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To review historical disasters from 1950, LSL & MSD occur frequently.
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Typhoon Morakot

. Case Stud
 The storm turned into a typhoon on Aug. 4. y
e Rainfall started on Aug. 6.
Idea
* The eye of the typhoon left Taiwan from
Taoyuan at 14:00 on Aug. 8.
* The rainfall continued until Aug. 10. Experiment
115 2002 %ijiﬁjif:ﬂ("MOR?f(g)T) Y
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/ij o Solution
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| f} | - Conclusion
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Disasters of Typhoon Morakot
Case Study
® Alisan Station
® Long duration (91 hours) Idea
¢ High intensity (123 mm/hour)
® Large accumulated rainfall depth _
(3000 mm-72 hour) Experiment
® Broad extent (one-fifth of Taiwan was
covered) Modelized
e Sediment-related disasters in the
mountain area located within the Solution
range of precipitation > 1,000mm
] Comparison
 |nundation area located at the
downst.ream of rainfall center in . segiment bisaster | | Conclusion
the plaln darea Flooding Disaster
0—25—0100“1 _4_
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The relationship between accumulative rainfall and duration of

catastrophic typhoons Case Study
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Rainfall

Intensity y

(1,mm/hr)
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~———Type A (R<1000,|>100)

Shallow Landslide

-

Debris Elow )
Eleeding 5
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Type C (R > 10001 < 100)

Deep Landslide
- Landslide Dam

->

Accumuliative
Rainfall
(R,mm/Storm)

e Shieh, 2012
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" The scale and type of the disaster increasing with the frequent
appearance of extreme weather

Case Study

Landslide & Debris Flow disaster

R

Idea

Experiment

Modelized

Natural Dam Solution

Comparison

Conclusion
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Large-scale landslide and compound disaster
Case Stud
become a new challenge s
* Area : 202 ha Depth : 80 meter Volume : 24 million m3 Idea
Experiment
Modelized
Solution
_ | =¥ | Comparison
A - O, _—
Before Typhoon Morakot in Hsiaolin After Typhoon Morakot in .
. T Conclusion
Village Hsiaolin Village

(FORMOSAT-2) (FORMOSAT-2) 8-
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LESSONS FROM THE DISASTER OF HSIAOLIN VILLAGE

e Compound Disaster, included shallow landslide, debris
flow, flooding, large-scale landslide, natural dam break,
occurred In Hsiaolin village

* The main disaster Is caused by large-scale landslide.

&

Mitigation Strategies of Large-scale Landslide Disaster
in Taiwan

Background
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Conclusion
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IDEA FOR MITIGATION STRATEGIES OF L.S.L.
(6Ws1H)

B Where = Potential Area

B What =2 Risk analysis (influence Area)
BEWhy =» On-site monitoring

B When = Forecast and Warning System
B Who =» Evacuation Plan

B How = Training, Drills, Education

Background

Case Study
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On-site monitoring Forecast and Warning System
Warning Factor
1.1 LiDAR Scan
1.2 SAR IMAGE p S — Groundwater Case Study
— ~ Deformation ainta Level
1. Remote Sensing | — [ |
1.1 LiDAR Scan e 1
1.2 SAR IMAGE | 3.1 Survey
1\ markers iy, Normal Stage |e |dea
\ 4.1 Rainfall Gage 4. Hydrologic monitoring
4.1 Rainfall gage :
4.2 Groundwater level Any factor reach Experlment
4.3 Electrical Resistivity Tomography )
attention value
4.2 Groundwater level
Modelized
Attention
: Stage
S Totar Sl By markers | 21 eXtensor meters 2 Deformation of sip surface -
3.2 GPS LOG 1€ .
3.3 Tilt meters “‘--5___‘___5 2.2 tilt meters TheVErE o o SOIUtlon
Deformation and
Groundwater reach
warning value Compar'son
. . |
All the monitor result to setup the warning
system, such as rainfall, groundwater level, LTI SHEEE
: Conclusion
surface deformation.

