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SUMMARY

[. Title

Development of Coastal Erosion Monitoring and Prediction System

IT. Necessities and Objectives of the Study

1. Necessities of the study

Coastal erosion is one of the most concerned issues on coastal areas. It has
been increasing along the coast of Korea. However, it is not clear what are
main factors causing the coastal erosion and how the erosional processes proceed
with time and space. For the last 10 years a couple of long-term beach
monitoring program and shore protection project have conducted in the national
scale, but we still couldn't get a clear answer for it. One of main reason, we
believe that the previous project work mainly focused on engineering aspect,
while scientific approach was insignificant somehow. In order to research
scientifically on coastal erosion, it is required to establish a proper coastal
erosion monitoring system that obtains scientific data of morphological changes

and coastal processes periodically in the long term as well as in the short term.

2. Objectives of the Study

o Development of coastal erosion monitoring system for scientific data
acquisition

o Development of numerical model for prediction of coastal morphological

changes



IIl. Contents and Scopes of the Study
1. Research period
- January 1, 2011 - December 31, 2013

2. Contents and scopes of the study

A. Coastal erosion monitoring system

o Development and building of beach morphology monitoring system
- RTK-GPS backpack system

O

Development and building of bathymetry monitoring system
- KOSE (KIOST Ocean Surf Explorer)
- RTK tide correction

O

Development of monitoring system of coastal hydrodynamics
- Measurement of coastal incident waves: pressure gauge
- Measurement of currents and suspended sediment concentration (SSC):

Aquadopp and OBS sensors

O

Observation of coastal waves: Radar image sequence
- Fourier transformation of 3-D radar image data-cube

- Calculation of directional wave spectrum by 3-D FFT analysis

O

Observation of sandbar formation: average of radar image sequence
- Averaged 2-D image of 3-D radar data-cube in time
- Identification of offshore wave-breaking line from 2-D average

- Relation of offshore wave-breaking line and the sandbar formation

O

Writing the draft of coastal erosion monitoring manual

_vi_



B. Analysis of coastal processes

O

Application of coastal erosion monitoring system and data acquisition

O

Observation of hydrodynamic and sediment transport

- TISDOS and sediment analysis

O

Migration of sandbars in the nearshore

O

Investigation of coastal waves and SSC

- Separation of wave-induced current components from raw data of
flow measurements

- Calculation of SSC flux

C. Prediction system of coastal morphological changes

o Making the grid model for prediction system of coastal morphological

changes

o Numerical model test for prediction of coastal erosion

o Numerical model test for nearshore wave processes and wave-induced

currents

IV. Results

A. Coastal erosion monitoring system
o Development and building of coastal erosion monitoring system
o As results of the accuracy and efficient tests of several beach survey
methods, the RTK-GPS ATV system is suitable in the West Coast of
Korea and the RTK-GPS backpack system is suitable in the East Coast
o Influences of the tide, dynamic draft and heave are corrected by

RTK-tide correction method

- vii -



O

Bathymetry data obtained by the RTK-tide correction method are
coincided with beach morphology in the intertidal zone

For improvement of data post-processing, coordinate

transformation of the data is used

Development of one-person operation shallow-water multibeam
echosounder survey system

Observation of the wave and sandbar migration using x-band

radar for coastal physical environment monitoring

Wave-height measurement using X-band radar is different from real
wave height in the swell with high wave height, because of no

wave-reflection

B. Analysis of coastal changes

o

o

o

17 bathymetry surveys and 20 beach surveys during the 3-year
monitoring period

Based on the grain-size analysis result of the sediments around Jijeong
stream, sediments from the stream that were transported into the
nearshore were transported back to the beach by wave processes

The center of sandbar developed in the middle of the monitoring site
was migrated 150 m along the shore during summer of 2011, but
migrated as much as 290 m in opposite alongshore direction during
winter seasons of 2011 and 2012.

Wave-breaking line moved northward in July of 2012 and southward in
April of 2013, resulting from the incident angle change of wave based

on the result of the X-band radar image analysis

C. Prediction system of coastal morphological changes

o

o

Collecting data of beach topography, nearshore bathymetry and wave
for development of prediction model
Making the grid models of MOHID flow model and SWAN wave

model in the study area
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V. Application plans of the study results

o Suggestions for efficient and reliable coastal erosion monitoring standard

o Supplying short- and long-term monitoring data to scientific costal
change researches

o Development of prediction system through efficient monitoring, reliable

data collection and coastal data analysis

Keywords: beach, nearshore, geomorphology, erosion, monitoring, prediction
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Table 3. 2. 1. 1. Comparison of coastal erosion monitoring

methods
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(1}) RTK-GPS

RTK-GPS(Real-Time Kinematic GPS) A|2=®2 200003t Zy¥EH Jdd 7]
2 J1EFoZRE JAAHYA dFd BHANIE olFTodA FAstT HAAteR
AXEAZE 3t A AAARE 53 FHlolth. FEXHAZRANANA #e
e JMVIEFoERE HAHANTE wol AME3lE VRS(Virtual Reference
Station) ol oy ZFE JIXHo]| 7|EFHE AR s BRANIZE e
RTK-GPS ®t} a8 97F 2. 28]ar RTK-GPS A&d8L AA7te g HAA

38 FAER %X]Q FEiet o]F F AHAA fXFR 5o } d=s
FHE /A T =

8|

(th) A& LiDAR

20008 ) Fube] o] S =¢¥ LiDAR(LIght Detection And Ranging)®
Al BE FEREY O 339 Al Bo] AMEHAD. HlAE o] &%
LiDAR+= 3xH49 4™ SE=E 7HXa o} 9o e 17t Fu2 &89
Agto] vt WIS A ¥ 100 m oW ZAE AF(EE 5 F Jov
S9u7t EAEtY 2AHAE vtAZIY A8 E S5 oksrt. Fu 9 o]Fd YA
Al 45 QEWt] EE AFE o] &3 E gl SR o] glojorwt HUAEE W
3lo] 7}s3te] RTK-GPS A 2¥l & VRSE o] &3&tookul 3t} LiDARE 334
AARAGZA 7Hgsithe Ade] Ve AN mrtelw J el utel A of
o] 9Jo] EAX A that AHUZAL Yoll= AHEHA F3 Ut
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(2) AR F=zA

ARG zA P o2 FA single-beam¥} multi-beamS ©] &3 W o
t}. Single-beam®] Z-¢ A stF9o FATE FA3H, multi-beam®] -5 i
g H-F FA 329 AFEAE 7He et Multi-beam®] 73-¢- 3L7ko] ™
ZALE 37 93 FAEo] Bol Aerx| Ao udte] FLE 7} 2o} Single-beam
o]-§ g AR H AL FE o] FolXIT

s

(3) st FAL

FFALF HYe RUHY S o] &3 RUHHY LS it
ol B0 ALgE AT, m}aw A-H A o v = AAH Wzt
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Fuf, SRl HAAFHst g 7jFEHo] HER W T8 A4S 3o

B A7 A2 EAW RTK-GPS Al2"e 7|&Z3 ojEFoz Ao At
2 A3 JAAE(RE, v, 2)F €1 JE VA AAgt. oW FFEF
" 71X - gk AXARe} FAE ARG Folo] tgd BAPNE
o2 FAZL, olFFoAE o] HAASE wol 20 cm °ldY FEUE
ZtAE JAARE HAABCE 5T = Qv A4 B EEFTY F37]7]
AHE-EE RTK-GPS A2’ HZ AP AR AL A &8FH o X

Mo e x N
s
offt
Ho
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v

| FxzALA A o] RTK-GPS Al&" &2 DGPSE AHEHE W 4 cmd
LA G emé 2AE FHAE ALY ARE 5T F UA AT AR
RTK-GPS A|2=®2 F3 A4 - A& o 9t} oF 3 km ool A vt A&o] 75
sttt @A 7= AXe= AU 28 RANIZE B fsty b w22
Foll AA AT, s ZANA w2 e V] FEL HAAI S AL B F
RTK-GPS9] AH8uEE S Heold Z-57F ok mebd de Ade 2AE 45 A
£ 7= &719A SAdF st BF7F A71A 2o RTK-GPS 71E€=A
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9. ANAY B 2w 73

RTK-GPS A" 7|A A 7|ExS AXsa BAMNSE Tz Ol%%
NA F4lste ol w AXE AAILE o] = o=
JEf9 ol FAE Y HAE 20 cm LM wWFL)E FHo 7}?0}‘4.
ol F3tHA WA FE =A3t= RTK-GPS backpack A]=#-2 RTK-GPS o] &=
Stelu, ol ZEEZ 8la Add FA4E w A7) 9% navigation
program (HYPACK)3} ©]& FEA7]E :EE (slate PO)2E TFAHo Ut}
(Fig.3. 2. 1. 2).

RTK Rover

ojHl FAN AFSFH Hdste H¥F A=do] EASHy] i, A
o AP EYE A2Y 752 A8 8 A7 WA HE T 0gd
AFGEFFHE T3t FEPAE T&HQ AJSF wye e dd 53
S FAG B A7 AHeE S SFEH = 97, RTK-GPS A&"elt. 14
I SR dEE fEtd AHELEHIA(ATVIE ALT Al&2" 755 AE

G

Stk AR AT aL&AHe Hlasty] A dF HxEs A5 A
SN AAsAT. A7FZEF RTK-GPSE AMgste &3S 9& Al
RTK-GPSY #37|E ol&styq AMASS A& "Wt v 23 89 WA
g B2 S3e mE AL del A F e AR YEsten, dSaSAd
t© RTK-GPSE ATV HAste] #Sste WEol Ze ARG dAAH|HA H
o &2 AIZE Wl AYSFE & 5 UAH(Table 3.2.1.2).

ol



Table 3. 2. 1. 2. Vertical accuracy and efficiency by beach morphology

monitoring methodology (Lee et. al., 2013)

- g =3 A | AR lieg 2ge | zaa
A= e A (T- ZH/A9 /A2
min)

F 3] +001 cm | #1.20 cm | +1.21 cm 5/1 2/=10 4/2
R;gr %‘;}971;5 £050 cm | 050 cm | £1.00 cm | 10/3 2/=10 2/1
RTK-GPS _
backpack +1.00 cm | #1.60 cm | #2.60 cm 10/3 60/=58 2/1
RTET_\G,PS £1.00 cm | 050 cm | £150 ecm | 15/15 60/=167 2/1

B E o] &3 AUIAYPRAE FHASEE +001 cmE UE ZFH| S H 3§
of AFPA T ZZA e A=} 120 cmE AA AL+ +121 cm oYL

=P Hx 29 ol4e] Aol glofok su 1¥ FU 24 FHL 54T & o] A
g3 Azre] @ol 88tk RTK-GPSE 8% AXZ3e AA FAws} £1.00

cme]™, Ha& 1‘1101 ZAE F Qo FHr)E o] &3 NIAFH A nhRTIA R
124 174 54 765]' T Aol AlZke] Hol Mlﬂu} RTK-GPS& ﬂzhﬂ 4%
L Enlo) (ATV)%—

01‘3} SHA T 4F
o, % Qe Fo] Fia FAHAI 3H‘?l°ﬂ/‘1 751%01 @ED}. RTK-GPS backpack%
cm?] @QEE 47}7‘] WY T AGE7E B oA ARE 1ol 1% &< 60
AolA FAHsE HABE FRlZFo] Fi AT F
P T &840 v HdHET

fol 1
o
Y
ro,
°1—4
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g AAXY BUHY Axw 7F

(1) 2 BER AAANY A0 A

oh ZE Y AA

3te] ZAME s ok AR HS(FA 5 omnoﬂ EH%J sﬁxwﬁé@}
o FAF dx To QAT HuEAFoz Qe ol Awloz = Byt
ol AGE& FAE] e A7) dAE FAT L2PYREIFRE, FHHE
5) B FALEROE o]gsortt ) oy IAXNFRALIE T SFZA7,
GPS, BAMA & Z&st7] A% Ze o] asioh

71Edd = durite] ALSHE =S AHEsd oy, AFEE F2s7]
FH35 ZAol7t AojA 191e] AuE FFetn 837l Tt AdTh ol
oAE &S AadtnA 283d ZYYL AFsdHFig.3.2.1.3)

M ZHde 47 ZH A% by 2, aga O Fb] EHANE
A7) % BAMA FRds REOZ YroZn) o5 @A HHI
Z9o] 7h5stm ko] Hatth

(a) Frame of echosounder (b) Frame of antenna (c) Box of motion sensor

Fig. 3. 2. 1. 3. Development of frame on small bathymetric surveying boat
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() &8=47 A4
7129 A7) AL o2 AZE Aol ohRE AT BALH, NES A3
st mEel mz Basth adn AYS TFAY) sl wHIE Fojsiopw
s MARR) gtk A 59 FYAME Ha AAANGzA J7H &
24717 QA E Uk B g pastetn Asle AFe ARHA 24T 5+ o
E FA7] Aug Fsted @32 AY 2848 =99(Fig. 3. 2. 1. 4).
Fig. 3. 2. 1. 4. Single-beam echosounder
(2) A AAAE BUHY A2d
24 3m ol ARGl i Adez Y AR} AstEE
FAREY AFEE FHNID R FuE FaRSE A2EL FESHYCHTable
3.2. 1. 3).
Table 3. 2. 1. 3. Bathymetry monitoring system in the shallow depth
CER T A& P ARG
AR Al2=d DGPS RTK-GPS A2 H 2cm® A= gH

HAzxA A5 B

o] e 14

Z A il Z Al A x| 3k 3 =} o

s Faaa GaT | MR REE A a0 ma ks

Single-beam 22, $547] 2% F5A7 g 2% AH|
AARE A 2F & &% AAEAGGH | roll, pitchel] g ®BA
ALdsH 7] EE A4 F7t HdEE 228
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71E9] HAAPY2AE DGPSE A3kl Ak 25 cm ol el AR Ast B,

5 oAE wAZM B F4d HE HAe] AHTh ANFEY FFE Py
2 915k DGPS B4l 2 cm®) I LAE 74A= RTK-GPS A=8¢ ol gaigle
o, o8 olgdte] 2HRAL AAoE A4 & AUtk

71&¢] single-beam echosounder: %2 $FAsteE A2UREF ASTE o}

£ 71EAC 71§t EAE Urold Aok HZ FFAVNA viE FAAERE
E AEFE AFHY vlE AH£E3E echosounder’t T M= JfdEo] o]E &
&3t AuE A4S A2RE T3 YA S F roll, pitch® 22 AR
AL A FAT AAEAL HeRE S9E RE echosounder? EAN SAS
Aol e AXNE Fotr] Slstd Zasit A% AARZAHE FFRSIA B
of o dete] FA YUY roll, pitchE ARYS 2P| AFsto] ol d =

ARAL AAsGT. 7]1£9] single-beam echosounder: 220 V A7|7F AL&HE
2 dA7E o] &3ty AIE FHIIHL. &2 echosounder: AH AR} ZFrol =
ES9 USBAA FFHE 5V A7I7F AHEr7Essith /A8 dAAE EUHHY

A28 FAQ Ento]l (KOSE: KiOst Surf Explorer)o] F&sle] 1210] ZAME &=
e Al2"EE FEH3IH(Fig. 3. 2. 1. 5.)

RTK-GPS

i * I .
il €N !1: .q‘ MRU box

|u] 14,2011

I\r‘\‘-\l s Birt |li| ] {
{ irth () r’ ﬂ Dry Cabinet

for Electronic
parts

Back view of
KOSE

Fig. 3. 2. 1. 5. KOSE (KIOST Ocean Surf Explorer)

with single-beam echosounder
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Fig. 3. 2. 1. 6. Test site of bathymetry and beach profile survey

(W) 22l A Gz AR G2 FHEA 23 Hlal

2 A 9olM RTK tide RAME HEF AAAZEAY RTK-GPS
backpacks ©]-&3% WA FALY] THTAA i wolgt 23 v w3 AY. Fig.
3. 2. 1. 7.8 c¢t o] FHE FEo e HRXF=zAL 2o}t shAXDzAL 2
I F TH FHAAY =olgs Hludd 2 Holghe 2 +0.02 molth. F 60
Ao SN A F2A S} AR GRALY FE S 1706709 Eolgs ®ix
gt A3, zpolgke] HHEE +0.03 m o] HH(Fig. 3. 2. 1. 8).
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Fig. 3. 2. 1. 7. Example of duplicated survey (beach profile and bathymetry)
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Fig. 3. 2. 1. 8. Vertical difference of duplication points (1706 points)
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(a) Tide correction by tidal station data (b) RTK tide correction

Fig. 3. 2. 1. 9. Example of tide correction
by tidal station data and RTK tide correction
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(a) Tide correction by tidal station data (b) RTK tide correction

Fig. 3. 2. 1. 10. Vertical difference of tide correction by tidal station data
and RTK tide correction in duplication points

(4) ddAdY 2UEHY A5 A B AL

LiDAR A& X+ multi-beam echosounder A&+ 32199 A& E 7HX7] w&
of ZAlF YA el ZHHGtel mEA E XY, AT RTK-GPS backpack®]
single-beam echosounder®} Z& WHOE ZAHd mgt FAHE A5E F4H F2
o AE7t REPY, XMoo YEUe wx TAHgo] old AL Surfer (Golden
software A9} Zo] F7to] contourE EASIE Z2ZIWL o]E Az st
FEREFS FARE] ARARE 9A AREFRYH Fohld Fig. 321119 #H=F
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a3t 2ol AE7t AFE AYS BT EF ARuH, A, FHL FAF
o1 BFHT LEE AAE ARRTDE AW MFOR 2IHE FA4FHY
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A8t Basth 99 F A9 BALE A2 =
FAMFeE ARV & F AAARE 5o} o8 U942 A FEABGE
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Fig. 3. 2. 1. 11. Before and after contour map of distortion correction

using coordinate transformation

(5) 191 ZA}E multi-beam echosounder A] 2 =

GYrocompass &
Motion Sensor

- . —’A "55:—. o ',t- -
Fig. 3. 2. 1. 12. Multi-beam echosounder system in shallow depth (KOSE)
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Table 3. 2. 1. 4. Specifications of multi-beam echosounder on KOSE

Feature Specifications
Model Sonic 2020
Frequency 200 to 400 kHz
Beamvidth x40 ot 20 ki,
System Range 120 m
Power Consumption 20W

Sonar Head Dim.

