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Using the Information of Geology and
Hydrology on the Early Warning of Deep-
Seated Landslide (II)

R REE

AT B M hERE

AT B R 1109 F02 AO6 BZE 109 %12 A 31 B
FEEHA B HK

£REFHFA AR HIx

AHEEEEEGRERIER B
3% RE — O A4+ A
(ABEZNDZREFGBITERERL  ERAHEHSEFE)






HE 4SS S F 2R A A B T A R (=)

&

AARBERRE BRI T RMBAL L4 0 v ABBERE%
BB M B LB B e 0 ARG IR T KL R AL &
AR KA E R GRS R T X ERT — /N DA
NEFIBTF KA o AR SLEPEF K ST E ML A 4 BP BTk B AR AR
WIRIG Z FEMR R KA > SAE LA LI I5 R 7 AT KA A 35
TAR A B o AT EEREET » MR R AR A A REWT R4 0 &
hatt ERETRASEGHRKASZE - ATt X EEE a4
B — N RN B R 0 B ARRE NG 02m 0 =R
R E R 0.5m > BT AN AR AR - /MRS g @5
T ERAT S MRS 0 B AR BB AR 0 45— 2= NI TRRIY T ARR

EX4 B 025m > RN NEFFER o

PIGESE) @ ARJR B3R W KA~ BPESTRE A4 > SRR~ AT



Using the Information of Geology and Hydrology on the
Early Warning of Deep-Seated Landslide (II)

Abstract

This study developed a real-time early warning system for
groundwater level of deep landslides. Through theoretical analysis and
laboratory experiment, the critical groundwater level and position of
seepage erosion was derived, and then the next hour, two hours and three
hours of groundwater can be predicted by linear reservoirs and artificial
neural networks. A real-time prediction system, which integrates on-site
rainfall, groundwater level can be established. Outcomes shows that linear
reservoir routing method gave a high estimation on the range of peak
groundwater level because of high infiltration coefficient K. Because the
Root Mean Square Error (RMSE) of Feedforward Back-Propagation
Neural Network(FBPNN) was smaller than 0.2m in one and two hours
prediction, and bigger than 0.5m in three hours prediction, FBPNN can be
used to predict one and two hours prediction. RMSE of Nonlinear
Autoregressive With external Input (NARX) Feedback Neural Networks
was almost in the range of 0.25 in one to three hours prediction because of
autoregressive mechanism. Therefore, NARX can be used to predict three
hours groundwater.

Keywords: Deep-seated landslide , Groundwater level, Real-time

Warning System, Linear Reservoir, Artificial Neuron Network.
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k2 BEBIBZNERA &3 AW R I (Geotechdata.inf,

2013) © TR AL HRHAE A RIE -

k2 ABEEZNEHA

H R4 IE USCS 748 | 23R M EHE AL

min max | Specific
value

Well graded gravel, sandy gravel, with GW 33 40

little or no fines

Poorly graded gravel, sandy gravel, with | GP 32 44

little or no fines

Sandy gravels - Loose (GW, GP) 35

Sandy gravels - Dense (GW, GP) 50

Silty gravels, silty sandy gravels GM 30 40

Clayey gravels, clayey sandy gravels GC 28 35

Well graded sands, gravelly sands, with | SW 33 43

little or no fines

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

Compacted

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

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

Poorly graded sands, gravelly sands, with | SP 30 39

little or no fines

Poorly-garded clean sand - Compacted SP - - 37

Uniform sand, round grains - Loose (SP) 27

Uniform sand, round grains - Dense (SP) 34

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 Compacted SM - - 34
Silty sand - Loose SM 27 33
Silty sand - Dense SM 30 34
Clayey sands SC 30 40
Calyey sands, sandy-clay mix - SC 31
compacted
Loamy sand, sandy clay Loam SM, SC 31 34
Inorganic silts, silty or clayey fine sands, | ML 27 41
with slight plasticity
Inorganic silt - Loose ML 27 30
Inorganic silt - Dense ML 30 35
Inorganic clays, silty clays, sandy clays CL 27 35
of low plasticity
Clays of low plasticity - compacted CL 28
Organic silts and organic silty clays of OL 22 32
low plasticity
Inorganic silts of high plasticity MH 23 33
Clayey silts - compacted MH 25
Silts and clayey silts - compacted ML 32
Inorganic clays of high plasticity CH 17 31
Clays of high plasticity -compacted CH 19
Organic clays of high plasticity OH 17 35
Loam ML, OL, 28 32

MH, OH
Silt Loam ML, OL, 25 32

MH, OH
Clay Loam, Silty Clay Loam ML, OL, 18 32

CL, MH,

OH, CH
Silty clay OL, CL, 18 32

OH, CH
Clay CL, CH, 18 28

OH, OL
Peat and other highly organic soils Pt 0 10
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* 3 LEARA