How to combine all the result together? 12-
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e To Review Landslide cases In w0 [ Case Study
typhoon Morakot, 2009 ) i
mEmANETZ — 2000
« Group A is classified as new born landslide, = = ldea
and group B include enlarge case and @
. — 1000
combine case o b 5| Experiment
« New Born Case B — 500
O Cumulative rainfall >1,000 mm 100 — —o Modelized
O After rainfall peak o |
O near the turning point of accumulative ¢ _ | Solution
rainfall -
= 40 — .
e Enlarge & Combine case g - Comparison
20 —
O Cumulative rainfall is about 300- 500 mm - i
. 0 o LB S Conclusion
D Before ralnfa” peak 08/06 08/07 08/08 Dat 08/09 08/10 08/11
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Case Study of Large-scale Landslide

INn Taiwan

Definition of Large-scale Landslide
Area >10 ha
Depth >10 m
Volume > 104 m3

Background

Case Study

Idea

Experiment
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Solution

Comparison

Conclusion
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 Fast-moving landslide was caused by

typhoon.

 Hsiaolin Village, Kaohsiung County in

20009.
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Time : August/06-10 (Typhoon Morakot)

Area of landslide : 202 ha

Depth of landslide : 80 m

Slope : 26°

Movement Distance : 2000 m
Accumulative Rainfall : 2583 mm
L oose soil mass

With the imprint of groundwater
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 Fast-moving landslide was caused by typhoon
» Taimali River, Taitung County in 2009

Time : August/06-10 (Typhoon Morakot)
Area of landslide : 290 ha

Depth of landslide : 200 m

Slope : 22°

Movement Distance : 1000 m
Accumulative Rainfall : 1400 mm

Loose soil mass

With the imprint of groundwater
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« Slow-moving landslide was caused by rainfall
 L_ushan landslide, Nantou since 1994
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Modelized

100 1000

o

Area of landslide : 30 ha Solution

Depth of landslide : ~100 m

Slope : 26° Comparison

Mass movement

With the imprint of groundwater Conclusion
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« Slow-moving landslide was caused by rainfall
o Li-San landslide, Taichung, since 1990
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» Area of landslide : 230 ha
» Depth of landslide : ~50 m
» Slope : 20°

 Movement Distance : 800 m
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» With the imprint of groundwater
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!Similarity of F.M.L and S.M.L.

Shallow Landslide
(fast-moving landslide)

Large-scale Landslide
(slow-moving landslide)

1500

Occurrence: < 2 days(Typhoon Saola)
without the groundwater layer

Slope =22° ~ 29°
¢~ 25°
I, =99.5 mm/hr
P=1132 mm

Occurrence: For decades
with the imprint of groundwater

Slope = 24" ~ 26°
@ = 22° ~27°

Large-Scale Landslide
(fast-moving landslide)

A Hsiaolin Vi"'lulalc'je(2009 yr.) n

Occurrence: 4 days
(Typhoon Morakot)
with the imprint of groundwater

Slope = 26°
@ =21 ~25°

I, =30 ~35 mm/hr(2005~6 yr.) i, =103 mm/hr

P =820 mm (2006 yr)

P =2583 mm
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Background

Difference of F.M.L. and S.M.L. Case Study

. Experiment

1.6

] —

F.S.

50 [ Solution
o2H——Fs. L. 02H—FS .

