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ABSTRACT:

To improve the limitations of rainfall-based slope warning system, a new framework that integrated the
hydro-mechanical slope analysis and wireless sensing module for field key properties is under development. The target
failure mode in this study is deep slips that failure surfaces occur in the saturated zone and trigger by excess pore
pressures. The long-term goal is to establish a customized, time-dependent warning system for deep slip failures
triggered by rainfalls. A potential deep sliding slope is selected for testing siste . A coupled hydro-mechanical analysis is
performed to model both the hydraulic and mechanical responses of slopes. Wireless sensing module based on
micro-electro-mechanical system (MEMS) components with wireless communication components is integrated to
monitor surficial ground movements and subsurface conditions, including ground inclination, water content profile, and
pore water pressures. Combining the real-time monitoring of pore pressure and and rigorous analysis, a customized,

time-dependent warning system might be feasible.

BENEFIT AND APPLICATION :

1. Develop a rigorous analytical method that integrates the failure mechanism and field material properties to predict
the deep slides along roadside and provide theoretical basis of warning system.

2. Develop surface wireless sensing module for deep seated landslide warning.

3. Develop customized, time-dependent warning system and procedure to improve the limitations of current warning
techniques.

4. The system potentially can be used by ministry of transportation, directorate general of highways, and Taiwan
railways administration for hazard management.
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(a)

shallow soil deposit rainfall

bedrock S1:slip surface 1

S2 : slip surface 2

(b) (c) (d)
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W 24 & ) wigkd E > 2L+ % % (Collins and Znidarcic, 2004)
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Wireless data

Rotation transmission
on slope ‘/T\/V'

Tilt sensor /

Volumetric water
content sensor

Steel rod is inserted on slope surface.

It is in contact with the base layer
if the unstable layer is thin.

W 2.6 # & FHAFFEE R A 3 (Uchimuraetal., 2008)
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231 25 KBRS R

23 7K & Fixd s (soil-water characteristic curve, SWCC) % s it
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1z RE o R FIEER S 2 AR RS %/T\ %o

100 1
i '-'.\\ } Desaturation zone i
\ I
L A Residualair-content
— 80 \ \ 1
X - \ X l
E}J’ n \ Wettinlg curve
g i h Drying curve
'% 60 T Air-entry—\ \ i
5 value N ‘
5 \
Ef_J - \\ N Residual stage of ————»
S 40 [ ] unsaturation T |
8 ~—  Residual N \
=] " degree of saturation I
@ . ~
Q 20 A
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1 10 100 1000 10000 100000 1000000
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W 2.7 £ A ehd 3 5k § 3 & (Fredlund, 1995)
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4 A tig g E(air-entryvalue) > Fof B4~ 2 IEIVH R FE A EH
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L B fo i~ A ARFS B (residual stage) s st FRECZ R E X AT A P
P28 P-ik vE K T2 4R 2 Kk B (residual water content) o ¥ b o A2t ap fe

\\

2-12



2P RGBT EXIIAFTS A PRE > IR 2.8 Hfar o

6E-6 \\
4E-6 1

[ Air-ent al a\
2E-6 y vau

: N
1E-10 + e .

0 50 100 150 200
Matric Suction, (kPa)

Coefficient of Permeability, (m/s)

Wl 2.8 2 %38 ik AF= 4 2 B % (Fredlund, 1995)
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Pl tbrfod 2 B s A RE I L AT B G
feded 5> B 2.9 54 304 2 e e tg#%'ri@ S e o %
B BAIHRRS chddice 2P R B A IFI S AN T RTE S
R AFEEE B ede e AR EN AN TREN A A0
B TR > A25Y 0 Freeze and Cherry(1979) K IV M F R E T <
B4 2V A «Eﬂii B R AF % 2N 2 2 Bl
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B A CKEEZ Sl 0 B T AT AL g%?‘ s W R SRR (R A
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) 0.5 'J_____.—d._.- %
s e ———
AT (e
5 03— g s
2 2 / © 1E-06 e
/ = — 1
'E |
B 02 7]~~~ fine grain soil #{|- - - fine grain soil
% - ,m“"‘; —--cns:mdymll ﬁ 1E-07 — case study soil
- cuarscp‘alnsou I et e coarse grain soil
0.1 e 1E-08E= I — —
140 30 20 -10 0 10 20 30 40 -40 -30 20-10 0 10 20 30 40
Pore Water Pressure (m) Pore Water Pressure {m)