LIRAE USCS | M A Cohesion [kPa]
7 ¥A min | max | Specific value

Well graded gravel, sandy gravel, with GW - - 0
little or no fines
Poorly graded gravel, sandy gravel, with GP - - 0
little or no fines
Silty gravels, silty sandy gravels GM - - 0
Clayey gravels, clayey sandy gravels GC - - 20
Well graded sands, gravelly sands, with SW - - 0
little or no fines
Poorly graded sands, gravelly sands, with | SP - - 0
little or no fines
Silty sands SM - - 22
Silty sands - Saturated compacted SM - - 50
Silty sands - Compacted SM - - 20
Clayey sands SC - - 5
Clayey sands - Compacted SC - - 74
Clayey sands -Saturated compacted SC - - 11
Loamy sand, sandy clay Loam - SM, SC | 50 |75
compacted
Loamy sand, sandy clay Loam - saturated | SM, SC | 10 | 20
Sand silt clay with slightly plastic fines - SM, SC | - - 50
compacted
Sand silt clay with slightly plastic fines - SM, SC | - - 14
saturated compacted
Inorganic silts, silty or clayey fine sands, | ML - - 7
with slight plasticity
Inorganic silts and clayey silts - ML - - 67
compacted
Inorganic silts and clayey silts - saturated | ML - - 9
compacted
Inorganic clays, silty clays, sandy clays of | CL - - 4
low plasticity
Inorganic clays, silty clays, sandy clays of | CL - - 86

11




low plasticity - compacted

Inorganic clays, silty clays, sandy clays of | CL - - 13
low plasticity - saturated compacted
Mixture if inorganic silt and clay - ML-CL | - - 65
compacted
Mixture if inorganic silt and clay - ML-CL | - - 22
saturated compacted
Organic silts and organic silty clays of low | OL - - 5
plasticity
Inorganic silts of high plasticity - MH - - 10
compactd
Inorganic silts of high plasticity - saturated | MH - - 72
compacted
Inorganic silts of high plasticity MH - - 20
Inorganic clays of high plasticity CH - - 25
Inorganic clays of high plasticity - CH - - 103
compacted
Inorganic clays of high plasticity - satrated | CH - - 11
compacted
Organic clays of high plasticity OH - - 10
Loam - Compacted ML, 60 |90

OL,

MH,

OH
Loam - Saturated ML, 10 20

OL,

MH,

OH
Silt Loam - Compacted ML, 60 |90

OL,

MH,

OH
Silt Loam - Saturated ML, 10 20

OL,

MH,

OH
Clay Loam, Silty Clay Loam - Compaced | ML, 60 | 105

12




OL,
CL,
MH,
OH,
CH

Clay Loam, Silty Clay Loam - Saturated ML, 10 |20
OL,
CL,
MH,
OH,
CH

Silty clay, clay - compacted OL, 90 105
CL,
OH,
CH

Silty clay, clay - saturated OL, 10 |20
CL,
OH,
CH

Peat and other highly organic soils Pt - -
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Okeke & Wang (2016)i&4T 8 5 ¥ A 338 4 s > R B B R 20 35
REERZ BB B o 25 MR LR AR K L3 > RUBIRIR R B i r i
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( Critical Erosion Test, CET) ° 48 3> & CET AZ &M% » L H 5k
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ABREBIBKR S KERBAART > Le=H,, L=H - RIFFETBEHE > 7T
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P3 75 7] &5 18 %5 41 & #2 (Bernoulli’s Equation) * 3 H 4w F

2 2
§+H+V 5 2 +(H-H )+V—+AH
y 2g vy 2g
AT
P3 PZ Vng
===+ H, — == 4

W (4a) A (de) K > RIAEIFHRNLEZBRA A

P3

———+—[1— ]+H ~V, L (A) (4f)

sboh > T Pa TR T

V22+P3+(H FH) =ty aH, +H, + 02
29y YTy 29

FERhnh 2B THPH P, 2R EEFTX

AP. P. P
=32 H_+AH,

Yy vy ¥
AP V.
= H, (1 + K—Z) (4g)
APS _ aVvy
~ = H, (1 + AKS) (4h)
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By

Bk AR 0 R BB TR o> XA RKERA)K K Al
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BRI — S w W -

e
/ SR o
e
= 7
S RuEEGE

=

\

B 4 ERE%RFEHE

% 4 Btafoi%:E B (Geotechdata.inf, 2013 ) » T34t K R 3K
L IE A0 BB A BUE R ARYE - M3 RBIRZEESFE A > B AT & 48
MEMTREE > KFEERFEAL  EX AR LR BIRR
B RSB INABR KL AR

&k 4tk B RAAR

2NN “b% . = “é} .