155 x 140 x 150 mm

Sonar Head Mass

4 kg

Operation Program

QINSy or HYPACK
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T, Actol A AsHE ALY BH{A v 2 wEgE #HSsuzl J¥
Aoz o) <o AquadoppelEtE ADCP  AHl¢ B A(OBS(Optical
Backscattering Sensors)) A& A A A Aquadopps F&EHZFES Ag AolH,

OBS AXE ¥4t 5% #3L A% Aol

¢
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u
2 7] B32 9% AP 0eH 2o

Fig. 3. 2. 2. 2. Pressure type wave/tide gauge installed at the test site
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P=P +pgh—d) +P" (3.2.2-1)

A714, P: #3d9 A7)

P, #5wdxe trlgt
ho:sid ol

d : viehel A SqF MM 7R 9 ol
P guisd o 544

p e 4%

sY7+&

L=
-

714 mheke] o 43 48 HJEH yuix vuy FFre Wi YR F
B5gi7t A2 2oz Zhd 9% Po} Fu AR h: OeT o] 44 B
% 4 g}
(P—P)
h = ——+d (3.2.2-2)
py
pPt=p—p (3.2.2-3)
A7IN, P = #EFE 5% &9 Po) BaEgelvh
P = P+ pg(h—d) (3.2.2-4)

o] & vt A Aoz Hgd wa FA vAdy g7 AXA "k
71X A} AA FF &Y AN FF 4¥S pgE UE T F(pressure head) &
A2EA pE vEbdY. X (Perturbation method)S AM&3ted Ewat neol wi
% FFdE nE 2xI7tA xEH,

n= 11010y (3.2.2-5)
P = Dyt Dy, TPy (3.2.2-6)
AZIA n, pE FH HEH old wE 55 4Ho AF FEE Y, 0y,



©] 21 sub-harmonic F&& UYEIHI 0y, & po, = 47 ¥ AR H Fospe
&<l super-harmonic dES UEtdT HbeolA Eo] dold FAT o HF
A o8 deds A = A7 o] 2dA w=8E de3 2o

2} cosh (kd)

K = 77_1 = “cosh (kh) (3.2.2-7)

A7A, k= H4E GEdT mekd, 1349 Fos 2dEde G go] T
@ % 3l

A7NA, S,(f)E FF F F5Y WEAE p o 2H9EH BEyAgo|m,

S(f)e FaAd g3 EHY £F E5¢ "AEAEoZRE g o
E‘i%/‘é%_.i AdE oz AHEHL JehdLh o] oz AMEFHO ZHE

ostx Hi thgst ol Axdch

H = 4vS(f) (3.2.2-9)

2 Bdd A, 3% 2443 2Hzel AEY FU)2 A% 2AHE £F ¢
ZHEH 3087 7129 3600719 AAIE ARE EYde 2HMEYH B ALY

.

(W) F&-2HA BARZS BT 24 15T B

ol A AR Ao 7 ESHA Loy Aol Adholrt. o] A FAN =
1 siztstar Astd oA 7F A Dutgel] FAE o] dF77F FstA dEsta
AZE 74 Bl dojus A Felt §3, FI3A] T ndFo] wEs= A7)
Si7t AdelX dsiFoez G 1?_;%—3}01 g2 9

o 2 ATl LA B/ 2
T4 4 m AFe| Aquadopp ADCP #H
(Fig. 3. 2. 2. 3)..

Oii r&

:[o

Ao
"o

Aquadopp FHlE FEZE 339 #&5S AT & Adrh EZ, o] FHE OBS
Aot AAGS FAd 45 2 g8 #AZT & d= FHo] Utk ojEA
Aquadopp®l A JJr%Z} 32 FE5AFE 9 OBS AA A #AZ3I B/AF T2E o] &
sto] BfAL w2 2 o] FHgE AL + AUt
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2 FEAZ, obd a3
gol AAE) ANs] U PFoZ 452 FUE ZRAEZ FAh I3
F5& ANEEH 01 m BFo® ZFHYUT O0BS ANE W vhgol 45y
05m @oix Aol FuE A% FE(FAAE BEFHATG FHA 5T

ZH2Flux)E FE5m/s) X BE (kg/md) = oS FH(kg/m/s)E 78 F UTh

B A A AF&3 Aquadopp FH]E 2-MHz &3 =Z

o

Fig. 3. 2. 2. 3 Aquadopp installed at the test site

Ob) delthE o &% Y BH

Fej & doldE F4o dA s, AdelM dArtet= HFe Ha, F7] R 9

TS #Ftux AT (Fig. 3. 2 2. 4)..
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Fig. 3. 2. 2. 5 Schematic flow of radar image analysis
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X-band #Heoltp FHo=HEH HiE FE37] 9% SNRY AAE dA=
Borge et al. (1999)7} #|<t3t 2
o] W A7 F5F0 2 5
HH (4 322-10), FF-F7] 2ABA ] dGe] e A o 2 A9 F
= A5 HZ Zogdrh

Flk, k. f)dk,dk df

SNR = — (3.2.2-10)
/ Bl by b
oq71A, HEGY QF JdF-Fids EAFAAES HHAAI= 99 (dispersion
shel)2 YEl I, b I 99 HAEFYGS YeldY, 339 Fd ¥3S F319
T3 Aol A JJr—r - F7] BEAAAE AYAI)E 99 g 43 EAHAA
o> =(2nf)* =gk « tanh(kh)25¥ F3 4 u}. 017]/\1 ke 229 =g Hd

A (k,, k)B dehlz, o(=2nf)e $£8%9 F352 Yedth X-band ol
FAozHE FuE FHE =8-S Alpers and Hasselmann (1982)0] o]t =
AR o2 A&EH7] A2Z3ER 3, Borge et al. (1999) o3 #Zo] 39 SNRO
HANE AetsA

H, = A+ BV SNR (322-11)

A71A, At Be A BAATE 8% AS¢A dolthy #35 SNR7HY F
A IJARAE Bt Z2AFAY. 19 2-12 X FAHNFEY A2 AXE
ojttE o] &3t #EHI HA AXE RAFA Jom, I9 2-5% #HolrdA &
23 AE94 dold FFGA el Atzutas Jabste] gtu 2 3FS AN
s AR EE 992 Ugdg

 G4e oL, AT GFS wo
;:—g— 4% % gk 93 A0S
A

BAEE A FY 2

-

Radar A€ F4ARZFH A7 F
FAE= A9 WMH=RE AT ol EH
(BE 102 oW, 971 = o 2% AHS) &
o olWA zHYger FAHH Uz, 74 113]2] ZH L omA ARH(EE
&, B pixeD2E 74 Hol Utk F£HE Z dolg ojnA Y= sl
A da e AF FFe Egol 95 gled o9 F AALE FEAEES
AIZE Fitste] & Fo oluAE FHE g 33 o] & AMEEe] ojmA] ZEYe F

ng
Mo of u

i‘&-rbr&

=]
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A3 A=}A EH%P o|n| R ZF % (intensity: T G4 S BHEF 0 ~ 2552 AHA
sto AbE) RES HT st AFE I TH(Fig. 3. 2. 2. 6).

44 7\17PE°P &5 ANAE FEAEE ANZHTEA HEY, ob# ¢ Fig. 3. 2
2. 69 QLEZT o] FFHAA NFHAF FHL AAHITL At FHrholdA #
o] oA WA ¥ AZA(F NEATE)T A "ok o]ZRE AgeA
gl oAy ARG QE Had(dZY Hgrt AS AFRsE AH)
AAE F Sk "ot dAREY 7 AT o HAZRRH ARHE T3,
AA AFIA o2 (BT 1AZE 7 2447, 71 E 247 7HE ALE) dA&EA F
Z3 A HGAEEZRE AFHY o|FRsE AT + UA

o

Distance (m)
Distance (m)

-1500 =1000 -500 0 500 1000 1500 -1500 =1000 =500 0 500 1000 1500
Distance (m) Distance (m)

Fig. 3. 2. 2. 6 Example of image for one frame(left) and averaged frame(right)

G A tgo] sl Wiz AGAPN £ o s A
A 57} uugoyb Aoz A7 FFH BA A, = A7 & oA
7 AAE ZA FAL HE AQeE FAMs 2A 9FS A0 v 4
e AMnHD)S AR £ BANE dehn, v HRAFE
e},

-

H, =»-h,
FHAeR YAstel st 2A BekA e A%, $4o) ¥U AWL wel
g7t wASEE, dolth Jaenny F3F AnHe $40 FAT FUM
i pFT ¢ A HH mEiA, ’*]7'*01] bE el ojF WMIERE FY T

JAE o FE AT olBWFE F4F & Atk
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Fig. 3. 2. 2. 7 Time-series of wave height, period and tide
(15th June - 30th July, 2011)
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Fig. 3. 2. 2. 8 Time-series of wave height, period and tide (15th June - 30th July, 2011)
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Fig. 3. 2. 2. 9 Timeseries of wave height and period from radar data image
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Fig. 3. 2. 2. 11& &Y 717te) 39 #Holtte & wtg gAlo|th. o)A, o
Aoz 3379 JAITIE FEAE 3, ol EHdE FFo] AT SEEAE
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Fig. 3. 2. 2. 11 Comparison between radar image for July (left)
and April (right), 2013
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7F A&

Aetd Ao og APWstel ole ot WANAE FH3] HaAAE A
oA dojum g EEH FAEART olyF Wl :Feo VE AAxA
EAS ol st Aol Faslth W= NOAAY 7%, sfulule] g A 3
2 ZFol nxe XA EAO Uid AT7ARE WA &AE Sz gl ol
7NE&AFTE 2 AATH HF #AAC g ol E utg ez A dojua e
A7 ZHg A&A o2 #F3 T I ARE 43 HNEY FAE AN F
I Yk 53], E 479 HFATEH] A g AFHEFS AFF F UE
ANz='lg FH3he o7l og e dFASH A&Holx RUEHS T At
#40 g A=AA TFL w¢ Fadth FGF dF 2RI & 7] A E
71 AAE #BSARG dE AAH] dFAIRS A5/ FEI] FHF
ojz oF gt}

S HAE oF FFF A% AFHEE ol AdMAE TAVNHLR
HHsy A€ T A AAY FHMN FWVNFAE ARk @ 12
TAEA FAHSNY HHE 71 Y (Source & Sink), °1EFE L HAAE FHI}N
A FAH FdFE A F de ARHE FHeE 2AE AA A HTable
3.3 1. 1).

w

Table 3. 3. 1. 1. Field work for beach sediment environment in the eastern coast

=LA ZAH & A Y Sk
2011-3-15 | AARZH 99 & g MFot 4 5 | peel, YEE2(0.25 phi)
2011-5-13 ” )

2011-6-13 AR A Azl 27} FE ”

2011-6-14 Msﬁ'ﬂ_ij} j;j;:‘i 2078 % 2405 phi

2011-7-12 ARZA & ¥ HAE 5 p

2011-7-19 FAHAN EFHAHE I5 ”

2011-7-21 ” )

2011-7-26 ” )
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(cancore) 2t & FhsATH

Table 3. 3. 1. 2.9} Fig. 3. 3. 1. 1 283 Fig. 3. 3. 1. 29l = X AAH F|tAL+
g 2 Sl 53 AFol pee)T YEEA Z3E el JEEH
g A gAIololA AP} HAIELE JF(GQ), NEA(G), GAAHES), A
(@)9), AHE(S)Y] FE o2 Yeivta glom, ® o] 90% °]3A AHRAEHE
o] tjFF ot

Table 3. 3. 1. 2. Grain size analysis of cancore

Fid= Ei=
ZAE R AAol U + X% (phi) ¥ ¥ (phi) H] 31
(3) (3 )
. -1518 ~ 0.281 0.426 ~ 0.950
=315 profile 1 (-0.290) (0.595)
_ . -1.250 ~ 0.919 0.361 ~ 1.013
2011-5-13 profile 2 (0.119) (0527)
0.558 ~ 0917 0.411 ~ 0.559
2011-3-15 swash zone-1 (0.737) (0.464)
, swash zone2 0.422 ~ 0.939 0.410 ~ 0.598
(0.737) (0.470)
- ~ -0.149 ~ 0.616 0.383 ~ 0.527
2011-5-13 swash zone-1 0.277) (0.435)
-0.382 ~ 0.829 0421 ~ 0956
2011-6-13 swash zone-1 (0.479) (0.564)
, swash zone—2 -0.229 ~ 0.926 0.357 ~ 0.695
(0.572) (0.497)
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Fig. 3. 3. 1. 1. Grain size analysis of cancore in cross—section

around estuary of Jijeong stream (profile 1 and profile 2)
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Fig. 3. 3. 1. 2. Grain size analysis of cancore in swash zone

around estuary of Jijeong stream

_39_



EEEEEE N NN
3.3. 1. 4.9 YERRRT,

1

1

Northing
397400 3I9TL00 J9TE00 3GTTOL  39TEG0 357900 390000 1981040 398300 358300 ISAL00
L '

L

i

KORDI ESRI

100 m

H
w l E
s
[— |
] 100 m
2011.06.14
A Grab
Sampling
Texture type
[Mz (phi}]
sandbar system
/
- L
- A
Elevation (m)
7T 0 5 -5

T T T T T T T T T T T
235600 235700 235800 235300 236000 236100 236300 2I6I00 2IGE00 2IGS00 236600
Easting (TM, GRS80)

Fig.3. 3. 1. 3. Grain size analysis of surface sediment around sandbar system
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Fig.3. 3. 1. 4. Grain size analysis of beach sediment around Jijeong stream
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Fig. 3. 3. L 4904 £7E 389 4982 9 294 5480 #99e
& & & U olAE T Fig 3.3 1 3004 StI, 87 AW =, ARAH A9
29 AEst 2YF ARE GASY, GANFOE BFE s AYAAE 54
o Ao mAE] $4 /UYL AASE FACIE Sk 20009 FAHW AT

duH| 24 A9t FASHAl Fig. 3. 3. 1. 1.7 Fig. 3. 3. 1. 294 & & d=o] HT
YE FAE 2W Z2HA HHED AHA HHEo] w3 stHA YEiun, FaY
T FAI BFE FAol ME dAZHoZ YEIES & F ot swash zone?
ol Ao A 39X 692 #A+E 2T HAFH wsde Fo] T 4
EH o2 TGN FALT A ZHe T AL s gt A=
FoE H¥E0] HF72e PR Huld tA HAHHE o2 Algsdrh
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O A Al st AdolA st o] F38] APHI 5.
@ ¢ote] A 42 AL JAWAAS(BBL,Bottom Boundary Layer)S %3l
HETAHOE o]FoA 1L Y& Wil o T FHFTH AL oldlsid

AN

A 22 HHEN 4 E dFo] 7+

@ RdHEdA FHFTARL S AHF HEd dAHHL Y= Frat
S 74 39y AddA LA AASIe B A ZdAT A&
=28 F1 AZE Ao 7]o(Shear velocity, Bed roughness length,

Drag Coefficient ‘&

@ ARA, oHEA Ewﬂoﬂﬁ HAES ol5F Y vete] 54,

Y4 fzAd HHE ARF R ol 7H

© =80l ¢4 @ 279 A7d tE BLoﬂAM SSC ¥3 ANAEAE B2,

@ wFol FAEAH ¢ vy F& FA4% FANE §) - AXIW e} 197
d ® BBL <]x¢] SSC @3t Al 74]%‘.#5 E:

@ =, v, AHE T #F 7Y 5.

t}. TISDOS

TISDOS(Tidal Sediment Dynamic Observational System) #Z HH|E o] 83}
o AFAHA HAECNET ARE ISIATE o Aule= 2006l AEd
TIDOS(Tidal Dynamics Observational System, 2006)& ®v}lg o2 %<9t A=
o8 712 GHES F8 2 EEs d7EHC A HAR #F FHlojth
TISDOSE 3% #&%, 433 $L&, 98, 2FEZE 55, dAHY xR =
AAEE FAO #AF3H, =237 R HlF B2 Z_iﬁr b ol FoA FAZ o
Z AU EZEOYPE AMSE] HElsH B FE FAHHJAG(Fg 3.3
2. 1.).

7o &9 WEge CTR(Current/Turbidity Recorder)®] 7-$% Aanderaa
Instruments3] AF¢] RCM9 &l F 419 Doppler current sensor(DCS3620)dl <3l 1
B2re]  HAgoer JEHJen, 3D-ADV(Triaxial Acoustic  Doppler
Velocimeters, 8HZ)94 A%, o 30&rich 8F 32x7He] AFEE FHAI FJF AHE
o] Z1ZHAt) R {FEZ9 ¥HEE Seapoint3]Abe] OBS(Obtical Back-scattering
Sensor, 4Hz) A A& 01%0}04 3D-ADV$} Zo] uf 30&vit AE7F 7IE2EHA A

1= JIN
ofr
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AstAac. =3 FAF g o3 W3t Digiquartz pressuredl A 9t Ultra
stable pressure AA S £ Z+z 2Hzo 4HzE 7] £33t} Digiquartzdl A o 74-$-
FASALERZ 9y ASHEY 1 60m7HA SAH o] JhesiH, daaFAMR
F2 20} Ultrastabled A 9] 2 AL SASEHY AF@ASd izt A&A o
FHol} #Zo] 7153E AU FAo] 26mE ATHE Aol ddold). AW 3
=W3= 3D-ADVAIMS &3 E  o]83 bottom tracking®S °]§3AY,
PBR(Pressure/Bed-level Recorder, PBR-200)2] AFMP(Acoustic Fluid Mud
Profiler, 50, 200kHz, §1¢] Ztx= 9°)ol A u] 10&vict fAH EW37t FAlo 7]
EHE F A F & MY ARE o &sAY BEHS ol EsiH EEH 2%
+ SeaBirdAte] CTD(Conductivity Temperature Depth, Salinometer, SBE-37)=
) 10&vith 71EFHY e 259 A== +0.002TCo|7, F82 Conductivity gk
BASA ALESHA HEW AI=E £0.0003 S/mul. TISDOSS EE AAES
burst7td 3} sampling Rate 55 =& 715319, 479 AAME Z47] 92 data
loggerell 71 &5 o] whefF sfupe]  Aule o]io] gk TE AXMES AFHo=
A5E 5T F Avh. A9 loggergS FAA AFE F UAEE AULERA
(synchronizing)©] 7Fs3tAl A4 FAt. 20109 5€ < UJ1005-1(ADP)A H oA A
F¥ ADPE SONTEKALY] SdF=Z# F5A(ADP, Acoustic Doppler Profiler,
1000khz) 2 *10m/s HH & FHASo] 753, JE4ELS 0.1lem/sd AHES Ad
=3

“ dal ediment ynamics
bservation ystem”
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Fig. 3. 3. 2. 1. TISDOS (Tidal Sediment Dynamic Observational System)
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Fig. 3. 3. 2. 2. TISDOS mooring station

Table 3. 3. 2. 1. TISDOS data and measuring duration (June, 2011)

44 59 A= ZA}71 3k 5274
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UI1106-3 A 7 A = vik 4 3 2011/06/14 11:00 PC-ADCP
*A, Fe, 31, - 06/18 07:30
UI1106-4 AADVRAZT FF- & 25, 2011/06/14 11:00 | PC-ADCP
FA S, 48 31, 93 - 06/18 09:00 |SBE37(CTD)
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Fig. 3. 3. 2. 3. Time-series of hydrodynamic data by TISDOS
from station UJ1106-1 and UJ1106-2 (June, 2011)
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(Fig. 3. 3. 2. 4.).
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c 1
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Divection - I8 7 deproes

Radius = 1.5 mi

Fig. 3. 3. 2. 4. Residual current and progressive SSC flux movement
from station UJ1106-1 and UJ1106-2 (June, 2011)
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3. Aot AE @+
7F st A A

Daum E& dlo|H e 22 X EALOJEA Faete] F3AS BH detd F
&9 &2 Higd A A9 WE B 4 Uth o]AL sandbar’}t FHHET Lol
ANE oz 259 2 A4 crescentic sandbargtx FtH(Fig.
3.3 3 1. &3 2sinle oF 20% HEolA oledt e sandbar7} EA3HH
ol F 9 80 % ool FE FEFE VTR FEAH ZXIrh T W
Zdol7} 800 m o]l A YElUY™ sandbar’t Qi dHle sjtAe HF Bzt
150° (FA-g%F %3S 7Hzld.