F.S.=1

Time Time

Comparison

Conclusion
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R
Safety Factor FS = >

D - R =(1-FS)D = Net force acting on sliding block = Ma

D: Driving Force

D dFS R: Resistance Force
= ﬁ(l_ FS)=a, where1-FS = Wm M: Mass of sliding block
= a= EdLSAt
M dt
~ 3o dFS |
. ——FS(1)
dt - ——TFS =1

FS(t)
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« The flow velocity of infiltration and groundwater is usually small, therefore, oo Stu
] o ase Study
what’s reason causes the rapid decreasing in F.S.?
* \We are interesting in what kinds of interaction between infiltration and Idea
groundwater will trigger sudden failure or creeping landslide.
Experiment
Ground surface
Modelized
Infiltration layer
Solution
Touch Comparison
y v
| 4V
Groundwater layer Conclusion

29,
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Case | * Air escape from bottom Case Il - Air escape from top Case Study
ey Z VA
0.04 m T A A AirFlow
Z v z, << £ 5V Idea
Water Water
Zg Lg
Infiltration Layer Infiitration Layer
Z, Z, H— —
Se
0.85 m |
9 , Modelized
Cavity Layer Cavity Layer
§:: Air Flow :v:> - v |
. = = Solution
Saturated Zone
H_D Saturated Zone > X
~ E >» X

=
e

é (T) Comparison
Scale "=~ XPorewater

pressure gauge

Conclusion
Experiment | Ws © weight
measure data | p,, : porewater pressure -23-
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_ Experi-[nenl data rorm 20 1 SKOZFO? (Open co}mm)
1 | | I I 1 I 10
Pore water pressure —
- . D_g H Scale B ... pW i 9
f i e
E ! - 0.8 8
L ' 07t -7
é . ' 0.6 L p —=6
- o - i
: L....j; “p E 05f -5
: - i .
t | aumg: : 04 14
E‘ r‘ :' i 1= 4
: L] . 0.3 -3
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]
: 0 | ¥ T T T 1 1
« 0 20 40 &0 80 100 120 140 160 180
:Q Time (s)
f | 2
! l ] 1.8F -
i 16 E
| S \
08F STt (R b
SF c+{(L—n)yLs +Sny,h(t)— p, (t)} tan pcos & oot i
{L—n)yLs +Sny,h(t)}sing o.zn §
00 20 4I0 6IO BIO 1 (I)O 150 1:10 160

where, ¢ =25°;60 =30";¢c=0.

Time(s)
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Case Study
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Solution

Comparison

Conclusion
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Anticipation of change in
Case II: Groundwater upwelling pore water pressure
(Ilustration) Case Study
[ ] pt
y Idea
- Pw
= Modelized
Time

Anticipation of change in S.F.

2 Solution
Elevation controlling of ~ ter - o.o...... . 0y
groundwater | Comparison
1 D
k ]
 —)
*‘ ? Conclusion
Scale "=~ Pore water

pressure gauge
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Experiment data form 2015/02/09 (Bounded column)

1 T T I T T T T T T 10
Pore waler pressure
08 Scale 5
QTr 7
06+ B
Q5r 5 b
0.4 4
0.3+ 3
Q2r 2
01F 1
0 L 1 1 1 1 1 1 1 1 O
o 20 40 80 80 100 120 140 160 180 200 220 240
Time {51
2 T ) T 1
18F -
16} -
14} -

04 -
—F.5.=1
0 1 1 1 1
0 50 100 150 200 250

Time(s)
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Comparison

Conclusion
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* Develop the theory from physical phenomenon

NS Py +V-nSp,v, =0
Equation of ot
mass conservation _
onL=5)p, +V-n(1l-S)p,v, =0
ot
Dv o
nSp, ——=nSp,9+V-(-p,| +/fw\
Dt ( ) S Interaction among
. Dv — the constituents
Equation of a
momentum conservation n 1_8 — n 1_8 +V. _ I -‘ f \
t t ( )pa t ( )/Oag ( pa )\9 fw+fs+fa:O
A= p s 1-n)p.g+V-o +/F )
105 Dt T psg O-s \s/
m —
Equation of state =—RT
g P, M