TiEAM , .
R 45 1% 3 min | 1% ¥ max
AR
(m/s) (m/s)
1

Well graded gravel, sandy gravel, GW 5 00E-04 |5.00E-02
with little or no fines
P(?orbf graded gravel, sandy gravel, GP 5 00E-04 |5.00E-02
with little or no fines
Silty gravels, silty sandy gravels GM 5.00E-08 |5.00E-06

18




Alluvial sand and gravel (GM) 4.00E-04 |4.00E-03

Clayey gravels, clayey sandy GC 5 00E-09 |5.00E-06

gravels

Well graded sands, gravelly sands, SW L00E-08 |1.00E-06

with little or no fines

Very fine sand, very well sorted (SW)

Medium sand, very well sorted (SW)

Coarse sand, very well sorted (SW)

Pgorly graded sands, gravelly sands, Sp 2 556-05 |5.35E-04

with little or no fines

Clean sands (good aquifers) (SP-SW) |1.00E-05 |1.00E-02

Uniform sand and gravel (SP-GP) |4.00E-03 |4.00E-01
11 1

Well graded sand and grave (GW-SW) |4.00E-05 |4.00E-03

without fines

Silty sands SM 1.00E-08 [5.00E-06

Clayey sands SC 5.50E-09 |5.50E-06

Inorgamc_: sﬂts, silty or .cl.ayey fine ML 5 00E-09 |1.00E-06

sands, with slight plasticity

Inorganic clays, s¥lt.y clays, sandy CL 5 00E-10 |5.00E-08

clays of low plasticity

Organic s11t§ e.md organic silty clays OL 5. 00E-09 |1.00E-07

of low plasticity

Inorganic silts of high plasticity MH 1.00E-10 |5.00E-08

Inorganic clays of high plasticity CH 1.00E-10 |1.00E-07

Compacted silt (ML-MH) |7.00E-10 |7.00E-08

Compacted clay (CL-CH) |- 1.00E-09

Organic clays of high plasticity OH 5.00E-10 |1.00E-07

Peat and other highly organic soils [Pt - -
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=~ HgMAKEAKXFARMT KA

AFRRERA 3 E £ 45 A4 R (Hong & Wan, 2011)Z 42 M K B 4
A > RFRABETF Kb F
(—) TG TR

S(a) &M E KRB 2B > 7T A KRREF 2K _

(Chw et al. 1988) #4ii/kf£ LIEF Ehia 42

ds _
dt

AP SHRKZEEERME, | ANAR QREMTRKAARANE O &

-0 (5)

TR RE

S TR EAMA @M L X2 7KE & T4 T (Rasmussen & Andreasen,
1959 ):

S = phL (6a)
AT p A B EAETLRF > h A KR (Maréchal et al. 2006; Park & Parker

2008; Sophocleous 1991) * S ¥ B R4 % 4

s _ . dh

=P (6b)

1. BRABRE
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precipitation

R RN

A A &\OMI

A K N (’\ Oﬂe‘ V
+ /l \:‘ « . ~ / v
A A { N
J / P yocal .y infiltration - — -
\ 5 ”~ - -
: az-" Ly -
=~ ; A\
1= v. Y -7 “« groundwater inflow
\ \Strearn flow Je—  ~ T e— “«
groundwater outflow P —
impervious layer control
volume

(a) Water travel process from precipitation to stream

oLP aLP

s

AIp,l _'_/'—.*'/r
! )
/ - 1 ’ I,
e . . /
I / K=ol /
' ! 4 \ \ i 1
= L [} ;o } \ \ H
- 1 : i i, VouN '\ '
! H (SN \ SAN AN \
s ! N N\, L N, S \
R v \ SN \ )
St \ \ I )
' I \ )
\ | \ /
|
H 1

..||<]

\
\ AN

AT
) Al

)
.uQ‘

Groundwater level
(b)Conceptualization of infiltration process using a series of 7 1identical
linear reservoirs
5 WTFARKREMS
5(a) 8T AKZ NIRRT &R The F !

I=1,+1, (7a)
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AF I, BTFANR: I, AAEE > BAERE L BRARKE
E, “/xitmeO R E 525 %o
1,=[P-(E +0,+S)lL (7b)

Wu et al. (1996) & %38 5 547 > HEAFEREANS M4 T

1,,=087(P,-525) (7¢)
AN¥I,, HENERFHEZIANBLEmm), p, &% HE(@mm) - 525
mm A8 3] o F 4 PR A > RN E Rl RS E -

Park & Parker (2008) AR B A% % 1,, fEAMERER,

Z [ TRARETET
I,,=0P,L (7d)
Ato KEMEREZIANBLLE -

AFFRAR A G KRB SR AL E T KB EREANS
AT RZ R n BEMKRERET  BEKEAEE S
T B SO)AGEKEMAER > F—ERUEKEREAL(l) 5
ANBERUEEE FE > HFOHKRAN > THFEREZ R oLr():
Al (1) 220 (7e)

B
HAAEEFT R BT)RANG)K » BITH#FF n 18 KRR

a1, 0= AP LT aartont 7



Kb H()= ! (%W*%A%%iﬁ&%%&ﬁv%H@%%’
pln—1)\ g

THARANSEH, BB

t,=pln-1) (7g)

