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Varnes (1978)

(2011)

2~3 m 



 2 

 

(coupled hydro-mechanical)

 
(Micro-electro-mechanical system, MEMS)

 

2.1  
(TRB, 1996)

(rock) (debris)
(soil)

(fall) (toppling) (slide)
(spreads) (flow)
Kurahashi (2008) 1990~2004

1310 
90%

80%  

(Cascini et al. 2010; Fannin et 
al., 2005) 0.5 3m

5 25kPa Cascini 
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et al. (2010) 
failure

postfailure propagation

Cascini et al. (2010)
field stress path

slide
slide to flow

flowslide 1 1
Fd Fr

q

 

1
2 2 22

2 2 23
2

xx yy yy zz zz xx
xy yz zxq  ............... (2.1) 

p’  

1' 3 xx yy zzp  ..................................................................................... (2.2) 

 
1  (Cascini et al., 2010) 

S1 : slip surface 1
S2 : slip surface 2

shallow soil deposit

SLIDE
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bedrock

rainfall
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p'
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t
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t
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Failure line
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Failure line
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Failure line
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t1

Fr
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Fr
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SLIDE TO FLOW
(dense or loose)

FLOWSLIDE
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Fd Fr

1(b) q
1(c)

stress transfer
q 1(d)

Anderson and Sitar, 
1995 Collins and Znidarcic (2004)

β
-

(extended Mohr-Coulomb failure 
criteria) (Fredlund et al., 1978)

 

…………..………………   (2.3) 

 

(dcr)  
 

  …………….   (2.4) 

 

ch  
ph

(

 
Collins and Znidarcic (2004) (2.4)

= °° =20 
kN/m3 c'=3kPa '= °° b= °°

hp/hc

( 2 )
A B (FS=1) A

B
47 1.8m B
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2 

(Collins and 
Znidarcic, 2004) 

 
2.2  

(2002)
(1)

(2)
(3)

(2011)

(1) (2)
(3) (4)

(5)

( ) (
)

 

(1) (2)
(3) (4)
(5) (6)

(
, 2013) (2002)
(Fiber Optic Sensor, FOS)

 
Uchimura et al. (2008)

3

(2013) Zigbee
3.1K
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3  (Uchimura et al., 2008) 
 

(2004)
TCP 

RS485 TCP 
802.11b 

 
(Wireless 

Sensor Networks, WSN)

(sensors) (Chong 

and Kumar, 2003)
(Internet of Thing, IoT)

Senera 

(Micro- 
electro-mechanical system, MEMS)

(tilting)
(soil moisture)
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3.1  

 
(1) 

 
(2) 

 
(3) 

 
(4) 

 

(2007)

(2009)
SEEP/W

 
SLOPE/W SIGMA 

/W

4
 

 
4 

(  2009) 
 
3.2  

FLAC
(Two-phase flow module)
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 Mohr-Coulomb 

(2.3)
( max  )

 

max ( ) tan ( ) tan 'a w a wu S u u c   (3.1) 

wS  (
a wu u  )

cP  
van Genuchten (1980)  
 

1/ (1 )
0(S ) ( 1)a a

c w eP P S    (3.2) 

 
a  

eS  

1
w r

e
r

S SS
S

  (3.3) 

rS  
0P  

0
wgP  …………………………………………….. (3.4) 

w
   

van Genuchten (1980)
 

2(1 )1 (1 )a a
r e ek S S  ……………………………………………….. (3.5) 

 
rk  ( )ek S  satk  

 

( ) *e r satk S k k  …………………………………………………….. (3.6) 

(Colluvium)
(Bedrock) 1

(2009)
5 0
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1 Pc
6

 
1  

 Colluvium Bedrock  
Porosity 0.486 0.1  
ksat 5e-9 1e-12  
fmodulus 2e9 2e9  
saturation 0.53978 0.53978  
vga 0.336 0.1 VG parameter a 
vgpcw 0.5 0.5 VG water parameter b 
vgpncw 0.5 0.5 VG air parameter 
vgp0 15000 15000 VG P0 
Pc -45203 -45203 From Pc(Sw) 
 

7

0

 

5 FLAC  
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6  

 
7  

 
8

9

1.03

1.125
6.3cm
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(a)  

 
(b)  
8  

 

10

7

 



 12 

 
(a)  

 

(b)  
9 (FS=1.03) 
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(a)  

 
(b)  

10  
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4.1  

(Tensiometer)

(High Air Entry 
Ceramic)

(Cavitation)

 

(soil-water 
characterization curve, SWCC)