CHE 7| = (20085 B9F)

_ Crescentic sandbar

Fig. 3. 3. 3. 1. Example of crescentic sandbar in airborne photography

g, iAEs AAAE 2 2 AR A

AtAAE ATstedl UAA HAHE] o]FL Aot} Sandbar® ©]F<
HAEZY ol5S 7IAAHOE HAFE £2 oo|B=Z sandbary YL HAE
9 olFHFgSE #FE F Utk FFHEAFI=Y FHATAE Fo A= sandbar
£ 349 B &AM FEII e A EUHE A&"EE A8 A
£E FA33 sandbar®] olsd dlste] 439 oH(Fig. 3. 3. 3. 29 Table 3. 3
3. 1).
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Fig. 3. 3. 3. 2. Study area

Table 3. 3. 3. 1. Monitoring dates

=M SHANX|H ZALUXL SHEIX|E =AY
1 20114 68 129 20114 62 169
2 20114 7€ 29 20114 7€ 69
3 20114 78 259 20114 79 23¢
4 20114 7€ 30 20114 8 10
5 20114 9¥ 169 20114 9¢ 6
6 20124 38 229 20124 32 289
7 2012 59 189 2012 59 199
8 20124 52 269 20124 59 27¢
9 20124 6¥ 29 20124 52 319
10 2012 79 319 201214 8¢ 1¢
11 2012 98 4¢ 20124 9¥ 4¢
12 2012 109 9Y 2012 109 109
13 20134 6 79 20134 6 139
14 20134 79 7¢ 20134 79 7¢
15 20134 7€ 269 20134 7€ 269
16 20134 9g 7 2013 9¢ 9¢
17 20134 109 11¢ 20134 10€ 11¢
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Fig. 3. 3. 3. 3. Crescentic sandbar (July, 2012)
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Fig. 3. 3. 3. 8. Sandbar migration between July, 2011 and March, 2012
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| 99 EAZ S = sandbar’t ©]ES SHHA transverse bard] FEIE 7HA A H
At} o]F ALHE AYUHA sandbare FE5ELE o]F & sHA #Hrth 201349 F
Qtell = o] A €] sandbar7t A17d= e oblique ¥ FE{ el A ™3] crescentic sandbar
FEE vAA P ol #A Fo] multi crescentic sandbar®] FE|E HIHA Y
t} 20133 6€¥ 7doE HZZE sandbar’t AFEFAWH A oblique transverse sandbar
o FHE HPr) 20133 10€ 14¥ o= vH2ZF sandbar7l 3] AFEFRIHA ¢
Z-o A crescentic sandbar HHIE oj& AL E F o ol g WHsle vjEY o
T-(Short and Aagaaard, 1993; Castelle et. al.,, 2007)%} vl A= 3ol YA A3}
frogae] o3 Aow AZEHGAY ¢ B AEFHE I £4o] oty
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Fig. 3. 3. 3. 9. Sandbar migration between October, 2011 and October, 2013
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t}. MOHID =2¢ A&

(1) 82 +4 (Table 3. 4. 1. 1)
- 8L ALY AA AR Al gt L1 74
: Tide +ASHE g 2 2
- &3 54 23 L2, L3 74
L2RH 78 2 L, AR 20 948 (e 3x4)
- 149 AR & gFEde FF

Table 3. 4. 1. 1. MOHID grid

i) L1 L2 L3 L4
Az 27 1/6° 1/36° 1/180° 1/900°
AHE A L1 EM1 EM2 ES1
A A 156x180 144x130 210x240 286x256

(2) #% A8 19A4: =4 L =27 AZF
- vs ADCP #= A3 : §4 7

P
5
- vs T4 SauAd #F 23 24 HE

_7]
PN
- T
Q.
-

ot SWAN 2d A1y

(1) A# 74 (Table 3. 4. 1. 2% Fig. 3. 4. 1. 1)

- 83U A Y AA AR Al gt L1 74

- 3329 dAE Nestingg A3 142 2 H Nesting

- fFErd9 [4E %ol current-wave couple (semi) A4t

- 10m ZMAA Asts 938 L4 FEHe= FEGHE UTM o2 HF

HEAA 40° 71&olA Jlems dAlEel
A
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Table. 3. 4. 1. 2. SWAN grid

) L1 L4 L5 L6
Az} 27 1/12° 97.8m /122.7m 30m 10m
AHE A EST ES1(97.8/122.7) | ES2(24.38/30.76) | ES2(24.38/30.76)
Az A 313x361 286x256 121x101 81x51

-
] ] x10°
) . ‘
A
4115
411 \\
%K [~
4105 N
41
4095
4.0
53 536 54 545 55 5565
20 10

120 125 130 135 140

Fig. 341 1 Gndareaof MOHID : L1 =12 > 13 =14 SWAN:Ll -4 —>15—16

(2) % A8 1944: X-beach 24 9
2

- A" A &l F X-beach BdE F

2. A A3} o (Fig. 3. 4. 1. 2)
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37154

Latiude

37.05

374

. — 2
12935 129.4 129.45 1295 129.55 1296 Tide{m)
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Fig. 3. 4. 1. 2. Example of MOHID result (2006-10-20)
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Boussinesq WAl 0 & 3]X3}= o] vigkAsitta Alg ), 181} )48 Boussinesq 2
= ARG elA sk Hlols vl B ARRAIRRe] e Ee dHe] Stk

loto] Hefj oA stedA o] 2838 = 9= Boussinesq WA 2L Peregrine(1967)°] ¢}a}t
A

o F-=5 AT} Peregrine(1967)0] oJallA =% Boussinesq W4 21-8 G240 gl #)| ko]
dAstA FAalo] 3Fe 1/65 2FetA &= A (S % JJroﬂ 3 ’3}‘34 Ursell 77} 33| &
7350l a)ell A-8-o] 7Fs3klth Nwogu(1993)+= H-4l thalel] AeH o 2Ry 4 ofgf
= z A0 7EE ARt B 212 Al A AR = Sl ‘%H]’dﬁé Boussinesq %782
& ZARFskSATh Wei et al.(1995)= 342, aliotellAe] stke] A e&, Bl e & g
S Hod = gl Y Boussinesq A4S FEESHATE 2 Nwogu(1996)= k=
293517] 98t 1-1d4 HFEES EYske] Boussinesq B3-S el o AHnpzl

X
27151900}, & Aol A8 BOUSS—2D

=
go theu ge B2 el & AES F4ue] Jth

‘|

o
Y
rO
ol
O
)
Ho
o
ogt

o2 = (porous structure)

O

[z



. 22} order7FA] Ak

Froll |l

: Chezy 3402

1

=

Pz

5) Adv}

—

H

O
I

o

)

<

0
=0

]

—HFX%

1

7) At

(2.1)
(2.2)
(2.3)
(2.4)
(2.5)

O 7 HE

i

)[V(uw - Vh)+(V - u,)Vh]
}v(v X

][v(ua - Vh)+(V - u,)Vh]|

h
2

(za-l—h)2
-7 2 (Nwogu, 1996).
h+n

(h+n)?

AlZtel] o

o}

u,, +gVnt(u, - Vu, +w,Vw, +(z, =)V (u,, - VA)+(V - u,,)Vh]

1
1

(zcZ + h)2

g ,t

(h+n)u, + h(za +

o

317}
R

u, + [(za—i-h)—

b 7¢

1

o

J

S

“
udz
h

n

/

o [P =RV ) =0
LR e A CA R S (AR 7 R U LN

+[V(uy, + VRA)+H(V - u,, )Vh+ (2, +h)V(V - )z, , =0

8) tha & (porous media)S =3+ v=+A
up = (h—l—n){

u,, +gVnt(u, - Vu, +z,[V(u,, - VA)+(V - u,,)Vh]

Nwogu(1993)
AlZkelH,
Uy

1

Boussinesq %4
T

7k AH

t



A71M HAF pe oMl wE ovlst w

738’48 Boussinesq WA S AMESHE AT 2, T AoZHH AL

rlr
(i
8
D)
o,
re
»
b
K
il
i
o,
=
)
N
)
=

2z, +h=0.465(h+n) (2.6)

Y, AP EATA A
Boussinesq ¥ 1ol gt F4ka A2 frdro] Aoy = Ao uhe) Wslehy oS3 2o
(Nwogu, 1993).

G L7 | 1= (a+1/3)(kh)?
gh o TP 1-akh)

AZIM G LB T 242 93] P3dsse, sbg B 371, ke 3R (=2n/L)olth. 121
a=|[(z,+h)?/R*—1]/2014, a9 HAFE —0.3920.2 °]= 2, =—0.535h°] d|FE T}

(2.7)

o oA gEAel O U A
nprte] hahe Fukeol ghgel] thgk of ] i ute] S o T A BAE0Y
MRS ARk 4B RG-S U oAN AR UR|e] mo] o Lol SR
o] B oluA|ughe: sjgeo] uigto =Y o|A|E o] spito] Witsl= A 2 drgst
Ao Aol A= 43} Adazkgo] ZujAel Ao g AdHA Qlth(Hasselmann, 1962). 3] ol
M 43t FEARgl AN s Ede] sk Wyt oA Wslkslu e 4uf e A2 -AE)
A b 39) Jaatgo]l At
27 A &S a), a, AFHTE vy, wy, FTE K, ky, 183 FIFS 6, 6,831
ot W el vt o] B o Qi
' (z, t)=a,cos(k;, + z—w,t) +a,cos(k, - z—w,t) (2.8)
714 k= (kcos, ksing)olv] V)& 524 Ae] 13432 vt} F 7ie] shedo] 452
g3to] Ve 2443 thea)

=

2
a
n(z) (z,t) = 7161 (w,,wy,0,,0,)cos (2k, - x—2w,t) (2.9)
aQ
+?2G+ (wy>wy, 0,0, )c0s (2, + T— 2w,t)

+a,a0,Gy (wl,wQ,Gl,GQ)COS (2]{:i . T— Qwit)
A7|A k. =k +kol™ 33 FoAge AdEA 1573l superharmonic AT
(w, =w; twy) ¥ AF I subharmonic B (w_ =w, —w,)0] F7F o2 WA= S &

otk @ 23 AP BELEAT G, lwpwp0,.0,)E TS Pk

_10_



(2.10)

Nk ke,
[1—a(ky ) [w kyh (kb + kyh cos AG)]

(k. h)?cosAQ[1 — (a+1/3) (k. h)?]

W W,y

(wpwzaepeg)

Gy

2Nk, keyh?
[1— a(ky ) [wyh, b (kyhcos AG £ kyh)]

Wy

_|_

Nk, keyh®

Wy

_|_

ATV ky =k, £hky), k =k[1—(a+1/3)(kh)*],

=0, — 0,01tk YRk

hl1—(a+1/3)(k.h)*]olH Af

2
+ +

1—alk,h)]—gk

2

A

Y7171

HO
i =2

71 A

=
T

b

7]

bol A

5

2. s

)
w

—

¢

—_—

0
"
o

)

-
-

olel& Aol vk 7= ARl A

5} e 744 o)

= e

Foith. BOUSS—2D K&l A

Sl [e) =)
FAE A

Hsi

|

oJEA

Sliske

1) =]

3k,

F71&7]el vl

e

[ I
&) A4

3

3

Afo| A e) 4

o
Y

3) digolvAle] 445

oy~

Els

BOUSS—2D E& oA sfjsto] 9

(2.11)

V[l/t (h-i—n)V . ua]

I
h-+n
WA A EA At 9

E)reaking
4714 v,

B

k., o] AoltiE =}

R T IERE

s

1
1

(2.12)

(2.13)

1.5
e
l

k

t

_CD

1.5

n
Ak 1, o

z

I

ov

0z

)+l

ou

0z

|

AR a7t

ly

N

R ] A4S Lehy

ok,
ot

—u, - Vk,+oV - V(Vtke)+B

Bl

=y
ok

o

d}
=

-
R

b=

_11_



09] o= 2 s o thed

B=(0 u,| < C (2.14)
1 |u =C

7[| -

2 BOUSS—2D EZellA §d&ms Ot) =—n/Ivil =8 73t 9t o= B e
A 7k 0,029} 0.28 Ak R doltnas foutng AL

o} A2

sgol) €13 fEol N WAL SAEEI 2A Rk Tel Auel Ae
oh aeee BHoR Auskie daeuie) gl T e FAL eort o] ¢
Aot siebd Rolalis Auka sugae] $a3 2elo] Wk A viEAZ
O AUA A FEFUN] S et P ARFS Fohste] welw,

FfTiCtiOTL = _h—‘i"nfwu |U | (215)
A7 [, ool SRt AunpRAlE A TRy 2AF R ARSER= Chezy <( ()

& Agaks 9ol f, =g/CPol Atk

74d o] thEred o (porous region) S AAst] B FHEo| o3 R
SENt
L |

=
=
WAtk A BO)% 5 nE S9irh Fg9e] FIES nolehu s Bg ey ady
A3 LEIUAAS e} o] W,
s
n+vV-|l—| =0 (2.16)
n
u(l
u,;tng- Vv " +2z,[V(u,, - VR)+(V - u,,)Vh] (2.17)
1
—i—E[(za—i-h) hg]V(V - u, ) +nfu, Fnfulu,
A7IA [t fo 44 SF R i vRAEEA et 22 ddAoE wdd
(1—n)3 v
fi=aq Tz (2.18)
1-n1
f2 25073 (2.19)

A7) v o) SAAATOIH at BEdele T Axtel A7101 0y 5,k AR

[e]
F=24 2+ 780~1,500 2 1.8~3.69] FHS zt=t)



2.3.2 X B9 A7)
o] 714 = A =2] 3k Boussinesq W82 & ¢FH] A3 Boussinesq W A1S A|7FE Ao A

AR o2 s Mok Wil tielA s dwshr]= di.

7). SRR
ALHZFANA e WFO T Az, yB3FO R Ayol A3 7HA 07 23}
a|

BOUSS—-2D 2382
= WS AAA Al (staggered grid system)E A& r/}——,] O3S Fxspd o) ZF Ao
Al Folot & mA| e e AR 7F Hol A Aol A ()9 ¢ E yiERe] 535 (u, 9

v,) o

<Fig. 2.6> BOUSS—2D =39 &3z A=}

¥
Dy

AHE-HPH © 2 = Crank—Nicolson®] &3'HS AR&alH, X ujilAg Ao Yeh= A7k o gt
At AAHES, bl gk Hujie FUYAES ALEste] o]1ksslSith

ok M8 Boussinesq W20l t)ak AL Agshd ofey) 7l

= o
n-ﬁ-l TH‘l
b= o 20
» mﬂ ey
n+— n+— n n+—
6t<vw+f45 U +f2 yy a):_g(sl(/l)n ? _553(/” « 2 —4! Uy ? U, ? (2 21)
11/ 17
1) "ty sy
—f4 ( )(5(5 +5T (h)65 f25 5T7/u0¢
u :—h+"71% 1 +E$f1(6ﬂua+5w“a) (2.22)
1 fy 280 ()6, + 80 e 0, )+ o (150,

_13_



Uf_, 1 :h—l-nyva“ 1+Eyf1 (5xyua+5yyva) (2.23)
—i—ﬁyf?)[25;1)(h)@?)va+5§;1)(h)(521)(u_f)+5;1>(h)(sil)(u_ay)]
[ (2, +h) hZ}
e[l (2.24)
(z,+h)? hQ}
P S (2.25)
I h
f=[e 1] (2.26)
n+l__ n
5.6 ¢ - ¢ (2.28)
nJrl n n+1
57 = % (2.29)
¢ 1 to
. SRy itgd g
- w or 2 5 2 (2.30)
e
- i1 TP A ']
P w or 2 5 - (23D
1 _¢ 1
Giv1,;— Dij e
0o = o A 23
¢ | @ 1
. — . . L+ = LT o
s = %ﬂ or sz 2 (2.33)
3 _¢ 1
L+_7] ii_?]
5552)(25 _ 2 — 2 (2.34)
@) ¢zj+%_¢z7]*%
P (2.35)
—2 -
B ¢i+%,J ¢i+l,j ¢i*%vj
5.6 = o (2.36)
x
¢j+§_2¢ij+l+¢i 1
] 2 g 2 ’ 2
5,6 — 7 (2.37)

_14_



_ d)i,j+l _2¢z’,j+¢i,j71

gstel Lol WS ALEHET ol L& HES AN LEPIHAL o D y 4B

1
7 ARG 247t u, D o0l D@ AiztaE R waEe) Sae 8o B, aeln

U3 2 o2 Ao¥= Courant 577} 110} 2R 7 9-0] BOUSS—2D 89| f-3h2Ht4]2 oA s}
=3
2 a2 1 1
C = | CPAP|—5+— <1 (2.39)
Az Ay

