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Abstract

The Preparatory Study of Prevention Strategy for

Large-scale Sediment Disaster

Abstract

This report is a three-period continuous program. This period report has completed the
following project. First, collection of literature in the research and technology
documents of sediment disaster prevention. Second, the research program results
inventory of sediment disaster strategy. Third, simulation and analysis of flood and
sediment disaster in the watershed were explored. Fourth, develops the future issues of
sediment disaster prevention research and development strategy. In addition, " SWCB
and ATRI (2016), Trends for Research and Technology Development of Soil and Water
Conservation | , this report contains a total of 145 research reports and national disaster
prevention strategies. The research program results inventory of sediment disaster
strategy, which is total 1369 projects from 2008 to 2016. The simulation analysis of
watershed flood disaster was implemented numerical modeling and analysis are
performed on three examples, explore the applicability of the analysis model and the
limitations of the model. A total of three numerical models are " RocFall | ,

"CCHE2D , , TIRIS , . The soil and water conservation related research and
technological development project to convene three meetings to reach consensus,
completed the future issues of sediment disaster prevention research and development

strategy planning issues.

Keyword: Trends for Research and Technology Development of Soil and Water

Conservation, past program results inventory of sediment disaster strategy, sediment
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The hazard zones:

In red hazard zones the threat is so high that
a permanent settlement is not possible or only
possible with a disproportionately high expen-
diture. The construction of new buildings is not
recommended.

In the permanent use for
settlement and transport purposes is impaired.
Building in these areas is only possible on condi-
tion that all requirements are complied with.

Blue reservation areas are areas, which are to be
kept free for future technical (e.g. construction
of a sedimentation basin) or biological control
measures (e.g. afforestations)

The brown reference areas indicate other hazards
than those evoked by torrents and avalanches
(e.g. stone fall and slide areas).

Those areas (e.g. natural diversion dams, flood-
. retarding areas in the form of terrain synclines,
"! etc.) are identified as violet reference areas, who-
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® 4-11 Relationship between ratio of cohesive strength to uniaxial

compressive strength of intact rock( ¢ /eci )and GSI for different

(m, )values
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Friction angle - degrees
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Geological Strength Index GSI

B 4-12 Friction angle ¢ for different GSI and mi values

% 4-6 Field estimates of rock mass properties for Marinos and

Hoek,2000
Grade | Uniaxial | Values of | Geological | Cohesive strength / | Cohesive | Friction
Comp. the strength | Uniaxial etrength of | strength | angle
Strength | constant imdex intact rock (€) (&°)
(aci) MPa (i) (G51) (c faci) KPa
R1 1-5 7-11 10-15 0.011-0.015 11-15 17-21
(Z2)EFHREFE A7
AR gl R LR BEHL R RIS 4ET 02 E

BoR T 4eR] 4-130 B RS Z W BEG E Bl 0 F oA WK

FRHAABE AR D GAFFEATFIZ R CRMFRARNBEXRE F
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1
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K
e
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A RE B B SR LRAER B B R S L 4
WA EHIFRET FE B P2 DB EHANH B ER R

kX B A A A RIER 13.48m & g 4000al ke Boeik A
HIEIR] A FEAEE 336.3mo d B A2 R IE R PSS B EE B AT
FAEpES S RE BT AL NE AT A S A

—FET OAEHNHLERRE SRR RRE ZEFR -

2 AT AHBMEZ L ARILFTFFREFZ

Distance VS Percentage Percentage VS Distance
RN 1ot R A b A P2 AR
Track
Erosion Max Percentage Min Percentage |Percentage Highest probability
depth |Displacement (%) g Displacement %) g %) g displacement
(m) (m) (m) (m)
3.6 47.09 100 - - 100 47.09
1
13.48| 110.49 1 47.09 87 87 47.09
3.6 54.52 100 - - 100 54.52
2
13.48| 81.78 1 54.52 96 96 54.52
3.6 58.53 83 45.91 17 83 58.53
3
13.48| 109.02 1 4591 21 74 58.53
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3.6 51.08 100 - - 100 51.08
* 13.48| 51.08 100 - - 100 51.08
2 48y REPHE RIS
Distance VS Percentage Percentage VS Distance
B R 4 s F BB AT e
ek Erosion . Max Percentage | . Min Percentage | Percentage Highest probability
Depth | Displacement %) Displacement %) (%) displacement
(m) (m) (m) (m)
0 47.09 100 - - 100 47.09
1 3.6 82.31 1 47.09 93 93 47.09
13.48 | 138.66 1 47.09 86 86 47.09
0 54.52 100 - - 100 54.52
2 3.6 209.02 1 54.52 98 98 54.52
13.48 | 336.26 1 54.52 72 72 54.52
0 58.532 85 15 45.91 85 58.532
3 3.6 109.02 1 45.912 17 75 58.532
13.48 | 109.02 ) 45.912 12 33 58.532
0 51.0 100 - - 100 51.08
4 3.6 68.29 1 51.08 95 95 51.08
13.48 68.29 2 51.08 95 95 51.08
B

(fI* &4 BEFEEFE A PR RS 58§y
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B AR 0 F BT BH R EE SR T HIER Z S RITRK
P AL R R PP BAfrd BN A IR o ok 2 R T A A
* [ Fji 4 (sabodam ; checkdam) k4 & /P g ik 7y ~ 3 &0k p/gigjg NP
IUEN SR T X SL SrTRREP ok LI RNL RS/ I
BHAGRI a2 Gty VARIIERH IR A S S
Ak R 122 - o

BA A AN ERBZEN DGR A EIIANRY B
TSR E A BB A KL - A )

v g

fi¥ - 3 2 B v 4 (open-type dam) « B v i 1% i 3] 4 (screen

dam) ’ l’li"_ SINEEZ /—1 In- EE‘;‘ ’ 7}\1'1 FRE ?ﬁ'ﬁiﬁg%ﬁ ’ I%ff‘f’g 2t /%‘:)7'
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AR (FTRA CARTRAE 2 R EIR) 393 87 23 i o
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EALR TR ET RSN AR LR R L AR e
* ¥ o I A% A & & (mixing length model) ¥ 4 i ik #) d 24T fFT]
T e BEE - & HERC  BER) R T RO RRE L B S RS

Tt k-4 % CCHE2D 27T g o

2 49 F R N2 # Rtk

B CCHE-2D SRH-2D FLO-2D
HERZE BUTEE =IREEE RREE=ESZE
{efficient (finite (central finite
slement method) volume method) difference scheme)
TR ) o ]
= X )
ERE= 1+ parabolic eddy viscosity 1+ parabolic eddy viscosity k-£ model
model maodel
2 » mixing length model 2 k-2 model
3+ k-z model
g OBEE - EBHES O D D
i EE
FREREC D . .
EF=E . o 0
) x
) X
=
2 .
3 .
) x
= 0 0
@ - X
B > . X
=B E=ETEH EETH http://www.flo-

2d.com/
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i ERR RSB kA% 2 14279 < (National Center for

Computational Hydroscience and Engineering » NCCHE ) #7 B % 2

CCHE2D-GUI & - £ 12 CCHE2D #i£5\ 5 ikt iw & 15w cn) A 1 3

il
1

4o ekl o ¢ GUI 2 CCHE2D x sven— R4 > 3% s e J&5= BIN
4 CCHE2D #ci #-;¢ ~ CCHE2D #: % A& 4 %4 CCHE2D-GUI - &
A 4 B4 e (mesh)s GUI 22 #iciE 5758 GUI 3 & B2, 1 3 17 4
BOCLRTEG ~ T BRSSO R Ml RS R R AR
(visualization) i ! » 4% (E0RAZ2 $iR T &~ 2 BT H A0 F 4-17 ~ F]
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(W)W S8/ 5

oSS BB Slichod 410 997 0 3 A ST P 4T

% 4-10 Hog e RS Sl

B Sl B E
R AT 50 & & 4 iEie A > Q,=299.18¢ms

F PR e 2 Schoklitsch (1950) a4 EH

M
Ao E 2 Open Boundary Condition
NP $4 T E e b R 2 E RS
Foe ] LY P R E Dsp=0.02m

mE Rk R Ryt £ P R G B B R & £42=0.04m

§®niiE ik Jp I 1% 2 % n=0.015~0.035

Lz Wu et al. formula

¥ oot Mixing Length Model

AqER 80m

142 & 4mdodt 25
B Rk B e W a0 (two-direction stretching function )
4 & e (AlgebraicMesh) » ¥ R R FFH 2 FEE A |
BB 72 R - d RS T ARG RY SR
RERZERZDE TRIBEN2EELTHY I EH TR
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d A1y B ix 2 (Open Boundary Condition) -

J=100%4& 5

4L

4 Initial Bed Elevation (m)

296518
795 459
{204 399
(293339
L 292279
291219
290.159
289100
288.040
286 980

[=504%

W 4-19 HoRd B 1

Discharge Hydrograph(cms)

Qp=299.18cm

25380

W 4-20 3L 50 # £ R FEE R

FARRE DRI BT R ER RS 6] (K

1% A > 2016)
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5% )T

AR R LR AT 5 F 2016 £ IR A AR 4R kA
FAFR-URES TS b P R ERKRE 0 T2 Dg=0.02 2 7 5
“f‘;‘,“%?]?‘i@%\»iffiﬁ‘_""l‘ °

6.2 £ & % & (Mixing layer Thickness)

