post-disaster survey and simulation for
landslides. The SOP can help government officials to make appropriate decisions for post-disaster survey.

Keywords: Landslide, UAV, simulation, IRIS model, sediment disaster.

References

1) Feng-Chi Huang, Yi-Hsuan Lee, Jiun-Ting Lin, Kuo-Wei Chen, Chen-Yu Chen, Kuo-Lung Wang (2017): The Case
Study for Evaluation of Landslides VVolume and Moving Paths of Single Falling Rock, 5th GEDMAR.

2) Tsutsumi, D. and Fujita, M. (2008): Relative importance of slope material properties and timing of rainfall for the
occurrence of landslides, International Journal of Erosion Control Engineering, Vol. 1, No. 2, pp. 79-89.

3) Kosugi, K. I. (1996): Lognormal distribution model for unsaturated soil hydraulic properties, Water Resource
Research,Vol. 32, No. 9,pp. 2697-2703.

#$-19



107 #FRA A2 R TP CHTALDFT

2018 HhiE“T Atk bk B &

A8 :10TE6H 21a(EHw)
BEL W AR SIS (REHMATEAEIEYRE)

T2018 #HEAKELSHHTE | HEEL

e BF GREsk - HiEsk - d&1)

et | i #H
2:30-00-00 : 3 %)
9-00-09:10 MoOoR OB W (B Rk
B M ) A E#HA
Ry EFAERS A EER FRS
09:10-09:35 | hédds S ST (A F & - I A g - Sk 5 -
o i - "FJ[ £ - EIIIIE_:' .
00:35.10:00 | FAE A A TR ST R AR BRI AR ﬁ_ij:zt?ﬁ
’ ’ > E (i - el PR -BHE) ' i
10:00-10-25 LR By AR W AR AR A MR T B4R

10:25-10:45

# B/% &

o 8 BN bR B R LA MR B AT ( TReR R -

i RLE )

10:4511:10 | am)
EESER R R E ST RS
11:10-1135 | F# -@FF Mk - o A - b8 - 95 | A+ 285
) W45 o e
FHLAE ) AR PR T B R ] o
11:35-12:00 (KR (BTE -+ 5 8- 5@ - dhat 2 - Talaf -
A®)
12:00-12:10 ¥ £
. | ARRARHHRARESHHRBOHEFE(R
13104335 | L smm)
53351400 | RRBARESEARE MRENTBR | I
| ) PEAAE [ BdRib - R - Beb R - Bap]) LiEEaf
14001405 | AARBH A E B A o7 & D015 & 4

14:25-14:45

h OA/E R

i B Fikr A BN W oF R G (R

16:25-17:30

e REALS

14:45-15:10 | #64F - B - @S - TR - B2 -
)
MR FRGGEEE c AR (EE
15:10-15:35 | & ~ 4k 5 - 2R - PR - Sk - R - 8 | KL RHA
4 ) Ehiaf
- . LAERLTEEALEMy B BEH (e
19:33-16:00 - A A BEE - FAR)
_ e | Al [ ]S AW i Bl 3 R PR
16001625 | " 9 gip « phais)
A P e

AR f
*i’iiﬂ; Eﬂ.
W OE AR
R i 48

H+-20




- M BRI AR T MR E B R R IF

SRIGT MREY BRT R

<

[F2]TE K2 GRBDPET > XTF TP SAHEIALT » 4o¥ REER

B RN > FRFFIHEIEEHA SRS

!
Fid
oy

F

A=
|

I+
7“_
™=

P 3P B F R A 0k

EI

AR TH TR LT R EEE TEAERNLL o
KT E R AR B ERR > A 5% HEC-RAS KT8 > 12 2017 £ 6 7 R X

MLV IREFE L0 RBERIALFLORHEF AT R 22 2 RPFHET 2 &k
EHA - A AFHIAIRIDAZ TMETR2ZEABFRIIMSFE 4> A1 5487 B iF
FuprE g ke BEREE R B Al AR EP I ORRE S o KS