W 2.9 & A 3 gt be ot a4 & S (Collins and Znidarcic, 2004)
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Baefor @ mdppd e e d b R AT R T o

TR-ErZFTHEFIR REFEIEY 2 EfokHE2 7R
o050 MR B IEBS B K FEIFRCR(T
ok(h,))/0z=0) » ¥ ¥ & %% 2 - & Richard equation :

’

M) e 2 ) (2.4)
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#e zéf%fi(a%éizfv 1 )shp=/ 4 -kEp k=2 %% Glk(

B4 S S T Lk S Mk R -

12 Crank-Nicolson 7 * £ 4~ > 1 e f2iF A& 22 1/400 5 Az > At B
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Hillset al. #1& 2% chht P24 5% 5 A<AZIV| > V=QI(O (0 > 1)-61) » Ticis
38 2 ¥ 4% %% i (CFL condition) » & & — 3> B priE2 kit F € 426
- BRERIESE > VRN 2450 5 £ 550

(05 =00+ (09 =10 )

M(h,) hgﬁlA_thB’j - 2A7° @9)
| (=t (g =0 )|
- 2A7?

kG- AT 2o ¥ Fok 0 I iE i 4 Collins and Znidarcic
(2004)4p fe » Ff R 2 i@ R4 REE G 00 TR R AEE S PERER
TR dma RAEFRA A AEATsA 2F > @ TE ] deif
e Ez2 R FEY R FRE 2% 7% % 4o Collins and Znidarcic
(2004) 11 = ir#cim 4238 SEEP/W 2. % % v fiide @) 2100 7 123 AR +
Rk edkEr 3 A3 > ¥ %5 SEEP/W A1 * 5 U~ F 2
EF-mAs ML S - VAL A BES FRETAT

0 ; 0
I s
1
____-l-’/
= din, dex
5 (m) i
§ —— Ohr
—8— Shr
—— 23hr
3 | —— 39 i 3
—a— 37 hr / Stability Envelope
-——-- d: (Collins ,2004) (B = 400)
. | P 4 | |
-4 3 2 -1 0 1 -4 -3 2 -1 0
Pressure Head (m) Pressure Head (m)
(@)1D 3 £ A~ (b) 2D 3 *¥~ 4% (Collins and Znidarcic, 2004)

W 2.10 e friin A T 85 R
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233 %k £ fH kA A ERERLTL RS

~# 7 % Collins and Znidarcic (2004) "% & = 2_ & *TifH f& T &
Vs  HHFEXEAVFH 2 KA A F eI L T -k
B2 &L B > 4Bl 211 b Tk e 2 dy e W S B E 0N Z
S A wmGiE® P RIZ I B4 ZTRA din 2 »RIFRE 0 BX

FH B EF 3 TRl FR do e

WM211 3k & WEH2 k4 FRERETLABTALE

RN eI (2 ) F A e AT 2 RE R E LA
Bty b2 Baefits g A2 TReZntmda o k4
PR LI, =sinf » 8 s igimd »BEA o k4 FRI =1 B pt
oo (2>d )RS A A EECE S RE RSy o BAY

A2 kol EEER g Pho=d, -2 °
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FEWT A4 e WyfeT 73t d Wea BAE
Wy :[yl'l'din+7t'I'(dcr_din)]'cosﬂ (2.6a)
WS :[7I'I'din+7t'I'(dcr_din)]'Sinﬂ (26b)

By =y o HERIY ST AR LIRS oL TG 5 A
£ > 71158 (2.7a) ~ 2.7b) & 7 ¢

SvN = iv “Yw 'din -1 -COSﬂ (273-)
Sis =1y 7y dip-1-sin g (2.70)
4 C S Pl B VI (28)%\ T