AERPRTLLE S e BB PR § AL BE
BPEELYSRFT -ETRSEBT A K BRI RFTEHY
T2ZAFRFLRETIREE - #345 CCHE-2D User Manual > Wu
and Vieira (2002)% xR & A ER 5 E B R2 - &0 8@k
B2 Dso» 23" F MR ERERIL 2 G2 Do (THE » 77 TR ¥ 2

RERER S 004 21 o

TR E AR (8 8 n iE)
PR ok T e (n)HI BT R R R R RER TR 5 AU (2014) 4B 2
AlE 2 kB EEY R A T P 4 3K A #3593k 5 n=0.035 >
T ARIE X L N=0.030 252 B r 35 n=0.015 § ek adicz N

e 411 S o

&ﬁwéﬂ

CCHE2D #o;V 4 & 4 ﬁﬁi@] 7 > 3% Wu et al. formula, Modified
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Ackers and White formula, Modified Engelund and Hansen formula,
SEDTRA module > fjf‘uﬂﬂ TR Jf:g_—"f’ﬁ%]ﬁfr%b‘_nﬁ = » Wu et al.
formula #7) = s Gl & A A TP R LR R EB L FE T AR

2 NG R A T

32 411 % BlemibEERE

O KA FFmiEan
FEEREH 0.014~0.016
FirehRRLE 0.017~0.020
A& 0.020~0.025
R i s s GLE LT R) 0.025~0.030
R RGP G (R ARER) 0.027~0.030
BLENGR G 0.030~0.035
ek G 0.032~0.035
FREY B B R 0.015~0.018
FERE® 0.014~0.015
MR EF & 0.017~0.018
wELE 0.020~0.025
mELE 0.027~0.033
FEAESRABDLE 0.080~0.120
FEEHEABRAAKELE 0.100~0.140
HHEm| 0.030~0.040
FHRAELBE 0.040~0.050
Mo AR R LE 0.013~0.014
HAKHE 0.017~0.018

T kR T SRR R 0 2009

9.2 1§ & & (Mixing layer Thickness)
DREER PRI FET LT %ﬁﬁ%ﬁ%@ﬁi%ﬁzfi Boe g
ERIZESH GHIERER - AFERLFERF 2 4H i\%ll//s@ﬁ

PR PR R L TR AP B AR ) G AR T S A ) (bed
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forms)z g3t - 34 CCHE-2D 2.1 Sediment Transport Manual # ) 2.
AR RIEA P A Fd p(sand ripples) S AR AET
)L ORE R R A FEE R F P& 54 ) F (sand dunes) T = o
ANFEAET L 510 B2 kFE S EP A S d 2 Fe i (alternate bars)# T

BF BRERT SAEHMNERLOIBLPETR S FFAL PR

5&1‘{

SheE R RBAPE > AREARAT e LR 12 BPETAR D ER
A RTERALRTRAZRS P EFL o AMRPRFIZA G

ERHEY 80 2% o

=~ VR

CCHE-2D #ic;% 42 * '3\ 5 ¥ 4638 3 2%~ % /2 (efficientelement
method) » "R IZHC e 4k ¥ 2 g e Rz > A2t 2 ki nl 2 @ &
L F R AR R N R B EEY N R 42
BER AL IR B EF R TGN 5 A AT 2 AR
FFfes 0 ¥y ke FUnist S R @az;]; Rz g @éisa] AZ 5
PR e LT ) AR P g AR BLR B S ik

PR S X KR 223 e 2 BHE ¥V L RIFHA

sl RN T A

b

SR AR o bt SRR T KR

2 F g P ARNTF LT AT L
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v, = A, C.xtih & (4.5)

3\“‘:1[1*7:3_5 }i’Kﬁh/B}’t'Fa%‘ﬁ;t(O‘l-l) h 2 -ki®> Ay m/][gw\]&/ﬂ?

Gz et B FREZ 1P HEALI0F - ¥ - SHE*FR
id

U[_]z\/z(é‘_uj (_Uj au] [ay]Z & (4.6)
ox 0 8y ox 0z
1= %J KZ /(1 - Z) dz = Khjo ¢/ (1 —¢)d¢ = 0.267kh 3 (4.7)

PFLE w2 KFERARRGAT R AR A 2 TR 3
(4.6)7 AT 2 JFALAF B AIDIIRT VL S R AL B W2

T o RARF RGBT ARG BB AR > BRI S FORFE D e S

Hicsm o L HRV &7 5
a_U=£ ;' (4.8)
0z Kz
#sl A8 FHEARFLTEHRLIFAS T R G
ou 1 (oU u, (M1 u
— dz=— 1| Zdz=C.—= (4.9
E)zhazzhicfzzz ™ hi  (49)

NP USRER  Cps (il Cp? B8 E > 2 Gl 58 3
B WY R G 2343750 # {7 AT 85 n2 kT 2 i B

BB > w4 N (4.6)B~ N (4.5)- s BT AIRAF
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oV F Y R E Y ke Fonfst e

ok ok dk 0 (vt (’)k) d (vt ok

—_ 6y

_ _ _ =\
% U5t 5 ) P—g+Py 3 (4.10)

(% d0x (% ay

2

de de de 0 (v, O¢ d (v, Oe &£ &£ .
— ——)=c1e—~P —cpe—+P o (4.11
Yo Ve T ox <ag 8x> dy (og ay) epP—coepthy 3 (A1)

—Jy; ou\* v\®  (Ou 0w’
— 'y — = __ _ a4 =\
Pl 5y TV [2 (6x) 2 (ay) * (ay * 0x> l + (412)
U3 Ul ¢
Pov = Cem  Pey = Cepz * (413)

1

U, = 1/Cf(uz_,_VZ) ’ Ck = ’ C = 3. 6 \/_ S (4_14)

f

o

77 ,=0.09~ 0y =1.0~0,=1.3~c=1.44~c;,=1.92 > FAbF H KT o

- N2l F o
8 o

Ve = c”? 7 (4.15)

KRS

Pey ~ sVi‘a IR At e o * R fTERd ﬁx}%ﬁ‘@%’?’*ﬁfﬁ =™ 2Z2_ % A

‘,‘&i\"‘i‘fﬁ%?’}%ﬁi\ R - L F 7 LS /E’H‘?‘ bt"%f/"i"?‘ v g% ik R R
K% ®A 5 j?%?i‘lﬁ’?d’i% ‘o F]yt » CCHE2D #i5% i * & fd %
EVERP B S o aPERFET HoEHSFRT (-
s )RR R HOR PR AR R H AR ) B 2

ﬁi \4 —&r—r HL]—-—I‘ o
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s /?’-i\‘ 2 ¥ @ %J i
a(hCy) N d(UhCy) N d(VhCy,)
ot ox dy i
2 2 ;' (4.16)
ax [h (gs k sxk)] dy [h (Es ; + Dsyk)] + agwsi (Co — C)

AP G R R KRR RETIORR  Cy kB - RUE KT
Bk 2T RF 2 ORFETRR v g & F R FHATREC ag  RIFH
2 2t §TUR B Doy > Dgype » KR o 2393 JRiE R )R R #Tig =
2T R S wg R RRIRIE K2R R -

g"!‘?f;!‘i\'%]l//’% AT AT AT

0(0Cpr)  0(Apxqpr) a(“by%k)
+
Jt d0x dy

_(qbk qp<x) = 0 7 (4.17)

Kb SBTRBERZEE e b TRBRERZ THBE S apy o

aby%/Tﬁ‘ﬁ@@]Zéfﬁ? DOk g BRSZRRTREA G 0 2%
FREEE - RAMEHRRIE 2 TN EGEHAYE A E — R

K STRBZ TR E | qpa ARAE K FIRBIEDAESN 5 L AR IE
FHE R -
ARER L 7 HAEL AP AT T e B $EH R
AR R L AR AT R HREFEL T O RAERRL =
uh/awsk L {% % i fadco d Armanini and deSilvio’s (1988)#

2 EE o FREMERE a5 0250 Bed R adk 1.0 4
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e g g ] pF o adk 055 U GokimT3ainig o h 5 KiF o wey 5 &
ARBRECHFPRTED T OAFERTELS LB L2 & &)

Hihefa s d WL EERAFF A FILAGFEARALTARG

0z 1 :
(1-5p) (a—;))k = awg, (C — Cp) + I (qbk — qpsk) 7' (4.18)

B RUE K AR

gh’i

fO R a5 (52

CCHE2D it ¥ §  f8Hi#) 2 28 7 35 5 Ca 2 Gy » 2 f8H57) 2
F2PE o 2 d B FRERS TR L%RE #(Wu and
Wang, 2003) » ¥ 4 jh 2455 By 2 B0k 0 2w fRE) 25 T B

PRI A A

Cik = PprCx * Qpsk = PprQpk 7 (4.19)

FP o Py AR E R 2RI T qpp 2 G B R - BT K 2R
FRAP RIEPHAOLE -
B fREA A FLE G e R0 F AR 2R

FALLHE BT ASREE L RENB LR RS

>, A0 ; 5 sk, @ )\ = . I SO
Peo BRERY RS GHT LT Y

9(8mPri) _ (azb) X (4.20)
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ot ot
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By asz > 2. aZb E)zb
B SRR e R TR RARRYE 0 2 =T, (F) 3
e v, R aZ y >
de2tE s N & N AP R '&,’T?——b>0’ \F‘Pbk E’/»‘lg/é]
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K 5 fh 20 F AL o

gt ek s CCHE2D #2578 v st Bk % (Wu and Wang, 2004b) »
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3 415 RHKERARLFREL (FRLR k2 FHH 2 KA A)
gt | Bk (| PREFER | KRE | PR c ) k
S | e & (m) =] P (kPa) (®) (cm/s)
RS-1 B s CD 37.3 30.7 -
B-1 RS-2 2 i DS 21.6 32.3 -
PT-1 5.0~5.2 AR PT - - 0.0196
RS-1 & i CD 324 30.1 -
5.2 RS-2 2 i DS 20.6 31.8 -
LPT-1 B4 i LPT - - 2.15E-06
PT-2 3.0~35 AR PT - - 0.0204
B CD:Z BB K% DS 2 &7 4 2% PT: My TREFHE K#E%

LPT : = #hif -KiE5%
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(c)3 HLr~fr gk

(d)4 555~ 4 2t ()5 55~ mt.

