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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. Wireless sensing modules adopting
micro-electro-mechanical system (MEMS) sensors with wireless communication components are integrated to monitor surficial
ground inclination, water content profile, and pore water pressures. The target failure modes include both shallow slips in unsaturated
zone triggered by infiltration and deep slides in saturated zone triggered by excess pore pressures due to seepage. For shallow slip
site, soil moisture contents at two depths and surface inclination are monitored and process for warning. In deep slide cases, pore
water pressure near the slip surface and rainfall characteristics are monitored. Two shallow slip sites have been monitored for over 2
years and the wireless monitoring modules have been upgraded. A deep sliding testing site has been setup with pore pressure, surface
inclination, and infiltration process measurements. A coupled hydro-mechanical analysis is performed to model both the hydraulic
and mechanical responses of slopes. 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.
Develop surface wireless sensing module for deep seated landslide warning.
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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2.2.1 fEi5i% s A 44

FRMREFT LR € (TRB, 1996) ik i 3t Bt if 2 HALf AT 2 18 # >
PR B  RRFFEHET BA L E A (Gock) ~ £ A
(debris)2 1 3E(soil) > @ {Iyp HILFREFA > ®T A S BE ()~ R
(topphng) F # (slide) ~ 144 (spreads) 2 nd>(flow) & T fa A A3 3] » »
73 R s 2 3 F# o Kurahashi (2008) 4 47 1990~2004 EHPFP A
1310 B o pe b LBk FRGF 90%n#3H L F EFL % a g =g
P 80%E_% f pLifid = ehdl 3% o X EEE(2009)d BT E S E S N B A B
2k 3 REFHL TR _iﬁﬂ%ﬁﬁiﬂrﬂﬁhdﬁ B R g

oo
l

PRCEB R T ORREY > R E R E RO F FS o R 236
Sl TR RE RSN At e B g AT R
AR TR T 7}<fr4 B2 fgeF g riae 2 v &
oo NBIp NG AL FIEA A HIR2 MG RS IR &*@ﬁ%
(Cascini et al. 2010; Fannin et al., 2005) » #3% o 7 A 5 2 0.5 2 3m 2
o %2 B4 53 55kPa 2 & - Cascini et al. (2010) fF 35 4 w3 >
gt SE N R B B 47 4 S EUR (failure ) > AL 1S (post-failure ) £2
# %< (propagation ) = B Fg f< > T4 HBUR B BUR S A 477 B2 &7 -
Cascini et al. (2010)# * 33 J& * § /% (field stress path) ==% > ﬁfa—xﬁ
BRI (S i G & S 8 0 (slide) > # i # (slide to flow ) £ 75
Al F (flowslide) 4@ 2.2 #7715 « # ¢ 2 F f@ qTH s

(o'M—O'yy)z+(0'W—o'zz)2+(0'zz—o'xx)2 z

g= - 5 +3(0'i+0'f,z+0'i)
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WL skl pT A
p':%(g)ﬂx-'-gyy-'-gzz) (2'2)

Fyt 3 kP 25784 "F G404 235 # ABHE « X' a »j3

AN RCKZ RS BREE T ERS b PF F>F g 4
MR 0 R BORE 4 (5L A AR e R ”%%*gﬁ
Foos TR R BUR PR RGR R o < 304 3 R N
B G B 2.2b A1 o BURPE q R4E O B o B 2.2 ﬁv;-k I AR 358
B PEA 4 R4 A5 (stress transfer) 2 ibrie 8B @ (T B F 2. q 3
dvoo B 22d PI AR P EOEEF A ST 4 RS 2 2R RER I
s~ (Anderson and Sitar, 1995 ) -

fL.