71 G2 Courant 7, = YAH}E] B F710l sfdohs vhake] S m(542 AT
Jel HehrA hy e AHDE HERIY FEAREA 0] AL 39 HlAd Y deAkE, A

Wb Sol SlaiiE JFE w] HRel ARHe gz B o P

. BAZ
A]uj Jxé}ﬂl-q a7t FdstAl EAE] AliA = At ] 2 BAE wekA Az
H-atE]ojof gt Tt FjA ol M= pgo] S PO R t= AA(IAHE A &} 2l Al
o Bto s Wie AAGKE B % BANE st 247 vE 23S FofaiAl "k
BOUSS—2D E#olA F-ol& 5= Q= AAY T/ d=3t 2ok
1) 22A 7 Al(solid or fully reflecting boundaries)

o
A

ol

2) UAFE Al (incident or wave generation boundaries)
3) &7 A (wave absorption or damping boundaries)

4) E3}7 A (porous structures)

FAWA s AABAE Ao RN AT 5 o, vl S e FEAE
pojelo] AT 4 Ak DA E R ARG e AAZAL et g
u-n =0 —h=z=n (2.40)

4714 usk ne 247} ZAWN N e el AW 93 TgPAA WEE ojulgt, 1]
o2 9 4% FUARGEY RO U e 2,

—0 (2.41)

—0 (2.42)

BOUSS—-2D E3 WIEARAAE AMHESt o= x5y 52Ql IA|ZA WA=

_15_



u, =u; =05, yFHI FAY LAZAEANM = v, =v, =05 FolPTh
1 WS AR AE MBS = BOUSS—2D BB 9] YAMAAEANAE u,, v,, up B v,

Aol s ofof sk, 7 R FFoll tigt AAE L St vte] IAAEH o vRE

e >
4
32,
o

APAARN A SRR o PF2AEH(GEAIE BAH 0 A9 S glov]
aj

S, (w,0) =8 (w) GBlw) (2.43)
A7 wot 0 AFuret shge] Aol S (w,0) FHES ] WP2AER] S (w)
= el FuradEY i Gllw) e T woll dE

oe A3 ge B4E gt

/W Gl0lw)dh = 1 (2.44)

A7 o, & ZANEH ] FAREOL, k= ()
[0, 27 ]oll M w58HA L3Edhs Wiy eto] Xt il AL uke] 3% o= WFAIE
Bozn e Az o] T

;= \/2,5;7(wi,9j)AwA0 (2.46)

AR Qole] Aol FHHES 7,0 S ool 549 QARAR SEols)

F53 Sl U QAAARAE thy Hozry A,

cost), kisinﬁj)olﬂﬂ, €, 279 2A

rr

" (w) = - (2.47)
2 Lgny
NcE
z,th
o= (2.48)
N M
u, (@, t) = Z YT, (w;) ay cosb; cosk; - (z,—=,) —wit+e,] (2.49)

_16_



o 1
uf(wg,t) [h-l—n(wg,t)]ua(mg,t)-l—h?’[72—E [ua (w t)—i—v (a: ,t)] (2.50)
N M
)= Y a,c0slk; - (&, —z,)—wtte] (2.51)
i=1j=1
N N
u, (@,t) ==Y a; Kk cos’0; coslk; - (z,~x,)—wt+e,] (2.52)
i=1j=1
N M
ZZ% K} sin®0; cos; cosk, - (z,—z,)—wi+e;] (2.53)

N M
v, (@, t) =333 T, (w;) a;sin; coslk, - (z,—z,) —wt+e; (2.54)
{=1j=1
s 1
v (@, t) = [h+n(z,t)v, (@,t)+h 5% [, (@,t) +v, (@) (2.55)
N
u, (:ng,t):—ZEaU K} sinb; cos’6; cosk, - (z,—z.)—wi+e;] (2.56)
'”"’ i=1j=1
N N
v, (@,t) == D a, K sin’0, coslk; - (@, ~z,)—wt+e,] (2.57)

i=1=1

WAPBANA AREE 4 9= o ad|ER O] Fipol= PM 22| E, JONSWAP ~#| =4,

TMA ~=FE= | Bretschneider ~#E® 9 Ochi—Hubble 2~ EH 50| ¢l om WY F4m0|
+ cosine—powerd, circular—normal® % wrapped—normal®d 9] At} o]FolA F3rAlS
Hkgeks TMA 23 E-d] A Azsr] = gt
5F\ U
P 67(7“) AR (2.58)

@m)'f°

2] o] TMA 2~HEH 024 JONSWAP ~FEH T} §F-3k=419] g4=91 \(f,h)9] FOo2
TAE] 9JeS oF 4= Stk 714 o= Phillipe] AFEA FEE] s gt tiejMe
0.0810]t}. f = AFFapoln o= 2 EHS] WY F=d Yehe stebleH(spectrum
enhancement) 24 oS3 2t}

0=0.07 for f<f, (2.59)
009 for f=f,
g3 §5A0A A(f,R)E TR Aoz RE AXE 4 gl
1 2w; R(w,,) }1
AR = 2.60
o [R(wh)]Q{ 2w} R(w, ) sinh [2w; R(w, )] (2.60)

_17_



7N w, = FIF JAAZA w, =2af Vh/g °1™, Rlw,) T AZEA0A2 9] dF v
Ao B HE wHE o Ak,
R(w), )tanh [w?LR(wh)] =1 (2.61)

Cosine—powerfﬂ WSk ofg Aoz Ao

alf) =

o714 (- )& gamma S5 9v|3ta, 0 += o] Fueke YehY, s+ WS e
vt efoltt. 53] s — coo|H AWEF 9} (unidirectional wave field)o] ¥t
Mardia(1972)7} A¢tst Wrapped—normal® WeFEE 3k the-o Alap 7t}

(2.63)

Q
>
~
S~—
1
‘H
+
D
>
o
|
—
)
-
N
N~—
[\]
| P
)
o
1)
<
—
>
|
>
=
SN—

o= ke sl el

2 oy
AT §45 i GHEE Aokl Al 49 FEAAS RSl 4 o

F, =—pulz)n (2.64)
F =)y, (2.65)
4714 ple)= AAEEES U= ZaAFRA ©905= sec o]tk BOUSS—2D 23& 48
& BE FAAEAN AT AR 24 PR Wehs AAAF(E WA 30/ T, T
DE mabos Aee 5 Iodeh whebA A

A
rE

>~
=
o
X,

poa @) = < (@) (2.66)

A7 p, (@)= T2 Aol 0ol EE 17b4] Waleit), Je g BREuAE A=

H
Atel ehgH oz ghasld the Aoz AN uie] BE A4 frelntng oy
qo A4
1 L —2
Hs(x,y)—zl\/j Eﬂz(ﬂfvy,t)—ﬁ (@,y) (2.67)
ty—t,

_18_



Z n(z,y,t) (2.68)

t —t,

7)) 1, eI, 1, b LAY 2R E GAARS FRvsl AL 44
sh= $Hd571(duration of synthesized time series)& &7t} T12]al V& AF7]5 ALHA
AR Ve 2024 N=t,/Ato]al n= Fo] HlA g Aol 7|Q18he Bit9wsS Vet
ot

e

=

2.3.3 -)Fﬂl%f‘fégl As

BOUSS—2D ®.3& H5st7] f1ste] el tigh s a7t SAlete A5 dAste] vust
Atk A7 TR Bk G5 S sk ol tisiA A e] Adte} sjElE A ESS
o} FAlo] A sirkal g ek A 42 Helmholtz 2] 0.2 ww o] tfgh a4l
Penny and Price(1952)7} A8t}

<Fig. 2.7>3} <Fig. 2.8>2 27} g2 ake} B2 apel thste] 7|+ WapA| S &-2fs)
gtell gk siAfs2F BOUSS—2D 29| A& vehd Aotk ARAA] 41 10m, F71% Tsec,
bl o3k AT Zo] u(B/L)= 22 skiTh BOUSS—2D 29| Axpr} 2 uke} B2 vl

A RE olgde} wlS fA1E ARL wolFAL 8L o A

rr

3]

i)

<Fig. 2.7> q+3Es}ol dig 439} BOUSS—2D 2P <] Hlx

Helmhoitz
BouUSs-2D |

10

x/;’, (m)

_19_



<Fig. 2.8> &7r¥ g}l tigk sj4{s)s} BOUSS-2D EF 9] Hu

T —

g

S

2.4 AT FAR
Ao AW
Sl ok 25, AdH 0w Wk a5, vuhee] Fal| ot H/\% ‘3! el AR FFow
WRE 7T T 5 T U, ol @Rkl mRAo R TP & QS M AL 37
WY o R HIREE e @ 5 vk =, A9bdelA S A e 159 Wstel| wjhet
A 2 =4 MYEa, A% e A AolEd whts A9 34 2 a Wy wm,
Tg]ar SfQbadel thee} djstEo] Ax AEE= FAS AXA Hrk o] wf A= 37
%Jo]-8-2 (radiation stress)2] Watol| we} y=bFrt GASHA £3slA "t

=
33731+, nearshore current)= 19501 Shepard and Inman®l| ¢]&}e] A& Ao %)L
H, o] &5 A9k & (coastal currents) I TS = JE S =A] ulEe] A A gk o)
of B4, Wy 555 LRIl oste] WAEt R shataet sfof shu Qe SR

hE-E-S 2pA]8l= Zlo] HEo|mw 53] sjulFele s}, 1950t el 3 afotila) 2o
x| E o A o] elekFe] 7S AR o7 Hrlsla B=36)7] A ZFel =1 Longuet—Higgins

and Stewart(1960)l| ©]3sto] ¢Jol-g-2 7ldo] =QIEAA Aol A F=drof A S A9
& (set—up) B 3 (set—down)= 3llA4HGIT) o] 7Id- T G alsfnlo A olue} UnkA

G glom® o] JolLe s HesE £ARYe] elH o 2Tl

=
o= R4, 4 ol
2 WskE skt Age Aol Atk 71 vl o3k JofgHe AR 5 o)A
2 gYow s A5 WA oRA et wrk
6 h+mn 8 h+

at ox oy

_20_



- R T
o U8U+ g, T g (2.70)
o oy “ox plh+n)  plhtn)
- R T
S U8V+ VW gt e =0 (2.71)
o oy oy plhtn)  plhtn)
= (2.72)
ox oy
oS
B=a t oy (2.73)

S, = Acos’0+ Bsin®0 (2.75)
S,, = Asinflcosd — Beosfsing (2.76)
Sy = Asin*0 + Bcos®0 (2.77)
2C 1
= —9_ -
=E—7 2) (2.78)
G 1
=2 _=
BE( - 2) (2.79)

2.5 BFF 2 APzt AP A%
9] BOUSS—2D 28] thate] 73 waba] 475 Eokahis gaol] gt o] £s)9} s
st on, of7IM = WY, A B AFUE B diste] A5s aAsy] R S
gk el o 2= BabAl 714 QU E ARl on, gl ele] ok @ 5A1 S <Fig.

I+ <Fig. 2.10>9] Hi= nle} 7o) sjjebA

Fuel w1 AU A8 S1ste] seke] Ausl gl QEe) WAl S sk TTP7

x50} QI TTPRF EA)3L7] Wioll TTP 3 Alol = Fxlehs w1 2 TTP WAl

017} oF om o] mHEA] TTPE Yulshs wlpo] ZAI). o) 7o FARS 22| m 8o
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gl

i

BOUSS—2D R.3o] §d3

A=

37} )=

A71ell A=

Zs
=]

5
pud

o}, el ) (2003 99) Ui

A7t EA

Els

1Ho

1
T

ax)

Hm

(7;,)% 16.6%, i

129 214190 8.0m, & th-2]3} F7]

H)E

F 2] 2har(

]

10.8mo
50m A

#5594

(H)) 9.4m, HNFH}(H,, ) 14.7m7}

b
]

#9

=l

124 23A]9)

ol M=

3l
=
Aog Wy n}

04

5

&

=]
A

KR
=

a
3t

A Sz

> (HE

$E %

A

e

3, 2003). o)<}

SER:

0]
A

AZ(FA 7173 diEl)

<Fig. 2.10> A
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<Fig. 3.1> Plan view of bathymetry and layout for Vicent—Briggs(1989) shoal experiments
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<Table 3.1> Numerical conditions of test Vincent—Briggs(1989)
Case (Hyz)o (m) | (Tys) (sec) | o (deg) v o,, (deg.)
N1 0.0775 1.3 0.0144 2 10
Bl 0.0775 1.3 0.0144 2 30
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<Fig. 3.2> 3D view of multidirectional wave propagation over a shoal for test Case N1

<Fig. 3.3> Normalized wave height(Hy/Hs cage10) distribution for test Case N1

x (m)

_11_



<Fig. 3.4> Normalized wave height distribution along Section 3 for Case N1
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<Fig. 3.5> Normalized wave height distribution along Section 4 for Case N1
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<Fig. 3.7> Normalized wave height distribution along Section 4 for Case Bl
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<Fig. 3.8> Morphological modelling system
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<Fig. 3.10> Bathymetries after test (Case M1)
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<Fig. 3.11> Bathymetries after test (Case M2)
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<Fig. 3.12> Bathymetries after test (Case M3)
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<Fig. 3.13> Results of Case M1

150 200 250 150 200 250
(a) after lday (iterations of 24) (b) after 2days (iterations of 48)

150 200 250
(¢) after 3days (iterations of 72) (d) after 2days (iterations of 96)

<Fig. 3.14> Results of Case M2

150 200 250 150 200 250
(a) after lday (iterations of 24) (b) after 2days (iterations of 48)

150 200

(¢) after 3days (iterations of 72) (d) after 2days (iterations of 96)
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<Fig. 3.15> Results of Case M3
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150 200 250

(c) after 3days (iterations of 72) (d) after 2days (iterations of 96)
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<Table 4.1> Numerical conditions of submerged breakwater
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<Fig. 4.6> Bathymetries of 1—layer submerged breakwater by pacing (Case S102)
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<Fig. 4.7> Bathymetries of 1—layer submerged breakwater by pacing (Case S103)
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<Fig. 4.8> Bathymetries of 2—layers submerged breakwater by pacing (Case S211)
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(a) initial bathymetry (b) after 1 year
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<Fig. 4.9> Bathymetries of 2—layers submerged breakwater by pacing (Case S212)
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<Fig. 4.10> Bathymetries of 2—layers submerged breakwater by pacing (Case S213)
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<Fig. 4.11> Bathymetries of 2—layers submerged breakwater by pacing (Case S221)
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<Fig. 4.12> Bathymetries of 2—layers submerged breakwater by pacing (Case S222)
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(a) initial bathymetry (b) after 1 year
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<Fig. 4.13> Bathymetries of 2—layers submerged breakwater by pacing (Case S223)
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<Fig. 4.14> Bathymetries of 2—layers submerged breakwater by pacing (Case S231)

I I I I I I
150 200 250 150 200 250
(a) initial bathymetry (b) after 1 year

150 200
(c) after 2 years (d) after 3 years
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<Fig. 4.15> Bathymetries of 2—layers submerged breakwater by pacing (Case S232)
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<Fig. 4.16> Bathymetries of 2—layers submerged breakwater by pacing (Case S233)
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(a) initial bathymetry (b) after 1 year

(c) after 2 years (d) after 3 years
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<Fig. 4.19> Profile change for Case S211, S221,

5231
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<Fig. 4.21> Profile change for Case S213, S223, S233
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<Fig. 4.26> Bathymetries of 2—layers submerged breakwater by pacing of test Event
(Case S221~S223)
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<Fig. 4.27> Bathymetries of 2—layers submerged breakwater by pacing of test Event
(Case S231~S233)
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<Fig. 4.28> Profile change

of test Event for Case S231
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<Fig. 4.30> Profile change of test Event for Case S233
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U5z2AE FESIgc AR A &4 ARAE 2RHc=0 )olAL &3 HA4

E A ¢0=0 )oz spgstgdon, wEe A B BHYUE (short rigid

pile)Z 71 A’dUH(long flexible pile)& 242} MER I gich ofuje] UK
3l

Jae me wEe L/T<2 e L/R<3 o wEe 712 L/T <4
R<3.6

N,

"
n, (2.20)

e
k, (2.21)

4714, Ee WE Aze] AL, [ BH 9 2% BHE, ki Zolo] o
g XhitEo] MY HOT SIS FE nx, dolol weh Xuhee] WY 7
£ kE HEUTh of ©, it AWUHATOIH, kb D ] TIFHA Fo| E
2.2 4 ¥ 2332 Zr}l,

Brons¢] WS o4 W I FYAYAL E 2490 F 2.59% go| 7T
4 9o o374 K Rankined] $FEYASol3L, o HlHI4 BHFolTh

¥ 2.2 Davissono]] &3 F£3H S£Hx|ut 3tgdals

ARtz TH A8 91 A7)
L 42 to 5536 t/m®, U¥IFEO T 277~2770 t/m° AU T
A E Db ) ° o, =5 n” i 2o
LIE 1
[o) 7 Z
#78 e 11 ~ 83 t/m’
Al E
E—
o] E}H(peat) n= e 6 t/m’
BARE = T} 67C, , Co= £ Hnj< Z=x

¥ 23 4% Zejaute]d n2l 233

Relative Density Loose Medium Dense

1. Terzaghi (1955)

Range of values of nn(t/m’) 70-210 210-720 720-1410
2. Reese et al. (1974)

Relative Density Loose Medium Dense
Recommended (t/m®) 550 1660 3460
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Q, =0.4¢,K_DL < 0.4p,DL (2.26)

A71A, p FUANSIAE LR F73 ALY, Kz & EYATOITH

M, =022QL<M, (2.27)
A UE2 A, A (2.27)Y LS Fa5Zdoj(L.)2 X|3s}o], sk 23s1F Q,
g 3% £ v}

L 0.12
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L 15K, 1 (2.28)
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(b) kaler«l I%E}%Zl‘i

A7, P HWE el ZYZdold ARt (kg/em), y= BE Hel(em), ks A
ure] R A4 (kg/cn’), ks X WHFE A4 (kg/en’), d= WEHZF (cm)o| T},

Burgre] xut vk A=) HAY Ao gt 9FE Palmer & Thompson(1948)
SR EALS 2H3H7] 98] 4] (2.31)2 AHEste] I AEAY n
#0202, 4 Jefe] APAENAME 1.52, FAZEMAE 0.1562 Bt}

X n
K= L(fj (2.31)