]”:BG%W@_”M(W” (7h)
(TR Thap BonAik » B, KB H, Mo e
A B P BRI AR % At 0 3R P, AN (m—1)Ar BomAt B Z 5 R IR B
t=NAt ZNEBFE B

1,,(t)=oL(RH(NAt)+ P,H|(N —1)At]+...+ P,H[(N —=m+1)At]+...+ P, H[At))

= ocLZN:PmH[(N—m+1)At] (71)

RAPNBERAnRp > SBRANBGERZEEER
23T KRR

B 6(a)RAT AR BEHE > ABE L~ WTFANRL, RHR
£0,248A 1% > B 6(b)-(e) > RIRAR ZAA FHBT KM AR

TrEx LB -
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Infiltration

< Base
<— inflow

(b)Drop groundwater level (hi>h2)

Ly
RN

Ahi X

roundwater level

ST v
A h2

Og «— L D
- «—
- «—

— —
Ax L Ax

Infiltration

(a)control volume of groundwater level

Infiltration
vvvvvvvvvvv EXtra
<+ inflow
- B
. ase Outﬂo
inflow & <
(¢)Drop groundwater level(hi>h:) (d)Lift groundwater level(hi<hz)

6 F& 7R HA f 3T KA R B 44 1L

% & Darcy’s law » ¥ TFRANRE T kw5

I _k%h (8a)
AT k %7](}]/@} 1B BN ﬁJ/\/ﬁ§4ﬁé£§

Z KRR HWTFRRE R A

Mh (8b)

Kb A KA g BB R 2 AR BB A
A

hleh s B AR

E Ax g/\ﬂi'amLiOé'

KN B IRAN A gp%:

B4



Ig—ngk(th—hz—hlA—hl A G U (8¢)
Ax Ax Ax\ L Ax

R b 42 BT K = th » _ Park & Parker (2008) {53% %

HARRRE ERMMTRAZ M AT

1,-0,=KS=KpLh (8d)
N —kl Ah > A 2 2 271
AT K:EE BT KR S8 B& LA & (b —h,)=Ah * B
Ah ki’ ‘ . ‘
EE:’szm’ﬂ%ﬁ,hz?&h%iﬁ’K%%%ﬁ°

EENBBRENR > AREFRATHERT X
I—0=KpLh+AaL YN _; P, HI((N — m + 1)At] (8e)
AF 4 AEKEEHK
(=) BAE Ty 7k K%
H(6b) ~ (7)) A (8e) RANGB) R, » BRI pL > THFT R
Ah

o =K IZN: P,H[(N —m+1)Ar] (9a)

m=l1

A F 1=%(A+l) » BRI 0 XA 0 & & A LS B (Rise Number) *

IZN:PmH[(N—mH)At] BNGRITANR » KE &R AT % #(Sink

m=1

Number) * A/ 7 0 218 ° Kh B3 F/KKBHEK -

Qa)X & — Mo 2 > TH 4 % Runge-Kutta LA X,
K #%(Anderson, & Woessner 1992; Chapra & Canale 1988; Hong 2008;

Hong 2010) > & 2&(9a) X, T4 4 F
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Ah

= sen) (9b)

Rk ot =Axi 0 BEEMTARMEE h o R

C, = flt, b )=Kh, + Iﬁ: P H[(N —m+1)A] (9¢)

m=1
ot te

N+l
:K[h Aztcj Z(IZPH[N m+1)At]+ 1Y P H[(N - m+1)Ar]j

m=1 m=2
oo fi2ate)

N+1
_K(h Aztczj 2(121)1{ N-m+1)At]+1Y P, H[(N - m+1)At]J

m=1 m=2

(9d)

(9D)

N+1
C, = flt, + ALk +AC)= K(h + MC)+ 1Y PH[(N-m+1)A]  (9g)

m=2

XFp. A Na BERIZBERE - E—F5W o e +7t 2 ERE

N+1

FE k4o H b — (IZPH N-m+1)At]+1Y PH[(N - m+1)At]j EE WP

m=1 m=2

l; +% B P X N5 R REBRINGRFE - ARAF 4 % Runge-Kutta 78 5% -
AEFR 2 HTF AR D, B

h., =h, +%;«3+2C2+2C3+c;) (%h)

Oh) KX RAF 1, BFFIZ T R B, B R 2 [ RKAF -
~ JE R SRR SIS TRABE T KRR B &
AR AF R A Hong(2017)8H 3 2 7 ik AT Al 3R M2 W0 T KA TR