SWCC

 
(

) (1)
(R, Resistivity) (2)

(
r
, Relative permittivity)

(3~5)
(=1)

20 80.1 100 55.3

5%

wa uu

wa uu b
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( 1999)  

(parallel-plate capacitor)

 

/C A D  ......................................................................................................... (4.1) 
 

C= ε= A= D = (4.1)

 
(4.2)

(4.3)  
 

( )meas w w aL WC h h h  ............................................................................... (4.2) 

(0)level level
RL

RL RE

C CLevel h
C C

 ............................................................................. (4.3) 

= wh = w = a = RLh
= ( =1) = =
= =  

(4.3) (4.3)

 

(0)level levelC C =( ) ( )a a w w s s a a w a s sh h h h h h  

= ( )w w ah  ............................................................................ (4.4) 

(4.4)
 

 

Lh
levelC )0(levelC RLC

REC

RERL

RL

CC
h
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4.2  

 
1. MEMS

3mm 1 mm  
2. μw

 
3. MEMS

 
4. MEMS

10
1

 

 
1. (G sensor)

xyz

 
2. (Gyroscope sensor)

xyz G 
sensor 
(Inertial Measurement Unit, IMU)

IMU

 
3. (Tiltmeter/Inclinometer)

xy
 

4. / (Capacitance/ 
Digital converter)

 
MEMS

11
MEMS (

) /

( 11 )
( 11 )

 

 
11 
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(1)
(2) (3)

(4) (5)
(6)

 
 

(1)Arduino (2)
(Raspberry Pi) (3)Linkit

(4)Intel Edison Arduino
Raspberry Pi  

Arduino
Arduino Arduino

I/O

USB
Arduino

Arduino

Arduino Uno

ATmega328
16MHz 14 I/O

SPI (Serial Peripheral 
Interface Bus) I2C 
(Inter-Integrated Circuit) I2C

112

6
ADC (Analog/Digital 

Converter)
I/O

2.7”( 6.9cm) 2.1”( 5.4cm)

5V 7~12V
 

(2) (IMU) 
IMU

IMU

(1)
(2)

IMU

(3-axis Magnetometer)
IMU

IMU

IMU
 

(3)  

Murata Electronics
SCA100T 90

0.0035
SPI

 
(4)  



 18 

( 12)
 

 
12  

 

TI FDC1004EVM

FDC1004
USB

GUI

FDC1004
Arduino Uno

 
(5)  

Wi-Fi GSM Zigbee

 

R1 at Z1 

R2 at Z2 

Rn at Zn 
θn=f(Rn) at Zn 

Ground surface 
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RF

650m  
RF

NRF24L01
NRF24L01

(1.9V~3.6V) (<25mA)
(2Mbps)

125
NRF24L01

RF

NRF24L01
CRC

6

Dip2.54mm
NRF24L01 SPI

SPI I/O
FIFO(First In, First Out)

 
(6) (GUI, Graphical 

user interface) 

GUI Arduino
Arduino (firmware)

Arduino

GUI
Microsoft Visual Studio
C+ GUI GUI

Arduino Uno

GUI

 
ASCII

(mon, day, year)
(hour, min, sec) (%)

(pF) X ( ) Y
( ) X Y
 Z X  

Y Z  
X  Y

X Y
X Y

X Y

 

 



 20 

4.3  

 
Sparkfun

Arduino UNO
Arduino UNO

4

13

 
 

 
13  

 
1. ( 14(a))

IMU

 
2. ( 14(b))

 
3. ( 14(c))

 

80cm PCV 13
 PCV

90cm 4
UPVC

 

Arduino 
UNO 15(a) USB

GUI

15(b)

USB
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(a)  

 
(b)  

 
(c)  
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14  

 

(a)  

 

(b)  

15  
 

 

1. (Hand auger)
0.5m  

2. 
0.5 m  

3. 50 mm
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 4. 
 

 

 

(1)
(2) (3)
(4) (5)

 

1. 1999

 
2. 2003

MOTC
 

3. 2009

( 2 98 )

(2/3)
 

4. 

2002

65-78  
5. 

