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ABSTRACT:

On-site drill at the mountainous slope of section 41.55K to 41.65k of the 7th Taiwan Provincial Road showed highly fractured
bedrock at least 50m-deep surface layer had been destroyed by the headward erosion, bad topographical and geographical
conditions, in addition to d slope instability resulted from typhoons, earthquakes, and heavy rainfalls.) The project installed
innovative wireless, cloud sensing modules to monitor the responses of the slope and retaining structures. Rigorous analyses for
slope stability and soil structure interactions are conducted and integrated with the monitoring system to provide customized, time-
dependent warning system for shallow slope failures and retaining systems. A cloud platform is developed to store, display, and
implement the data. The system is featured with quick installation, time-dpendent warning, and real-time monitoring. A cloud
platform is developed for data storage and display to complement the experiential rainfall-based early warning monitoring mode,
and to upgrade the accuracy and efficiency of the early warning system.

BENEFIT AND APPLICATION :

1. The project aims to establish a customized cloud warning system integrating wireless sensing modules for shallow slope
inclinations and retaining walls deformation and threshold warning values based on rigorous mechanical analysis for long-term
warning. The system intends to be an effective supplement system of conventional rainfall-based warning system for road safety
management during raining season.

2. The application to the geographic monitoring and early warning by utilizing consumption electronic system and integrating
simplified soil monitor module may be used as basis for initiating hazard prevention by the Ministry of Ransportation,

Directorate General of Highways, and Taiwan Railways Administration.
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VR i =sinf » EE wFid » B ok HRI =17 PRt
e A (2> ) A At 2RI E L RME Ty HAT
Bed 2Kl AEIERE 0 TPh,=d, -2 -

AEWTARE L3 He WeieT 7o Wed BA R

W, :[y/'-l-din+7/t-|-(dcr—dm)]-cosﬂ (2.6a)

Wy =|y 1-d,, + 7, -1-(dy —d,, )] sin B (2.6b)

He y =y —p, o BB SSTARLLIEG ol 7 A BA
7 UR2.72)  QTD)E

S =1, -7y -0, -1-cos S (2.7a)

S5 =1, -7y -di, -1 -sinf (2.7b)

KT HIRA S N (2.8)F T

Sh=lh 7w i -1 (2.8)

[
=k
ki

G b2 im4 NZ244 S¥8(29) ~(29b)% 7 :

[7/"I'din + 7 'I'(dcr _din)]'cosﬂ‘i'iv'yw'din 'I'COSIB

:[73'I'din+7/t'I'(dcr_din)]'cosﬂ (2.9a)

N

S:[7"|'din+7/t'I'(dcr_din)]'Sinﬂ"'iv'?/w'din'I'Sinﬂ"‘ih']/w'din'l

:[75 'I'din + 74 'I'(dcr _din)]'Sinﬂ+7w'din 'I'Sinﬂ
(2.9b)

",% Ylsecfv @rFdw 2w iR TR A 0 403V (2.10a)
(2.10b) :
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=y -diy + 7, -(dg —dy,)]- cos® B (2.10a)
=y -d,, +7,-(d, —d;,)]-sin f-cos B+, -d;, -sinB-cosf  (2.10b)

[N ER LI N TR AR Tp ¥
r =|c +(u, —u, tang® [+ (o —u, Jtan g 2.11)

VR ERR SRR do b

C, Vs Yw tan /3
dcr: ) - 'din__'din' .
¥ COS ﬂ(tan,[)’—tangz)) Vi Vi tan # — tan ¢

(2.12)

4 ¢ =C +y, h tang® ~ hy=d,—d, » 7 #52.12):c 8 5 ¢

1+ Yy tang -d
¥ cos’ ﬂ(tanﬂ—tan%) “

¢ +d, -7, tang’ (75 ]d T g tan 3
3

Vi tan B —tan ¢
" kg i

ycoszﬂ(tanﬁ—tangzﬁ) [ R

ES

\rmL

(2.13)

%ﬁ&%&%i“’nfﬁkimf e XS PR L EE &
i F e & 0 T #-38(2.10a) ~ (2.10b):c B L

oc=y,1-cos’ 8 (2.14a)
T=y,-2-sinf-cospf (2.14b)

TR % > G #(FS) 5
s _ C, +J;-Z-cos ,8 C; tan¢ (2.15)

Vi Z-sinf- cosﬂ Vi Z-sinf- cosﬂ tan

¥ z=d, PFFS=1.0> B8 (2.15)7 ## 5 :
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C, tan S B C,

= . - = > , (2.16)
y,-simf-cosff tanf—tanp y,-cos” B(tanf—tang)
d ¢, =C+y, -h(2)tang® » ¥ #354(2.16):cH 5
_ ¢ +y,-h(2)tang" 2.17)

2 -cos’ p(tan f —tan (0')
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B(r™ )&
™ =(oc—-u,)tang+S, (U, —u,)tang +c' (2.18)

7P S, Aokz&foR o AFEA (u-u, )UP HE o HEkEfoR
2_ R % 2 van Genuchten (1980)i& 3% 2. B 7238 & 57 4o ¢

P.(S,) =R (S, =" (2.19)

Fra LA s S, bR HRAS:

S, =—w " r (2.20)

RS LA MEABER > KT E RS B R R g
P %% AFs4 » BiEs:

= 2.21)
(04

KoY oo SKABAE a5 K e

épfoi% % o 0 * 20 van Genuchten (1980)% P 4 7 » H 22
Ao R 2B 5

k,=S,[1-(1-8{=) ] (2.22)
KUK S ARERS Gl R e R BE(KS,) B foRis ik
Ko, Bi%&:

k(Se) = kr * ksat (223)

AATREEY 24 BER LA RLEF R T e BT ARG E
FE_o kA AR AL ER BB LG R L FHEEORED
FIEHI AR 5 0 X TA e AT oddnte ok S Fd 2 A2
TR o A B R Rk 4 F g AR 0 A TR E R
TEHIR R FIFRF -
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