Sp =1y 7y iy - (2.8)

ik dm b2 w4 N2 4 S¥ U8 (29) ~ (290)% 7 ¢
N:[y"l'din+7/t’I’(dcr_din)]'COS,B+iV‘7W‘din°|°COSﬂ

:[ys -1 'din+7t -1 '(dcr —din)]'COS,B (2-93-)
52[7.'|'din+7t 'I'(dcr _din)]'Sinﬂ+iv'yw'din'I'Sinﬁ+ih '7/W'din'I

:[75 -1 'din+7/t 'I'(dcr _din)]'Sinﬂ+7w'din'I'Sinﬂ

(2.9b)
“,f l.secf T @R FE R 2 e gt 2T R4 5 4ot (2.108) -
(2.10b) :
G:[ys°din+7/t'(dcr_din)]'coszﬂ (210&)

= [73 'din + 7 '(dcr _din)]'SinIB'COSIB+7w 'din -sinﬂ-cosﬂ (2'10b)
S T R R AR R

T, :[c' +(u, —u, )tan ¢b]+(a—ua)tan ¢ (2.11)
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d. = G _[ﬁ_l).d_ Tw. g . tnp

cr

7 COS? ﬁ‘(tanﬂ—tan¢') 2 7 tan S —tan ¢
(2.12)
4 ¢ =C+y, -htang’ ~ h =d,-d, #-34(2.12)% B 5
1+ Ju 1N -d
ycos? fltan f—tang )|
_ C+dy -y ctang® (g _1) g, —Jw.g . tanp
yeos® fltan p—tang ) 72142 hs T 3”1’4@’11?
£33 K
(2.13)

FRAKFEE > A F BT B v B R
=€ e o ¥ #38(2.10a) ~ (2.10b):e B L -

o=y, -1-C0s° 3 (2.144a)
T=y,-2-Sin f-CcOSp (2.14Db)

T2 % > T #i(FS) &
FS — C, +,-Z-COS° B C tan¢ (2.15)

Ve-2-Sing- cos,B Ye-Z-sin B+ cos,B tan g
% z=d, P FS=10" P5%(2.15)+ d& 4 5 :

G tang G

o= . = > , (2.16)
y,-sinf-cosf tanf—tang y,-cos” f(tan f—tang)
d ¢, =C +y, h(2)tang® » ¥ #35%(2.16):cH 5
__c+y,h(@)tang (2.17)

7, -cos® B(tan B —tang)
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F217)% A giER s F h(2) v d 1-DFi s 7R 8o
*anﬁmx-kk%@ﬂdwt7w§é@rﬁ .§ FIE A %Al
Nk B 2 A# T B4 AT LR 2 Sl F
Fa B Rpraridz Fdo sl o

F213)F FaAMAFTRA R BEL AL BT #

»FRER SIS o RIE RS T SRR RS o e T 2

2B iRpEEME 2 R R RS RN E AP RERL YA
TSR SR

2.34 Rk R UEH kS 4 B LRSS

B VR R R AT U 212 1 B > B E 5

FS = C +(7/sat U)tan¢ (2.18)
V.l SIN g Cos g Veat tan g
ﬁﬂm:%éﬂﬁﬁﬁw’mvp%TLmP47m¢§$,égg*

B4 BRI R 2T HOR R

.-; -
r -
- -

F__.-""f-. der o ] P

W 21277k & UfR-k4 4 FMERTA KW
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P F BT F (=10 ) B (2.18)F 1 4

FS = ¢ yrtand (2.19)
Yl SInpcos g ytan g

5 TR FHmaE o P a1
N > B ME TR B4 i 4cB 2.13 #7r57 (Anderson and

Sitar, 1995) -

40~
(o) Failure Envelope

Field stress path

T (q) kPo
N
o

" Foilure £Saturafion
(+u)
Saturoted
L  u=0 | 1
% 20 30 60
o' (p') kPo

W 2.13 7% & *Lifu F & & 4 & & (Anderson and Sitar, 1995)
BHA 2 o fRhifda 2RIV HORRY HIFEE 2 R LI H LT
E’ﬁﬁﬂ’*‘? oo F HEI ORI ?’”‘K#&'wlﬁaf‘éﬂ%i’ﬁ