 2009
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122 (2009 12
133-142  

6. 
2013

 
7. Cascini, L., Cuomo, S., Pastor M, and 

Giuseppe Sorbino, G. (2010). 
“Modeling of Rainfall-Induced 
Shallow Landslides of the Flow- 
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Geoenvironmental Engineering, 136 
(1), pp. 85-98. 
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1

 

(International 
Hydrographic Organization, IHO)

(World Electronic Navigational 
Chart Database, WEND)

WEND
2  
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1  

 

 
2 WEND  

 
IHO 2010

(International Convention for the Safety 
of life at Sea, SOLAS)

85%

 
1. SOLAS

2008 7
1 (High Speed 
Craft, HSC)
(International Marine Organization, 
IMO) HSC

(Electronic Chart 
Display and Information System, 
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ECDIS)  
2. 

(Electronic Navigational Chart, ENC)
 

3. 2008

 

 

(Lloyd’s Register of 
Shipping, LRS)

(Risk 
Environment)

 

 
3  

 

SOLAS
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9

 

 
4  

 

SOLAS

SOLAS

AIS
AIS

 

2.1  

E10T3W AIS-700  

1. E10T3W  

AIS
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1  
   

CPU 
Bay Trail-TZ3735F 
(  Up to 1.83Ghz) 

 Intel Bay Trail  

 DDRIIIL-2GB RAM 

 10.1 1280x800 

 Intel HD  

 32GB 

 
HD AUDIO

 

 
802.11b/g/n   

4.0 
 Windows 8.1  

 
200 / 

500  

 
176.2mm(L)x258mm(W)  
x 10.3mm (H) 

 
580g( )/470g 
( ) 

 5V/3A  

 
/ 

OTG  
http://www.genuine.com.tw/ 

 

2. AIS-700  
AIS GPS AIS

AIS

GPS
 

 
2 AIS-700  

   

Dimensions 
140mm (L) x131.4mm (W) x 

46mm (H) 
Weight 550g 

Battery Power DC (9~30V) 
Average power 
consumption 

4W 

Peak current rating 2A 
GPS Receiver 
(AIS Internal) 

IEC 61108-1 compliant 

Electrical 
Interfaces 

RS232 38.4kBaud bi-directional 
RS422 NMEA 38.4kBaud 

bi-directional 

Connectors 

Power 4 -pole Plug 
VHF Antenna 

connector 
BNC 

GPS Antenna 
connector 

TNC 

Interface RS232/RS422 

VHF Transceiver 

Transmitter x 1 
Receiver x 2 

Frequency: 161.975 to 162.025 
MHz in 25 kHz steps 

Output Power 33dBm ± 1.5 dB 
Channel 

Bandwidth 
25kHz 

Channel Step  25kHz 
Bit rate 9600 b/s ± 50 ppm (GMSK) 

RX Sensitivity Sensitivity: - 107dBm 25kHz 

Environmental 
IEC 60945 

Operating Temperature: -25ºC to 
+70º 

Compass Safe 
Distance 

1 meter 

Indicators 
On, TX, RX, Status, TX timeout, 

Error, TX Off 
http://pcnautic.nl/shop/ 

Datasheets/AIS-700%20User%20manual.pdf 
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2.2  
 

1. ECDIS  
ECDIS Python

Python  
Gudio van Rossum 1989

ABC
Python( )

(Monty Pythons Flying Circus)
 
Python

Windows/Dos Linux Macintosh(Mac 
OS) Andriod FreeBSD

Eclipse NetBeans PSPad Notepad++
Linux Mac OS

Python
 

Python Python

Python
C Python C

Python
CPython

Java JPython .NET 
Framework IronPython

 
Python

Python API
C

C++
Python

Python

World Wide Web 
Consortium( W3C)  

(1) Pywin32-216 Python
Windows API
Python  

(2) PySerial-2.7.win32 Python
Serial Port  

(3) PyAudio-0.2.4.py27  Python
PortAudio PortAudio

SGI
Unix Beos
Python

 
(4) GDAL1.11.3 GDAL/OGR

GDAL (Geospatial Data 
Abstraction Library)

(GIS)
3D OGR

OGR
Binary Coverage

DWG ArcSDE GML PostgreSQL

GDAL OGR
OSGeo
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Frank Warmerdam  
OGR

(Open Geodata 
Interoperation Specification,OGIS)

6 (Geometry)
(Spatial Reference)
(Feature/Feature Class Definition)
(Layer) (Data Source)
(Drivers)  

OGIS

Feature

Linestring Polygon
Composite

GeometryCollection
FeatureCollection

 
2. Windows8.1

 

 
9 Window8  

 
9  
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10  

10  
 

11 GPS  

11 GPS  
GPS

GPS SOG COG 12  
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12 GPS  
 

13 AIS
AIS

MMSI 14  

 

13 AIS  
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14 (MMSI ) 
 

GPS 15  

 

15 GPS  
A B

16  
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16  
 

17
18 19  

 

 

17  
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18  

 

19 CPA TCPA  
 

20

21  
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22 23
24

 

 

20  

 

21  
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22  
 

 

23  
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24  

 

Python 2.5
Windows XP

Python
Windows 8( )

PYGTK
Windows 8( )

glib

25 27
28
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25  26 
 

27  
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28  

 

1. 102
2013  

2. 104
2015  

3. 