(a)

Lyl
X l Lilllllllmlmu

by
Sy

shallow soil deposit

S1 : slip surface 1
S2 : slip surface 2

(b) (¢) (d)
SLIDE SLIDE TO FLOW FLOWSLIDE
(dense or loose) (dense or loose) (loose)

v
A
v

W 2.2 d 2l REGRE k5 #8B% (Cascini et al., 2010)

Huang et al. (2012) 12k eop| e (70 2 Lo T 43 B Ky
KR T R B3 2009 £ X SR b B g“iguggu]\gg.%ﬁrfg] 2.3 s
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A _a0 -
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-60 _
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1200 —
B -== $'=36’ / /< Initial state
_ . 0 /< 08/07/09 00:30
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1000 e /" O 08/07/09 20:29
: Failure envelope / A 08/08/09 01:36
- + 08/08/09 06:46
800 {— \\‘/ X 08/08/09 11:55
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| ¥
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W23 $¥FRFICHARKRERERS BEZHR (Huang et al., 2012)
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1
din, dr
m — B
(m) ,
3
Stability Envelope
(B =40
4 ! )y
-4 -3 -2 -1 0 1

Pressure Head (m)

W 24 & A migkd ;& » 24 7% % (Collins and Znidarcic, 2004)

0
1
din, der
(m)
2
Stability %
3 Envelope %]
Stability Envelope — L (B =128°) H
(B =40 ;
4 f 1
-4 -3 -2 -1 0 1
Pressure Head (m)

W 2.5 2 A dEsgkd ;24 5% % (Collins and Znidarcic, 2004)
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RIREF » 51 29 =28ER > Q2) » £ ;g«l(b KRR
RKEER @ EEZ R (5) TRER () B EHEERE TR
Ppif B2 VRS 2 R R R A B TR SRR LR
RAET 2 B > ERM O E RS TR AR TR R G
g AR T RIFERRR L E R REEF AT, 2013)

F E @ E 4 (2002) & * k4R p|(Fiber Optic Sensor, FOS)frp# it & b
pES (Tlme Domain Reflectometry, TDR) ¢ * + 3t (Up-hole) % + ik B - i%iF
JEEN R R R BB R AEEFp R AT R
FHE BT R LR F RN IER E AR R TR S
WeEIiz2 d B3 E2 TRRE kit

FAREQ002)30 5 FHBHL T 2ERNE 2 BRE (1) ALY
Rt $RE L L r2 Y E 5 (2) L L EFE R

i

1B ke e de (DR RIE A QO F R E A
(%ﬁ#@ﬁﬁm:@ﬁﬁ%ﬁ~amﬁéﬁﬁa;uamaﬁaﬁi
I BE~ B RPIE ARPIIRE FEE G B)NEBIEE (e £)
2 o d TR RS h el BE S KR gd TG
AEERH FTHEFE ARG CERA AT ST FERSE
WL ATRAR -

Uchimura et al. (2008) % & — f§ % B4 Fg &2 p| k5> H W T pl 4
HUEEZHG ZREFT > KA E 4oB 2.6 P ’;ﬁd AR e

i
T LR SRR R BED T e e R £ -
BT B2 FPE S gL e FR S BHH o G

[had
#b 2
BF 2 Bl T
SEFRIBEY RUlZ2Z LSO RPN RELFQOIB)MIMER REE
# FRAERSHIFET R L d
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AR PRI PFER G - > TELTEATE 2% HIAF N
By A MART2RF > DIEERERZEHRZN LT FAo
TRARE LR

Wireless data

Rotation = transmission
on slope ‘/T bl

Tilt sensur

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 # 4 FHIFE L Pk 3t (Uchimura et al., 2008)

*i%@m@ﬁ@m%?ﬂ&@%a¢ﬁ§ﬁ®WEaﬁ@ﬁ%%
MTCP G @ REAE FTRERREDEE > RS 5T L
a&ﬁ%ﬁ@ﬁﬁiT’fa@ﬁﬁ@?%%%%ﬂﬁﬁlkm%
4] > 4o RS485 ~ TCP {8021113 5 e T A L R B

iii:iﬁljl l__if'r.gé‘r f#b ’ l,( - Jﬁ%ﬁilﬁ,% F,—-*\,}J_ﬁ—,#%_,]gc; f‘gé\' :j;\ 4R
Poefo g mARBEEAET RTH O TR © TG0 TR
Booord FRGEES BEELLFTN TFE RRY B kR i