A BBFARMAKEE  TURTIFRR— o~ — | HFEE T X

26




2T AR TAR e R B A MES AL Z &K

EEZM -

UKXAERRIERTE » BRENKE  RENSE LI &8
— BB RpEESKRE  RRGEEFREKRBRETH - R
Y E iRl o BPEF LT KA RIS R AF 3 2 R R T KA 84 4E - BpEF
WFAMRERARFHRAZE T  MARZERZA—5HEH > Al
ABHERBETRATHE - T&E H A Hu 23 At & tH] BFRZ
WFARAM P&t BRI Z M & > f(HePy, Pr,..., Poo) A3 H 8 o 7T
#AFTF A

H, =H, +f(H;P,P...P.) (10)
(10) KR BA ¢+ 1 B R 2 30 F AR AL 2y ¢ B R 049 36 F KA B2 AT B 5 157
ZHE - B Han() B t £ t+1 XM XM TAKIEHE > R1(10)

AT EA

Hyy(0)=H,, ~H, = f(H;P.F,..P.) (11)

A EFR QD)X R — 25 R BT A% $ 8 48 b B T M
o bR EB EITHRE 28 E - § AT KBS S
R AR IR JEAY 2 498 0 1B A 25 MAAY R TU > ik R B TR R B R Y
WFAME R IEBE 24 NEFRBATMTARA > &3 H AP,

By s PLs BIANJG > BEHGILEH,, () AW LR © A%%KA S

27



BB 0 WA T3 ABME T AR B IS B L log-sigmoid & 3% F
o BAE Z8 R KA &M% (Howard and Mark 2004) T8 78] 3R
30 T ATAR AR B R] > TTEF AR ML B AT R £ -
FAAFBAT A A CES » KRAFERERRET RELEHR
IR AR BRI AR BB AER - AT EHRABE 24 P EFTE
WA E T ZHT AR TR — /N~ /B R =N AL
(BRI 1% 2 4B 0 4% A Matlab NNTool #4734k » 34k PriF £
o BWAR —GERETRE » RKRRTRES AT » @ATH

BEFERIZ A > B 7 ATER F R 2 T KA o

B ' Z\Google ElntEIR\FEE RS\ BKRE\2019\BF 5t B\IREE\HAREFEE \input.exe
”IOUHL“dtGI[744] 14.9655 rain[244]1=0

”10und“dt€l

ground“ateI
groundwater|[?
oroundwater|:
groundwater|[?
groundwater|:
groundwater
groundwater|:
groundwater
oroundwater|:
groundwater
oroundwater|:
groundwater
oroundwater|:
groundwater
oroundwater|:
groundwater
oroundwater|:
count = 264
Ra1nmin=0

Ra1inmax=29

.7055 rain
4.6925 rain
.686 1d1n[
4.6665 rain
.647 rain|

.9395 rain[245]:0
4.92 rain[246]=(
.907 rain[247
4.894 rain[248
.8225 rain[24
4.829 rain[250
.8095 rain|
4.7965 rain[
.7705 rain|
4.751 rain[2
.7575 rain|
A4.7445 rain|
.7315 rain|
4.712 rain[2
[

[

2

[

2

0
C
=0
0
=0
:0
0
0

5
]
]
o
]
]
L
=0
5
5

25
25
25
54
258
25
25
58
25
26
611=0
26

63

0

]
]
9
]
1
2
]
g
6
7
]
g
0
]
2
]

rain[264]1=0

gorundwater min=11.358
groundwater max=21.504

Please input influence hours of rainfall

24

Please input the predict time of groundwater

20

B 7 R4 7
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NNTOOL AT » & BB FE LR T RNk E 8§ -

¥7 Create Network o... — X
Network Data

Name
SWCB

Network Properties

NetwFeed-forward backprop v
Input data: Train_Input v
Target data: Train_Target v
Training function: TRAINLM v
Adaption learning function: LEARNGDM v
Performance function: MSE v
Number of layers: 1

Properties for: Layer1

Number of neurons: 73
Transfer Function: TANSIG ~

DView | # Restore Defaults

@ Help *Create @Close

(a) NNTOOL % #3% &

Hidden Layer Output Layer

Input i L Output
73 1

73 1
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(b)zk & 2 A A

4\ Neural Network Training (nn...  — O X

Neural Network

Hidden Layer Output Layer
Input Output

73 1
73 1

Algorithms

Data Division: Random (dividerand)

Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error (mse)
Calculations: MEX

Progress
Epoch: 0| 10iterations
Time: 0:00:38

Performance: 0.275 _

Gradient: 3.23 :
Mu: 0.00100 1.00e-05
Validation Checks: 0 6

Plots

Performance ‘(plotperform)

Training State ‘ (plottrainstate)

Regression ‘ (plotregression)

Plot Interval: ' 1 epochs

¥ Opening Regression Plot
® Stop Training

1000

0.00
1.00e-07
1.00e+10
6

@ Cancel

() E MR
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[4] Neural Network Training Performance (plotperform), Epoch 10, Valid... — m] X
File Edit View Insert Tools Desktop Window Help

Best Validation Performance is 0.0026351 at epoch 4

100 F
Train
Validation
Test
107 F Best

=

S
N
T

S
—

Mean Squared Error (mse)
3
w
:

=

o
IS
T

10-5 £ L L L ]
0 2 4 6 8 10
10 Epochs
EX- Y
(d)¥H R £
4] Neural Network Training Training State (plottrainstate), Epoch 10, Va... — O X

File Edit View Insert Tools Desktop Window Help

105 Gradient = 0.00050252, at epoch 10
5
S 400 B i
g 10
(@]
10»5 L L ! L
10 Mu = 1e-05, at epoch 10
2 104k 1
10 -
o Validation Checks = 6, at epoch 10
® ’
Z 5+ * 8
g o
. *
0 4 L 4 1 4 : :
0 2 4 6 8 10
10 Epochs

OEIES ¥
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[4] Neural Network Training Regression (plotregression), Epoch 10, Validation stop. - a X

File Edit View Insert Tools Desktop Window Help »
Training: R=0.96405 Validation: R=0.56638
N ) <
8 O Data o7 O Data
=3 0gl | —Fit =) Fit
+ Y=T + 0.6 Y=T
- -
& So05
s 0.6 G
c £ o4
<) S
o 0.4 S 03
| |
! Lo
£ £ o
o N o
0 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6
Target Target
Test: R=0.1748 . All: R=0.9004
0.7 O Data
Fit
0.6 Y=T 08
0.5

o
=3

Output ~= 0.11*Target + 0.12
=
Output ~= 0.81*Target + 0.032

0.3 0.4
eXe)
0.2
0.2
01 @&
o
0.2 0.4 0.6
Target

(f) = 57 A A
8 FAAh 48 852 B
8 RERoHT
AAENGERDRITEBZTRIER > AU TEE
(DAFF R s H IR E
Q)5 EHHEAR
(A A Z bR E N R A ()R NEEA(0) °
(DEITEEBRZERRAGE
R IARER AT -
=~ HE R
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7B 3B (Compact Test) 1% A LAR € LIEAK g8 + 40 F R
Z Mt EMARRREENERRAESKEARLIIEZZIREY
P 2 ARE -
(—)REEEIER B

TR EEREULEMEZ RPNETZ ) LERNARESKE

T URRZSEREWASE > AITEEUSKEBRER 2
B EAHGRBARZ ST HR o RMB AT 7RG
()& B 4E(HAE 5.1ecm * 8 & 2.5kg) » 4EM 9hE % A3 H] 30.5cm &
B B4 ¥k °
2)4 B A(M/E 10.2cm > & 11.6cm » BEA% 45cm’) » [ R AR SLIE
i .
Q)& B B (HZ % 30cm * R4 3cm) °
DEF-
(5)% 7]
(6)10 3L -
(HER(E# 30cm) > &k-FA -
(8)TA L+ & sk A A T RS RA 2 -
A LiERAZ T BRI - KBHEEF -

(—) &P
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(HDIRBBASRFZ LIEL 3 AR E > mAEBEKRELEARYY -

QB ERE > ENBEZMARE > B EIEWIR -

QVEHEZ RIS ZRENEN > BRI INHE LERTIT
2 BEAR—B - BREHSBR T FZRBIEMH HBETR
Sy ©

Ayt EFEAPE > DERFF L@ BIRCELHBEHERIR)E -

(5) By L AR A K B3R o

(6) HFEEBBRIEN > BhABEIAKIRHYEY > EHEITHR
350 HBE KA BRNLEERMRZALAL - HEFAR
R EAREETN > ALY EBETNEEREGEAS

T ORAREFEMREAASEMRARGER -

9 XA L3

=~ QRIAGE AR
(—)R 5 B ey K
Boy REEMBEHY kA

BRHE:A WS ERERBREN N A5 FAZEETH A K
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o FHEHHRAL T

kKA
—[Inh; —Inh,] = L_(tz —t1)

(=)RE 1R 5

n)*

K BB 3 B 1k

(@B%

(b)) F 5K & (B T)
()3 HE KR (a)
CBEAER e

(=) R H 5%

ERRTEHOEE (RRE+EKRHRET+8E) F

b

WIS ZREARKRY  BEREERE AfuEE - BEYH

g
Al
~

> 2

>§L~\a

IEERBEE > BAHEE -

H
kﬂ\““

2 THBEE TP - HEEAAEARE > 3T L AIF] - &

KL AR R AR 0 BRI R P
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3HESBEE By KA AR 0 T B KA ARE 0 37 B
b TR KRB B