W A3 i 7 AH (FEXR k2 RFR > 2016)

IR TN S N R ER S N T RS R |
e B AN B - PR B AT Bk kTS K
Btk R4 hid% o S5 7 36 L P RRE Rk 4-16

ST ARM RS AT L 2 S o d 417 3 4 420 45

3 4-16 BMBEL (TR LR k2 RER)

R AR - i B %K ER U
= = ] P I PR El El Ek
Ptk 1-4 K 1-g-1 1-g-2 1-g-3 1-g-4
Ptk -8 K 1-s-1 1-s-2 1-s-3 1-s-4
Ptk Bk 2-4 K 2-g-1 2-9-2 2-9-3 2-0-4
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Ptk BE 2-% K 2-s-1 2-5-2 2-5-3 2-5-4
P-fi gk 3-% K 3-g-1 3-g-2 3-g-3 3-g-4
Ptk 8L 3-% K 3-s-1 3-s-2 3-s-3 3-s-4
B4 Bl A-FLIK 4-f-1 4£-2 4-£-3 4-F-4
P45 2 5B 5 5-f-1 5-f-2 5-f-3 5-f-4

3 4-17 2K 2 EAPM Sdc (R %R 1 -k 2 4% 5 > 2016)

BEEL |2k E c ¢’ K
M| USCS voF |3 gt
(KN/M?) | (%) (kPa) | (&) | (cmis)
1 |GP-GM| 18.34 23.1 |2.66] 0.75 33 46.9 |0.000191
2 GM 17.36 344 |2.66| 1.02 32 40.3 | 0.00171
3 [SW-SM| 16.97 8.7 |2.65| 0.67 61 38.8 [0.000216
T35 - 17.9 28.8 [2.66] 0.885 | 32,5 | 43.6 |0.000951

2 418 %A 2 AN Sl (T KRk : k2 FF R - 2016)

BRECE 7k c ¢’ k
%] USCS - NEEN AL
(kN/m®) | (%) (kPa)| (B) | (cmis)
1 |GP-GM| 17.85 24 |2.66| 0.81 43 35.9 [0.000247
2 GM 16.28 25 |266| 1 48 30 | 0.00122
3 GM 15.21 288 |2.66| 1.21 39 34.8 |0.000542
Ial - 16.4 259 |2.66| 1.01 | 43.3 | 33.6 [0.000670
3 419G M 28 (TR LR 1 k2 R E > 2016)
BREZEL |7 kE c' ) K
%] USCS S-S EAN
(KN/m3) | (%) (kPa) | (&) | (cmlis)
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4 |GP-GM| 18.64 149 |2.66| 0.61 | 22 43 | 6.34E-07

5 |[GP-GM| 17.95 126 |2.65| 0.63 | 31 | 44.4 |5.35E-07

T g - 18.3 13.8 |2.66| 0.62 | 26.5 | 43.7 |5.85E-07

Hirnild 417~ % 41957 B 4 2 Bib 395 3 w4 2 R Sl
2. R CBEEAZ BEAEO B LN R FEK R EEA AR LR
ok 15 AP o

2 420 B4 RS- RS T2 5okE (FH KR k2 RS

B » 2016)

SR Yo BE
1-g-4 | 1-s-4 | 2-g-4 | 2-s-4 | 3-g-4 | 3-s-4 | 4-f-4 | 5-f-4
B4 (kPa

0.1 0.4363|0.4521{0.4004 | 0.4108 | 0.3964 1 0.3934|0.4791 | 0.4754

2 0.4060|0.3847|0.3660 | 0.3893 | 0.3720 | 0.3583 | 0.4388 | 0.4255

4 0.3935|0.3671|0.3540 | 0.3741 | 0.3621 | 0.3349 | 0.4144 | 0.3639

8 0.3857|0.3590|0.3174 | 0.3643 | 0.3492 | 0.3290 | 0.3929 | 0.3465

25 0.3334|0.2959|0.2833 | 0.3267 | 0.3166 | 0.3068 | 0.3373 | 0.2944

46 0.2790|0.2320|0.2405|0.2783 |0.2841 | 0.2792 | 0.2866 | 0.2388

70 0.2585]0.2075|0.2211 {0.2598 | 0.2727 | 0.2675 | 0.2686 | 0.2179

140 0.2380|0.1868 | 0.2098 | 0.2460 | 0.2606 | 0.2563 | 0.2536 | 0.1979

195 0.2216|0.1749|0.2005 | 0.2365 | 0.2494 | 0.2438 | 0.2416 | 0.1903

400 0.195410.1513|0.1849 | 0.2245 | 0.2305 | 0.2277 | 0.2250 | 0.1768

800 0.1358|0.1070{0.1500 | 0.1860 | 0.1880 | 0.1642 | 0.1864 | 0.1638

1000 0.1185|0.0962 | 0.1362 | 0.1665 | 0.1639 | 0.1191 | 0.1614 | 0.1332

1150 0.1112|0.0911 | 0.1249 | 0.1455 | 0.1391 | 0.0911 | 0.1347 | 0.1018
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Volumetric Water Content

Volumetric Water Content

Fr i 2R T R MR RS A 4
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035 | R R . g
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015 O =é
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0.50
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045 s
040 & A N O 3-s-4
035 | g X =, 44-4
030 L 9 . X 5-f-4
025 | ><. By
020 % X &
X
015 | .
&
010 &
0.05
000 1 1 1 1
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(b)

W) 4-32 3 kA S R (FH %R k3 RER - 2016)
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~ RS B

R kL = F A (2007)% E 0 IRIS(Integrated Rainfall-
Infiltration-Slope stability model, IRIS model)#5-7% ekt ™8 & ~ » (R IR %
2 s fE e 4 o IRIS BV 23 B inde s 5 =304 B Ligr =
Richard’s = A2 5" g 2 & ¢ 2 2 kR 5 g LA s {2t a
-~ FiEAR £ 0§ % Janbu tr P F BRI AT B U AR

I REK

i

BR8N TRR 6

(—)% -~ He
IRIS #5845 * = ‘& Richard’s = A2 4 & ¢ B e % o

zok@ngitd TR AT

a ~
@) L VKWV + 2]} i (4.21)
at

24 C@p) 52 & 2 -k% £ (water capacity) » K@) 5 -k 4 B #H &
(hydraulic conductivity) » 2 3£ -k > 38 P * Kosugi (1996)#% !
71 LN $-5 (lognormal distribution model) » sk 2 33 L 5 2 ¥
BAEAT > BLAER Ao k¢ P<0) > 12k io i

S, (effective saturation) ~ C(y) &2 K(Y) ¥ % 7+ 7

— 0 — 91‘ . ln(lpb/l/)m) v
Se (= 95 - 61') B Q <T> }\‘ (4.22)
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74 (4.23)

CW) =

ae 9 _07‘ {_ [ln(lp/lpm)]z}
dy \/_a( —) P 202

K@) = K, [Q <ln(¢a/¢m)>] [ (ln(¢a/¢m) n 0)] & (4.24)

# ¢ g,m3/m3] i # 4ok & % & (saturated soil water content) -
0. [m3/m3] i 7 4k A % £ (residual soil water content) ~ ,,[m] % 2
B3 L 2 ¢ = #ic(the median soil pore radius) 7% & 2 & 4 % &
(pressure potential) > o & 45 i 2 3L LT A F §5 Flehm Fl=x Sk

Ki[m/s] 5 & frd 32 k4 @ EGH s Qx) H 541 A F Sniic

(residual normal distribution) » ¥ ¥ % 7 5

Qx) = ) \/T_nexp <—7>du ;v (4.25)
FAREEIRERE (QW=0) 04 K@) =K, 2 C)=0-4

3 (425)5 B A AR 0 2 3 EEfRTE & 7 U

i+ $#2(Istok, 1989) -

(=) s B 2A 47

bikd F A

— A

\«a&w
N‘;

- KRt Aa 2R kTR R E B

)

Bend kR B T R 1523 E o R 1RILT
¢oenfi b Janbu 2B E 0 GRIRR A B S LE P 1A -
B BRFRS THEE o 2 i 2 B R D GERE
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23 &
P 2 [{cili cos a; + (W; — wyl; cos a;) tan @;}] /m,
=
Y. tang; 2
Y ;4 (4.26)
2. B;
5 tan a; tan @; ,
mg =cos“aq; |1+ 5 7 (4.27)
S

B i Zfde i P o] FAEARS @ FELP
Bk W, i iz L+iv P EE q i 2iv P2 b0 &
Bolp 727 R 2 fda kR w 2227 P FRe P23V HAKR
TE-RERARLER RS o 5 (426)2 A; S 45S By S 5