R AR TT R R LR TR RS 4

)
1
)
%} =\ +

kTN SRS P BB 4k BL (Wireless Sensor Networks, WSN)-&_d — 7
BB ERT R BrrE Sk d g R Bg(sensors)b'ﬁ#%\i K T
%u(Chong and Kumar, 2003) » =~ i 2. B e il H2 % @A 3> 50 o
,,-T%@%\lj\\@%:f-ad\%‘lﬁw‘g%fﬁk’T TRERBEEY T



Vel

N NFHRRENETEM 2 BFEAS KA1 22 BT 4 Senera i)}ﬁ
Bk 3L o IR 4 3 B 4 (Internet to Thing, I0T) % & 2R B4 ¢ #5412
’ﬂﬂﬂﬁﬂﬂiiiimﬁoéi&?ﬁgﬁ&*ﬁﬁgii
BE O MAFTEQ0ISET B BT 2 BT 4 L(MEMS)R BB >
BT E R & M & (tilting) ~ X & 2 3R R (soil moisture) 4 4E w2 3 A
Fex 4 (matric suction)2. & R H ~ > 3174 T 2 m AR R I )
AENERBRBERERE > NHET A EA A T AEE ML A Y

P& et 7 eh 8 WSNs i faeda g o

)

¥
W -Pﬁ

14

= »
pu

d N E R E RS T N R MR BRI R
PR S RETEE ki MEER > TR K TR (T TR 2
22 SR E A o SR RN T RRREGR 0 A DR RS

FwAARE AT AR RS BAATTE N A R RE R
Tk ZE2 VR HRE A 'ﬁf‘?#f*f'l“ii SR EH BRI E L
PR ARE SN R IFERIEEE A M IS i By o

23k4 A FMEFU PRI APTERPFIFE

Bt B R HWAT A LR R EIRE R - A R
iﬁ@%?ﬁﬂv(ﬂ+mﬁﬂﬁﬁ’fwﬁﬁWﬁwiiﬁ@aﬁﬁhpgm
RSB R AT UE ARG R G e L 1 R 2Rk M
RFEE G UJRITIEFEE B ) BT HAE R SRz Sl BURS
FlAAT 0 ek d 4 B WERRK ﬁ”"‘*ﬁéfﬂ‘%f@a*‘#ﬂr«&ﬁ’%ﬁ
B MR FEF e ] 0 30T 5 R AR E M2 JRIG R o

231 23k FkY R

2 3E 7 oK & FHcd s (soil-water characteristic curve, SWCC) & #s it
Sy kE

o e 4 PR 2l FoK B Y UMA FRE(O)
f’!fﬁf KE(w) e frR (Sp& T » LA Z R
Mol SACB] 2.7 0 3 RFHRY M2 A ST ARG 4 I ahRE-K A 4 (storage
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capacity) °

#ohp{rd 3 FI A Tk 4 (matric suction, u,-u,):c %

tors ok

(wetting) %2 ££-K (drying) s 42 ¢ ¢ A& 2 BF 2Tl > T iple AR 4
TSR d S (wetting curve) P e E oK E g MY RE-R W A (drying curve) t
SR LEETESCER 2SS S R

100 T
ke -::\ } Desaturation zone i
\ |
\ Residual air-content
- 80 i t
F2 e hY |
e q \ Wettinlg curve
S i \ - Drying curve
s 60 I Air-entry—{\
5 value N ‘
T bl
EE i \ N Residual stage of ——=
=] ~ i unsaturation
o le—  Residual N \
& degree of saturation iy,
9 20 S
0 . T
1 10 100 1000 10000 100000 1000000