AR R E R o ML AT L Sl BV O BRI TR F R
A B ERE B L Rk ﬁe;%fr BE R ﬁfleil’“lf-?"ﬁ F 4F He2 BE B

Er VAR EE R EMe KRE RIE R A UEH kS 4 B L fEEA
I 0 T OT L R PEIEE 2 AR
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235 - @k4 A BEmikiEls T

ERRREJLREL B AR CRT e SCAR AR = IR =
| ¢ “@*””ﬁf’”ﬁﬂi"Wﬁf”"«?ﬂéiaﬁfiﬁ%

TR Bl AR
2*;12,‘5;1—;4.&46)x,yc,x,,,/\v}fr&ég'«prf}é] _jt_ﬁ)g E/ A T «f
F ARl e > N F R A TR BILH }\fi VAR et 2
HEFF B B a2 B 5B Frér ot 2 HPEZ 5

B MARAETITIEECKS 4 R A8 e AT

ﬂxé.rrzﬂ'ﬁr. thefod R4 4 EME L2470 AT 4 FLAC #25¢
P 2. 4p ok - (Two-phase flow module) it i7 4= 45 2548 o 3 48 {0 % o
AAT o B A ot o AR R S ATIEAY 4 R
B UL AR NE AR RN P4 E e LR g
FCHORRA e e 2B (AT RES R A B
Ao 2o 3 R E TR A 9 R BUR AR o

A 4rpErs i3 2. Mohr-Coulomb 3B 2 s fisst » 4 g H ¥ 4 5
B(z™ )5

™ — (o —u,)tang+S,(u, —u,)tang+c' (2.20)

FPS, Bokzgfek o AFd (u—u, )MP A HE kR
2_ B 7 r2 van Genuchten (1980)z % 2. B T2 5% & 77 4o

P(S,)=P(S;"*-n*? (2.21)

SREEES £ MRS E S LT Y

S, —S
g =uwT 2.22
R (2.22)
PSS, A AR MO LBk B BEE L R
P, 4 A= HES:
p, = Pul (2.23)
o



fep, Rk BRE o FEEFE

hpfoi% 4 hicm 0 F % 20 van Genuchten (1980) % p) £ 7+ » H £2
i o R 2 B TR G

k, =S,[1-@-58) ] (2.24)

ROk SIS Gl 3 R AR RS GH(K(S,) B S Gk

k_ . B 5

sat

K(S,) =k, *k., (2.25)

AATREEY 24 BB R LA RIEEFRTRT e HE ARG B
Fl o kA E R R J%;‘K:f:»;‘icm‘éil A - ¥ R S
T HIHRRA S0 R EAAATRS Aok LS K2
TR o A e BB R R Rk 4 F i LR 0 A TR E R
TR IR FIFRZF

PRI IR S E, -1 A A QL = A (SRR E, 1A Y
(Colluvium) 2 2k £ (Bedrock) > 12 8] 2.14 #7772 4t > i * 2. 4 4R
e PR R RT e B BRI GEeH Lk R A
WeFngEh BB Ae ks FFefoR BT FATHEI B ARRS S0
A A AR e R B MR R 2 T0E s Ut e R iE iAok A 48
WBEPIE > AT R THEHEIR R FIERZE G -

Bt A~ 4o Fe BV TR KRR B R A e e £ 4e ] 2.15 #ror 0 okd &
R B e g3 o T s i 7 0 % (infiltration) 2 % i (percolatation) s 7 =
FR R AT A F L R afris E A g’m 0% A4 1T
MokBERA > HEBEERPIT RAZFE LB SR :5&02 k
P - TEBUEEAAE L YR T FH G 2 %0 M B%"ZLP;%"U% F1i% i
< tgH4e 0 IDO5S =B F IRRICHCRRPE R ACR] 2.16 Ao o U pF
FUMORBRFERS K RERI e > ¥ B FIVHORR M e R A S R
FiEd > v d ID05 3 £ 45 4R & B (Ao @] 2.17 TR )8 R R IRR
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A2 2 ER LI %RE - AT SRR 0 R IRG R
* SR B OF A 0 o IDO5 SRR E R A 8 R T3 2.2%10% )
(99254 p)A 4 > @ pprd Ripd plée e ¥ & 430 1L5%10° /(9
16 ) Bdrs BFIm & RN > 2 & S LD (ERFE)S E o 2 Tl

