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ABSTRACT

Due to extreme weather caused by climate change, excessive rainfall
rises the groundwater level, and induces landslide. If the prediction of
groundwater level can be realized, an early warning mechanism may
reduce the loss of life and property.

This research develops a groundwater level prediction model for
deep-seated landslide. First, the infinite slope theory and experimental
verification are established, and the critical groundwater level and location
of deep-seated landslide are deduced. Then, a linear reservoir model is used
to predict the groundwater level in the next hour based on the observation
data of rainfall and groundwater level.

The geology, rainfall and groundwater level are collected from the
landslide in the Chiayi County. First, the infinite slope theory is used to
calculate the theoretical critical groundwater level, and then the linear
reservoir model is used to find out the monitoring station with a better
relationship between rainfall and groundwater level. After selecting the two
stations with the best simulation results, a comparison of the linear
reservoir and the neural network model will be carried out, which will
provide the competent authority as a basis for early warning of large-scale
collapse.

Keywords: deep-seated landslide, groundwater level, infinite slope

theory, linear reservoir
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TIERH Us S o4 TIEAEEREA]
min ma Slé 11 nalié
Seéll daraded daranél, US 33 40
sandi Grané€l, sith littl€ or no
rines
Loorlii Graded aranél, UL 32 44
sandii Granél, sith littl€ or no
rines
Sandii tranéls - Loosé (US , OL) 35
Sandii Granéls - Dénsé (US , OL) 50
Siltii Granéls, siltii sandii UM 30 40
Oranéls
laiieii Granéls, laiiéii U 28 35
sandu Gran€ls
Séll aradéd sands, SS 33 43
Granélli sands, Sith littlé or
no rné
S éll-iraded léan sand, SS F - 38
ranéllii sands - omla ted
S éll-tiraded sand, (SS) 33
an(ular Grains - Loosé
S éll-tiraded sand, (SS) 45
an(ular Grains - Dénsé
Loorli Oraded sands, SL 30 39
Granélli sands, Sith littl€ or
no Tineés
Loorlii-oarded  lean SL - - 37
sand - omla ted
Uniform  sand, round (SL) 27
(irains - Loosé
Uniform  sand, round (SL) 34
Grains - Dénsé
Sand SS , SL 37 38
Loosé sand (SS , SL) 29 30




TR

US s 7748

TEAEES)

min ma Slé 11 nalié
Meédiarh sand (SS , SL) 30 36
Dénsé sand (SS , SL) 36 41
Siltii sands SM 32 35
Siltii  laiis, sand-silt SM - - 34
mi omla téd
Siltii sand - Loosé SM 27 33
Siltii sand - Dénsé SM 30 34
laiiéii sands S 30 40
aliéi sands, sandi- S 31
laii mi - omla ted
Loamii sand, sandii laii SM, S 31 34
Loarh
Inor0ani silts, siltii or ML 27 41
laii€ii Tin€ sands, Sith slitht
Nasti it i
Inoraani silt - Loosé ML 27 30
InorGani silt - Dénsé ML 30 35
Inoraani laiis, stltii L 27 35
latis, sandii laiis or loS
Nasti it i
laiis oF 16§ 1lasti 1tii - L 28
omla téd
Or6ani silts  and OL 22 32
orGlani siltli lalis or 1oS
Nasti it ii
Inordani  silts or hith MH 23 33
Nasti it ii
laiieii stlts - MH 25
omla téd
Silts and laiiéii silts - ML 32
omla téd
Inorani  laiis of hith H 17 31
llast itii
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TR US S #A TIEAEEREA]
min ma Slé 11 nalié
laiis of hith lasti 1t i - H 19
omla ted
Orani  laiis or hith OH 17 35
llasti 1tii
Loarh ML, OL, MH, OH 28 32
Silt Loarh ML, OL, MH, OH 25 32
laii Loam, Silti laii ML,OL, L,MH, 18 32
Loarh OH, H
Siltii laii OL, L,OH, H 18 32
laii L, H,OH, OL 18 28
Leat and other hithli Lt 0 10
orfiani soils
x4 TIEART]
-+ VS tenemer
R
min max Specific
value
Well graded gravel, sandy GW 33 40
gravel, with little or no fines
Poorly graded gravel, GP 32 44
sandy gravel, with little or no
fines
Sandy gravels - Loose (GW, 35
GP)
Sandy gravels - Dense (GW, 50
GP)
Silty gravels, silty sandy GM 30 40
gravels
Clayey gravels, clayey GC 28 35
sandy gravels
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Well graded sands, SW 33 43
gravelly sands, with little or no
fines