Suction, (kPa)

B 2.7 £ 3] et 3% § -k £ e 8 (Fredlund, 1995)

FEZRE Y R oA A 5 = BIFK é%*ﬂ@??
PN J’K?f;&t }\ =k E}?ﬁ’pk
4 L 3§ B (air-entry value) > 7 F B 4niE > 3 IEILH ,i&%‘é%ﬁ%

P B (transition stage) » 3 E F 43 & frr 7R EFA TS S B bem P &7

E< (boundary effect stage) > " F¢

"kﬁ,)'t:’e‘ zL
xR T 4

"L B (o 38 » R ARFF B (residual stage) 0 MR Z R E X A F A D
B -ak ' i T AR 7 K £ (residual water content) o ¥ ¢F 0 2 Ar e
2P > BEGET ELTATE A DR 4oB] 2.8 A7 o
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1E-5
O\

BE-6 | \\
6E-6 1 \
4E-6 \
2E6 [ Air-entry value\

: .
1E-10 + e .

0 50 100 150 200
Matric Suction, (kPa)

Coetfficient of Permeability, (m/s)

W 2.8 4328 i A4 2 B % (Fredlund, 1995)

232 defoigin A4

R L RFBEF T OFHFTLAT > 2SI EFH TR
VUHCRRTE Y~ R B IEATY IR RA S IR % 0 I R R T X
P2 A D g S B A § R R enE o 2ol 2 AT
ke fod BB 2 Rt OB AGH P et g R M o
B EIICVHOR RS RGO 0 F 0 R~ B2k B

Bk kw2t %ﬁ””}m/§° iéﬂin’Wf%?#4ﬂ/$m_

Pl st fod 2% Gl 2 RSl R AT A RS
“Glcd Ao B 29 54 A3 2t «fri tg;p}]wa, e E S ST
G VKR sl 30 kind R p gl 2RV TR Y
R kEEE > B EE T TRt ﬁ}‘?ﬁ;@”éj\m
B TR > 425% > Freeze and Cherry(1979) B3k 3¢ 4 ’T@éﬁ*“ X F
BA S IFADRNIE S FNAHT e 2 EN 2 = BRI
2_ ¥4 #2358 ¥ 12 Richard equation % 77 » 12 5K & jrh’?,,(\ 47 %
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a[k(h )ah} a{k(h )ah} a[k(h )ah} a6(n,)

ax P a.x ay P ay aZ P aZ ax (23)

o hRRST O Gk E BB K ket RS
B4 RS2 S BT R TR A k(R R
,,ER)"EE?F'B‘*L&:@IL DB ARG R N e R kol K o

IR e == ——
0.5 [ —T—" —
o 7 :
ﬁ r‘ — 1E-0 =—y ]
é 0.4 ’,'/ '%1 j';
5 K :/f 1 8 05— L
§ 0.3 -r::/ i ‘g ::’—-
§ 2 / < 1E-06 :
/ = — 1
=
g 02 £ === fine grain soil f“"--ﬁn::ramsoﬂ
-% . L |——case study soil 'E-; 1E-07 — case study sail
o I cuarscp‘alnsou I - coarse grain soil
0.1 e 1E-08E S — —
-40 230 <20 -10 0 10 20 30 40 .40 -30 20-10 O 10 20 30 40
Pore Water Pressure (m) Pore Water Pressure {m)

W 2.9 & F| 3 g2 thefod EF P A (Collins and Znidarcic,
2004)

BY s B K e foip s (k) 0 EiE O~ B2
Fogond o RifH A e 2 RS OREF LR EwAY L if
B2 Fowp i a2h or B Sl o A R RS o BN i 2
frz. 2 g A fr > @ mippd i,%:m&k%ffv}; D TR H P4 5