Bd REELIFEE FEFRFERSFRE TR ERE G GRS

2.36 Fu kEFERH

gkt S S AP R ES R S SR S

W 2 RPFEENT ISR L B B l‘f%%‘*afj\ﬁﬁ/»\fﬁ%lﬁ;i&
aﬁ&f%}ZlS ron o B 2 N Ak ois 42 R IRR &
1.5m- A4 B RE2 M GF d F %% & VG model 425 >
© 0.75miFR >3t 21640 5 2 AU EARRE AR 7 K 2 RPFR I 4R 2.19
Srom oo o R PERY (42 hr) s 3 8 7 A% 3 b PER STR 2 B 5k
R 24 P L AR EER > P B M ORE S 022
Tl R 0.75m BiRl2 ok BIFLSFFIFERL LRI A A IR

BFRpEE ~vd B 21945 -

s

oK BT g b 5 )0 d vG model T 4 T H AR 2
KB FER 1M g ok R AR 220 Afom o B R AURPER S
61 | P > B e B 24 | T2 R 5ok B 5 0525 Fp e

Bifrde L A ERA VAot 2 FERE s 4 kB A A 2.5m
3%T¢cc¢i%%%’ﬂﬁﬁﬁﬁﬁﬁiﬁﬁmMRiﬁﬁﬁ
v b4 A BRI (Aol 2,21 917 ) 0 SR 24 ]
N &a%wﬁ%“’ﬂ““ﬁéﬂ@£3”%$w§”ﬂvKm

_.

‘P
—~\

I~

d RN B - AR R R ook 4 AP 2 R
BAEPFEFERELF EERE AL ERERT L P X aw
TR R A O 2 B R AR g AR R 0 A fRAR S - &
A E R FF—ih 'IIFL 4,_’ ‘/EJ’]\ /w\%ﬂ’ ’ E} = z\» é.] S ;75 ‘;,,‘L;‘Zj’g_ ]; ’ _‘ﬁ'p":}j%\lj
(AT PR e Gd R L L ARTPHE? 2k 7 KEERTE T

»

E-)
£
>a
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JOB TITLE : Model ¢
FLAC (Version 7.00)
| ssm
LEGEMND
10-Jul-16 11:06 | +=m
step 1]
-3.950E+00 =x= 5.295E+01
-2 295E+01 =y= 6.395E+01
| 3sm
Uszer-defined Groups
Rock
Colluwium
Grid plat ==
[FEETERREEE FRRERRT |
0 2E1
| 151
| 0=m
Marked Gridpaints
Fixed Gridpoints
¥ H-direction
B Bath directions |-asm
| -15m
MCHI-CE
Tainan, Taivwan r r r r T r r r
os;o 150 28m s80 650 T80
(]

Wl 2.14 #iE 4 47153

W 215 »B®4

“

154

v > 2

e

TN
-3

4%

f&

900 £}t 3¢ B -k R A 21 £
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Pore Pressure (Pa)

Displacement (m)

10 —

.-:- e
3 | .': ’
-0x10° 1 ¢ )
A - I T T [ I
0.0 05 1.0 15 20 2.5%10°
Time (sec)
W 2.16 IDO5 > % g RI7 M-k R P
] L 00
4 —
: - 05
2 p—
: —-1.0
0
i 15
2 — — 20
e [ B T 25
4x10”
T T » I '
0.0 05 1.0 15 2.0 2.5%10°
Time (sec) ’

W 2.17 IDO5 = % FgR|s~ & & & frp*
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[l 1]
CEHsshr
Je= e\ dhr
—F L 278hr
& & ©3rshr

38.9 hr
Al 42 11

—— [ ilure

djn or der ()
N

) | | T

-4 -3 2 -1 0 1
Pressure head (m)