£ 4 o

(Z) &2k i & 5

d »>F it g5 5 Janbu 2 & Spencer £ £ B o dr3 2 > ZE AP

{

FERE I BV A2 FSa > 2638 2> Rl £ % 2 ik
#

i‘)ﬁ“ﬁém

<%
N
=1
e
=
&

i
%’f\‘

Y AR 40 - REAERERE A
A3 EHIER 2 RAFFG o 50t 0 IRIS B4 6 i RA102
(Dynamic Programming method, DP) & & % & j# & 83+ 8 41 % > fx ik

B 2 fefh i & (Yamagami and Ueta, 1986 ; Baker, 1980) - X @ » #°

-5

AEHLE 7oA 3N 0R K 4o 20 So#ic(additive functions) » @ ;¢ (4.26)
2 AN T A L i o Baker(1980) %3 + £ % A IR 52 (FE > T
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Ze sl G 4ot (428) THM KfREes Sl G 2 B @5
(4.26)% > h#ic F; 2 &) £ & % W (equivalent) o 7% Frdoiy f2 41 3 24 &
B G 2 B EHD AT A LG F D lcEo] 2 B G Ao

PR L2t 1 pE s BRI G e #3% 2 1R i & 5 (critical slip

surface) o

6= (4~F-B) & (4.28)

B niAiekdoan 2o il F 5% 2 Gl (4280 14, -
Bi 2 F 395 ABo af Nt 3 3 ¥ AT LR A4 E

4eF, =10

g\i

B RE RG2S KRR o M FARH e i F A
* n+1FF(stage) > 4B 4-33(@)2 B Mo pF o & - PRV L §
&% g K (state) > 4oB) 4-33 (@) F1ZE o 4oB) 4-33 (b) > F (i) 2
(+1,k) 5@ fpaspen& B> Bl jk 7L 5 Ffom chf ¥ - B
7w B4 abkj TE ARG FZHE R AE P - B P I T &5 (4.26)
A2 EHE A RESA E B o Bt o d (L)X ((+1Lk) 2 G

SR DG k) T A b
DGi(j, k) = Ai - F.'S' ' Bi ;7\: (429)

PR E TR S HH () % - I () 2 B Sk GA] B BT
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Hia() = min [H()+DGG RIS 0 3¢ (430)
—17on+1
ER =il § )i SE

H,(j) =0, =1~ 7 (4.31)

BB T B2 B IR G

Gmp=minG = min [Hy4,()] & (4.32)

J=1~Sn41
B S 5% THEn g die
B b s R R R Bl 2 b o hdt fbeG ot
2 LERIT AR B R w it (426) TR Nkt e L K E

P E<1IPFLZ78a  #38 TPLiphida -

k (+1, k)

(a) (b)
W 4-33 (Q)F i Rdl2 7?2 iph FHe RiELBRESET LE (b)

M BT LR (MR E 4, 2014)
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Vehicle)# & #7118 2. i & $03](DSM) » 2 84 & 5 0.14m - 4 3%
SR PR TR el B B AEAE TS 4536 Ak

PR R EELR &AL hyRE [ o ARME TR # e 1

IR TIESEFTAEE L EEL 0 FHRTEZ I EET T A
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DSM 2 = Apftsl o i 45 I & R A e do o o 4oB) 4-34 #7712 3
1o

Y 32 FE A BAcB 4-35 f7m 0 Rdes £ A2 T kR
 DEM> 112 ¢ @ £t 0 #I{Ee A EREL FTH RKELZ DSM >
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[ Bt
B ot o2z
[ Herthesst c225-67.5)
[e=ters1125)
[ southesst (1125-157.5)
[ senthcis7s202.5
I stonthovest (2025-247.5)
I west sz 5
B ectiovest 2253375
B ot 3375360

[ ] 2017 Landslide Fnge

W 4-34 3% =% H

Ground surface
= = - Bedrock
® ® ¢ ¢ (Observed slip surface

Bedrock

W 4-35 ff 1 @k 50T
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(Z)% A » B A 47

PO AT o BRI AR e E ) E s d

BN 7 RAededt BoRRGE 2 3 A B LR AT A p 2
W2 A he R A GREE S -00Imo B %5 3 A 0.1mm/h 2 Bl A 0 45
TR (MR F % 0 2014) o AT fAn4pT BORR E K R A

Bt P tieiF 300 2 2 HE AL AT R ERNE FHR

Ao R IEPZ RGP P RN L FEPT T I ER N FEET
paRpEdi 2 Hon(baseflow)in & * R4pE -2 I B - kEaF e
ORIt UK R A H T G B A 2 A dedt R R B

AU R LIRS FRFA LA F - L - 1R
B 1 e T - AP AT Aol I A A
BT BRI AI 2 NS HORRA 2 A R TG SR efod g F
B B Sy k2 R hd pinp Y w2 ME AR
JHBp R G TR A MR E 2 % 4oF] 4-32(b) 4-F-4 £
5-f-4 2. T 3o IRIS HoN # * Kosugi(1996)#% #1172 LN #5574 4 7 4 3%
KR R 5P AT URE R ol IR F L o B L
Sofg it S R o g B R Slded 421 4T o F -

SR IR 1brk EEUER £ RN W B 3-1-+ IR -3 L
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Ao b UK RIE R TR A (S T - PRE A HARE R R h B
2 uAE T a4 tbf%ﬁ»ﬁvzjﬂ 8 5 2016 # 97 13 p 23 3%
2016 # 9 15p 23> £ 3 X2 Fa BTk - ¥- > 5 > § 4-37
REB et R HEes FALAERERFBARLEY > T HE S22 &
JEEFAT 0 TR 4159 B2 5o HA g4 FHUED 2 pRB
PoRRERATE I AEEE B RES s Y s 30.1°% 324 kPa -
$- ko BlREE AT IL R Fd 4 HB R L E DL
PR S SN RO R AT AR B
ARE AR FPL T bR TER SEEFTE S A4 ¢ L 20kPa &
10kPa r1 2 ¢ 5 28°% 25°» Fit— 33w IRIS $i5% e * 487 P4
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2 4210 WL 3 Aefrd B4 F 3k

0s Or Ym .
(M3/m?3) (m3/m?3) (cm)
0.477 0.168 -178.96 2.24

Birc 05 5ok s 7 B (mImd)

LS Sk ) SE

B4 %45 (m)o
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(ﬁ;;m.l @'_r,

L
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EE &S
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A A IV LIS A T R ehE Fl

@ ik él*i*‘zl/’ﬁt/ii:ZOlZﬁ DEM
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®
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ﬁ»i%ﬁ&%ﬁ:
ﬁ»iﬁ%%&#@
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v

%33 o Sl
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A

IE L y
18.34 kN/m”

LR SRR = L AR Lk i)

v

%% Tl kg
0.0204 cm/sec

.

A

% kK,

0.00067 cm/sec

v

A

v

v

% e K,

0.00000215 cm/sec

v

A

é’i?’\ 4 Cl

é’i?’\ 4 Cz

é’i?’\ 4 03

g’i%"\ 4 C]_

g’i%"\ 4 Cz

é’i/%"\ 4+ C3

é’i%"\ 4 Cl

;;i/%"\ 4 C4

;;i/%"\ 4 C5

32.4 kPa 20 kPa 10 kPa 32.4 kPa 20 kPa 10 kPa 32.4 kPa 43.3kPa 21.6 kPa
Bt ¢1~¢5 Bisd ¢1~¢5 Bixsd (I)l Bt (I)e Bt ¢7
30.1° ~ 28°~27°~ 26° -~ 25° 30.1° ~ 28°~27°~ 26°~ 25° 30.1° 33.6° 32.3°

B 4-37 3 3E S 8P A2 W]
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ISR

2 422 3B e EAHRREEE B ¥ 3RS Gk

St R4 s Tt g At: @ ThiAEE (WoR 4-35)
gvg A T o 30 IRIS N R R IUT R it T AR AT 0 B

A e

-

FRAVaFL 2 e TEOp X 2 GHEEF L 2 T K
P E iyp L% > Gl e ¥ - 2 G o IRISH 1945 ¢
FETHREEADF L EF oa E T Az B TE A R 2 A
#igs2016# 97 13 p 23pF pprenF 4 X 5 Omin; &

M PER L 15 p 4 PF o pLpEEg 2 pER L 1740 min 5§ A2 0
I EFTHELAPIRISESN Sz b3 E 7w BE ] % > Bk 7

ﬂb /ﬁlﬁj

o

%S Glcs X 3 mipliE s A w LB RSk H(k=0.0204 cm/s) ~ ¢
R 3%k 14(k2=0.00067 cm/s)£r i & i -k 44 (ks=0.00000215 cm/s) = &
B o f IRIS 558 en™ & » B HCHR A~ 4o 3 R R IFEL > I ks le i 72 4t

A ERUEF I IEIAFIFEREERGT AL R FERE RS R

B RE R ERG 2 BB ki kFEeT L5 15/ Ce
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£ 422 3 ESEBIHES