"’a’,ﬂ* BrFTRFIH O OREFEIEY I EfkET TR

S0 2 MY BRRIEFE GH Kk A EIFRR (T
ak(h)/az 0

f!
) » ¥ #45E-w 2. - 2 Richard equation :
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12 Crank-Nicolson 3 'R 4 & 72 » 12 Rf2iF R 22 1/400 5 Az > At B 14
Hills % 4 #f2& 2% At L4 N 0 ASAZIVE > V=Q/(O (0> 1)-0,) @ TriciE
3-8 2 ¥ 4% 2% i (CFL condition) » & & — 3+ 8 pFiE2 -Kin % € 4236
- BREREES > TR 24552l 5 £ 450

o K= e (=)

M (h P.J P — 2 2.5
()2 oA (2.5)
ki1 [(hﬁfjl —hy )+ (= )}

_ I3
20

Sk - e T 2 ¥ FuR i B iE 2 e Collins and Znidarcic
(2004)4p ke » FiF R 2 @ B4 REE L 00 TR EE S EORER o #
TR Am A AR AT R EATRA AT # T8 A i
d A 32 R A AR fRE 2% 04 47 % % Jr Collins and Znidarcic
(2004) 17 = % #iciE 4728 SEEP/W 2 4 5 1t 4] 2,100 7 143 AR
ROApk o el § LB 0 T £F 5 SEEP/W Gl 4 1A &k
oA m A Bl - T A A
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| | 2
1
____..-o-—-"/
2 din, dor
< () B
-E’E —p— ( hr . 7
—8®— Shr
emcfp 23 hr
3 H —e— 39hr 3
—— :7 r / Stability Envelope
- = = = d, (Collins 2004) (B=40%
. | [/ 4 | |
4 3 2 1 0 1 -4 -3 2 -1 0
Pressure Head (m) Pressure Head (m)
(@)1D 5 A & (b) 2D 3 *¥=~ 4% (Collins and Znidarcic, 2004)
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~# 7 %% Collins and Znidarcic (2004)"% & & 2_ & 'V H f2 T &
Viprh  BERUFH 2k I FWMERIAN SR b B2
£ E FH o Ao 2010 TRk iEe 2 dy e WERBEONZ S A
G TER A PRI B w A 2 TR dn 2 rBFER D BREH
B g #2 AREFR do e

W 211 &' Ufst2 k4 4 BiMEREAHTALE

RN eIt (2Sd,) 0 et kg F AT AHEE L e
Bty » biEoms a2 30 Trw BT Fge > k4
PR G, =sinf 0 £E wgind 2B A kA HRL =1 2 E R
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PEWFTLRILEHG WyfrT Fla Wead B A E

=y rd, vy 1, ~d,)| cos B (2.62)

c=ly1d, +y,-1-d, -d,) sinB (2.6b)

By =y —y, o B ENS STABLILERG T TG A BA
£ > ¥ 1 34(2.7a) ~ (2.7b) % T

Sy=1i-7,d,  l-cosf (2.7a)

Ss=i,-7,-d, l-sinf (2.7b)

KT A ST LR (2.8)% 7
S, =i, 7, -d, I (2.8)
e 2 ned NE2T4 ST IRQ209) ~ (29b)% 7
=y 1-da, +y 1-(d,~d,)| cosp+i -y, -d, 1-cosB
=ly,-1-d,,+7,-1-(d, —d,)]-cos B (2.92)
=y 1-d,+y,-1-d,-d,)|sinB+i -y, -d,-1-sinf+i, -7, d, I

2[73 ldm +7t 'l'(dcr _din)]'Sinﬁ-i-}/w 'din lSll’lﬁ
(2.9b)

",ﬁcf,"ll-secﬂ?’?gi'liﬁ“fr%\iiiﬁ w4 E TP RA 0 4oV (2.10a)
(2.10D) :

o=y, -d,+7,-d,-d,) cos’ B (2.102)
t=[y,-d, +7,-(d, —d,)]-sinf-cos S+, -d, sinf-cos  (2.10b)
RIS I Y- ATy o & 32l