714, k2 WHY At kik, x= WFY ¢ Lo, n2 07l ¥y BH

Aot
ngkol 14 wf Zlojof] w}S W ke 2] (2.32)3) Zo] THEH o] A==}
g Pef 2J3] Zlolo] uwigl F7lElE ZAEE Uehs R ES FAAgdEEo
HgHrh gubr el AUt wtP A4 5L ¥ 2.20] UERY Qlth

K =n;x (2.32)

A71A, me A AFgolT
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9 mol Tyt WHAL T 4] (2.33)2RE T¥ 4 Y},

4
dy Ky _g
dx EIl (2.33)

FRY BARS AAHY ANVYAS BFolth. o] WP AR Ate] of of
249 Ade 48l dold B BFUZF] Wasich

a9 2,55 UET AAT Aol A $9 Ushidrh. o] A AR
HQ of

1l o]24 AW} sl fAstd LHEE Wu] B, Zo] L 11 YBT SAE
EIE 717 ohe 3Rl $AuE sgsin wSe Aukz) sjoying Adsia

& Zolg A (1) A 24% Uk, 203 sjoiEe 249 o] 672
olth. sl sl w7l Slal Aukzt WEW Aolold WASHE FRAVHEL

As 2SR don 7 94 = WEUNo wigl 4FE FoE JFEE dFE
449 PE I Yt Ao AR of w AN WH Fajo] AL LA
e BEAT E, EolgH] vo& Zte= odE, ¥4, W 13 R BEAE
7+ gt
M
g
T.‘_<— P P, —3 *
77<— ! ! —bff
2 @ [ )
o |- ®
i @ L Qi
1 1
] 9T—p [ —— N
77<— —bff
n@® ®n
1 1
ntl @ FT—— P ¥ — el

_17_



38 BFY HFAIYS

st3Aol Y 27HE ol i ol ASTIA =Y W dFAMEel 3
ofg] 71X Fel2 AtE At THL 31F5Ho|re UL ZololN e TEe Heje}
59| whelFHnpdate] FAE Uehle FHSIEA YT (f-w, t-z curve)ot TEA
‘U Helol ehej A ae] AAE Uehle Aest3Aoldte(q-w curve) 22

T35 -0l (p-y curve) E U ZIt]. o] & 3tFHo|fg= sHEH0] S ol
%‘1} W5 5HE-2st A% i A 7P AR SHRAACE o] §EHE, WS A
T2 9 ARIRAE BEshe TS FEslojo) gl

1. FHE3tE Aol

L] FAAYY L WP FAE Uehhs FESHS I (f-
A7ArEl 3] ARSI LS o & BRAY W ol ¥
71 B2 AA= YT ol SR IA F d3kE 2 F
Ao FUHE Fel  F2 ATS PAW-LALPOE A3l o|F AHLR
EAY PeI2 ERY 5 otk 7o) Ard FHstEHoIRsE tis) A EH thE
2 2t

1)

7}, Vijayvergiya?] #|Qt4]

1977 0] Vijayvergiya: BAES} AR Eo] B Z:]-g- 7153t 2Hs2 Aol NS T}
=32 2ol Atsidr}. o] BRI FHACISHE, ((2)7} f,,,(2)ol EET Foll= A3
ol A3}A%(softening behavior)E 3l= 3 H°]E}

fz) &

frmax (z)

W:max (z) W (Z.).

a7 2.6 Vijayvergiya®] FH3F-Ho|ZM
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27 F Al TAL W2 HelFe] Hselol whet 42 thee] Az gol FHHch

(D) = £ ) (2 5 =) (o)< @) (2.34)

2) = £ oy () [ 10— W) )

w(z)>wW ., (2) (2.35)

J71A, f(z) : Qle] Zo]oe] TEL] thel=m A sre
. (z) : 2| 2HA Y,
w(z) © WS oI,
1:5_

Woax (2) 1 TAMENRA £, (2)E EBATIE EF] Heolth

Vijayvergiya: W2 WEAISIAHS AAZRY w, ., (2)8 FE 2ne] SRl BA
Qo] Smn= AMESI=E Qo). o SHEHo|deE ARSol s, BHSHSNA
o] SEHOEAEE Wy ()T Y2 FHS] Z]ute] 7ol whE stEHol AT A
ol& HA3| BARsIA| Rsle wHol gich

L}. Baquelin 5&] #A|QtA]

1982 0] Baquel in5-2 FURISIA B 3 F3t L A3]A S 5510 T} go] FH3E
ol AT o] BAE Fre] HFHIATS VAW PHAROE 7%
o]Z3] d(bi-linear)?] FelE FHI ZO2A], L] WAL TAEIT W, (2
BT} AR HelolE AT AT Stel w,,,, (-) 20} 2 HslolaE SR
Fetar 783 »pgolrh

2

o

i(z) 4

fmax(Z) ,,,,,,,,,,,,,,,,, '

-y w(z)

33 2.7 Baquelin 5¢] FHsIEA0|=A
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FHsE Ao ZHE W WL, wlx)e] Weo] w22 Thee) A3} Pol R

Ee ) w2 <wo (@ (2.36)

LW
D(1+vIl1+In(5)]
f(z) = . (2) w(z) > W (2) (2.37)

f(z) =

A7IM, E, : BUASIIRLERE gL e egAs
v, @ A Folgu]
L u%e 2470

D ¢ 7ol

W ()2 1(2) =1, (2) & 3} F3c},

T}, 0'Neill3} Hassan®] A|QH2]

1994\ 0'Neil13} Hassan Qhllo] 2T WAEMILEL] FHsi Aol U4+E Thaz}
Lol 34 Ao R AUsiA).

f(z)= w(z) (2.38)

2}, Alonso?] =|QHA]
1984dof Alonso= St¥Yo] 28 uw] THEURY] FHolA t3 He #
33 ALEYS JNES Aot e A @ AR 24, § 25 -

_20_



ZEAN Zbe] H]AY 29 - WYE A%, HFL A=A, d3 oY =Lzt
Z2qte] Zaof 23t UL 5L Y 5 Y= A/ HE Attt o}
ZAo|842] o]2 MY FeIS THsI] 9sle] Aty Aol AupbEAlzt 74
g alo] AAETH Alonsor}t AQHet stEHo|d4L thee] Al (3.6)
f(2)=5 —L [v(z)—w(2)] (2.39)

r, InR/r,

A7NA, 1(z) : FH LA}
G : AYERGAS
ry ¢ o] ukyg
R : o] 43O 2 o] IR
v(z) + AubEstE;
w(z) @ W5 AL

fr
2
e
oo
g

714, BF B R=2.5L(1—-vyol3, 7|4 L2 =EHF #FYH], v F9
Zol5HlE Uehdth.

A 2.39004 HE FHE xbPA] FHAN 4% 7he] Ao
oA71A T FHEntEHOE W AL sIFHS At &, Alonsof
st Aol Aol Wyt x|x|Fol fA3F| AA|FHAUE F

H Holth,

o}, Castelli?] =|¢HA]

1992 0] Castelliv £35hFo] A& WELHL o] AMEEHSH 4
A FIFHO|FSFE o] &5l wWEI FRH Ayt 7k wAFPE zYstgHch 9
SHE Ao WS WUt F71%d wel FHAYHe] A&F T FTIste
3 FRMgkel ezl FeElolw TWHL WL, w(z)e Helol HAGe] A
2.403 2 <l Aoz FHHAC

_ (z2) —w(z)
f(z)= 1 vf_ IV%VZ)Z—W(Z)I (2.40)
KI, (2) f o (2)

ATNA, fon(2)E Hrh FHogEola, KiL(z): st&Eo|g4el 27 FA 7
S718A A 2 4123 AHEHC

KI. (2.41)

_ G
" 1o In(R/ry)

A7, RE Aol AxhHYo] TAY 4 Qg W AolHE AR A=

_21_



A R=2.5L(1—vy) oln LI} ry= 2z L5y Zo] & vHF, 6= A4ty
AR Aloltt. ol T2 HIJAH e I

o 7 7HAo] g3 ZFHE=U, AS7HR] AGH I FEj

OITPLAEL [, (2)E FIHULE 3= HoA BT FUsiH, tiwt 27] 7]
718] 2B AE NE e 333t ot
v}, API 7|&

APIOf A AHAIFE f-v JHE AMAESY HAKEE FTE3I F &3t AHAEAgA=
wEo AP} FASHA A 28 ¥4E Yriun AP EdAME Ho 3E3d
olo] i3t 2FIIF Aol u|7L 71 0.7 ~ 0.9¢] 2 VERdT]

1.0

0.8
ED.B—
.
T 04r

0.2

0.0 I I | ! |
0.0 254  Bos 782 1016 127

wirnm)

I3 2.8 APL 7|& A ES] FAsIS AT

1.0 .
0.8r-
é OEF
~.
04
——min
D.D 1 1 | 1 ]

Aerst5A 0|3 (g-w curve) &= ATER|EER] A3}zl wEAte] Wejakzle] AAE L}
ERe T2, B2 A5 23] AEFH =t o2 WHE B3l odF 7HA
FelZ AgE At AgsiEAo|dss A SAe- A A el I T e
2 JEF Ly, SAsk-AAAE 2o AL tfEEoe], ¥Rl Bl



of &3] WA= x|t ¥i9ofl t3t Timoshenko2} Goodier?] ¥HI3E 7] 2L E 3lof )
U] gict.,

197740] Vijayvergiyas BAES AU Eo] BE &8 7Ps3t McksiZAolas g o}

3= Hejott.

Qmax(Z) ,,,,,,,,,,,,,,,, 3

.
|

Whmax -

a7 2.10 Vijavergiya®] A¢tstEAo] 44

AeslEAo| AL L5 Aeke] HHejsF w,o Helo] wiel 2z v}22) Al Zo] ¥

W 1/3
a= (Wbma_x ) 4 max Wy < W bmax (2 42)
q= Qmax Wb > Wbmax (2‘ 43)
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TAEHL,  Wimms  dm /P HIEHEH LY EWH At HAPCE,

Vijayvergiyals WE AWAZL 4~64F AHEF=S Fsc

L}, Baquelin 58] ¢t

1982'd Baquelin 52 Timoshenko2} Goodier?d] EFEEE 7|RZE 38} Mglo] 3t 1=
Bol30g THel T o] Aert

: »
Whmax Wb

28 2.11 Baquelin 52| AlclslE2o]IA

o] RE2 WE Htie] JFHOATE HVAHRMI-YVALGOE FAs o]FFA
(bi-linear)?] HEelE FHI Ao BN, UWE XMche] Wejzko] IAHSY, w2t
2ro Wood e Ay BEASE 3, wo . BTt  BeldE dHLH AFE 3}

T ZALeE 8%

,d

T
)
i)

Atst Aol LE Aete] HefR, w, o Helol ulet 24zt oh&e] Az} Zol &

E
a= [45]Wb WbSWbmax (244)

d= qmx W > Wimax (2.45)

_24_



A714, D : WEe) A7
v, © Ak} Zojgm]
E, : BUASINEORRE He BE Uraile) BAASEA, VEhRE
A9l reloading Al2) TAS, BAEEUEY Aol 27 Wy
A% A AR, Wone= 0 — A 2 1A A (2.44)2
e

w
-
ol
—?l-"
ol
(Y,

o]
%

2

. T

o] W7 ARH AHIREFo] 3EXd =U3A HEEZ o3t At
T 9] o) x|kt Aol 2] dutH el AL H]APAH S Bo|A Hr) wEI xut
Y A= pyFAE B3 uUehd £ dUrh o] 3FHo|FH(p-yFA)Y JES
19569 McClelland - Fochto]] 23] =X Yct. McClelland52 $THISIA|E A3}
o AUAIEY AHE AESIY $B3E5S e UEY Auhitga AR by
= ArEA P &gt SY-HYEH/AE w231t Reese & Matlock, Reese &
Cox= 1 AFE FA3A v ABHE-H#A (p-yIA)E EFY +FAA
FA ] HEste WHES Adstdon, nIAHRFI(AP)Y ST REN HE
Z]2 A API RP2AC] 2jeiE|o] F=2 sFFREToF] de| AMEE ) o] Wi
ZWke] H|Ad¥AZ, Zold wE AZYA,L HE, XNEY F FRE 1Y
A= FHo] A= v, AHEE YE3I= p-yFAY Aol HA| 92 ool A
cl. olof miel = Ao AA p-yIZA AFE T W2 d327 £¥FEHI oy A
S7HA] Th3FRd Rk HFRAS AR p-yFAlo] AtEdch

7h AHEAE
(1) Reese Wy

Reese, Cox(1974)= ZHUFe] 8 AsAIBZAAEZFE dY Zolo] o3t p-y
A& 37 2.12¢8} o] A st o] uwf WE whejZde|d 2[Rt I3 B H]
Y (Py)2 A 2,462} A 2.470] T2 & Ze= Zol&E TAZ] X' E 3t A
Zo] #1%FL Purg, olAl&EL2 PuE HE3irh

K x tan¢sin N tan 3

P_=yx[ an(B—0)coso. . tan(p—) (D+xtanPtana)
+ K, x tan B(tan ¢psin f — tan o0 )—] (2.46)
P, =Dyy[K, (tan"p —1) + K tang tan*B] (2.47)

714, D & HHEHZ, x& AR oif U Zol, yve AU DHFF, o=
Ak R ubEZ}, Ke 0.4, Kie FEEYAGFOIRL, =05, p=dS+a o]
t}.
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D/60 3D/80 y

%! 2.12 Reese?] p-y =41

ARE PE EUE AHEEY Y UFRY py FHZ thE HEE 2¥HL

Py =N, Xy (O<y<y,) (2.48)
p=Cy" (Yo <y<y,) (2.49)
Pu = AIPurorud (yk < Y) (2 50)
n/(n-1)
:(CJ , _D D e Pa o PuTPa
3714, n,x . "6 . TR0 ¥ Yo~ Ym
L P
my, , Pn=BP. o]z, A,Bx x/Do] &3t AVALE n E 2.63 T
2.7& o]-&3td AP}
¥ 2.6 $2AAEY n,
Aa = Loose Medium Dense
| ¢tH nh (ton/m3) 542 1626 3387.5
X 2.7 AZZ AHEES] ny
Al = Loose Medium Dense
A ¢tA nh  (ton/m3) 542 2439 6097.5

_26_



(2) Murchison & O'Neill ®}¥

o] AP 2 (AP1) 2] =] A RP2A(1987)0l|4] A Qtgt A} Ex|ube] T3t p-y JAl
< 8 wERSHEYE ZAHE IJsfdst AUH py JFAHUE o]&3tH oY Fo
Murchison & 0'Neill(1983)e] 2J3] +3H p-y A& A5t 38 py &
A 2] 2,512} o] 4l RHHIE(hyperbolic tangent) ¥+E FHEFM ol
21 2,133} Zr}.

—

(2.51)

o714, pe AN, y= U5 48, x= AEWE ol ¢2Zo], Pus
ke FRAAY, ke FHAUNLEZZ AT (), A8 ZHE A5E ZsHE At
Al 3-08(x/D)<09 ojmj, N & YYASEA AYUSZol AL 1.00/ch

WS el dolw Aty IT FAAAGL 4 (2.52)8 4 (2.53) FAA 2 7
L2 3t}

pu =(C,z+C,D)y) (2.52)

p.. =C;Dyy (2.53)

714, x= AEH otz 2] o], D& WHAHH, y= A RAEUNFTT,
C,Cp, Cs= APHEO] tiRt Tl AfsrolTh

Kondner?] #rzx 3t4=-F o]L3} vhy
2] ¢H-HyE o] d| o|&FI Yt uhilye] ujdyy EHELS HIH
T2 A 2.548} o] FHHATL

oy &

e

kL

PA

>
>

y
18] 2.13 API RP(2A)0]A] A QHst AIUE p-y T4
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A71A4, k& pyFAde 2I1FAAS, P BE 9 Zold AN F3teF A

ot}

(4) Goh ¥

Goh, Teh & Wong(1997)L FEM3[AL o] &3} @Efs}%cﬂ] 2§t WEFH X|HhH 9
o} UEY AE2LES IHF IY 2.83 2] p-y -E.Lf}ié A ekst ol

T} o] py BHE Kondnero] &}3] MY WA FaF o] &5l 4 2,559 ol
Uehi g,

p:—
1y,
74’_7

(k PJ (2.55)

714, kie 271FA(ANPEF)AF, v DE-2E2] A glolrt,

AE At 2T WE el holy Ak} Fg $@A=ol] thste] Broms
(1964)& chazt e A& Aetstech

p. = 3(1+S%H¢JGV
1—sin¢ (2.56)

Py

<

% 2.14 Goh®] p-y 44

A7IA, o= AHEY] WFubEzt, o820 ZoloA 3§ ot}
T3 Z7|ZAM(ANNIY ) A¢E A 2.570|H o]l EMI P YIloA EIEBIIR
(Beam on elastic foundation)& -‘—':_'-7‘_}_9_5:'_ Vesic(1961)0] A3t FFE I 4

o] 271FA (AN ) ASo] HEY 4 UEF $H T Aolrh

_28_



_ 0.39E,
" D(1-v%) (2.57)

A7IA, Es= AWe] @A, ve= EoldH], De UEZHolth

U 4E

(1) Matlock ®rH

Matlock(1970)2 ¢lokgt MEZo| A]TH TWEo] thsr A8 717 dRAASIAH2
oAl 1L FIMA ¢ Zolo] tigt py JFAHE 37 2.158} Ho| UEh
grt. o] wl WH2 wZo|y I3t FFA|XYZ Al A 2.58& o] &3l A=
A st A (x)E AEY F TAZR] ANE A 2,598 A 2,60, TAZ]
M= A 2,613 4 iy 2.62& o[§dlo ﬁ%ﬂt}.