W 218 F p H3ERR A R H B B

0.26 —
K = - - - -------------
]
0.24 — )
Depth=0.75 m ]
7 ]
5 Warning !
c |
8 0.22 —Q — '
= ]
[]
§ i [
o '
= ]
0.2 —
5 '
(]
= ]
7 ]
24 hr '
0.18 — 1
]
_ ]
]
’} Failure
018 R | M
0 10 20 30 40 50
Time (hr)

W2.19 iFR 0.75mHAk 5 -k E R 2 kpripEims
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06 —

Depth=1.5m
24 hr warning
= — — — — —

0.5 —
<
]
2 _
Q
o
8
g 0.4 —
L
5]
1S
=1 —
o
’ I

0.3 —

'
Fallure (61 hr)

& DR T !%W

0.1 1 10 100
Time (hr)

W2209 int FHFR ISMAEHF TR RpFREEMSE

24 hr warning

0 —|
Failure (

1 hr)

Surface inclined angle (deg.)

1
—
N
~
>

—
@V o o o o o e e e e e e e -5

€ —

-3 ¥
\ | \

(o2}
o

0 20 40 80

Time (hr)

W22l °in bR 4a e Bl RpEEmA
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B » o
3 PEEFRRZERETLEAENZ D > A
FREd WA M BZERE RGBT RPFIFERERY RE R
EoMMARMREZPEETY gRE -7 ReEs gl d pnl
MEAITRERT O NMEARCBRFFELEEREL PGB ER
BHFPF T AP A R RRT PP T Rt 2 S BEHEAL - M

TR 2 e A 4TI WRIRR ) S ERL - R T G R -

& ¥ 3R R B Tk pE AR EOpE R iR
FR e B Eeg v AR IUT e 45 0 e f
fom AT ATV HORREME st BB <5 Mo 54(2.18)7
2L FH A IR o et K P Kﬁ;%‘u};@% Y 7‘&;%@!
A L BB RZAZIEIHORR A 2 B A R
WA edm - ARG BRI RR Y A iER A g § ﬁ%ﬁs?fw
BI el K2 B AN B A TS ko B .

o
ﬁi‘
v
=\
§

-

FlV KRR 4 Bk B R T B F T2 BT F)ptad BRI RR
%" PR PG LG B iR TR E B4 AP M S 2
i (DBEFREKESa %0452 (2)11 £ 8 e RS
£ z/jcﬁx(ﬁrﬂi FBREAFEEARE R LT 2 EPFE ML A
ERBEIERNGFELSIT LA R FEZ DR eV R EL D TR
T4 5% LW’Eﬁ»'Fb{@

w
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=% FHk4 4 BF BRARRKE

FP2 - SHEE- A RTREE R FACE HB S
BA K e ERGERS SRS R T RIREL > 2L

i S d B A A HEE kY 2 @R F LR

£ LA R T AR PR R R
ﬁﬂﬂﬁ’E?W%EW%awiﬁi%9%§¢§ &
o ARl K E RIS RSP EEFR R s

P AE T EFRS BT NS AN
o BRI R TP E LA & e FER R 2 (sensor) ~ ATl B
(MCU)Z 38~ gtz ma FrupliEFES ¥R eEqhe
S R RE Ty o AR Y Arduino & E Rl IR E# 7
PR Bl > BRI ERP 2 BRI RG] BPITE R 2
AR AR A AW E 2 3R MR &(inclinometer) ~ B ¢ B2 K
2 B4 %% =2t (liquid level sensor) % o 12 T AL A T b A A AR FL 2.
Xbee # = RpIH O 2 e N o Bjoid RRG 3G W
PR E BT RIZ P o

iam.