L A
i) R (crl:ls) (klza) (De(gpree) e T:; (rtlf/mz)
(min)
1| kici 301 | N - |1.269698|1669.123
2 | kicuo 28 | N - |1.101982|1669.123
3 | kicgs 24| 27 | N - |1.156046|1669.123
4 | kicas 26 | N - |1.120746|1669.123
5 | kicuds 25 | N - |1.0860461669.123
6 | kicod 301 | N - |1.139362|1669.123
7| kicad 28 | N - |1.061861|1669.123
8 |kicops| 0.0204 | 20 | 27 | N - |1.0259181669.123
9 | kicots 26 | Y | 2830 |0.9985771670.981
10 | kiCads 25 | Y | 2540 |0.999402|1675.286
11 | Kacsr 301 | N - |1.038067|1669.123
12| kicse 28 | Y | 2610 |0.999001| 1676
13 | kiCsfs 10 | 27 | Y | 2240 |0.999945|1664.818
14 | Kicabs 26 | Y | 1760 |0.999594|1664.893
15 | kiCsds 25 | Y 0 |0.979508|1530.951
16 | kCin 301 | N - |1.203139| 1686.68
17 | keCido 28 | N - |1.222775| 1686.68
18 | kCids 324| 271 | N - |1.185549| 1686.68
19 | keCide 26 | N - |1.148983| 1686.68
0.00067
20 | keCids 25 | N - |1.113038| 1686.68
21 | keCobn 300 | N - |1.097589| 1686.68
22 | kaCoto 20 | 28 | N - |1.031696| 1686.68
23 | kaCabs 21 | N - |1.001226| 1686.68
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24 | KaCada 26 Y 2230 ]0.999047/1685.295
25 | kaCads 25 Y 2490 ]0.999629/1682.056
26 | koCads 30.1 Y 2320 ]0.998701/1682.003
27 | kaCad2 28 Y 1810 [0.999934|1681.055
28 | kaCads 10 27 Y 1560 |0.999669|1675.314
29 | kaCada 26 Y 0 0.969451|1629.751
30 | kaCzds 25 Y 0 0.931346|1629.751
31 | KsCid1 324 | 30.1 Y 0 0.901598|1880.564
32 | ksCads |0.00000215| 43.3 | 33.6 N - 1.076773]1769.023
33 | kscsdr 216 | 323 Y 0 0.830493|1880.564

(—)i% & iz 58

d 33 fA) P g E > Al 1’3”;»;‘/,%1% HILEFAEE L0
2 ol BEHTE 438 ki B ASREFE RS o F 4 Mo
2 & % kiCada(c=20 kPa » $=26" ) ~ kiCo0s5(c=20 kPa » $=25° ) ~ kiC3dz
(c=10kPa- $=28" )~ kicsdps(c=10kPa > $=27° )~ kiC3ds(c=10 kPa > $=26
© ) E KiCsps(c=10kPa > ¢=25" ) f ko ¥ RFE kIR 5 4 H
FHoenie & 5 KaCada ~ KoCads ~ KaCads ~ KoCadz ~ KaCads ~ KaCads 1 2 KaCads ©
B2 7% KiCads ~ KoCadg &7 KoCads 38 4 3% » fe KAl g 4 pb P 2 0> 7
B ER MBI G TEL R Rk P F R S il
B tBHALG A2 28 0 A~ B 4-38 Mg 4 B2 % o

d B 4-38° ki ko2 AR BT v oo BAp e 2 R B B B
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wERT RS L EET OKAEFRIEE T SR F RS
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Jo gV A% A B IRIS O3S P ehd & MR S I 4 R

10000

- P . e S D

-E ———————— o - -- _o [

2 1000

=

E ° Group k;

3 o  Groupk,

c L e Trend line k,

--=- Trend line k,

100

o Cody Cods CaP1 C30, GsPs3 Cady
Model

W] 4-38 @ 3% 2 HBF I WRE

()2 B R 2P

Bl 4-30 2] 440 2 BAS kP k29 RS kP kEET Tk
B AR HUBFEG o) FRESF O AR E PP R
BRSBREZH e MLAHIDTE - KRR 4-39)c A m Bk
PF(4c ) 4-40) > 3L B4 VI SRECHE > PR Y R E A B 3 g
B d fo] P MBREEDTY < o B 4-40 BB RACH I 4
BEH o GEL G HF EERRT S EAE 2 Y ok
REIRE ERI I AR IS okl 2a g2 HBM g o
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750
Ground surface
- = =Bedrock
—e— Observed slip surface
700 - —— phi=26, FS=0.999
—8— phi=25, FS=0.999 -
E 650
N
600
550 T T T T T T
0 50 100 150 200 250 300
Distance (m)
(@) k;=0.0204 cml/s, c,=20 kPa
750
Ground surface
- = =Bedrock
—e— Observed slip surface
700 4 —®—phi=28, FS=0.999
—8— phi=27, FS=0.999 -
—a— phi=26, FS=0.999 “
E 650
N
600
550 T T T T T T
0 50 100 150 200 250 300

Distance (m)

(b) k;=0.0204 cml/s, c3=10 kPa

W 4-39F RBKETIRIERRZEBFEG
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750
Ground surface
- = = Bedrock
—e— Observed slip surface
700 A —&— phi=26, FS=0.999 -
—8— phi=25, FS=0.999 -
£ 650
N
600
550 T T T T T
0 50 100 150 200 250 300
Distance (m)
(a) k;=0.00067 cm/s, c,=20 kPa
750
Ground surface
- — = Bedrock
—e— Observed slip surface
700 4 —®—phi=30.1, FS=0.999 P
—8— phi=28, FS=0.999
—a— phi=27, FS=0.999 -
E 650
N
600
550 T

0 50 100 150 200 250 300
Distance (m)

(b) k;=0.00067 cm/s, c3=10 kPa

W 4407 RE-RPETIRIEBRRZ SBFHG
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100
90 | E P RRER S AR I BB R AR
g0 | 2016/09/15 04:00 2016/09/15 04:20
/E\ 70 |+
E 60}
it i
= 50
40 }
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20 |
10 }
0 | |

2016/09/13 2016/09/14 2016/09/14 2016/09/14 2016/09/15 2016/09/15 2016/09/15
23:00 07:00 15:00 23:00 07:00 15:00 23:00

H
W] 4-41 SBHIRPFT & R FHE 2 I (KiCada)

BB LA 5 ho] 4-30 ()2 B 431 (@)FFm 0 Bk X 5
WA PR B Ay ﬁ A LB A R A - RS
FRABMT L ERIRISHANA N hE R B 0F R RT b F L AT
TR ARGRERATEZ 4 58 (T KiCudr ~ KoCi01 ~ KsCads ~ KaCads £
KsCsdr) i A FHHEE > @SS EF A HBRE > L5d F T A4
BB IRITE MR 2 4 3 S 8ce & % k=0.0204 cm/s - c=10kPa >
$=26" > H H3LF 5 4o 4-39(b) 0 M3 4 pERF t=1760 Min 4o F
4-41 #5m o rp T bt R Fl2 ko RIS Hi55% 2 Rk 7 i SRR *

g1 a2 — o |RIS B3N et U B B AT
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1.4 Fo g B <2000 5 X & o i 45 <200 B
Fr a A PRHS RO TR R U R

BEARG M TR L A N BRI FE R R R R

T

Fofim o HRATREEFEF RN AN o

N+

2FS P lpim 38 iR d e LT ey R
do@) 4-40 ¢ B4 hE G b ] AR HEE S B RALEEY

ZE R A A LRI .

CR BERC R B LY A L L

IRIS f5% T * 1B PT 2 & (7 M AR T AT PPOTIRG he
1 P 0 e 'L Z i (Finite element method) & 5 *X £ 4 i (Finite-
difference method) % » &/ TP A EAY > FH OB LR

Lo R EET WP P R
AR AR S PSR

SR NN I > ¥ R Z K

BT KR I A R T R T R N g

I
S
=5

g S ST RS R B %755 B (Tsuetal, 2011) - i

IRISHE: 4R 5 "/ » j2id & 2 REAIL > Fpb o * 208 & #38 o

6.3 % B A% * chd ok A P R(SWCC)
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T FA e FS SolEr AR FRRFREL Y 1 E S H

oA BP RS ESHREEFEN A 2 E L R
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(—)IRIS #5845 * 2012 & p pe3fip 2. Im Pl 5 27
(DEM)zE = i85 & o 30 25407 722 2016 & -k 3 %35 B e (7

—~

& % 3% & (Unmanned Aerial Vehicle):} TR 2 Bicim e AR
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(DSM) ¥ 5 b is 2 ffdod - L~ L A BT AR A

NEFHFEEAN  HE S FE - LIRIE] F 2 Gl
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Abstraet —

Land:lide: are matural evolution of topography.
Since human behavior started reaching to mountain
area, landslide disasters often oceur and threaten
pecple. The study uses the case of typhoon-Meranti-
mduced Hongye landslide in Taiwan on September
15th, 2016 to determine the land:lide terrain feature,
geological conditions, and disaster impaet area by
surveving the site for Investizate and using the
unmanned asrial vehicle (UAV) for monitoring. The
UAV*: aerial photos are uzed to build the 3D model,
orthophots and dizital surface model (DSAL). The
land:kide area cam be drawn with the area
orthophots, Compare the digital terrain model
before and after the landslide to evaluate the terrain
change of zlope and landshide volume. While
surveving the site of Hongye landslide, we found
there iz a risk of rock fall. To azsess the motion track
and form of the rock on :lope, this study uses
RocScience Rocfall 5.0 to conduct stability amalysis
to analyze the potential path and rizk of the rock
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1 Introduction

Landslides are important type of natural disaster
worldwide, and can cause major hazard mn mountain
area, costing human casualhes and ecomomic losses.
Landshdes can be ingzered by mtense ramnfall
earthquakes or buman actraties. Take rainfall-mduced
landshde az example, a landshds dam was formed
Tamwan by 0610 heavy ramnfall event, and was just
cellapsed few hours later (Euo-Lung Wang et al,
2016} ; In Braml heavy thunderstorms occurred and
triggered thousands of land:zhdes on steep slopes with
trees and block nich debnis matenials converged into the
river channels, hence avalanches down valley (André 5.