L - 6D
'~ D
Yot (2.58)
NC—3+E+J—X
¢, D (x<x,) (2.59)
N, =9 (x=x,) (2.60)
Pu =CuNcD (2.61)

714, Co= Hluls ’ﬂ‘: BE, De U5 A, Jt BEEYT(R 2.8 H=x), x=
A2 otfel Zol, A|Rte] e STy,

°13} 2ol X]EE“WW«] Zolo uhE FIAMY

H 23 @A ZO] oflolA AP Ate] tE
L] AP (ve)= 4 2.6281 Zo] EZHHTLL

Yo = 2.580D (2.62)
A71A, e HIYEHEl HSUFAIEL IHHIEIHAA FHUSASHY
1/20] 33l WP EC|, MatlockS ¥ 2,83} 2 ZtE FH31gcl.
I 2.8 AgH BEAALZ)
A7 el FE =2 A=
A QFx] 0.5 0.25
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PA

8y, y
33 2,15 Matlock®) p-y 4

X 2.9 AUH et

e ol A merEiL gy g5 | Fnguds

| OFX| 0.005 0.02 0.01
3 Az} p-y ZHL] FAL 2] 2,633 o] AHHEH W] yr} 8yolAdold 4F
gt p3tE Zteth

3
P _o5 Y
b, Y. (2.63)

(2) Reese et al, W

Reese et al.(1975)2 &£& HE(stiff clay)X|ito|A ZALEE o83 A=)
SIA RS Bl Aol Zlojel tigt p-y JAE I¥ 2.16%4 Zo] A3t} o]
o] wE] wie|Zolyt I $HAAHLS Y T A AL B3t 4T v
B A= (c)et ARk wF(v) L 49 Zlo] xoA Fa nlujeATZAE
(c)& Zeistol 4] 2.64, 4] 2.658 ol&slo] A4S o] 3 HE 7S e,

3¢ 33 2,169 %171] ], yso= A 2.663} Zo] EHHCLEL

I‘Ho

P, =2c,D+yD, +2.83c,x (2.37)
P, =11cD (2.38)
YSO :850D (2. 39)
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q7|A, De UF AF, o> FHIF-SHY 1/20] 3F3t= HFPE(FE 2.108R)0]
c}.

p=0.5P,(y/ys5)" (2.68)

v

AYso Yso 6AYs0 18AYso y
a3 2.16 22 FEXNY py I

E 2.10 Pl At =o] whE ek

b el L] i L oA
O L .0 _ _ _
(ton/ft2) 0.5 1 1 2 2 4
€ 0. 007 0.005 0.004

A W] ZEHAZZ AV SYSO0AYs, )2 A 2692, U WHa] M1z
< (

A]
( 0AYsn<Y<IBAys e 2 2,708, miAIgt FHz

p=0.5P, (ylys5,)"* —0.055P, —[(y - A,y5 V(A y5)] (2.69)
p=0.5P,(6A,)"" —0.411P, —(0.0626/ y5,)P,(y—6A.y5)  (2.70)

p=0.5P,(6A,)* —0.411P, —0.75P A (2.71)

e +yusl, x= AEH ofele] Yo, P

rr

4714, pe AW, y
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Z)uke] 3| Y, ke Hululg Atz it P AS(R 2,11 F=R),
A= Zojof thyt Fapd B dolt),
X 2.11 ey AP =0l a8 k3}
L] il AR
[o JRUN T 0 _ _ _
(ton/ft2) 0.5-1 1-2 2-4
k(ton/ft3) 392. 256 784,52 1569, 04
(3) Goh ®d
Goh, Teh & Wong(1997) F IOH’SI o83t FESIF] o3 WEFH A|ubH

219} UEY] A3 2ES
< Kondnero] 2]3) #JetH
oict.

A7, ks

271384

W] Tl Yol Y ANk Fe4

2HZ FEUFL py T

A

=)

L‘?_]'i% 7:“'1_ Yo
A2

UE-A

€ % A2 %S H LY}

H R4 £R5 U 2e A

H

)

L)
(Pu)2 2] 2,73 W A 2,748} o

A& A dstsdct o] p-y A
2.728 YER]

(2.72)

sty glolt.

]

P = (3+ﬁ+ O'SX)cu
" D (2.73)
Pu =9Cu (2'74)
A71A, c= A4 H]Elg AYVHE, v A¥E W9FH, x= AEH I 49
o Zol, D& WEY HAolch
7| ZA (A ) A= 2] 2.750]1 o] ERJ A oA Broms(1964)7} et
S BT Ty 2IIFAAAT HE88 5 UEE £ Aojrt
K — 3.34E,,
' D (2.75)

A7 A, Eso= HlElg AFA

_32_
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1A $x8)

1. T3 7l

£ ATodE B USel 4L nAL AW FPA U 3 FYANE

o}s}7] slsted 39 £ s3stort. o1& v}
e

-3
YoE NPUKS FBA

o WE RARAS 2T AAVEE ALsic). o
QFZE HLY £ Yt BAYW WEy|2e) RAEAE AR Slsje] Br
WEI} BAUS F9, AT, 4% s1EH0] Y4B WL BAsturh AA A

by -]

©
F2E2] WE wjdo] 5D olate]s] o] WHe Fel e Urhx oz
SEWEG o8y AN e Bol RRAUEI RAUEL AS SHE vz

t}.

32 o2 ol

2. 3| ==

E dAFoME 3x49 F8te4A )4 Z=ZZ el Plaxis 3D Foundation
Version.2(2008)& ©|&3t AtAY A=Y F7} mdY AFE steHolds 4t
B B3l Z=et stz stk

Plaxis 3D Foundation U@ #t= PlaxisA}ollA 7|ddt 22140 x]HH-2-3} A& 53
QA8 ZEI38o|t}, Plaxis 3D Foundation ¢ ¢kx|nte] td AF #nt ohrg}
I HE T3 AR E FEo] 715 TSR MEREFHS ZA ot A
Z)to] it B2 nf$ 22 AT T2 AHte] 2% = AE3E= F-Fo A
o] S E EHY HPsAo] s B ofet UE A 2 HFAEHs 5 F
gk AREPE ALY 5+ AXES Yu|Ei)

SR vy AFE T

T) By @44 JeloA BZ el =3ty $i¥ &, - (convergence)&
Fe 28 daES &St dlon, 947 A8 5 ule HH Rol=
g A AFEA EAE TS A= A7
Ao & a3t 7jeE XSt 9le Zlo] Plaxis 3D
Foundation®] E3Alo|t}. 2003 37| HE SA|H Version8.xHEl = AFRA} A2
A FE 28 (user defined material model)?] FL-o] 7}53lH, AJZA WE A F
Sz Tol e ST SsE Fosc
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3. s =A

7t 4] (mesh) 778 2 FA=A

FX Aol glo] 2 He] w4 (mesh)= A-FT2RE HZ2E TAO o] AT
K3t 933F8 n|HTl(Potts and Zdravkovic, 1999). Z& 7[R WE ZLRE

E TEISFEN(F LS, +5U5)d U5ETF L AL (E5Zo], ¢

378, BHEZAZZA)N T2 EITL}E. AR 31FE BHY St= Bl

4 BYo] ARMA WASI= FHYFIPEYE ZHY 5 glojof Tl oo &

AFojA= 27313 Zo] m#Y x&F, y=, z=(far-field-boundary)2 2]

Aol ZBAHA B3 WA UEF +FYFO R 20D(D: WHZF), YL

1.5L(L: 52 o])o] A4l 2. 0LS A -&3}9ItHO'Neill et al., 1986). E3FF, 28

BARL 24P E2qt Herl U + UEF EFERAE F LA SHF

BAHE x-y-z P2 W7} USR] UA=F VA FERAE F &5

oo

3L

/77 77/
|

11
|

I8 3.1 X3 AM2-H mesh & ZFAZZA

U A 7R
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A7, o= AN AFUFSAEZEA oS 4(3.2)E TN, ke ATEAN 2]
3)z} h

_ 2cos¢

1-sing (3.2)
_l+sing
1-sing (3.3)
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e p 5

€9 =0 TE (FANY HIE) 6)

ST ANRAE deixode] B AUEZOE AHske] e Susta
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Zol ¥ 7lx 2A0% ARsiAR, 247 ANe] BAL ¥ 313 gl

= 3.1 STy ANEd
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v 0.3 0.3
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o (°) 25 37
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o wE 9 Rz
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o

AT W TS, A2 EE A whaFolrh

® 3.2 suujat ZRUE B4 2 A
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¥ 3.3 Z AutzxAE #LdE EA
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g AASYTE o] o siel ALY RAUES RAAE UE 188 & 67 22

_36_
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(1) Loose Sand t-z curve(F R Z}IUE)

100

200

0

{_} z=4m

X z=6m

e {3 z=Tm

A + z=8m
*

t (kPa)

160 —

120

t (kPa)

0 T I T [ T | T

0 0.004 0.008 0.012 0.016

z (m)

(3) Dense Sand t-z curve(FR7ZIUE)
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(2) Dense Sand q-w curve
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RAWES] FUSFHOILLE 2 AEEE v B3, HAUSY A B
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213, 6 QUsHE A5tA] 4] Load-Settlement curve

_40_



30

20 H

t (kPa)

0.02

0.04

0.06 0.08 0.

z (m)

(1) Loose Sand t-z curve

100

t (kPa)

0.004

T [ T | T

0.008 0.012

z (m)

(3) Dense Sand t-z curve
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py I, FHIEHS Ushle f-w FA, ADdHAHE Uehle gw FAHe=
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bl

node (i-1)

Py
L o]

¥ node (i+1) Uin

(beam-column) R

offt

AE, = RB-7]%5(beam-column) R 4 2] Z&v}3F 734

Q; = A id 2&st= 3tF

S; = BE-U[Ta4e] AR iodA AIPste AHE] AZF A
T, = B-7158248 AR ()& (i-1)rto] SYT YFFAY

—Ti+ T +Q—Su; =0 (4.1)

r.l

AR 7 A iolAe] #AAFL ofelet 2Tk,

_ (AE);

Ti h (—ui_1+ui) (42)

AE),
T, = %(—ui+ui+l) (4.3)
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Al 4201 4] 4.38 4 4.10] hdstel BE A4 FelstA 4 449 Be AA
iof thgt AN A 4 Yok,

biui_1+ciui+diui+1=fi (4.4)

7|4, b, = (AE);/h, ¢;= [—(AE),—(AE),.,1/h—S;, d; = (AE),,/h
fi= _Qi O]E]'-

o1gel FAAMIEE A& 3] UHL 3 NS BHROE ko] i=lo)A N
AX A 448 A% by, o, & R fE AF A 459 TS FBNL 74
st ol ZTHs] A 463 ol Uekd 4 Atk 4714 A BBl ut
MelE, i HFMEE Uthdch 4 462 99 A'S Ausiel @
WS A ug AW 4+ odom, AW WAS B3 A 429 4 438
Hgstod $AY ¥ ANY & grk

Cq dl u, fl
by ¢y dy u, 2
b, ¢  d a |= | £ (4.5)
by-1 en-1 dn-d UN-1 fxn-1
by N | un fx
[A]- (u) = (f) (4.6)

SRl s} AP AV, A, sa WES Aol 2 AR
AHe UENES NAZOE Uk % (M/o)/h, E= grA%e} chaolx)
Ee) F EIhE Uehd 4 9tk
95515 0o} MYANAED Sk BE AHo| U 4 Ak ALY B iof 2

de 4y Aol FeAd £
of 5718l 85 W wamgos tAsiel 4842 4 Aok &%

% rlo rlr L

et
)
[t
B
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v Vit P h _
Vi1 Vi
T AHGD HEG)
e

3% 4.3, 422 abof &= 31T U

‘B';T:E—?,JE

(i-1)8zeA O,0lMe] EXE BFPAZ A 4.73 Lt
Mo, —M;+V,_,-h+T,_(y;—v;-) =0
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M;—=M;,+V; 'h+Ti(Yi+1_Yi) =0

® 22 iold B B WAL

(4.8)

Vioi—=Vi+Q;— S, yi—( Cio1— Ci+1)/(2h)_ Ri- 91—1/(211)
+Riip 9i+1/(2h)=0 (4.9)
_ (=yvigt+ vy
017]}“11 ei - 2h
C; = External applied couple at station i
R; = Elastic Rotational Restraint at station i
o] 21g thAl ek ofeie} k.
Vioi— Vi+ Q;— Siyi_( Cioi— Ci+1)/(2h)
Ri—l(_ Vi—gt yi)/(4h2)+ Ri+1(_ vt yi+2)/(4h2)=0 (4.10)
© A7 iold 3-89 WA L FYRAEAS AE)
Mot BRES A A 4113 2o Hee olxu|EY2 A 4.12¢9 Z2 F
PR BgY 4 Ar}

M=EI-
d2y= Yi—1 2y1+y1+1
dx? h?

A 4115 A 4.120] FHg31H A 4,133} 2 v S €& 5 otk

AR WEoE AR (-3 (i41)el4 olelst B Hg @& 4 Atk
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M, =F;_ (yi =2y, + Yi)/h2

(4.14)
M= Fiy(y;=2y;,+ vis)/h? (4.15)
@ A 4.73 4] 4.82] RHEZS A 4,149} 4] 4,152 A & Agy Vg AHY
it
Vi = 1

h3[ F ( Vi-1—2 Yi+Yi+1)_Fi—1(Yi—2_2Yi—1+Yi)]

T._
_Tll(yi_yi_l) (4-16)
Vl_#[ Fi+1( vi—2 yi+1+yi+2)_Fi(yi—l_zyi+yi+1)]

T;
_T(Yi+1_Yi) (4. 17)

W

©® HFHo= AugEA e AFE AP

AT ARt 4 4,163 A 4

=~

17& 2] 4.100] ci3hd ofzjet Zr}

Fi Fi— Ti—
[ha(yi—1_zyi+yi+1)_ h31(yi—2_2yi—1+yi)]_ !

h X

F, F
(y i_yi—1)+|:h3(y i—1_2y i+yi+1)_

i+l

h3 (v;—2y i1ty i+2)]

+T(Yi+1_yi)+Qi—Siyi— ( 1 +1) _ ]_( vy 9 v )

2h 4h?
Ripi(=vitvyisd) _
+ ih? =0 (4.18)
2] (4.18)2] ool —h'& I F A (4.19)9 T2 FXEEE xuiEAL
ag 4 o}
ayi_otbyvioitceiyvitdvizteivigs=1; (4.19)
<#7]A-]: aizFi—1_0.25hRi_1
bi= _2(F1+F1_1)_h2T1_1

c;= (F;_+4F+F ;) +h%,;+0.25h(R;_;+R ;)
+n(T;_+T)

di = _2(F1+F i+1)_h2Ti

€; = F i+1_0.25hR i+1

_51_



fi=h3Qi_0-5h2(ci—1_ci+1)

ol +AHHIPE A2 UEe] Agly] 3] UEL F N FEoE Uk
o] Zt AR ioA] A 4.193] A+ a;, by, ¢, d;, e ¥ {5 APEITE A
4.198 ATES U5 £FHEH( w2 FHSIEE BEE FHAA AL

Aol HH, ¥ FddAM= Z} Zh shuby Jhge] S XSt oA g Jles
£ (v2)717) Tk o] ThIE A 4.203} ge WYMo Uehd 4 glon 2
sl 4] 4.213} Zo] Ueld 4 glth. q7A A= B4V Eoln we HeHE,
(= SHEEEE UEhdch A 421004 ool duE ATl Felq WHY £
B wE AEY 4 Atk

[c; d; e | W f
by cy dy €y Wo f,
az by cy dg e W3 fs
a; bi “'C'i“ di €; .‘gf.i = '%i. (4.20)
an b\I CN dy eN WN fN
an+1 bnx+1 Cn+1 Ay WN+1 fn+1
an+2 bnv2 CNvz | \Wyid fn+?
[A]-(w) = (f) (4.21)

3. ¥5F7 AF

L= AL FUEY] P2 WETRo|N] ASSAou Q3 Wit
whebd LEERL o]Ezt Im) WEERoA LA wlezle] BAS FASH:
ZAo| Zoslth WELER Wel W o] Baste] 18 4,49 o] 47 F
£ RE7} AQE R om(ReeseS, 1970), o] 47kx] REE o|&3le] wELE 3
A8 AL o8 Uehd 4 gtk RE [ F%%L& ol o5 3ol 4¢5¥ 2

3

rlo

WHFRI} $RoIFE ool BE & $HEIE 74 A gzl
Bashe Afolth. EE M RS FUR oI5 Uehld, Ve UETY

oA Zyatel HAL Uehdt,
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= Structure
rotation
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F F c
P d n z Fu M,
X Y A P e L 1
q Lo _ i e
14477 (Mg=6,) Lo Mg atg) c
= . q q 3 c
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7 I 1 1
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(a) Mode I (b) Mode II (c) Mode III (d) Mode IV

O3 4.4, YEZE] 3129 WA (Reese, 0'Neill, and Smith. 1970)

(CoyleZ. 1966; WalshS, 1995)& =3l AR5y, B V& 3133}%] okgit}
o] RE AZHL g oz iy el Urhdch ety £ dFoldE o
AN BA FAHY 71871 vehle UEFFZE(cl~c6)o|
o wiel 2 ghol WSk WAIY BAG AOEE HUY SHA/UE 2olslsich
AN LEER A7) WAy siH7IHE B8 AR E A stEEALt 7 ETA

(iteration)oA 2] WHFETIG(cl~cb6)2 AFolgl= 713 sl FHe W7t
489 4 gtk WETRe EE [N B N 247e A%l B 5159
A BAE dAjiste] WHEAL] Hel= YehlH 2 4,228 Zom, 7igts] 4] 4.23
7} ol Uehd 4 o,

¢0,0,0,0,0r u/ Fur

0[C1[0f0f 0[02[ 72 Rr

0,0,cif0r-c/0r wi| _ Fur

0,0, 0rc 0707 o | Ml (4.22)

07/0/-c3/0,csp0f s M, r

07,0707 0rcapd [ wrd, Murl

S, i=F (423)
4714, Sit WEEY ZAALeln, & WETRY Wel(EL HAZ), 1o

FE WEFRY 33 (ks EHE)S Yepdch TWEFF ZA48E U 7 a4
A cl~c62 Z+ tF A 7+ iterationoA W3ILA Hcl Al TEL Shte
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AsE Uetd + Sl Bo4RA Jles Fstojof Trt. uletA 4 4,229 L
EFE Ao HPUWEAZ R 13 2% o|FofF HeAo FPYFALE

Yasiglon, ofF Bl A¥TZ 4 A VR ASE vepigch
2 A w5ye E9¥

E dAlojA= 128 4,52 Zo] HuHPlate) R 42t HH-2¥ (Membrane) 2 45 Z
Yool AW 6708 AREE 2- BRULLE ol8%] LENE EAHY
tf, dWtFo® FHHAgAE= HAY Y AFEE AL, & AFoME BH
SR 4oA FHAHAARFEE T FHGHLALE ZAYste FEY 671 AH=
& & BUYRL(IRE, 1995)8 Aol AP 2ANZU UHDY P
SolSIEE STl AUTZE BAM AZY GV TS WS} A9
NS Tk Uoith WHULL AUE AT BULAE MindlinFHas
S AMESlG =, ol E WY 2o AHHIPE 7R 1yIE 24T WENI o]
3 9