T

G R BHACB 31 0 2 R ERCEE A B A Y

é"{;"*_"’vﬂ‘-’l,{;] FRB@V&',E;%’:";%%—E‘/EIJLIEJ%* ]?12)’—‘/‘] PRBg
ey wﬁﬁm—kggﬁﬁfﬁ@,ﬁ CDMA(3G)/GSM(2G) &

Pl e PR 3 et
LR P e

~
\
¢_, E
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ﬂ\ﬁﬁi Bhi R - PR Y 2rfrd b fod o 1L )

"E m@éﬁ&ﬁa,ﬁﬁf e P T FIAS AR
= wﬁ‘ﬁ}ﬁ i m(M|cro Electro Mechanical-Systems - MEMS) g 2] 2 1T %k
&ﬁ@ PN KET cME A I IR G R
8Lk Uf,t, /P 7}@49;! B3 pd 50 de T
/‘-\
fJ AKB ’\L\
= e ') o ARES
0 45 BR 55 % p 3 n:::\
] T ASHR
1 AkEd
CIRBI —— EpPm <
AR
ES &) AR o &
B <
TN s

W31 k5% 7 LW

(1) =752 t?‘?; -k A 2+ (Capacitance moisture sensor): 4 231 ;% £ 7| %
FRETFR > ZEERFP 42 ADC (Analog to Digital
Converter)xaﬁﬂzwéi%]* P ERpE 2 o) 2 kR o

& (Tiltmeter) : £ H s MFA E 1 > LE WL Hag T RE

(2) MEa £
Beim SPISR Y kibdhe b B AR RACRL A LR -

(3) #g“ ;& 4 2*(pressure sensor): R F ERNRA 2, FRpEIGE
R UBHEADREER e o

H-_

321 FENEAD

1-\-

Pad B2 A7 BILE KA ARG 0 7 8% 5 LR
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ERECE Pt AR BEE R AT Bl FRERIRZ LT
%TL ’IJ’LI"I’ifIJ\ ?‘r\:j‘ o

AR 3 #* Catnip Electronics X3+ iF2 & 7 5% 2 8-k i3+ (B
32) B E 3 M A FRITALFEAHALE RS » I K
12C(Inter-Integrated Circuit)id 3n f & £ ficdr 4] Ber % 2% & £ £ - 1°C
@ES SR 330 2 PG - Adpri(Master, i ¥ d MASLEHET)
b %ﬂﬁyfﬁztj%i%$ﬁFC£u7‘“{%6DM P 9% 57 (SCL)
iR EF VS EARE I BEREE SR

W32 RFS2HKPH

VCC
Master Slave Slave

on | | \/

1KQ ~10KQ
SCL

W 3.31°Cft~ ;N

HNEHRLG(F 34 PETRRERTREBRLAEN A A RIFERZ § K
T vVRESAEFZEG EER/ SR g - B 3.5 52 Catnip #k
B N AR e R LM R 2 RREAa R & A

433'5-';}\/\)"‘—71&1':&1#‘\‘#’%15 KEEZR BB BT FRPIE
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Frok®ET o HE A kb RE > B¢ ¥ AL Catnip £ & B3z £45 1%

_:;;5— i;(rrio

/
N—

R, at Z,

= g:o
-

T
Pa
D>
S
1
ey
—~
2y
=
<
=
N
S
m————

\ _é Rlatzl

\\ é Rz at Zz

| i,

50

40 —
o _
5
€ 30 —
(o]
o
8 i
@©
P
o
5 20 —
£
3
S 4

X Catnip
Fit Catnip
10 — —— y =0.3604 In(x)-1.9684
R2 = 0.9897
° G ! | | ! |
200 300 400 500 600 700 800 900

Catnip digital reading

B 3.5 Catnip i 5§ 1 82 2 W H 4o {2 B 1 )
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322 ALK

AFT R G * 2 MALKR 5 Murata Electronics 724 & 2. % # & M ALK
SCALOST(I 36) > 4 * 4.8 £ Rl RILAT i et ocfb? #4 > £ faik
R A o A B R A AR SRR Y R ERTE
RlF Ay o BRI FIEIS R 0 f247 AR ¢ iE 0.001 & (10HZ BW vt ﬁig?l Ao
LB R RE B 5% 8 4w (Serial Peripheral Interface Bus, SPI)
ﬁtfiﬁ%J $ o SPI T35 18 4 R M Ay d | B4 4 5 5 ‘?1‘*‘#@1 R
(MISO) ~ g*q‘—'ﬂi%l 11 & (MOSI) ~ E 7% s (SCK) 14 & fy 7 5 # 4 (CS) >
BEF Fhh PEFIS BT RRFEF S 2 SPIRH -