Avelar et al | 2013). To averd human casualtes and
economic losses, there i1s a mussion not only to
understand the landslide process but also the landshde-
tnggered mechanisms. Analysis of histoncal records of
landslide and relizble meonitoring methods seems
Important.

The use of remote-sensing technology for mapping
and monitoring landzhde haz improved a lot since the
last decade, including the (anborme or temestrial) laser
scanming or unmanned aenal vehicles (UAV). This
paper focuses on the research of UAVs landshde
monitor, analysiz and applicaton. Unmanned Asnal
Veblieles (ITAVs) are an mexpensive, low- laber costs,
effective, user-friendly and new remote sensing tool

(Mark A. Fonstad et 3l 2013; 1. Travellett: et al 2012,

M. Westoby et al,2012), which can acquire high
resolution spatial data. (Darren Twrmer et al, 2012,
Mark A Fonstad et al, 2013). Development of UAV
platforms requires broad techmical skills covenng
platform development, data post-processmg, and mmage
analysis (Joshua Keleey et al, 2012). Therefore,
Structwre  from Motion (S8M) computer wision
techniques were applied to denve ultra-hugh resclution
3D models from multi-view aenal phetography (Arke
Lucieera et al, 2014). S is a flexible approach te
captuing complex topography (M.J. Westoby et al.,
2012). Then, the mmagery can be used to produce denss
pomt clouds wing mulb-view stereopzis techmigues
(MVE) combining computer vision and
photogrammety (Steve Harwin et al., 2012). Therefors,
UAV application 15 a capability of producing 30 model,
orthophoto and dimtal temam medel (DTM)
Furthermore, comparing 2 laser scamner swrvey of the
same site, SIM-MVS produced comparzble data and
reduced data collection fime by 80% (M. B James et al |
2012).

UAVs are 1deal tools to map and menitor features at
the Earth swface. For instance, chalk sea chiffs in UK
(Jokn Badew et al, 2017) Italy mapping
discontimuties within a marble quarry (Riceards Sabam
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Abstract —

Landslides are natural evolution of topography.
Since human behavior started reaching to mountain
area, landslide disasters often occur and threaten
people. The study uses the case of typhoon-Meranti-
induced Hongye landslide in Taiwan on September
15th, 2016 to determine the landslide terrain feature,
geological conditions, and disaster impact area by
surveying the site for investigate and using the
unmanned aerial vehicle (UAV) for monitoring. The
UAV’s aerial photos are used to build the 3D model,
orthophoto and digital surface model (DSM). The
landslide area can be drawn with the area
orthophoto. Compare the digital terrain model
before and after the landslide to evaluate the terrain
change of slope and landslide volume. While
surveying the site of Hongye landslide, we found
there is a risk of rock fall. To assess the motion track
and form of the rock on slope, this study uses
RocScience Rocfall 5.0 to conduct stability analysis
to analyze the potential path and risk of the rock.

Keywords —
UAV;
RocScience

DTM; Landslide volume evaluate;

1 Introduction

Landslides are important type of natural disaster
worldwide, and can cause major hazard in mountain
area, costing human casualties and economic losses.
Landslides can be triggered by intense rainfall,
earthquakes or human activities. Take rainfall-induced
landslide as example, a landslide dam was formed in
Taiwan by 0610 heavy rainfall event, and was just
collapsed few hours later (Kuo-Lung Wang et al.,
2016) ; In Brazil, heavy thunderstorms occurred and
triggered thousands of landslides on steep slopes with
trees and block rich debris materials converged into the
river channels, hence avalanches down valley (André S.

Avelar et al., 2013). To avoid human casualties and
economic losses, there is a mission not only to
understand the landslide process but also the landslide-
triggered mechanisms. Analysis of historical records of
landslide and reliable monitoring methods seems
important.

The use of remote-sensing technology for mapping
and monitoring landslide has improved a lot since the
last decade, including the (airborne or terrestrial) laser
scanning or unmanned aerial vehicles (UAV). This
paper focuses on the research of UAVs landslide
monitor, analysis and application. Unmanned Aerial
Vehicles (UAVS) are an inexpensive, low- labor costs,
effective, user-friendly and new remote sensing tool
(Mark A. Fonstad et al.,2013; J. Travelletti et al.,2012;
M.J. Westoby et al.,2012), which can acquire high
resolution spatial data. (Darren Turner et al., 2012;
Mark A. Fonstad et al., 2013). Development of UAV
platforms requires broad technical skills covering
platform development, data post-processing, and image
analysis (Joshua Kelcey et al.,, 2012). Therefore,
Structure from Motion (SfM) computer vision
techniques were applied to derive ultra-high resolution
3D models from multi-view aerial photography (Arko
Lucieera et al., 2014). SfM is a flexible approach to
capturing complex topography (M.J. Westoby et al.,
2012). Then, the imagery can be used to produce dense
point clouds using multi-view stereopsis techniques
(MVS) combining computer vision and
photogrammetry (Steve Harwin et al., 2012). Therefore,
UAYV application is a capability of producing 3D model,
orthophoto and digital terrain model (DTM).
Furthermore, comparing a laser scanner survey of the
same site, SfTM-MVS produced comparable data and
reduced data collection time by 80% (M. R. James et al.,
2012).

UAVs are ideal tools to map and monitor features at
the Earth surface. For instance, chalk sea cliffs in UK
(John Barlow et al, 2017) Italy mapping
discontinuities within a marble quarry (Riccardo Salvini
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et al., 2016) ; changing snow and polar vegetation of
Antarctic moss beds (Arko Lucieera et al., 2014), etc.
Now, UAVs have been used to monitor landslides
(Kuo-Lung Wang et al., 2016; U. Niethammer et al.,
2012 ; Arko Lucieer et al., 2014). UAV’ s aerial
photos can be used to produce a high-resolution ortho-
mosaic of the entire landslide, 3D models and digital
terrain models (DTMs) of several regions, that more
geological formation can be discovered from (Kuo-
Lung Wang et al.,2016; U. Niethammer et al.,2012;
Mariella Danzi et al.,2012). An environmental remote
sensing application using a UAV is specifically aimed
to reducing the data gap between field scale and satellite
scale in soil erosion monitoring (Sebastiand’ Oleire-
Oltmanns et al., 2012).

High resolution digital terrain models produced by
UAV’ s collected data should be based on the real-
world and accuracy coordinate system in order to
measure distance, observe elevation changing or
analysis slope. However, Khairul has evaluated the
accuracy of slope mapping results from different
altitudes at semi-undulated area and undulated area and
found altitudes did have an influence on the slope
accuracy (Khairul Nizam Tahar, 2015). Therefore,
during the process producing digital terrain models, the
point clouds are in an arbitrary coordinate system and
need to be georeferenced. The point clouds are
transformed into a real-world coordinate system using
either a direct georeferencing technique that uses
estimated camera positions (the UAV’s log file) or via a
Ground Control Point (GCP) technique that uses
automatically identified GCPs within the point cloud
(Sebastiand’Oleire-Oltmanns et al., 2012 ; Darren
Turner et al.,, 2012; Mark A. Fonstad et al., 2013;
SteveHarwin et al., 2012). The models fitted the ground
control network are able be within a standard error with
horizontal and vertical precision in the centimeter range
(John Barlow et al.,, 2016; Mark A. Fonstad et al.,
2013).

The UAV has demonstrated its capability for
producing valuable landslide data, imaging fissures and
displacements on the landslide surface (U. Niethammer
et al., 2012). Also, UAV can evaluate landslide failure
volume through volumetric analysis, a comparison of
sequential models (John Barlow et al., 2016).

Data capture through UAV photogrammetry can
provide useful terrain information, including slope
condition,  discontinuities, slope  geometry or
unattainable measurements, for slope numerical
modeling of stability or kinematic analysis (Riccardo
Salvini et al.,, 2016 ; John Barlow et al., 2017 ;
Mariella Danzi et al., 2012 ; Kuo-Lung Wang et
al.,2016). Cross sections and joint system data were
obtained from DTM and used as input parameters for

the slope stability analyses (A kos Térék et al., 2017).
For instance, John Barlow used the method to analyze
over sea cliffs and coast (John Barlow et al., 2017);
Akos Toérok modelled the rocky slope by 2D FEM
(Finite Element Method) software and identified
potential hazards such as planar failure, wedge failure
and toppling (A kos Torok et al., 2017). By geological
analysis and correlation between soil properties and
geotechnical behavior can explain the catastrophic slope
movement mechanisms and processes (André S. Avelar
etal., 2013).

2 Research Preparation

2.1 Geological setting

The landslide located only 4.3 km away from the
Luye fault, which is a north-south directional reverse
fault. The region geological, aged about Eocene or
earlier, is Pilushan Formotion (Ep). The main lithology
is Slate and Phyllite, but in the layer there is the thicker
Meta-Sandstone layer, including Calcareous, Arkose
(Figure 1). On September 15th, 2016, typhoon Meranti
occurred, with the rainfall of 513.5mm accumulated rain
and 19mm/hr rainfall intensity, inducing the first
landslide that ranged about 5.62 hectares.