N
o, M
A

=
Bte] FAZY FAE B3to] FAYZT Q40lr}
B 4= T7 4,50 Uehd viel Zo] BE HHo] & FHe] glom Pt
£ AEot BASAase] ARES A2 FHYA 93 FEIe] Atk whe}
A PR ZBFBE(KL )2 A 4.249 Zo] H3H(plate) 242 Z4PFA(K, )2
B &Y (nembrane) 2 42 /4B (K; ) SYZA A YA FHHTt
0, x(u) x(4) —.—f’"
Plate Membrane BV l 02
Flat shell
I3 4.5, AU AAFEE ZtE= HH4A(Flat-shell) 84
e _|Kp 0
Kfs_|:0 Knel] (424)

1. Mindlin E2H Plate) 4

Ayl Mindlin B3e 4= H3Y] FAZL F7& “Deep plate”ofl s},
FATL hobd B¢ Aol AUriHItE o] At (shear locking) BAo] i
By 4= glch. olF 3AFI] $st & AFdAe AYF XA E(selectively
reduced integration), T3 F A (substitute strain field)2] o]&, H|ZIH

22 =38 (non-conforming displacement mode)®] F7} 52 A7}A] 7|Ho] &% 4
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oH,
r\ﬂ

) 24E FL3lgch
H] A2 S H 4 (isoparametric) 483 Q4 W Fo] 242 HAFSE 7

3t7] slste] AR FAY vHYRE(NM N)E FTI5IATH

w =< N>w
a, =< N> {m, }+< N;> {r:/} (425)

a, =< N > {ny}+< /T/f> {r?)}
o7|H < N> 718 FAgpoln < N>k umz}zzolz, r?x R Hl’—ﬂi}ﬂ“lol
LN

o He-9%E A
Aol elziel AL WEES) WA Uehie

-HPE BA PEEL F
B, B,|[u
{S}Z{Bs Hu} (4.26)

ZAagLae v AYREY Frlef st Tk A3} Zo] F4HLL

Kee Kaoljul Jf
< ellto) o

K =[B,'D,B,dV +[B':D,B':dV
\% \

jB D,B, dV+IB DB, dV

-[aDE W 6
\ \

(4.28)

Al 4,272 tir] B A -g=(static condensation) .2 H|ZIHLE A ASPA Hgt
a49] 2F A, K& €& 4 orh

Ky =Ko KoK 'Ka (4.29)

p

QF o 7] ¢ 3‘—]’3_1}11-4-( 0,)& ‘T‘7}6}Eﬂ 242 A



ste Aot AREHUE o FAY £ 6712 AFEE /IR 2R X (Beam) 249} Zo]
FARAFETL Qe o400 Adlo] Lolslt). HHLHQ Ao WHAHS 4HHR
428 JIEPA/UT <~ >3} Allman®] FAARE HE FYPF <c»>, <s>8 9]
of Ztzt F7IH v|AYRE <N, <Cp, <Spo] sl FAAHTL 71 A
W, WA 1= e H A 3hE 9ol

u = (N){u}+(C)o, }+(Nyja}+(CHa, }

V= (NY{v}+(8)16, }+ (N7} +(5){6, | (4.30)

0, =(N){o,}

(4.31)

T 2(1+v) (4.32)

Al 431004 k= o 4] 4,333} Z2on ko REIVEL 2] 4 349} ).

W RCC Kcn
K=| =
|:Kcn Knn:| (4- 33)

K.=[[B ¢ ]os cpv

\

szi[s c'[oE v (4.34)

<., :J[B c'[ofs &hv

o174 [Bl, [G], Ibl, [gle ATHFAY WP E o]y BAE, (8], [G], ],
(¢l vlE3PHSI HPE Alole] AAE L}E}LH‘- FHoltt. ﬂ%&‘ii BHS
P40 g, Ky & A 43104 v ATHES] w v = o S 10E FF
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2 Z(static condensation)§ o 24 IL3lIr],

Ke =K+ WivhhT (4.35)

33 47y gnelE

IRERNERE

LEFRL] vy sE-HYBAE st WHARE 0'NeillF(1977)2 I8 3
I} e FE31EH (purely incremental solution)E Al&3lgrt. L} o] W
< 3% 4600 UEhd bl o] Zt steeAll FATIET], (k)iE AR wh
2} A stE-He FAETH o E gl AREN MZA Hele ALEHE T
o] Uehdth welx Fde £8E& sty £ dAFdAMeE ¥ 4 73’—]' 2ol #

SFETEA A BFEAXH Z o] slitel A1 A4 (secant modulus method)E &85}
AT, oAy FEHNF-WUASEL 48T 29 1 4.70] Ushd uis ol
Z Pofl tigt M7t wold A 912 Fal u'hZ o]F3te] Ao 2HI W}

B A Hrt

Py Iteration

Pz 2 ZA%
(kg AP4

2 o AP
P =
2 / % (kg), 2
Vs > AP, P, q
(k); : tangential slope

(K()z /
PT

(k)4

Load increment
=
S

1 (ky); : secant slope 4Py

AP,

0 ’ u’ u
u, u, u upuy W 2

29 46 FEAEUS AW 29 47, FESE-RAALE Y
B4 Al FEHF-VUALES A8 P Thet Bk A4 BEY
174,

er &), BT 1

BR
% sed we BFE U

_57_



(k); * 1 = load increment j=1: tangential stiffness
j = lteration number  j>1 : secant stiffness

/A{m
f((u),) AN

),

F,=f(u)

f((u)iey)

Au

0 ()i, (uy); u

33 4.8 WEFEZY AU

THS-TAATHAAE F AFINEE NHAR Uro] si¥E 38 i
Bdﬂﬂ StEetA A izl WEAL A FE2 (ki);2 B718ch 2 SHETA A
FUAZEE AT wl, 4 4.363) o] j=1d = HAVEINE, j=2¢ BF
e &dA+E MU

df (u)

(kir)j*= ( dU/' )u=(u)‘,| ’ .j:]-

oy oo FU)) - )ia)y )
(ki )/ W W) ji=2 (4.36)

(Ui = (U)o "

A7IA, (u)ia oA SHEHAAAY HF FAEoIH (ui);<
FEAA jHs] REEALAY] FEEot). 7 5}*8”71101]*1 T2 S 3l
APEE HelE Ayolm o]E B3 FAHE (w);E AR} iR StETACNA
U up < i S UESHE iHR] S THAY 2 E FFEY (u)E AESHE o
315 ©AZ dolrbm ol 2 IS F N wHEI 28 A FAd7]E&7]
Kdf(u)/du > W 3}F <{f(u)>= cublic splineZ|H& o|-&35lo] ARSI THAllenS,
1998).

2. 45 3N el

WE g LERoT FHH AJMFRE 7R A A VY dag
Z& vt Zol 39 4.9 2SI 4709 wEe g I JAFRE 7R
2z vepln, 13 4.102 £ 3|47y e] EE ot}

@ W, 45 g ANt 245
© s (FFsHE, TEstE 4 ) € BA=RAE dH3T)
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© AN WEERAYRY 43S 95 £4515 Ve BHAA $H1E
£ uEsAe 27 4ustel 23 4,103 2L R
BYh WHo| o3 AAEHE AUTZE 128 RFAsH] As) BEY 66

o WEFE FEREE AdF = 2P, FrRc =5 A sgste ¥

of At

@ 5N U UH2 AP BF 2YSt A LLF FE4BES 4T

® 3+5, BA=xZ, AA BEVER 74 FFYFA Y sE F3to] 7 Ao
A2] HeE AP

© v]AdE M2 H? @olA AHEE EHHELS ©olA 7T BAUSHAE v
Sto 3 xpo] 7t £ 2 &4 olu7t € wizkx] ©~® & AHE W&t}

W5, T3 FES Ji) wHe] EAAs= W\, FAY, & HEHES
A S ARl

Pile cap

(Flat-Shell element) %

D.L

<
[ L %’ ’
‘ 'g/\/\/\/—% p-y curve at node
i 7t-z curve at node

<
<

Pile

(Beam-Column element) g-z curve at node

33 4,9, TUHe ndd
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7o|'_9_—7'—|' T'__A_-Il

= BolMs RPFEIE A BF SY7EE ol &3l #FHA wHol HEH
FA NS sBsgct. FAFHo] AHEH FFHAL] Ad E 55 FHELHS
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AAR  SHEREHAAM 2 RS (AA ALY, 750ton)Z HT) FHIF
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BE A JoA H§ s s EE X3t A= Ul webA
= B 14 9 2-A A eyt Y 31ES A3 $18t IFHUAE FAL
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1 8 $R3E(AMY)e] AEsH B

TR (ARLF )l st B, Y 7Hed Ho £HAINF (LTS =
5.13} Zth E3L, F 5.29] SE-HAFAI Po] FEAWEI} HAUES] vla
Z 3} Dense sando] H|3| Loose sand?] B &= v ZA LElgdct @ Ale
M Z3}%Z EXTLE Loose sandoA] EZoIEo] wel Wate HoE Ueldou
Dense sandojAl= W37t gl RO E LFENYC]
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e EEY
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3 7hs 2l
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Chapter 1. Introduction

Coastal wave monitoring is an important and difficult jobs that required to
be done for many purposes, e.g., shore protection, harbor management, navigation
safety, coastal resource management, rescue missions, etc. Traditional approaches
for accomplishing this kind of mission include using wave buoys, pressure wave
gauges, acoustic wave gauges, airplane or satellite video or land-based HF-band
radar and Xband radar. The first three kinds of techniques are well-developed
techniques that followed the available wave theory (mainly the linear wave
theory), and thus, they are prevailed in the wave measurement market. These
techniques, however, require the deployment of a sensor or a series of sensor in
the water, and thus, are expensive for maintenance. In areas that fishing
activities are heavy, interference with fishing activities is inevitable and often
ended up with valuable instrument lost.

The last three approaches utilize the principle of remote sensing and obtain
data for interpreting wave conditions. Because it is a land-based system, the
operation cost is relatively inexpensive, especially for the X-band radar if the
required study area is within a radius of 2 km. X-band radars are widely used
for the vessel navigation purpose and widely available on the market. For this
reason, the cost for hardware is reasonable and the use of x-band radars for
wave observation, if the details are fully documented, would be a promising
alternative.

The first attempt of using X-band radars for wave observation was reported
by Young et al. (1985). Since that attempt, continuous effort on the development
of X-band radar wave observation system has produced several commercial
products with specially designed hardware. For example, WaMos II (Borge et al.,
1998; 1999; Borge and Soares, 2000; Krogstad et al., 1999; Wyatt et al., 1999,
Wolf and Bell, 2001; Wyatt et al., 2003) was developed by following exactly
the same principles given by Young et al. (1985). The other type of X-band
radar wave observation system is Miros wave and current radar
(http://www.miros.no/). Miros has no rotating radar antenna and it is only good
for a short-range (< 450 m) observation of waves.

The problem associated with these commercial products are (1) the price is



relatively high, about 4 to 5 times of the hardware cost, and (2) source codes
for data analysis and system control are not provided. This means the operation
is somewhat like a black box operation. To resolve this problem, Maa and Ha
(2006) has conducted a study of the entire processes of using X-band radars for
revealing the details and the limitations on this kind observation system. In their
study, details of the data acquisition and the data analysis have been reported.
However, the details on data acquisition are limited to a Furuna 8251 x-band
radar. In general, there are many kind of x-band radar, and thus, how to do
data acquisition in a general way is still needed, and that is the purposes of this
study. In Chapter 2, the considerations on hardware are briefly reviewed. Details
on how to select a marine radar and other associated hardware are documented.
Thus, it is possible to extend and improve for future uses.

In Chapter 3, details of the radar image data acquisition system are
presented. The principle of system control and data acquisition software is
explained. Automatic and remote control of the system is a convenient and
sometimes necessary tool to have a successful long-term operation. A setup of
automatic control/operation is demonstrated in this study. Using either a Local
Area Network (LAN) or a telephone modem to download analysis results to a
remote center is very likely, but that is left for local researcher to address this
issue. The necessary software and hardware for automatic control were collected

and tested. Chapter 4 is the discussion and conclusions.



Chapter 2. Hardware Considerations

It is well known that many inexpensive marine X-band radars can be used
for wave observations. In the early study conducted by Maa and Ha (2006), a
Furuno 8251 radar was used. In this study, a different Furuno radar, FR1500

MK3, was selected to show how to control the radar in general.
2.1. X-band Radar

X-band radars have a frequency range from 9.41 to 10.5 Ghz. Thus, the
wavelength of X-band radars varies from 2.8 to 3.2 cm in air. This particular
wavelength is approximately equal to the ripple wavelength existed on the water
surface when the wind speed is more than 3 m/s. Although the ripple waves are
not the target for the measurements, they are coexisted with the much large
gravity waves, which is the target of the measurements.

The principle of using marine X-band radar for wave measurements is
using the Bragg effect (Valenzuela, 1978) to get the scatter waves generated by
interactions between radio waves and ripple waves. This scatter waves are
usually referred as the “sea clutter noise” from radar’s point of view because the
scatter waves are not the target of a regular radar system. But the strength of
the sea scatter waves are easier for a radar antenna to pick up, and that is the
reason to use x-band radar.

The range of using X-band radars for wave measurements is limited by the
radar’s capability of measuring the scatter waves, and thus, limited by the
available power of Xband radars. Since x-band radar is a commercial product
with a few options on the output power (e.g., 2, 4, 6, 10, 25, 50 kilowatts), the
cost is reasonable compared with other wave measurement approaches. In
general, the larger the X-band radar output power, the larger the measurement
area and the measurable conditions. However, it is also true that the hardware
cost increases sharply for the large power radar. As a practical application for a
radius of 2 to 5 km, a 25 kw X-band radar is the best.

The selection of a radar antenna may affect the resolution of radar image.
Because of the entire radar system is a commercial product, the antenna vailable

for a particular radar model is usually limited. For example, for a Furuno



R1500 radar, one may select a 4 ft or 6 ft long antenna. The antenna rotation
speed is also limited to 24 or 42 rpm for a Furuno FR1500 marine radar. In
general, the longer the antenna, the higher the spatial resolution of radar image
in the radial direction. Also, the faster the antenna rotating speed, the higher the
temporal resolution of analyzed results in time domain. For this study, a 6 ft

long open-array antenna that rotates at 42 rpm was assigned.
2.2. Basic characteristics of radar images

Assuming that the “sea clutter noise” is still larger than the background
white noise at a distance 2.5 km away from the radar, a maximum observation
radius of 2.5 km was selected to show the characteristics of radar images
collected. Later these characteristics are also useful for helping determine the
proper Analog to Digital Conversion (ADC) rate.

The time for radar waves to travel along a beam should be first estimated.
For a 2.5 km distance, it means a two-way travel distance of 5 km. Since the
Electrical Magnetic (EM) wave speed is 2.99792 x 10® m/s, the total time for
getting the echo waves at 2.5 km away would be 16.67 1#s (= 2 x 2500 m /
3x10% m/s).

During this 16.67 s, for an antenna rotating speed of 42 rpm (i.e., 0.7
1ps), the antenna will rotate about 0.7*21*16.67x10° s = 0.733x10° rad =
0.0042 degrees which is rather a small angle. The swept footprint is about
0.00186 m (= 0.733x10° x 2500 m) that is much smaller than the lateral EM
wave spreading (= 1° in the horizontal and 25° in the vertical direction for a
Furuno’s 6 ft long open array antenna), and thus, can be considered as
stationary.

For a Furuno FR1500 marine x-band radar, it sends out 3000 pulses per
second continuously to trigger the burst of radio wave beams for detecting
subjects. For an antenna rotating speed of 42 rpm, it means a total of 4285
bursts will be triggered for a full circle radar image. Beside the trigger signal,
there is a heading pulse that generated once for each revolution and the time of
generating this pulse is when the antenna rotating over the bow mark on the
antenna base. These two kind of pulses (Fig. 2.1) are used to (1) identify the

time for starting image acquisition, and (2) reduce the burst line number to 2142



for a half-circle radar image.
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Fig. 2-1. For a FURUNO FR1500 MK3 radar, the radar scanning domain may begin
when the antenna pass the bow mark. (a) A header pulse is generated once when the
antenna pass the bow mark. (b) Trigger pulses are generated continuously from the
radar control unit at a rate of 3000 pulses/s to trigger the burst of radar waves. These
pulses were also used to trigger the ADC conversion. (¢) A 2 Mhz sine wave train
was generated in a radar emulator (see last section in Chapter 3) for data acquisition
development purposes.

Depending on the selected maximum detecting range, the duration (or the
number) of sending EM waves in a burst is different. This is because the larger
the measurement distance, the more the EM waves are needed to produce
enough echo strength for the antenna to pickup. More EM waves mean longer
burst duration. Because there are many EM waves in a burst line, the radar
measured subject length is not the true subject length neither. For example, for
an 80 ns burst duration, 800 EM waves (= 80 x 10”7 s * 10 x 10° Hz) were
sent out. Because all the waves will cause reflection on a subject, an one-meter
long subject along the track of radar wave beam will be seen as a 24 m long
subject (0.03 m * 800 waves) with the highest signal strength at the center. For
this reason, the burst duration should be kept as short as possible. In other
words, the operation range should be set at the shortest detect range for radar

operation, when it is used for wave measurements. This is an important



information that needs to be documented in this report.

The characteristics of radar images discussed in the above paragraphs
assume that the resolution for data digitization is infinitely high and the
reflection of radar waves is perfect. In reality, however, these will not be the

cases, and thus, the radar images collected are somewhat smeared.

2.3. Personal Computer

A Personal Computer (PC) is widely accepted for use in data acquisition
and data analysis for a radar wave observation system. One critical requirement
for the PC is that it should have at least one PCl-express slot for installing a
high-speed ADC interface card. Any graphic interface card should be disabled
during the operation. This is to avoid the possible delay/interference of data
transfer between the high-speed ADC card and the memory, or the hard disk.
Although the delay/interference of data transfer is not always happened, radar
image will be corrupted once it was happened. This phenomenon has been
reported by Maa nd Ha (2006).

It is worth to note that ambient temperature range for a PC in the possible
operation environment should be checked first. If not, then there is chance that
extreme high/low temperature may cause hardware failure. If it is possible to
have an extreme high/low temperature, one should select an industrial grade PC,
which has an operating temperature range from —30°C to +80°C, for the project.

For regular operation, a monitor is not required. But it would be nice to
have one for checking the processes. For this reason, any monitor would be

sufficient.