4 HEBE T LG e ARE > Rk hl %4 h2 28
fa] e

5~ FF—R KFHHE -
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FRAEREE L

AL AR D

. e

A4

FHEIE @A a(T hE KK

PR AT [ 2 R BT

F R KIE £ h

A\ 4

R AKEAZE h

RERE KEFR o t

B k=Lnn

AAt " hy

B 10 $FKFELERRBRZALE
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~ B HE K = iR
EERAERAVERIEE &AL Z ARG L oHEd
BB E IR L A 0 e RERAUE 0 AR EHEK
(Consolidated Drained, CD):X5% * 7 & B R ik msh £ & /) 2 842 > ¥
BABFAILIRAKRA E A -
AR AARA A R F) B R e a0 R 58 B AKAR SU T AR 23R 2405
» REEZBRBARNEEA -
(—)R% B 8
UANE B R &[T REZR-EMmAEEGREARE -
KRR LB SIBESE(C ¢ )
BREBECHEZWMBRERS ~ ILRAR A - &3 - Z B AR
@ AR ©
(=)
(1) BHEHEZINRY LG EHR—F B2 EHE -
(2) R#200g ZBE > R =ZRERITE 16 RHFTHRE
Q) | HEREIRT > FRAEBEHRELUBEZFRALE BA
SELALEE -
(4) BRBA =T REL  WmERE - BHEEABEE R

BOIUOMEELAKRERTALE L -
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(5) ME=Z3F > FHEHKE AL ZERE -

(6) H=thEREARERZ L > B EERASL E3t
B2 B AR % A b e B AL RS

(7) LA 0.76 mm/% Z ik [Ehn R KA > s Stk 50 /)

HuER B A B E A E R AOR R R E 15% -

() 3T H W EG ~ dh@ ]~ Rhm JES] ©

9) RS- > REBIRFZMEETS] ca 3t
HARAEMES ol

(10) HEER o3 TR FHR()~9)=E=R

(11) B&RBmERZ o3 ~ ol WELEME ~ B3R aLLGE > K
FERTIIREZE(C ¢ )

RA G R3mE A B 0 A LRI Z LR AR /1 (C MFT) - S A Bk

KB o RATEZ (B & B2 HFT) > 4B 11 Z#bksw & E -
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o BB
NET 1@}{ Bx

EEERSPS [

B2

BiC C FLpakEERSPY

B 11 =@ & E
W~ BRI BRAMOE R ) RO R R
(—) BRI Ik B
RAREITERBEANFEER] - Rk ARG EWE 12 A7

T B KA PR BEASBZA AT ARG AR KA o K

2

W KE S RIS AGEMEZRA > BRKEERASH
W SRS EEBCRAGEH BN AR MEA Y RREE 0 AE
% B AT A &b kR R R Bk 0 BE R A AR E B RS T A 0 4k

TE RIS o A2 R ok B BT -
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Air Compressoer ————

O

v
Water Tank

Pressure Regulator  Pressure Gauge

—»—

Water Line

Seepage

Parameters
Measurement

Turbidimeter Equipment

B 12 RERk AL
13 2 KB Bkt 2B /) 42 4] % % (Hong et. al. 2013) » 35X E 7>
BRPLEFHTRE BBERMITRZIA THAELAEZI AR
FEMAKEARBEEFREHETARZIBEAEE  R+A$
30cm X 140cm ° K & 7T 100 AF o %R FE4A K48 SL6% R A% R
s Rz EB TR PR E—BARMARAESE  EARA

A

3:%

TEZH c B REEHAKRBEIIARAR LA ZBR -

WA o R BB Ak Bk E— KB RERAKEKRD -
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(b)Pressure Gauge

(c)Pressure Regulator

(a)Water Tank

13 BAEH % &

R K4 B 14 Ao~ (Hong et. al. 2013) > A ASLEAHR AR 7, A
Aass AELHAEEERE AL TRl $—&(THE
BORT A §10ecmX10.2cm> £ E o SRIEE £ N B A W X 7T H
MEMBZERT « % —B(LFB)RT A §10cmX17.8cm » E
PE-BEAER L HE WX BR B RFEME 0 250
%o BUEBEET(BRENEEGE-FThR&KEES5%ZR T4 §10cm
X28cm) ° i BTEBRRENG AR L LUBEEL -
E~FERRSTA 145cm X 14.5cm X 2.5cm ° B E 5 % H =70 >
FIBLHE K S HEAK R HER o R BN RBRAT > ¥ L 6kglom® 2 & K JE A
Bl 24 0B REBKRBEEETF o

THREFRT Y L n  RRAEFH A BHREN
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A B okt > BEFRBR o BATHRE > LR ELABZELSTHR
B o DAdEHIAE B Z AR 5 B IPERIERRER BT 0 LB L Aok AR
T M R E A @AR R ST AR 0 SAIEBIAR B Z R AR 0 32X 2.6
kg/cm? Z B 77 4T3R5 5 MEE R N 4R L RER 0 RI AR miEARE 0 K
By BAZRBHKERESRE > BLURDVHFESFZR A > AR
JEF 0 BT UARIBEAFEER TR - HHE ARG AT AHL L

T R IR ORI - 2 EER B ATRIRA F B HE KM

% EREDE  REFLEDE -

(a)3 B2 f%mﬁi (b) b (c);‘e&%éé;‘zﬁ%%icsﬁ
B 14 & aEA R A S
(=) B 2 4%
LA & b AR R 3R BRI ko T
A, B R BRI iR 4h 4815 0 AR E#4~3/8 BedHEL 6cm