Figure 1. The regional geological map in the
research case

2.2 Numerical Model Analysis

2.2.1  Soil material

Marinos presents a quick and easy method to
estimate the engineering parameters of rock mass
(Marinos and Hoek, 2000). This method considers three
main parameters as follows: the uniaxial compressive
strength (o), a material constant (m;) related to the
frictional properties of the rock, and the Geological
Strength Index (GSI) that response to the geological
joint condition of rock. The two constant, (o) and (m;),
can be obtained from laboratory test, but both of the
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value still can be estimated if there is no test data. Then,
the engineering parameters of rock, including friction
angle (@) and cohesive strength (c¢) can be determined
with Figure 2 and Figure 3 according to the estimated
value. This study assesses the corresponding parameters
of the above description, shown in Table 1.

0.20
/m

Cohesive strength / Uniaxial strength of intact rock

10 20 30 40 50 80 70 80 90
Geological Strength Index GSI

Figure2 Relationship between ratio of cohesive
strength to uniaxial compressive strength of
intact rock (c/og) and GSI for different (m;)
values (Marinos and Hoek,2000)
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Figure3 Friction angle ¢ for different GSI and mi
values(Marinos and Hoek,2000)

Tablel Field estimates of rock mass properties by
Marinos and Hoek,2000

Grade Uniaxial Values of | Geological Cohesive Cohesive Friction

Comp. the strength strength / strength angle

Strength constant index Uniaxial C o)

@) | ) | (@8i) | g | ) 10
MPa (c /o)

R1 1-5 7-11 | 10-15 | 0.011- | 11- 17-

0.015 15 21

2.2.2  Rockfall Model

This study adopts the rockfall analysis in
RocScience Rocfall 5.0.This statistical analysis program
can assess the energy, velocity, bounce-height and
location of rock endpoints of the process of motion rock
over the slope, and uses the Monte Carlo techniques to
do the risk level statistics. This program needs to be
defined with the slope and the rock geometry and
material properties, including dynamic friction, rolling
friction coefficient, rock density, rock mass and the
slope terrain elevation and so on.

3 Research procedures

3.1 Landslide terrain change and volume
evaluate

311

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 Aerial survey route (Figure 4) 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
(Figure 5).

This study uses Bentley Context Capture version 4.0
to feature the points of the aerial photos by
aerotriangulation and produce the three-dimensional
model. The 2016 and 2017 orthophoto and the digital
surface model (DSM) were also be obtained. The DSM
grid size is 0.140m of 2016 and 0.093m of 2017.

Aerial survey mission and 3D model

Figure 4 UAV aerial survey route
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Figure 5 Ground control points

3.1.2 Terrain change tracking and volume

evaluation

This study uses the orthophotos made from aerial
images after the landslide to plot the range of the
exposed and landslide area. Aerial survey had done
again in the following year to track the changes of the
landslide area. Comparing orthophotos between 2016
and 2017 can find that the part of the vegetation in the
landslide area has been recovered, but the upper edge of
the landslide seems to be expanded, and the new tension
cracks can be discovered (Figure 6).

2017 Landlide Range

Figure 6 Orthophotos comparison between 2016
and 2017

This study compares the DSM before and after the
landslide, determines the elevation difference after
landslide and evaluates the landslide volume. 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 (Figure 7). The
landslide area is divided 56,194 grids of single 1m?
including 14,609m? of the accumulation area, 41,585m?
of the erosion area that defined as five levels according
to the erosion depth (Table 2). After the statistics of the
landslide erosion area, the landslide volume 211,466 m*
is evaluated.

Elevation change(m)

Value
e High : 21.2521

B ow:-13.4822

300
Meters

Figure 7 Terrain change after landslide

Table 2 Landslide area for five levels according to
erosion depth

Depth(m) Number of Grid
(m?)
0~2.5 9415
2.5~5.0 12175
5.0~7.5 10715
7.5~10 7316
10~13.48 1964

3.2 Numerical Analysis of Rockfall

3.2.1  Material and

assumptions

parameters analysis

According to the surface model of 2017, the risk of
dangerous rock of the landslide is estimated. The length,
width and height of the rock is 9.20m, 5.70m and 3.60m
respectively. The rock volume is about 65.22m°.
Through the investigation, the rock is considered as the
sandstone with unit weight of 2.70 (T / m%), and the
rock is about 176,094 kg. In addition, the surface of the
slope after the landslide is extremely weathering erosion,
assessed the friction angle of the slope is 21 °. This
study assumes the rock is moved by the influence of the
foundation loss and earthquake.

According to the terrain slope and the shadow map,
the four tracks of the motion rock are decided (Fig. 8),
and the rock is located on intersection points of each
path. Two erosion depth : 3.60m (rock height) and 13.48
m (maximum erosion depth) were analyzed and also the
seismic acceleration 400 gal. Considered the possible
aggravation, every condition of the analysis tests 100
times, and statistics of the end location and the
probability of occurrence.
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Table 3 Surface-erosion impact rock stability anlyisis

track Rock displacement and occurrence probability Highest probability and Rock
displacement
Erosion Max Percentage Min Percentage| Percentage | Highest probability
Depth Displacement(m) (%) Displacement (%) (%) displacement (m)
(A) (m) (B)

1 3.6 47.09 100 - - 100 47.09
13.48 110.49 1 47.09 87 87 47.09
2 3.6 54.52 100 - - 100 54.52
13.48 81.78 1 54.52 96 96 54.52
3 3.6 58.53 83 45.91 17 83 58.53
13.48 109.02 1 45.91 21 74 58.53
4 3.6 51.08 100 - - 100 51.08
13.48 51.08 100 - - 100 51.08

Table 4 The earthquake-acceleration impact rock stability anlyisis

track Rock displacement and occurrence probability Highest probability and Rock
displacement

Erosion Max Percentage Min Percentage | Percentage | Highest probability

Depth  |Displacement(m) (%) Displacement (%) (%) displacement (m)
(®) (m) (D)
1 0 47.09 100 - - 100 47.09
3.6 82.31 1 47.09 93 93 47.09
13.48 138.66 1 47.09 86 86 47.09
2 0 54.52 100 - - 100 54.52
3.6 209.02 1 54.52 98 98 54.52
13.48 336.26 1 54.52 72 72 54.52
3 0 58.53 85 15 45.91 85 58.53
3.6 109.02 1 45.91 17 75 58.53
13.48 109.02 5 45.91 12 33 58.53
4 0 51.0 100 - - 100 51.0
3.6 68.29 1 51.08 95 95 51.08
13.48 68.29 2 51.08 95 95 51.08
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3.2.2

According to the results, this study shows that with
only the terrain erosion without earthquake impact; the
rock lost support would fall and slide (Table 3). Erosion
of depth 3.60m, the motion of the displacement the

Results and discussion

value A and B seems the same. Erosion of depth 13.48m,

the motion paths are almost the same except for track 4,
which the maximum probability of occurrence and the
maximum displacement distance is not the same.
Considering the acceleration of earthquake, the value C
and D are the same of the nonerosion slope.

In addition, when the slope occurs erosion, the
probability of maximum displacement and the highest

occurrence for each erosion depth are different (Table 4).

The path 2 in the erosion depth of 13.48m, the
displacement of the rock is 336.26m, which is the
maximum displacement of all paths . The track of path 2
may have the factors of terrain that leads the rock to the
bounce, nonstop at the gentle area and keeps moving on.
So, this path is the highest risky path of all (Figure 9).

50 400

4  Conclusions

1.Using UAV to record images for a wide-range area
tracking and ground control points improves the
measurement accuracy. The details of the landslide
region can be presented more accurate, such as this
study survey investigate found that above the original
landslide exists the tension cracks, and scope of the
landslide tend to be expanded.

2. Using the orthophoto to plot the range of landslide
which is considered as a basis for the terrain surface
elevation difference comparison of before and after the
landslide, the surface elevation difference is the
landslide volume. The concept of this calculus is that
when the landslide happens, the surface of the area is
exposed without vegetation, so the digital surface model
elevation of the area is equal to the digital terrain model,
therefore, it presents the exact terrain elevation, and the
comparison between the pre-disaster (DEM) and after-
disaster (DSM) of the landslide area elevation is
determined.