Background

Case Study

Idea

Experiment

Modelized

Solution

Comparison

Conclusion
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‘ Background
« Convert the 3-D governing equation into 1-D.
Case Study
e Interaction among the constituents in 1-D Idea
-the momentum supplies(interactions) can be divided into two parts
Experiment

f "% caused by the normal pressure in the constituents surface

f ' the drag force due to the relative velocity tangential to the constituents surface | nodelized

fW fs fa

, ) \ R \ Solution
fv\kl)uoy — (1_ n) nS apw + n(l_S) apw fsbuoy —_ (1—H)E%+(l—n) n(l—S)% fbuoy — (1_n) n(l_S) apa _ n(l_S) apw
n oz n oz n oz n oz a oz n 0z
" P, | | o P Comparison
fWIZ—nS p fsreI:nS%_i_n(l_s)% fa|:_n(l_S)L p
0z oz 0z 0z
Conclusion
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e Governing equation in 1-D form

0 0

—(NnS +—(nSp, U, )=0
Equation of ot ( pW) 0z ( Pw W)
mass conservation 5

ot

apw + apiw j

Du
nS W —=—nS —nS
Pu by Pul (az oz

Du

Equation of
momentum conservation

Dt 0z

Equation of state ~ P,ZA=—RT

m
M

Background

Case Study

Idea

£ {n(1-5)p,}+ = {n(1-) pu,} =0

Experiment

Modelized

n-S)p, Dta =-n(1-9S)p,g+(nS—-S-n) P,

- -(1-5) F

n(l—S)%

Solution

~(1=n)

(-n)p, 2 =—(1-m)pg -+ {n Py
YA

}+(1—S){n

Comparison

Conclusion
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_ Experiment data form 2015/02/07 (Open column)

1 I I T T T |
ﬂ‘ Pore water pressure Case Stu dy
().Ea OSSO T OTUUO o TSSO RPS VRTRT PPN

Simulation
0.8

0.7} i Idea

kPa

0.5 i Experiment
().41 U O U OT TR U FOTUOTE IO SO SO PP SRSV POTPPUPRP

0.3 i

Modelized

0 R . . ‘ l l Solution
0 20 40 60 80 100 120 140 160
Time (s)

20 T T T 1.4

pt_ 12} ]
g 10 Ps| N

o8 I Conclusion

F.S

) 08 ——Fs.

p ................ F.S.=1
L L L L L L L L W 04 ’ ‘ l I ‘ y ‘ : ;

20 50 50 o v 50 100 10 120 20 30 40 50 80 70 80 90 100 110 120 _30_
. Time(s)
lime (s)
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e ¥

A

Case Study
Pw

Idea

Pore water pressure.

Experiment

Modelized

Pore water pressure.

Time

2 Solution

kPa

06 Conclusion

0_4_ ........................................................................................................................................................................... -

F.S=1
- 0 -31-
Time

Time
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1 l l l Case Study
Pore water pressure p
09 B Sinlulation W
0.8 8
Idea
0.7 |
0.6 .
g 05 . Experiment
0.4 i
0.3 . .
Modelized
0.2 |
0.1 -
0 Solution

20 T T 14 T T
1.2 S .
151 e 7 pt T~
o1
< 10r _pW = )
— o8r . Conclusion
5H ——P,, . pS 0.6 s i
E el e i | — ES.=1
0 s,”"—_\ I 1 1 0.4 1 | 1 I
0 50 100 150 200 250 0 50 100 160 200 250 - 3 2 -

time (s) Time(s)
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Conclusion
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Case Study
* This model is a pilot study of LSL warning Idea
system In Taiwan . More field data are oerimen
necessary before It Is used.
Modelized
* The moment of infiltration front touch with solution
groundwater will induce fast-moving LSL. Comparisor
Conclusion
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¥

Case Study

Dot Touch !!

Idea

PPFALOOCOMEAZER

P E.. ' Experiment

- THE EXTRA-TERRESTRIAL

« THE 20 ANNIVERSARY
*

Modelized

Solution

Comparison

Conclusion
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