WA R BIERE 0 B E BSR4 0 AN TR R B -

1m

B4 7k & A 4% % proctor 5~ F & O.M.CH2% 2 EH > o+

WRAZHEBEHIEFTASIALZS - HFHREE 55cm > I hwskbs
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fo .
CHEA RS LAE R AR - ENE R

BE > DAk B RER o

DAY 8% B & AANEH > HERFEZ Jom

B 57K & 4% % proctor 5B :R& OM.C. £2%= Frft +3g >

ATRAEBBAR T ASASSE - FEREZL S55cm > T hokeg

N

o

F.ARAH#L4~3/8 vt #t & 10cm > AR MR E A KRS ©

CGREHEERTZ% > TAKE w37 ThoktAst g b
HzHaIlE o EAKEPERILGES ©

5B S B RLRER 0 RI RN LA EITACE~F o 2

A ST % 12cm 0 F F R % 12.5cm » SMERAIEHR @

A EIENA 5.5cm e

44



he
H s Soil
he %@Gray@%%ﬁy
SeRNioyi e
A -
Aa7

i

u

B 15 X EH
(=):RE % B
LA S P AR E R BRI 4o T
AITEKRM > BF B Z E A ARIEA L -
By RPKE—R > A%  FHEEARpE > FBIEHE L

BB E -

CBEHLKYRE - &F > ZRAZTEPHL -

D.MMAKR  HRIERS > TEEIEALETEENIRPER o
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B R B 0 R AT KR 242 > o RmE - AEIK
GRZIG RIFERERBRA 1054 ENWBEE > RITRIESNE
P o

HZE RIGRE

A E I RATLAKQR0IZEH » BRALFHA 107 FEE
b~ Fll s REFARARAEHBUEE AT EIRRRE L - 2
T BITHH - LEIBEFRELEAL

— A LHE

ALEE FHLEREZEE T RO FRAK G 84K
BERIR(ETIHRECROELE—H RERLRE 79 F 4
AMBAEXRBUERY 67T FTERBARETRALMRT
B> MmE SHAEFZLERLBENEREZT AL R G HELR
EWATHRAEHBREFL - A LEF R EHEHER > FA
BERARBEREZHEEIE  KERFHERE 84 FEALTIE

ALEY THEEESL  HENERE 9 FE ¥
T BRAKERBEETHALEERE FHE LR ENTE
HFEHHBRARIYTERN AL AERAATHRFERG AL

B0 BHELAETEBAERBFLEY ARG - S EERTHELHF
A EFREIMEARBIN LREERBAL 246N @8 E4Hf
Ty ik e i IR o
ALRAAEEBDAREL 21 MERKERATE LA
ARE 93 FLt—_KKiBE > RUFHELEEEZIEE - RHE I
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BRRF LIEEHESE T T 68K~T0K MLty KIL%E & 8 &4
82K+200 Ao s FH ~ & 8 4 809K Ik F &AW EHRERE 8 &
TOK~T9K ¥ Loy B A3 % 3 4R F Mg if b ey & 4
BRBERERRMEH R HERAERE DA RNEENE
KEZL2ERBLENLE > £H 83 £(96~99 FE) AR
HHEEERE AMERARPER S wiRfREE A KR L
WHEKE o

ALZBNETTRFE  ATY 2138 A M EY L EM
FAHREPTERBILY 100 XEHFRLIKT - 2544 1,950
NRER BT ELAK (688%) URAEHXHR (&7
B RXRGE-LAFTRABIE - HE - BARERITHZIES
e B I6AH LMEEZHE»HE -

HLBAEINE  aBMNERXR (67 F&) 61 22K
THHBELER 68~70 2 EMmMGRRAE » AR FIHKE
NEE (G 84 ) 809 NERTFTHHELIEE 7T6~79 NENHK b
BB MEGHE > KA T KA LME | HAEHQHIFE
A A RPLEENERRECERNRALENLZ BARETHEE AR
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B ' Z\Google ElRtEIR\RZE AL\ B\KIRE\2020\2 H\E 4K EE I \Linear reservoir.exe

The current beta=1
The current n=5
The current alfap=50
MlnRMS 0.211236
e suitable K=-0.00976
subtable beta=2
suitable n=2
suitable alfap=4
life number =18000
current RMSerr=1.88396
current K=-0.02176
current beta=3
current n=5
current alfap=50
IlnRMS 0.211236
he suitable K=-0.00976
subtable beta=2
suitable n=2
e suitable alfap=4
e RMS error 1s 0.211236
e K value 1s -0.00976
e beta value 1s 1
e n value 1s 2
alfap value 1s 4
Training file has translate to trian out.txt successfully.
The RMS error of simulation data is 0.20595
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