Well-graded clean sand, SW - - 38
gravelly sands - Compacted

Well-graded sand, angular (SW) 33
grains - Loose

Well-graded sand, angular (SW) 45
grains - Dense

Poorly graded sands, SP 30 39
gravelly sands, with little or no
fines

Poorly-garded clean sand - SP - - 37
Compacted

Uniform  sand, round (SP) 27
grains - Loose

Uniform  sand, round (SP) 34
grains - Dense

Sand SW, SP 37 38

Loose sand (SW, SP) 29 30

Medium sand (SW, SP) 30 36

Dense sand (SW, SP) 36 41

Silty sands SM 32 35

Silty clays, sand-silt mix SM - - 34
Compacted

Silty sand - Loose SM 27 33

Silty sand - Dense SM 30 34

Clayey sands SC 30 40

Calyey sands, sandy-clay SC 31
mix - compacted

Loamy sand, sandy clay | SM, SC 31 34
Loam

Inorganic silts, silty or ML 27 41
clayey fine sands, with slight
plasticity

Inorganic silt - Loose ML 27 30
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Inorganic silt - Dense ML 30 35
Inorganic clays, silty clays, CL 27 35
sandy clays of low plasticity
Clays of low plasticity - CL 28
compacted
Organic silts and organic OL 22 32
silty clays of low plasticity
Inorganic silts of high MH 23 33
plasticity
Clayey silts - compacted MH 25
Silts and clayey silts - ML 32
compacted
Inorganic clays of high CH 17 31
plasticity
Clays of high plasticity - CH 19
compacted
Organic clays of high OH 17 35
plasticity
Loam ML, OL, 28 32
MH, OH
Silt Loam ML, OL, 25 32
MH, OH
Clay Loam, Silty Clay | ML, OL, 18 32
Loam CL, MH,
OH, CH
Silty clay OL, CL, 18 32
OH, CH
Clay CL, CH, 18 28
OH, OL
Peat and other highly Pt 0 10
organic soils

AR BEERBEMESEERNR S - BAIRE#HS KE
BRI EZERILME ZERBEMESBEZNR 6 - XKH
FIKAE 6 B1TETE -
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MBS EZRE
Dt W3~W2
=30
(FRTERE) (SEZETP
E&E1E)
C 0
35
¢
C 0
29~34.5
¢
C 0.17~1.6
33~38
¢
C 1.9~3.9
33.5~35
¢
C 0.1~2.2 2~6
15~45 36~39
¢
C
¢
C 0.5~1 3
28~32 28
¢

[EE
2.73

W1~RF .
SBENE
(B E &b
W3-W2
E2ER)
2.1~3.8
9~16
1.3~2.9
18.2~18.5
1.8~4
25~45
30 0~20
40 20~23
0.5~1.1
28.7~30.9
0.5 0~5
28 15~31
30 0.5~1 2
33 28~32 20
BIE C
2.06 0.50

W1-RF

0.3~1.8
28.5731.3
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3.3 R KAIBEHIENHE

ARHZEIRFE Hont & S an (2011) 2 4R MK EERR T - 2RFER T 7K
mr

11 BEREB/KFARATNZ@i2 o] BKSGEEF=ZT_ (Chw
et al. 1988) H#/KIE TIE 7R ENEIZ -

ds
Pra (5)

NP s BKZRERE, | HARE . 6FM MKRARAZ; 0 &
RKERE - s o HEMNEE L ZZKEFR TR M(Rasmussen &

Andreasen, 1959 ):

S = phL (63)

P p BEMNEEIPEZE  h /7K (Maréchal et al. 2006; Park & Parker

2008; Sophocleous 1991) - s ¥ RFEIM D %
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<
A // :\ 0\‘ . v
» DL T e P
N + (/ \:‘ ( g{’ :
/ { - ' A,/ SO |nf|Itrat|on -
(:‘ "‘ / ’
- = :
Stream flow i tANY A v__ == — - groundwater inflow
N Ve
~ - v
groundwater outflow —
impervious layer control
volume
(@)  Water travel process from precipitation to stream
alP aLP

-|||q

M//////

; N

Groundwater level

(b)Conceptualization of infiltration process using a series of  identical linear
reservoirs
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B 11 #FARENEE=E

11 BERKZ AR RN -
| = |IO + |g (73)

o l, BMTAAR; |, BASE . ARREP HERBHE

BHARO, KEEES WF
1, =[P, —(E, +O, +S,)]L (7b)

Wu et al. (1996) BBEER DT - IESEREANSBEGRUT

l,.=0.87(P, —5.25) (7¢)