7, =|e +(u, —u, )an ¢’ |+ (0 —u, )tang @2.11)
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d = €t Y qlg Ty tan /8
" ycos? ﬁ(tanﬁ—tanﬁ) v, "y, " tanfB—tang
2.12)

d e =c+y, htang’ ~ ho=d, —d, 7 HEFQI12)%H 5

w cr

I+ 7, - tang’ -d
ycos® ,B(tan,B —tan ¢') ¢

¢ +d, -y, tang’ (7, 7, tan
- 2 N —-1 dln__dn )
yeos flian f—tang') \ 7 Vi tan 5 — tan ¢
€8 % e
(2.13)

TRERFEE Y RRTRIROREL L BH LR
= E g > ¥ #-54(2.10a) ~ (2.10b):cE 5

o=7 -7-cos’ (2.14a)
T=7,-7-sinf-cosfB (2.14b)
T2 % > RE(FS) A
2 '
FS = c,+;/,.z cos” ff _ .c, +tan¢ 2.15)
Y,-z-sinfB-cosff y,-z-sinff-cosf tanf
¥ 7=d PFFS=1.0> RN (Q2.15)7 # 5 :
d - . c, ' tan - : c, | (2.16)
y,-sinfB-cos f tanff—tang ¥ -cos” B(tan f—tang)
dc,=c+7, h()tang” » 7 #3(2.16):cH 4 -
' b
- c+y, h(z)tang 2.17)

7,-cos’ f(tan S —tan @)
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FQRINDEFERFEFI "“-*?H?:%%’Eﬁﬁ VLM AR F IR
N B R A# S Fr Bl A AT A R LT L Sl T
s & mpE L B A -

R FE AT A AL e B EE %
N S VO RS RIEBURACS T LR R o AR T
R RS FEE o AEEA D RERS s E A

gé‘dsél; Sv 1 B é/.%. °

234 k4 A EmiEELST

d 3t E U AT - RG] P mEER BT
B e R pERY R %?*W£+LL£&%
THREFSEIP C BB E o EEAE G k4 AT 0 T
ﬁwkmﬁﬁ’%@ﬁkaﬁﬁ’%ﬂ%ﬁﬁ@@ﬁﬁkﬁﬁii
HEFABLo o B st 2% 0 arbpdrt 2 EBH 2 G
B RREVITNEE RS P RBEME LT o

o+

BB Aot Kok 4 4 g e 247 0 A7 3 00 FLAC 425¢
¥ 2 4P He 2 (Two-phase flow module)it {7 4= 45 2L 48 fo 3] 47 {0 % i
AT TR A B aArean o R RF IR 1T e B RES F
B A AR RN T B TR
FCHORRA TR RS 2B (AT S SR B R B
Ak 2bap e d K B d FIE S 51 R 2 BLRGE AR

A 47 pErL i3 ¢ 2. Mohr-Coulomb 3B % 42 w050 » 4 g H ¥ 4 5
B(T™ )&

" =(0c—-u,)tang+ S (u,—u, )tang+c' (2.18)

ROS, BokatefoR o AT (u,—u, IR R A HEkEoR

Z2_ B¢ % 12 van Genuchten (1980)iF & 2_ b a3\ & 77 40T :
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P.(S,)= RS, =1 (2.19)

fva RAEYES SRR BT AG:

§ =PuwTS (2.20)

ﬁﬂS,;i%%%%#ﬁ’@*&@i%**&*?%ﬁ%ﬂ%“

s H &%
5 ?ﬁ‘zf‘ B G

p =8 (2.21)
(94

XY p LKA b2 EF -

tp oz i i 2 ¥ % 2. van Genuchten (1980)%# p 4 77 » H 22
IR 2 M 5

k=5,[1-a-s0y] (2.22)