RITI Technology Inc 2008  
4. IHO M-4, Regulations of the IHOfor 

International (INT) Charts and Chart 
Specifications of the IHO, 3rd Edition 

5. 

2006  
6. Maritime Safety Committee, “International 

Convention for the Safety of Life at 

Sea (SOLAS),” International Maritime 
Organization, 1974.. 

7. Python  
8. GDAL - Geospatial Data Abstraction 

Library GDAL website  
9. GIS Interoperability and OGC 

Specifications nki  
10. 
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(D.E.R.&U.)

 
1.

2.

(Rec)
(Rsc)

27
( ) Rec Rsc (

) 2590
Rec Rsc
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(TBMS)
(D.E.R.&U.)[1]

[2]

 

[3]

 

[4]

[5]

[6]
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1.

[7]

2.

SAP2000

(Rec)
(Rsc)

Rec Rsc

 

2590
Rec Rsc

[8]

27
(fixed)

(Artificial Intelligence AI)

( ) Rec Rsc ( )
2590

Rec Rsc

 

AI
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[8] 27

 
2.1 

 

 
2.1.1  

 
2.1.2  
(1) 

[7]

 
(2)  

(
) (

)
( )

[8]

 
2.1.3 

 

( )

 
2.2 

 

4  
2.2.1  

[8]

27
(fixed)

 
2.2.2  

RC
135

135
 (Rec)  
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2.2.3 
 

[9] TBMS

(Input) Rec

135
(Rec)

Rec 27
5 135

 
2.2.4 

 

Rec

(ESIM)[10]

(
) Rec ( )

2590 (Rec)  
2.3 

 

4  
2.3.1  

27

 
2.3.2   

27 5
135

(Rsc)  
2.3.3

 

Rsc
27 5

135  
2.3.4

 

(ESIM)

2590
(Rsc)  

2.4  

Rs Rs Rsc
Rs>Rsc

Rec Rsc
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3.1  

 

( )

[4]  
Yang

(Vehicle-Bridge Interactive 
Problem) [11]

Yang

( 1) 
( 2)  

 
1  

   
 

 
 

(
)   
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2  

  
 

  
S.A. Mirza and J.G. 
MacGregor(1979) 

Variability of mechanical properties of reinforcing bars   

Yang, Y.B., Lin, C.W., 
and Yau, J.D. (2004) 

   

Lin, C.W., and Yang, Y.B. 
(2005) 

 
  

 
(2009)  

  

Yang, Y.B., and 
Chang,K.C. (2009a) 

 
  

S. Foti, D. Sabia(2011) Influence of foundation scour on the dynamic response 
of an existing bridge 

  

(2011) 
 

  

(2011) 
 

  

 
(2011) 

 

  

S.H. Ju(2013) 
Determination of scoured bridge natural frequencies 
with soil–structure interaction 

  

L.J. Prendergast, D. 
Hester, K. Gavin, J.J. 

O’Sullivan(2013) 

An investigation of the changes in the natural frequency 
of a pile affected by scour   

(2013) 

( )

 
  

(2014) 

 

  

(2014)    
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3.2  

[3]

 

Μbridge( )

ωbridge (
) Kbridge (

)

(1)  

      (1) 

[12]

4.1  

( )

ESIM

 
(1) (Rec) 

 

      (2) 

fa

fb  
Re  
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Rec

 

      (3) 

fc

fo ( )

 
Re Rec 

 
Re Rec 

 
(2) (Rsc) 

 

 
    (4) 

fsa

( ) fsb

( ) Rs

 
 Rsc

 

 
    (5) 

faa

( ) fab

( )

 
Rs Rsc

 
Rs>Rsc

 

1

 
4.2  
4.2.1  

4G
[13]

(1) (2)
(3)  

4.2.2  
(1) 

 

[7]

 

( )
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( )
100

2.27m/s
2.67/6=0.445m/s  

(2)  

2
 

 

 

1  
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2 
 

 
4.2.3 

 

 
(1) 

 
(2) 

 
4.2.4 

 

(1)  