AR ITT ROV & Uiy F4p B > ¥ E &2 Arduino Uno
R @]‘,%L%@ fp P LT R A RA T AT R EPFF
EORIFIE R FESTiE 2 A &g E o SCALO3T &% Arduino Uno
17 2 A TR DR R % (R 3.7) % % B+ SCALO3T £ 4 &3z
R~ AR R R -

W 3.6 SCAL03T " AL ik
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20

10 —

Tilt (degree)
o
|

y = 0.0087x+0.0334
R2 =0.9997

10 —

-20 |
-2000 -1000 0 1000 2000

Digital reading

W 3.7 A GREp TR Sl AR

323 Fy R4
AVEHESERIFTL RFERLIH RS NERIBC B L
BEICHARRS B Rt kN Rt (B 38 7o) 0 H B
%*“T%%%g’é“ﬂ)waﬁﬂmwﬁ@*%’?@ﬁﬁﬁ@
Q)hiﬁﬁ,ﬁmﬁ{ﬂ%,@)VA*’w*§x > (4) 316
%%%m“" ;0) R HRH -FVL -FHRHAS FL I LEE
%’ﬁﬁﬁﬁﬁwﬁﬁiﬁ”é 2Rl s ok BRI E e R R G
LR P R BRI A - i F (AD
converter) pt *Lg 12 16bit z_ A/D converter #-je > Fx iR R iE 1em

1] T o

3-6



P
G

W 3.8 T-k ik izt

AT ﬁ?%ﬁﬁ@ﬁﬁ@\ﬁﬁg&ﬁg\%ﬁﬁ@ﬁ@u;
MBTRERE vREERC TR 4B 39977 0 * B RSy
P EGE TRARFTAEREEH I RG2S £ o BT
WA HN AR B P I PIRE RS AR >
ERPIBEERZ By VEARETHEHR T H A AEET B
4o@) 310 #7or o H P mAd kTR e e ¢ () E - (2)
m@m%ﬁa €~ Q) s~ (HTFEER - QERE FEREN

IR T de T o

3.2.1 McJLE

A2 % (Micro Control Unit, MCU) » £ — ¥ 8 ¥ crpicdr 418 » &
MR RASB OB E T L R3FR Y F P FER P L PN F R
SRS 1 RE R EIER SV SRR I e Ry S g ST ab e VIS
& SPI~UART~12C 2 GPIO x5 » ¥ 22 7 [ 2. R R B/ 4]
iT@E ¥ LE & B RAE SN B Rae 3 ATMEGAS328P &
e Arduino UNO ~ Mega » £ *% Linux 7 Raspberry Pi 22 z % ESP32
s 5 2 lolin ~ ESPUINO-32 -
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% ,:> Controller
[ (U' Solar panel
Upload to Thingspeak
Power supply
! Battery
Network - Server Mornitori
omtonw module
I | Network — Client
m 3 10 ,J\ T’E.T_r' iﬁ m
i 4 Mo iE T RAT S GRS ~ R ;ﬂ,% (REE SR
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JOB TITLE : Alisan YWWWE model e

FLAC (Version 7.00)

LEGEND

14-Mov-17 15:29

step 187619
Flowy Time  4.1000E+05
-4 G89E+01 =x= H.289E+02
-2 BO4E+02 =y= 7 084E+02

Uzer-defined Groups
BR
LR
W
Colluvium
i plot
Lo nbvnnld
o ZE 2

Marked Gridpoirts
Fixed Gridpoints |1 o
* ¥-direction
B Both directions
P Paore-pressure =2mm
EEAgeton

Tainan, Taivwan T T T T T T T T T

W 5.14 7 %17 e A 47 553

JOB TITLE : VYW Z PP_Wectar 301
FLAC (Version 7.00)
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FLAC (Version 7.00)
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Pore pressure (Pa)
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(o) Foilure Envelope ;
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FS =

(Anderson and Sitar, 1995)
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78 m AT R

Wetting front (Saturation+Flow) Pore pressure+Flow

X-disp+Disp. vector
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