Rk AARERYE Gl 3 RAEOR B BE(K(S,) &R Gk
k. Ba:

sat

k(S)=k *k_, (2.23)

AATEEE R 2 A BRER LS R R e HE RIA G E
o kd BRBRIE BB R > ME AR % L Rk Y
FEHICHRRA S0 R EA AT it ok LS K2
TiafE > A dnr B R R R ToR S 4 B s R AR R
THHIR A FIERLF o

RN E RS - ek 4 B AT 5 b R A B MK
(Colluvium) % # # (Bedrock) » ™ Bl 2.12 %77 2. et > E* 2 4 £ 4R
B0 Rl RN KT e FE o RINR G e B o kA BRI
MLBHER HTEARR L BEEIRET FREIH KRS L0
AR e R G AR L FIBE o e B R iR ae s kS 4§
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1 8/27/18 05:00 281 8/2722:25:58 | 8/29 11:38:33 2.17 59.5 17.5 0.06
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- 6/14/18 10:00 75.6 6/14/18 19:30 6/15/18 0:12 0.14 39.08 9.5 27.79 0.029
= 6/16/18 12:00 69.27 6/16/18 14:23 6/17/18 1:12 0.27 58.17 2.5 32.54 0.025
= 6/17/18 7:00 302.66 6/18/18 5:28 6/20/18 19:55 4.1 24.5 22.5 35.98 0.0656
o 6/30/18 16:00 33 6/30/18 19:07 7/1/18 7:37 2.76 23.5 3 55.73 0.221
I 7/1/18 13:00 79.5 7/1/18 17:58 7/1/18 19:51 0.78 60 2 46.56 0.25
- 7/1/18 22:00 158 7/2/18 6:44 7/2/18 13:45 1.3 28.5 9 41.28 0.18
= 07/18/18 17:00 100 07/19/18 16:26 07/20/18 02:21 3.89 57.5 23.5 48.06 0.389
A 07/21/18 16:00 55 07/21/18 16:18 07/22/18 02:10 0.73 19 0.33 42.69 0.073
1 07/22/18 15:00 75.5 07/22/18 20:35 07/23/18 11:41 0.36 62.5 3.5 39.5 0.024
-+ 08/04/18 16:00 87 08/04/18 23:06 08/06/18 05:57 1.37 73.5 7 41.11 0.0527
- 08/23/18 04:00 324 08/23/18 12:55 08/23/18 19:01 2.57 56.5 9 51.52 0.6425
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A T2 A-A R BRSO W g AR A 2 ”'}3 P AT EERR 2
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4 5-5 M55 3 K Rk

S H(H ) Colluvium Rock
b ol - F
18.5 23.0
(kN/m?)
el &
20.1 25.6
(kN/m”)
¥ ~ fic#ic(kPa) 4000 2.0E5
1o gt 0.3 0.25
REY S
0 1200
(kPa)
Y 3
35 30
(deg.)
WIE & (deg.) 2 0
%% ¥ (m/s) 1.5E-3 5.2E-5

% 5-6 ## & Van Genuchten (1980) #-:%#t & %4k

65 (%) 0, (%) a m n

43.5 10.0 0.3 0.99 1.11
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% 5-7 #hefo-k > $dk

P d Colluvium WR R
Porosity 0.35 0.1 JU
Kga (m/s) 1.0E-4 1.0E-6 e ok id Tk
fmodulus (Pa) 2.0E9 2.0E9 KRS A Bl
saturation 0.54 0.54 A7 b ke o R
Vga 0.1 0.1 VG parameter a
Vgpcw 0.5 0.5 VG water parameter b
Vgpncw 0.5 0.5 VG air parameter
vgp0 (Pa) 15000 15000 VG PO
Pc (Pa) -45203 -45203 47 4 From Pc(Sw)
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