Xl BERIKEREFEZASS(mm), P, BEREmn)
525 mm BERIEREEPIEE  ERILEEASES -

Park & Parker (2008) BIREEHAS=|,, HEAKREP, ,

2@ - oJRGREERRT R

l,q =0P 4L (7d)

b o R EETT R 2 ASBEE -

s

R IRA R MK ERBFER AL 2t F KB - BEREAS

i

i MK ZISETE R n B EKERERN  BEKEBSHERN®ES
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B8 s B 30)AREKERZE  F—EKEKERE /AAZE

RRUUFEEBE - BT)IRA - JEBREREZRE

Al ()= %(t) (78)

BRRAKSGEER R - BTN AG)I - AlolH#1S5E n [EKER

_ alP(t) (t i _%:a _
Al (t) —ﬂ(n_l)!(ﬂ) e LP(t)H (t) (77)

: 1 Flads s B B8 &K o ¥
:_EEEF‘H(t)zm(EJ ef BABEYEMRERNE - HHE)

w5 - aEeEAASEH, BABEREL
t, =p(n-1) (70)

1 n-1 —(n-1
Hp=m(”—1) ek (7h)

(70X T s Bk - AL, AB H ) -

t

BB B AT At - BP, AR (M-UAt Bna 2 FERFE -
t=Nat ZAB KA
|, (t)=oL(RH(NAt)+ P,H[(N ~1)At]+ ...+ PH[(N -m+ L)AL+ ..+ P H At
— oL P, H[(N ~m-+1)at] (70

m=1

APANBERBN K s  ERABHERZFERE

3.3.2 MR KiRER
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ZHERE - B 4(b)-(c) - RIRRABRZ EERIZEEU N KA LA & R BE

ZHEHBE -

Infiltration

L v
- _Extra
< Base <+ inflow
- <— inflow <~ Base
Outflow inflow
(b)Drop groundwater level (hi>h2) | (c)Llft groundwater level(hi<hz)
P
VoYY ovoy
NE=
— T D
Ahss groundwater level
- «
A .
3 h
g hy 2 «
I
&
W
-
L l
5y L £ Infiltration
|| (a)control volume of groundwater level J, J? J, J, J?
Infiltration 1 l ] a
MAAAE: - S A Extra Extra
< < inflow = > inflow
< =< Base = < 3
Outflow __ < inflo Outflow < base
- e == inflow
é

(e)Drop groundwater level(hi>hz)

12 RFEAEIM N KNEEN (L

£ Darcy’s law - I FKAREARTE
Ah

bk AKSEEEY ; A

UREZKR - RN KRERE

Ah
0, =k
g Axh1
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= % RERKIDBE ; h DREMNEEZIKER - BRaeHE0

ot g . . Ah A Ah
KAESRBEA N B2 oA AN gy | g
AX AX  AX
O, =@En
I,-0 :k[th—hZ-hlA—hlj:—kLA—h(uj:-kuA—h (8¢)
g 9 AX AX AX L AX

fc:pjcggﬁaugg%m@ykjﬂ%rgi:”%hz . Park & Parker (2008) 18

BT REN SR AT REE B RGRINT
l —Og = KS =KpLh (8d)
ﬁ¢K;%% BT KEHSH  BRL=m R

(h, —h,)= Ah ~EU2—2;i 'K=—%;';‘%i2 , k, p Bh BIEE K

AISEE -
B ANBKABAR - AEEAENSA M ¢
I -0 =KpLh + AGLEN_; Py H [(N — m + 1)At] (88)
A BEKEERE
3.3.3 BUELEKER
R (6b) ~ (71) K (Be)TNAB)T - BIRE pL - clH#EE R0
ah g

o = Kn R HIIN - m e+ 1)at] (9a)
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1 =% (A+1
g MY k0 2. A B RIse Number) -

>R HIN-menat] \
i B/AB R NKAR - KERA MEE(Sink

Number) + Z/\iR 0 Z1E - Kh &3t FKKERIER -

Ya) B —PERMEM D HEI0 - OJAH 4 P& Runge-Kutta EERET
SK#%(Anderson, & Woessner 1992; Chapra & Canale 1988; Hong 2008;
Hong 2010) - B5tQa)R IS F

Ah .
e f(t,h) (911)

EE U =AU gmwmwRokas o gl

C,=flt h )= Khi+liPmH[(N—m+l)At] (9¢)

m=1

C,= f(ti +§,hi +§Clj
2 2
At 1 N N+1
= K(hi +?Clj+§(IZPmH[(N —m+1)At]+ 1> P H[(N —m+1)At]j
m=1 m=2

(9d)
C, - f(ti +%,hi +%ch
N N+1 (9f)

= K(hi +%C2J+%(IZPmH[(N —m+1)At]+ 1> P H[(N —m+1)At]j

N+1
C, = flt, +Ath +AtC,)=K(h +AtC,)+ 1> P H[(N —m+1)at]

m=2

(92)
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=h +
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