3.This study uses the numerical analysis program
RocFall to conduct the rock motion track analysis.
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According to the gradient of the slope, 4 possible
motion paths are predicted and of which two factors of
the loss of the foundation support and the earthquake
effect are assumed. The rockfall stability analysis is
carried out to evaluate the fall end of each path and the
probability of occurrence and to presume the most
possible occurrence and damage possible rock motion
path.
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A Rainfall-based Warning Model for Predicting Landslides
Using QPESUMS Rainfall Data

Chen-Yu Chen!'  Wei-Ze Lioul'™  Chia-Hsiang Hsu ¥l

ABSTRACT TbeRmfaﬂTnggamgh&xO{mmdduadomedmsettmthemﬂnmﬁnhexhwwmhp
smee 2005 i Tarwan, and the debnis-flow warning system based on the RTI model 15 ful in reducing c:
However, the antecedent rainfall calculation using the deduction coefficient of "t” days in the RTI model leads to a
false alert rate hizher under some ramfall patterns (e.g., long-term duration and lower rainfzll intensity). This study
suggests a modified method to calculate the antecedent rainfall and effective accumulated ramfall to solve the above-
mentioned problems. We also establish a new waming model, which uses the QPESUM data for the past decade, the
identified results of ing image, and the disaster records. to predict landslides. In the case study of the Wula
Dastrict during Typhon Soudelor in 2015, the new warming model offers good prediction of the times and locations of
landshides. This study also proposes a new platform which displays the ramfall-induced disaster hot zones. These find-

mgs can help govemment officials to make appropriate decisions during emergency response.
Key Words: Landslide, debns flow, waming system QPESUMS, effective accumulated rainfall.
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A Rainfall-based Warning Model for Predicting Landslides
Using QPESUMS Rainfall Data

Chen-Yu Chenl"  Wei-Ze Liou[2l  Chia-Hsiang Hsu &

ABSTRACT The Rainfall Triggering Index (RTI) model is adopted to set up the critical rainfall for each township
since 2005 in Taiwan, and the debris-flow warning system based on the RTI model is successful in reducing casualties.
However, the antecedent rainfall calculation using the deduction coefficient of "t" days in the RTI model leads to a
false alert rate higher under some rainfall patterns (e.g., long-term duration and lower rainfall intensity). This study
suggests a modified method to calculate the antecedent rainfall and effective accumulated rainfall to solve the above-
mentioned problems. We also establish a new warning model, which uses the QPESUM data for the past decade, the
identified results of remote-sensing image, and the disaster records, to predict landslides. In the case study of the Wulai
District during Typhon Soudelor in 2015, the new warning model offers good prediction of the times and locations of
landslides. This study also proposes a new platform which displays the rainfall-induced disaster hot zones. These find-
ings can help government officials to make appropriate decisions during emergency response.

Key Words: Landslide, debris flow, warning system, QPESUMS, effective accumulated rainfall.
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|:| Level 1: The amount of rainfall may exceed the amount of expected to cause debris-fiow and slope-failure
disasters within 3 hours. It advisable to inform residents.

I:l Level 2: The amount of rainfall may exceed the amount of expected to cause dabris-flow and slope-failure
disasters within 2 hours. It is advisable to tell residents to move to a designated safe place.

Level 3: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
. disasters within 1 hours. It is advisable fo confirm that residents in dangerous areas have movedio a
designaled safe place.

. Level 4: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
disasters. Conditions are expected o be very dangerous.

(b)

1 (a) BAIWKXEERBMRERAN (b) TRECRZEMFRREZZEZEE(ES (Osanai etal, 2010)
Fig.1 (a) The format in which early-warning information is disseminated from local government. (b)The colors are coded

to show the condition indicated by the danger level, and the action that is recommended be taken. (Osanai et al,

2010)
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Fig.2 The concept of Pushing the warning information which superimposed the sediment disaster potential area and
risk level meshes to the local government (Cabinet Office, Government of Japan, 2015)
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Fig.3 The difference of different formula for effective accumulated rainfall during intermittent short-duration heavy

rainfall

FEnRElhRmE4EE(2016)

180 SRR : FS(1) 7/8 11:00~16:00 ~ FIH(2) 7/9 01:00~7/9 10:00 ~ F13(3) 7/9 16:00~7/10 12:00 - 450

160 | F#(4) 7/10 18:00~7/11 05:00 ~ FE#55(5) 7/11 11:00~7/12 07:00 ~ F35(6) 7/12 13:00~21:00 L 200
140 | IiRGZE0.7 EBITHE) : 710 11:008BEHE L 350
£ 120 IR G B0.7 (BISHE) | RBBLAE [~ —\ _mog
E 100 | 250 I
= 153
0 g0 } 200 42
tE 60 | 150 ¢
LIS

40 F 100

21 /\'/\ A/J\M /\A_M [

5 . . | ! LN i

7/8 0:00 7/812:00
—RR=

7/9 0:00
— R E0.7

AHRREEGIEERERITH)
4 RIEFSEBENNTEAENBEMNENENAXNTZER

7/912:00 7/100:00 7/1012:00 7/110:00 7/1112:00 7/120:00 7/1212:00 7/130:00
—Hidtk@ozr TRREMEEE

B RN = (AAFRMERTE)

Fig.4 The difference of different formula for effective accumulated rainfall during intermittent long-duration heavy

rainfall

—MEEAE

FAE AR EE R 2 ZEEFENE - AR EIIE S
10 4F > ZeRAfENTREES S HY QPESUMS 48FS 20 SR TR AL
R BB - W E PR QPESUMS 48H&1F Ay B 281
BT [EIRE - B PRAT RTL BCE A RTHAR 2 R 7 = 5
o AU 2 R T B RN ERIF T A B TSR =
SRR BN REIFETT RTI SRR E S S SR
(ERG NESCHET TR B> AT ER 2 25k PR = 5% R a3
MeHI R I — B - [EIRE - FE M E a8t 2 il s
BREE I ISR R - LA T 2 17 B TE A TR 4SS ST
Phi > DUEGEE A pRIETHEM A vl 1T - WHTT R0 5 > DA
T RIEREH -

1. ERFTEZBENREMESESA

BT RTL AR EH 2 A R R E G EErT T H AT
SRR ELDA 24 /NEFRAMIROE - SRR EER 0.7 205

DR SR =EH TR fla0RT—H Z REHTE 0.7 > gl —H
ZPREITEC (0.7 &%EHE > WX () - MEtfEITR O = AEM
EJCIAE 1 0 RS R PR ~ R IR [ PR DA KRG e R\ B2 P 2 1% = S i b
FEfHIEr b S EER R 2R - Roltt - TR BT R A3
HERF RSB TR 0 AIHTTRRE DL TR RS AR
ZEREEEAR > = @) -

R, =1, + Ry_y X (0.7)2 @)

Heb I BERIMETRE > R By 1 /NEFRITTAE R EIER
&2 o DI (4 2B EAKXE R S MY R PR DR
FAERFFRR 2 R > 4118l 3 ~ 8 4 - BERREE SR EE 2 %
TRARBREHA BT > R > 2008 6 - 47 & AR 2 AR
FHEMEEEAX TRV AR NE - HERRE Q)
FIOERIIE SR EATT HZ 24 /N 2R E AR HHTR
HEEFEN X @) ZEEER —TITERE—REM Hi
BEANERD » BRREERKEMEERIEEE -



48 BRIRTE ~ SU4ER] ~ FF5E6E © (ER] QPESUMS R BRI AR K S raEis =t

1. Identify the problems

v
2. Methodology

Use radar rainfall
data (2005~2015)

Modify the Set adjustment || Use QPE mesh as
formula of EAR rule of R, a warning unit

v

Determine initial R, , for k=1 to NM

$ o

Calculate EAR,,  for k=1to NM

S

N Issue alert for mesh k

EAR : effective accumulated rainfall
R,, : warning rainfall
NM : number of QPE mesh

Adjust R, , for k=1 to NM

v

3. Evaluate the accuracy of warning
system for each year

v

4, Discussion

5 MRIZE

Fig.5 Flow chart of the study process.
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Fig.8 Adjustment rules of slopeland disaster warning rainfall for each QPE mesh
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2006 Y N 2007 Y N
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Fig.9 The occurring time of the landslide in Wulai Waterfall Park and the change of effective accumulated rainfall(EAR)
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Fig.10 The occurring time of the debris flow in Wulai District Xinxian Lane and the change of effective accumulated
rainfall(EAR)

T4 2006~2015 FRFEEEFMIBZ FITEMTE Rv + &K EAR THH{ERIHIER

Table 4 The results of average warning rainfall, max EAR and warning hit rate

FE i epi s SR PR, (mm)  EEEERE T SFEERREARIE (mm)  TEFIR(%) L)
2006 35 4418 195.8 84.8 0
2007 36 401.8 497.1 42,6 75.0
2008 40 4638 5717 295 87.5
2009 30 5122 282.0 89.0 40
2010 2 492.7 303.9 865 682
2011 35 497.0 2415 873 314
2012 24 4773 569.4 35 87.5
2013 12 549.2 309.8 92.8 333
2014 2 544.1 1920 91.6 9.1
2015 94 520.7 531.2 56.1 75.5
S| 37 490.1 377.8 69.5 50.8

i 1 2006 FZEFHFT R R AfichE 2005 FEBFTERZYHAE 2007 Y R WiEsT Al —FREEREMIEY » (RE 8 ZE M B AR 2 653 -
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Fig.11 Distribution of N-EAR and slopeland disaster on QPE meshes in Taitung Area During Typhoon Moranti in 2016
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The Benefits of Geotextiles on Slope Resistance to Erosion.

Feng-Chi Huang!™"  Kuo-Wei Chen¥ Wei-Ze Lioul' Hsiac-chia YenH

ABSTRACT Addition to erosion of soil slopes, surface runoff formed by rainfall may also erosion
ditch and Infiltration. which affects the overall stability. In practice. order to avoid the soil erosion
caused by munoff, geosynthetics can be laid on the surface of the slope for resistance to erosion.
This study explores the effectiveness of geotextiles with different types in inhibiting so1l erosion.
Based on the matenal characteristics, such as matenial surface roughness. material production
methods and thickness. soil erosion test was conducted by using artificial rainfall equipment to
change the effect of slope and rainfall intensity test factors on the resistance to erosion of
geotextiles. Quantify the data obtained from the expeniment. the functional charactenstics
represented by each characteristic data are clearly defined, and the erosion resistance factor of

geotextiles with optimized erosion factor 1s considered.

Eeyword: Geotextiles - Runoff - Resistance to Erosion.
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