UM AEAIHY X RFWORERTAR ERFHFNE CRFDLE o nEE

FrH R AR 0 BT IR E P RERE R - AR Y R G
BREPFS S A HEGREATEFLE I IR AR 0 @ BENE Y AR

PR SEEE T 0 F G KRR R ek B AR T 5 AR U F R TR %
S

[ ] ¥k » HEC-RAS H55¢ ~ & T4 ~ kIt o

\\\?{r

’i,' o
Ej

-

A PRELIMINARY STUDY BASED ON HYDRAULIC ANALYSIS

MODEL TO SIMULAE LANDSLIDE DAM BREAKING
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[ Abstract] Due to the influence of climate change, sediment-related disaster events may develop
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into compound disasters, such as large-scale landslides caused by earthquakes and typhoon events
lead to sediment moving into the riverbed and forming a landslide dam. Once the landslide dam is
broken, lots of sediment combined with flood may rush to downstream and will seriously jeopardize
the safety of downstream residents and endanger protected targets. To estimate the safety of protected
targets downstream after landslide dam breaking, this study used the HEC-RAS numerical model to
simulate the peak discharge after landslide dam failure. According to investigation report and digital
elevation model, the landslide dam and stream numerical model of the Xiao Ban Tain slope failure at
Lugu County were established. We designed two sizes of dam according to the site investigation and
the maximum estimated height with top dam height of 7 m and 17 m, respectively. Simulating and
comparing discharges, flow depth and influential area by one-dimensional and two-dimensional
models for five different dam breach durations. Results indicated that two models have different ways
to identify the position of dam failures and lead to differences of simulated discharges and water
depths between those two dimensions. Through the new inspection function, it will be able to quickly
assess the scope of impact of the landslide dam break. After comparing with two different dimensional
models, one-dimensional model provides simple simulation and interpolation results that saving the
time for calculation in the preliminary risk assessment. In the two-dimensional model, it can
overcome more complex terrain and have better results in flood simulation. In the future, the
simulation process will assist with risk assessment of landslide dam breaking disaster.

[ Key words]) Landslide dammed lake, HEC-RAS model, Overtopping failure, Hydrodynamic model.
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Fig.1 Riverbed variation before and after the Xiao Ban Tain landslide dam

i-24



T4 9l 4 b

[ 2 WG K EREZERE
Fig.2 Aerial-photo of Xiao Ban Tain landslide dam

(INHEC-RAS &=/

HEC-RAS #:5% 5 2 WM E 1 B Bk~ 1429 A2 07 " 47 & b d 300N 3 B
FAART AR E R S AR Y RO N2 R R R RIS T HREE)
R vk kR o B0 B iRy e Y iR Aol s iaE WP SRR H
BPE RSP G- AP RIFE R KA L R TR Y SRR A AR P TE
Y 0 S EE L % i HEC-RAS 217 2 B €I ¥ 2 401 2011 & Hg £ 5
Belb PFo Aol R 2 A REHS R AR E PR HEE R E R FROP R
T T AR R Rl B R T URESRE SRS .

% 2016 & pF > HEC-RAS 3 = ‘& -R3@ 455 iy > 112 Mapper # ic > 3 % ¥ GIS B F

FUESE A 4 SRR E R AR BE - BRRS %2 hiE KR HL R

kiF R H - i) guE ¥ 2 42 Digital elevation model (DEM)#ciE 3 25807 5 K B »
IR RILFE Bl TR P2 fd L kA d - et LABREAAEREA R

i-25



107 ER A AW BRI XHEADFY

B~ %R B ﬁ"l"'i’J'/F’S.E;/«‘/ fvii\“@-f‘?;-:f—‘md”ﬁ:%;&’—,ﬂﬂ 3%551 L‘:‘:l?‘“a-/alﬁ’]’ii'] v KT
FinE kT2 -k1fpd it EFFH R E IR DHESE? g Seok kB e 2 B SE
moAfEE - MR E A N S Faa 2 42 (Saint-Venant equations) % ¥ ATt B A2

(Diffusion Wave equations) » #ciE = ;2 R4x * 5 "CRIAZE £ > d SPRP B* 2 - B dl e

THRS > AETFLZE RN SGH NS AR P E - B2 KRR T R

(HD)—e R — Rk B R AR B

AFTERWA PR XA RF RS P FERRLI THERRC Rk BERY S
35km > s S E2 DEM AL Z ARl > ~ %8 - 82 - a2 REEA o FFER 2~
ME A HBPR TR R ETRFL AR > AR T A BT
BB PP G 2 M SRR P 3R P RRRSF 05 E - % - s
- LFOR I A REE TR E AR RAePE 0 RIS B RE R G o TR

R ARREGEGL G AP A LT ALY P F P TERL PR 0032 00527

- e AlF ¢ 0 Y ArCGIS § P oenferqgst > & B0 SR B- BHE ARG 250 o %

@-°m ez BAPRAF P HFHE S DT RFRESHERIE - B L A0 higae? Flae ok
PR R L o T PR RIS R E AT T A R R A ] 0 | AR

M i B Fiesg 0 MR EARY PRIFFALEE S ARIEL o d AR ROR T F
- R R Amend 2 AR F B2 o A PFASRT SRR E wa SR 2m et &

Mz ¥ 21,730 B E EHicR 3 0 (b) HrF o

+-26



& 3 HEC-RAS HHEVEE REE © (a)—#RAL ~ (b)“4ERAl

Fig.3 Schematic diagram of HEC-RAS : (a) one-dimensional model ~ (b) two-dimensional model