[8] 27
SAP2000

5
27

3  
 

3  
    

1   7  
2   20  
3   1  
4   61  
5   7  
6   20  
7   1  
8   19  
9   1  

10   17  
11   11  
12   1  
13   1  
14   21  
15   1  
16   7  
17   11  
18   15  
19   1  
20   21  
21   13  
22   2  
23   11  
24   9  
25   13  
26   9  
27   14  
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(2)  
1.Xtract 2.SAP2000

SAP2000
Xtract

SAP2000

 
Xtract

Xtract
Xtract

 
SAP

SAP

[15]  
(3) 

 

2009
[9] TBMS

Rec

3

 
3 
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a. 
33 4

 
4  

 

 
 
 
 

1.  5.  9.  
2.  6.  10.  
3.  7.   
4.  8.   

 
 
 
 

11.  15.  19.  
12.  16.  20.  
13.  17.  21.  
14.  18.   

 
 
 
 

22.  26.  30.  
23.  27.  31.ID 
24.  28.  32.  
25.  29.  33.  

 (Rec) 
 
b. 

33

0 10 10
1.25

 
c. 

AI  

(FPR)

 

(Multiplicative 
preference relation MPR)

(FPR) FPR
Rec

 
d. SPSS
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135 Rec
( )

(Rec)

 
e. 

( )

( )
Rec( )  

(4) 
 

Rec

Rec  
[10] ESIM

Evolutionary Support Vector 
Machine Inference System

ESIS

ESIM

4
 

 

C,

NoYes

C,

 
4  
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C gamma
SVM

fmGA

 
ESIM

ESIM  
a. ESIM

C (Kernl Fuction)
γ (gamma)

 
b. ESIM

(uncertainty)

 
c. ESIM (SVM)

Rec
 

4.2.5 
 

(1)  
27

 
(2)  

4(2)
5

5  
[7]

  

( )
( )

[17]

 

5

6  
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5 
 

 
6  

 

[18] 7
 

 

 
7  

 

8 
 

 
SAP2000

 

8

9m 12m
9m 12m

[19]

Rsc  
(3) 
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4(3) 27 5
135 Rsc

 
(4) 

 
ESIM

Rsc

Rsc  
4.3  

(MAE)
(MAPE)

(RMSE) (R)
(6) (7) (8)

(9) yi i
ŷi i n

6  
a. (Mean Absolute Error

MAE) 

(6) MAE

MAE
 

 
(6) 

b. (Mean Absolute 
Percentage Error MAPE) 

(7) MAPE
 

     (7) 

Lewis(1982)[27]

MAPE
5  

 
5 MAPE  

MAPE(%)  
<10  

10 20  
20 50  

>50  
 
c. (Root Mean Squared 

Error RMSE) 

(8)
RMSE

RMSE
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(8) 

d. (Coefficient of 
determination) 

r
R2 1.0  

 
R2= SSReg/SSTotal               (9) 

 
6  

 

 

Training Testing 

MAE 
MAPE 

(%) 
RMSE  MAE 

MAPE 

(%) 
RMSE  

Fold1 0.0141 3.66 0.0269 0.9905 0.0420 11.81 0.0603 0.9001 

Fold2 0.0096 2.17 0.0198 0.9944 0.0164 3.68 0.0235 0.9941 

Fold3 0.0072 1.69 0.0127 0.9978 0.0607 11.96 0.1156 0.8483 

Fold4 0.0060 1.37 0.0125 0.9979 0.0507 13.49 0.0746 0.9190 

Fold5 0.0062 1.37 0.0134 0.9974 0.0404 8.69 0.0605 0.9673 

Fold6 0.0101 2.24 0.0206 0.9943 0.035 9.22 0.0471 0.9621 

Fold7 0.0071 1.49 0.0158 0.9965 0.0228 10.67 0.0284 0.9933 

Fold8 0.0099 2.33 0.0207 0.9938 0.0337 13.34 0.0484 0.9802 

Fold9 0.0097 2.18 0.0195 0.9948 0.0174 6.86 0.0255 0.9911 

Fold10 0.0091 2.10 0.0192 0.9950 0.0276 7.51 0.0403 0.9793 

Average 0.0089 2.06 0.0181 0.9952 0.0347 9.72 0.0524 0.9535 

 

(MAE)
(MAPE) (RMSE)

7  

7
 

 

Training Testing 

MAE 
MAPE 

(%) 
RMSE  MAE 

MAPE 

(%) 
RMSE  

Fold1 0.0112 3.82 0.0181 0.9942 0.0376 8.27 0.0603 0.8864 
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