TOHCRRP R Y 2 R AREREIE k2 ) 0 #1* HEC-RAS 558§ ¢ 0 R TR b e
ARG L 0 A- MY R T H e H L e 2 BRI o W T A 3 el
ARGV RIE U B R EE RN PR HARDF ARG T RIFEN

RN E LN IS SS PR SIFL PR R Y RSN T

4T R RS ARTFL Y T R LERA P RS HRE LR

o TP EFMALAEIT R BRI EF o AR T E ¥ R EFRR R

R
RS
=g
&
b

S 0 B B R e ST AR s e s e 2 i

B R R A ARG R B ] % Ao 4 4T o

i#}-27



107 #FRA AR TP CHTLLDFT

Dam (Inline Structure) Breach Data

Inine Structire TS Luguriver 3400 ~] 3| #] Delete thisbreach ... | Delete ol Breaches ... |
¥ Breach This Structure avesch ot | | w i | | |
Breach Method: {m C t | Breach Progression | Sirolfied Physical | Breach Repar (optional) | Parameter Cakulator
LUGUID  Plan: Plan 04 2018/4727 2
Center Station: ]65
Final Bottom Width: 0 650 Legend
Final Bottom Blevation: 570 _C»«;F
640 -
Left Side Siope: fos Bank Sta
Right Side Slope: 5,35 630 Final Breach
Breach Weir Coef: 144
Breach Formation Time (hvs):[0.15 620 " .‘.
-
Fadure Mode: Overtopping v o %. '3
E . ]
SEa . relien x = 810 [
Pong Coefficent 0.5 g . ;
Initial Piping Elev B b s
2 s00 . .
Trigger Falure at: |\ws Flay v hd
Startng WS s 550 .01
.
se0 ;
s$70
S60
0 20 40 60 80 100 120
Staton (m) -
LI J

[ 4 £ HEC-RAS HEiB kA8 A/
Fig.4 The input interface of landslide dam breaking conditions for the HEC-RAS model

S - A C AR ARFEERY P R R RBREB AL E R IAE A
e d#g TmERR)E ITM G AT A3 R)IBFS S T BRE T §F 2 ETRRT S

i3 g AR b S E R PR S TR T3 A E 54 E

=
o
&
%
’
W
o
&

460 24T B3 FFHUERER  FHFHE TR E LR kR R gy B
FURAT R E P REER A B D BERS R A bR P2
By fh- 82 - 8Y EAEREY 0 By 20 BHR

2R RN R EIRE SRRl SR

P E 2RTRENRE D M IRE PG
A PFE e A T F A AR PR e S o SRR E R ENT BT T
CEFNE YN O FERVANUTIR G AT EF I AR E- BYRBFEFED T 0 A
REFALTALIPF 3 - BIFe SRA|FPUEE 2 Nt > REFA W & wffans
(F

(VBB IE ~ ROIFERR
RN A B SRR ARG 2RI RS o LR
Bl <3 R IR AFFIE TR AR PP FH TR S 40T o b

+-28



ik

AESNY S BERAAREHIMBEIIME > A B H%ﬁ“? 4 E TR A, B
R4 3 PR o 5 T LA o RAE il R s
BEBHR H AB RS ITM R E Az A yp\ B R E S 220mfs o
X35 BTRA R BADER T Y O TMES R ,,gﬁ@100m3/5m'r3-?‘13/»§”
SRR 0 @ LTMAE S eofii 5 10 A 4t p enihsfus B > i & £ % n % %> 100m¥s

EX TV IESE-EE PR

250
— & 1D7m3%
200 ——-m—— 1D7Tm105
i — 1D7m3057
.[| — —& —  1D7m6057
g' ——o—— 1D17Tm3%
2150 4 ——e—— 1D17Tmb%
e ”illﬁ ————  1D17m10%
(m'/s) i vl 1DATM305}
il ——0-——  1D17mB0%s

100 L

T

S L4ece

Ceecce s «t‘w- '-‘*«c
E4et e e QQQ‘QQQQ eee

50

0 T T T T T T T ' T T 1
6/32300:00 63232000  6/32340:00  6/400:00:00  6/400:20:00
tif

5 —4 AR BRI BRI B FE4R
Fig.5 Discharge hydrographs of different dam breach durations scenarios in 1D model
T2 R B KB (LR E > WIE 6 hEUR » G AR B i = Y R R G RS T

W AR GIR TR Im 7oty - e A BE S B F 02 N RIERHE R 8 778 - i

R Fy 35 4788 » SHAMEMTEN FIEE R G5 BRG] DI - fER RGBS B IO -
®RITEKEMEIR - TEAEENESER: T BLgETEENE TR A& Lk - S RIS
EREEFEMGER - DUNEREEEEAHEERZPIRER - TEN RS AR S ES SRR
HHY TR ~ KAV E R - FEHRDUGRE Tm S EAVERER - B RHEE 10 738Dl o B
AR BRI ZERT 2 -

+-29



107 #FRA AR TP CHTLLDFT

22

20 4 — e 1DTm3%

| ........ e 1DTMB5SY

i ——-m—— 1D7Tm10%;

187 ijﬂ* ———-- 1DTm30%

'S — & —  1D7m605;

16 4 ~|l_ ——0——  1D17m3%

: | — —e—— 1D1Tm5%
K% ! ————  1D17Tm10%;
(m) 14 - e | | 1D17Tm304
1D17m60%;

12

10

08

T T T T T T T T T T T T T T T T T
6/323:00:00 6/323:20:00 6/3 23:40:00 6/4 00:00:00 6/4 00:20:00
HF fE

6 — SRR E R B T KRB
Fig.6 Downstream boundary water depth hydrographs of different dam breach time scenarios in 1D
model

AR E Y o AL G ELRER L - BBRERIRP > A E ok kbR

RFRPE > F2F TR ERMTF P B 5 k% avkiFER > PR 5 Tmapriz > 5 kpF
X348 a g8 s IImp > kPR ﬁfm&@gﬁ*§$§@%{%%$%i
BT TR KO RERIF S FERTRE SRR ATMEF PERY N5 L4 g md

LR 1M R Y 5 4B

18
—8—— 2D7m34;
16 SR 2D7Tm5 4+
—————  2D7m104;
14 - —EERE 2D7m304}
— —& —  2D7m605;
12 4 ——Q—-—  2D17m34}
— —a——  2D17m54%;
10 4 ——  2D17m104%
A ool 2D17mM30457
(m) el 2D17mB04+
6 4
4
2
0 (} T T T T
6/3 23:00:00 6/3 23:20:00 6/3 23:40:00 6/4 00:00:00 6/4 00:20:00

[ [

B 7 —&EIRR R R R R B SRR K R R4

Fig.7 Landslide dam water depth hydrographs of different dam breach time scenarios in 2D model
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Fig.10 Assessing the scope of influence of landslide dam breaking in satellite imagery
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Preliminary Study of Disaster Hot Zone Warning Model in
Slopeland during Rainfall

Chen-Yu Chen'™ Jyun-Wei Chen! Kuo-Wei Chen!
Research and Technology Development Team, Soil & Water Conservation Bureau, Council of
Agriculture, Executive Yuan, Taiwan

ABSTRACT

To establish a warning system and evacuate residents before disaster occurring is the essential method
to reduce casualties. While much research reveals the results that the landslide occurring during rainfall
is related to the soil water content, due to the limitation of collecting monitoring data in mountainous
areas, the existing warning system only uses the rainfall and its derived parameters as the critical index.
Moreover, the existing warning system in Taiwan issues alerts only for the thousands of potential debris
flow torrents, not included the slope failure disasters which are more common to see in mountainous
areas. In addition, the existing alert-issuing system only shows the risk of potential debris flow torrents,
and it cannot provide overall risk assessment in mountainous areas. Therefore, this study integrated the
QPE radar rainfall data and the change of historical remote-sensing image to propose the assessment
index of disaster hot zone during rainfall, and we also establish the warning model by using this index.
In the case study of Liouguei District during 2005-2017, the new warning model could offer well-
predicting for occurring time and areas of landslides.

Key Words: Disaster hot zone, landslide, debris flow, warning system, QPESUMS.
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Title:

A Case Study for Evaluation of Landslide Volume and Two-
Dimensional Slope Stability Numerical Simulation Subject to
Rainfall Infiltration

Abstract:

A landslide disaster was caused by 0613 torrential rainfall in 2017, which is located in Nantou,
Taiwan. The field was investigated by unmanned aerial vehicles (UAV) to collect the spatial
information. According to the post-disaster information, the orthophoto and digital surface
model (DSM) were produced and used to map the landslide zone. Afterward, the different
periods of digital terrain model (DTM) were compared to evaluate landslide volume. Moreover,
the numerical analysis program, integrated rainfall-infiltration-slope stability model (IRIS) was
selected to simulate landslide. The procedures of IRIS model are divided into three stages.
Firstly, the variation of water content is described by Richard’s equation, performing finite-
element method to solve the process of rainfall-infiltration. Secondly, the concept of limit
equilibrium using Janbu’s simplified method is utilized for slope stability analysis. Afterward, the
critical slip surface is determined by dynamic programming method. The results indicated that
using UAV can efficiently observe the variation of micro-photography and evaluate the landslide
volume. The application of IRIS model also effectively responded landslide occurrence time
and failure slip surface.
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