2.4. Micro-controller

A PC is possible to control the radar power on-off and the start-and-end
of rotating radar antenna. To accomplish this task, it is required to have two
channel of analog output that can be used to drive two relays. Because there is
no analog channel output for a typical PC, a simple control of the power on/off
becomes a not-so-simple task. For this reason, Singdon Electronic has to build a
small PCB board to convert the RS232 signal for the control. On the other

hand, an inexpensive micro-controller can be used for this purpose because there



are several analog channels that can easily deliver +5v signals to control relays.
If select this approach, the selected micro-control can also be used to control the
PC in order to save AC power at a remote site. For this reason, a
micro-controller, TEENSY 2, was added to the PC for controlling the PC, the
radar, and the radar antenna for saving energy as well as extending the useful
life of the radar and the high speed A/D device.

The TEENSY 2 micro-controller requires 5 VDC, 80 mA to operate at its
full load. For this reason, the PC’s 5V standby power was used to power the
TEENSY 2 all the time.

An Assembly program (see Appendix I) run in the TEENSY 2 was used
to turn on the PC, the radar, and the radar antenna. It also turns off the radar
and the antenna. The PC will turn itself off using a free software “Quick

Shutdown” after the assigned tasks are done.
2.5. High-speed ADC Interface Devices.

Although there are several high-speed ADC devices available on the PC
market, e.g., CompuScope Oscar 4227(from Gage Applied Technologies, Inc.),
PCI-9820 (from ADLINK Technology, Inc.), and Handyscope 3 (from TiePie
Engineering). They all have 12 bits resolutions and a maximum ADC rate meets
or exceeds 100 Million Samples/second (MS/s).

The reason of having a minimum requirement on the ADC rate of 100
MS/s is not the ADC rate itself, but to have a high-enough bandwidth for not
distorting the radar signals. The radar signals that transferred from a radar
antenna to the radar control and monitoring unit is an Intermediate Frequency
(IF) signal with a frequency on the order of 10 Mhz. In order to maintain a
high fidelity after feeding the IF signals into the ADC device, a high-enough
bandwidth for the ADC card is necessary. In general, because the higher the
ADC rate, the higher the bandwidth of the ADC device, and thus, 100 MS/s for
the ADC card is specified.

Because an ADC device (CompuScope AD12100) come from Gage Applied
Technology (GAT) was used in our previous radar project with satisfied results,
a newer product from GAT was selected. This product can also be used as a

high-speed digital oscilloscope before the data acquisition software has been



developed and this is a great benefit for system diagnosis.

2.6. Selection of ADC Rate

Is it necessary to use the maximum ADC rate when digitizing a burst line
image? Also, is it necessary to digitize every burst line images? These two

questions are important and the answers also determine the image size.

Resolution in Angular Direction: Our earlier study (Maa and Ha, 2006)
indicates that there is no need to scanning every radar burst lines.
Therefore skip every other scanning line is used in the data acquisition.

Resolution in Radial Direction: Our earlier study (maa and Ha, 2006)
suggested that a scanning rate of 20 to 30 MS/s is sufficient, and that is
what we have in this study.

Datafile Size: For a distance of 2.5 km, a sampling rate of 30 MS/s, and
an EM wave speed about 3 x 108 m/s, the total number of data points
collected per burst line would be 2 * 2500 m / 3 x 10° m/s * 30 MS/s =
500. This means a data size of 1 KB (500 point x 2 byte/point), if stored
in binary format.

For a half circle image with about 1100 burst line images, one radar
image will take 1.1 MB for storage. Considering 32 radar images for data
analysis, one measurement will produce an image file with size about 35 MB. In
just one day, the total size of acquired image files will be around 1.7 GB, if
operated at half hour interval. This implies that not all data file can be stored

for long. Only analyzed data and these with severe sea data should be stored.
2.7. Blind Zone

When a radar antenna emitted signal, it cannot be used to receive the
echoes. Depending on the model of radar, there is a block out time for
receiving the echoes. Usually it may take about 100 to 200 ns to clear the
residual and switched for receiving mode. Thus, a blind zone of 15 to 30 m
(0.5 * time delay * 3x10® m/s) is possible. Fortunately, this can be easily
measured with the radar. Just look at the radar screen, and turning the nob for

cursor control will let you read the blind distance directly from the radar screen.



Chapter 3. Data Acquisition

Using a ShinDong modified Furuno FR1500 MK3 x-band radar, details of

the radar image data acquisition are presented in this chapter.
3.1. System Control

The information presented in this section is for the automatic radar system
control (Fig. 3-1). All the added hardware is placed inside the PC. The main
control unit is a low cost (under $20) micro-controller TEENSY 2 from
www.pjrc.com. The functions of this micro-controller are (1) turn on the radar
whenever the TEENSY 2 is activated to warm up the radar, (2) 4 minutes later,
turn on radar antenna operation, (3) meanwhile, turn on the PC to do data
acquisition, and (4) turn off the radar when the job is done after another 4
minutes. The schematic of this control is given in Chapter 2, and here the
control software and other details are presented.

An Assembly program sets a digital I/O port high to turn on a 2n7000
transistor for switching a Nais TF2-5v Telcom relay (Fig. 3-1). This relay will
close the circuit and provide a pulse to activate one of the first three functions
mentioned in the previous paragraph. For turning off the radar, two digital I/O
ports are required to set high. In general, the above settings are universal for all
kinds of radar and PC. The only two concerns are the capability of a relay to
handle the electrical current (and thus, the total power) required for the task. For
example, the selected miniature relay (i.e., Nais TF2-5v Telcom relay) and the
standby 5v DC are sufficient for the selected Furuno FR1500 MK3 radar. For a
different radar model, even from the same manufacturer, the switches may be

different, be sure to check this before using the current design.
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Fig. 3-1. System diagram for the micro-controller in the radar wave observation
system. 5 volt pulses are used to control the on-off of PC, radar and the rotation of
radar antenna.

3.2. Batch File for automatic operation of the system

After the PC was turned on, the Windows 7 operation system will run a
startup program ‘“radar.bat” automatically. This batch program should be saved in
the “Startup” sub-folder, which is under the folder of “C:\Documents and
Settings\Start Menu\administrator\.” This batch program contains the following

commands

c:\radar\debug\killtime.exe

c:\radar\debug\radar_new.exe

Move *.h?? c:\radar_data\

Move *.b?? c:\radar_data\

Matlab —noFigureWindows —r “try; cd(c:\radar\M_files\radar_main.m’); catch; end; quit”
REM your FTP command

c:\radar\debug\killtime.exe

c:\radar\control\gqsd —s

_10_



The first commend executes a program “killtime” to let the PC idle for 5
seconds. The second command executes the radar image data acquisition. The
results of this acquisition are four files: “RDmmddyy hr.hmn,”

“RDmmddyy hr.bmn,” “radar log.txt,” and “Saved one.txt.” where “RD” in the
filename stands for radar, these two character can be changed to mark a specific
location. “mm”, “dd”, “yy”, “hr”, and “mn” are the integer number of the
month, day, year, hour, and minutes when the data was acquired. The first “h”
in the file type stands for an ASCII header file, and the first character “b” in
the file type stands for a binary image data file. For example,

“RD011213 01.h01” and “RD011213 01.b01” are the header file and the image
file created on January 12, 2013, 01:01.

The contents in the header file (i.e., the setup of A/D interface card, date
and time, radar operation conditions, etc.) are in ASCII format and can be seen
by using any text editor. The image file, however, is a binary file and can only
be read by using a computer program. These two data files will be moved to
another place in hard disk (e.g., c:\radar data\) for storage.

The file “radar log.txt” will keep records of all the header file name
generated. The time and date for each file generated are also saved for
administration uses.

“Saved one.txt” is a file that only contains the most currently generated
header file name, as well as the data and time it was generated. This file will
be open and read by the matlab main program “radar main.m” for processing
data.

The next command is calling a Matlab program “radar main.m” for data
analysis. This m file will open the file “Saved one.txt” in which there is only
one line that contains the most current header filename and the date and time it
was collected. After reading, the matlab program will open the header file, the
binary file, to analyze the radar data, and save the line spectrum into hard disk.

Now it is time to use a FTP command to transfer the analysis results to a
control center that may or may not at a near-by site. This command is not
included in this batch file, but should be added easily once the local network
environment is clear. After this, we give another 5 second for the computer to
clean everything. The last command is an auto shutdown command. It will turn

off the PC, and wait for the next “turn on” given by the micro-controller.

_11_



3.3. Signal wires for trigger and radar images

A marine x-band radar uses the same antenna for transmitting and
receiving signals. These two kinds of signals are quite different in terms of
power level. The transmitted signals usually have a power on the order of 6 to
75 Kilowatt (KW) for the xband marine radar. On the other hand, the received
signals can be as low as milli-watt. Thus, a signal amplifier is needed to boost
the received signal. In order to prevent the strong transmission signals to destroy
the receiving amplifier, two devices called “duplexer” and “limiter” were installed
between the antenna and the radar manufacturer’s receiving amplifier (Fig. 3-2).
The duplexer changes to a high impedance device when a strong signal comes
to it, and thus, blocks out the high power signals. Because there is a possibility
that a signal coming from a near-by radar that is not strong enough to ignite
the duplexer but strong enough to destroy the amplifier, a “limiter” is usually
provided to limit the power that can go to the signal amplifier. The duplexer,
limiter, amplifier and rectifier are all provided by the radar manufacturer, and
thus, these are not the concerns of this project. The objective of this discussion
is to point out where the echo signals can be picked up.

Physically, there are two units for a marine x-band radar: (1) the radar
antenna and gear head unit, and (2) the control and monitor unit. Radar waves
are actually generated in the Ist unit, but the control signals are generated in the
2nd unit. The echo signals are also detected in the 1st unit, but pass to the 2nd
unit for processing. For this reason, there is a cable to connect these two units

for signals to travel between them.

_12_
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Fig. 3.2. A system diagram for the radar wave observation system. The colored
lines and colored boxes mark the added hardware and software for the system. Dashed
lines indicated how the signals/control were applied. Data analysis software is the same
as that reported earlier, and thus, not duplicated. Data transfer is left for local network
engineer to complete.

Two kinds of signals are needed for the radar image acquisition. The first
kind of signals is for “when to start the ADC?” The second kind of signals is
the radar echo signals that will be digitized. All these two kinds of signals are
available from a radar control and monitor unit provided by the radar
manufacturer.

The connectors that hook up the radar cable to the control and monitoring
unit are the places to get these two kinds of signals (Fig. 3-3). Usually the echo
signals are run in a coaxial cable (because the weak signals require isolation

from other signal lines and power lines) that is bundled with others in the main

_13_



cable that connects the two radar units. It is relatively easy to find this line
physically. The exact pin number on the connector for trigger signals that send
to the antenna unit can be found from the user manual provided by the radar
manufacture. For example, the yellow and black lines in Fig. 3-3 are for
retrieving the trigger signals and ground for a Furuno 8251 marine radar.
Although there are 4 wires in this picture, the other two wires are for the
heading signals that may or may not be needed for this application. The above
are general description that fits almost all radars. For this project, ShinDong
Electronic has already picked these two wires and provide two connectors

(marked as TX and video) for use.

Only the yellow (trigger)
and Black wire (ground)
_are used

Trigger pu

Fig. 3.3. Wires that soldered to the radar cable connector that goes to the radar
control and monitoring unit for triggering signals. The echo signal wire in a coaxial
cable is also marked. This example is for FURUNO FR8251 only.

_14_



3.4. C program for Radar Image Data Acquisition

In a high-speed ADC interface device, there are usually at least two input
channels for digitization (Channel 1 or/and Channel 2), one channel for external
trigger source, and one channel for auxiliary input. The radar echo images are
fed into one of the input channel for digitization (e.g., Chan 1) and the radar
trigger signals are fed into the channel for external trigger source. Because the
capability of selecting a high input impedance (e.g., 1 MQ) for both of the
channels, the hookup and splitting of these two signals will not affect the
original signal strength.

On the base of an antenna unit for any marine x-band radar, there is a
mark that points to the vessel’s bow direction. Whenever, the a rotating antenna
pass this bow mark, a pulse will be generated. This is call “heading pulse
(HD).” The original purpose of this HD pulse is to mark the direction of a
vessel’s moving direction. For wave measurements, this HD pulse can be used to
mark the starting direction of doing A/D. For this reason, the bow mark should
be pointing a direction that is parallel to the shoreline.

In the C programming, the first task is to find when the HD pulse is
generated. The time of generating this pulse means that the antenna is facing the
shore parallel direction. This should be the time to start doing A/D to convert
the radar echoes. To accomplish this task, the HD signal should be fed into
channel 2 and use it as a trigger source to start doing A/D on channel 1,
although there is no use for the digitized data. For this reason, there is no need
to transfer the data from the A/D device to the PC for storage. Nevertheless,
after triggered on Channel 2, it marks the time to change the settings for data
acquisition.

Since the start of data acquisition program is not synchronized with the
radar antenna rotation, the maximum possible duration for waiting the HD signal
for mark the time of an antenna that pass the bow mark is no more than the
required duration of the antenna to rotate one revolution, i.e., 1.4286s. For this
reason, a time-limit of waiting for the HD trigger is set for 1.45 s. The above
statement ensures that the program always starts to do ADC from the bow
direction, which is determined when mount the radar antenna.

As mentioned before, the radar echoes are fed into channel 1, and the
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trigger pulses generated from the x-band radar’s mother board are fed into
external trigger. The setting for data acquisition should be changed accordingly
before doing the A/D.

The next step is to digitize radar image on the selected burst line images.
It is mentioned in Chapter 2 that not all the 2142 burst lines are required to be
digitized. To digitize ever other burst line would have sufficient image
resolution, and that is how the C program was coded.

A flow chart to show the main program flow is given in Fig. 3.4. In this
figure, there are three processes that should be explained more, and these are
given in Fig. 3-5 to Fig. 3.7. With the documentation in the above figures, it
should be sufficient for readers to follow the C program codes.

When a radar was setup at the observation station, the elevation of radar
antenna and the bow mark direction should be recorded. The bow mark
direction, which will be used as the x axis in radar image process, will be used

later for determine wave directions.

3.5. Radar Data emulator

Since the development of data acquisition program is carried out far away
from the radar site. A signal generator that can reproduce these signals given in
Fig. 2.1 would be necessary for checking the acquisition software. Besides these
trigger pulses, a given signal (e.g., the 2 MHz sine waves given in Fig. 2.1c)
that can be used to check the result of A/D conversion would be a necessary.
For this reason, a radar data emulator was made to provide all the signals
marked in Fig. 2.1. Two microcontrollers were used: a TEENSY 2 for the two
kind of pulses, and a DS89C450 for the 2 MHz sine waves. This emulator is
included in the package that deliver to KIOST for future uses, if necessary.
There is no need for the operation manual because only an on-off switch is

required.
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| initialize the A/D board |

¥

| Get A/D board information |

‘ Setup data acquisition wnﬁgl'uratiﬂn (using dual channels) |
¥

| Setup channel configuration |
¥

Setup trigger configuration
Using channel 2 for triggering A/D

v

| Setup data acquisition configuration |

¥
Commit the configurations and
Send data to the A/D device
¥

| Create filenames for data storage |

Do AD, triggered by theheading pulse fad
into channel 2 toidentify the antenna position
¥
Change toexternal trigger and singls mode
operation for doing A/D on channel 1

¥

o| Declare memory space for data transfer
between the AD device and the PC
¥
Do AD on Channel 1 for every other burst line nsing external
trigger pulses generated from radar mother board
¥
Transfer data from A/D devics to computer
memeory and then stored in hard disk

no

Iy

Changs to dual mode operation and change trigger
source to channsl 2

¥

Send commitment to hardwars

L4

Y

Fig. 34. A flow chart to show the main flow for data acquisition. Some major processes
are further explained in Figs. 3-5 to3-7
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Setup data acquisition configuration (using dual channels)

AcquClig u325ize=sizeoflCSACQUISITIONCONFIG); //Assign the structure size
//Get the cuwrrent configuration and only change these that needed to be changed.
132Ret = CsGet(hSystem, CS_ACQUISITION, CS_CURRENT CONFIGURATION,

&AcqulCfig);
if (CS_FAILED(i32Ret))
d
CsGetErrorString(i32Ret, ErrorString, 235);
printf]"Cannot get CS_ACQUISITION Setting. message: %os'n", ErrorString);
goto Stop;
¥

/ichange the following parameters
AcquCiig.i64SampleRate = 30000000;  //select sample rate as 30 MS/s

AcquChig u32ExtClk =0; /10 means not use external clock

AcquCfig u32Mode =2; /AD on 1: one channel; 2: 2 channels
{/this value will be changed back & forth

AcquClig u325ampleBits = 12; /112 bits resolition

AcquCfig u325ampleSize= 2; {12 bits requires 2 bytes to store it

apt={long) (2.0*AcquCiig.i64SampleRate*meas radius/3.0e8);

npt_32=(long) npt'32;

npt=32*%(npt 32+1); //has to be multiple of 32, hardware required
AcquCiig i64Depth=(long) npt;

AcquCfig i64SegmentSize= npt;

printf{"# of data points on 1 line = %dn", AcquCfig i64Depth);

/fthe next variable will be = 1.45 s first, in 100 nanosec unit, this is for identifying

/" Bow Mark while in dual mode operation. It will be changed back & forth later

/ for single / dual mode operation

AcquCiig.i64 Trigger Timeout=14500000;

AcquCiig.i64 TriggerDelay=0; /Mo delay
AcquCfig 164 Tri ggerHoldoff=0); //not hold data before triggering
AcquCfig i325ampleOffset =0; /f'no offset

Fig. 3-5. Details on setup of data acquisition configuration. Upper case phrases are
reserved words from Gage Applied. Explanation of each command are given on right
hand, after a double backslash.
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Setup channe] configuration |

ChanCfig u32Size=sizeof{CSCHANNELCONFIG);  /Assign the structure size

/lget the current parameters in Channel Confisurations from driver and change
/! these needed. If 3rd variable is 'CS_CURRENT CONFIGURATION.' it means
'/ retrieved from hardware.

ChanCfig u32Channellndex=1; {/specify channel 1

i32Ret = CsGet(hSystem, CS_CHANNEL, CS_CURRENT CONFIGURATION,
&ChanCfig);

if (CS_FAILEDV(i32Ret))

{

CsGetErrorString(i32Ret, ErrorString, 233);
printf{"Cannot get CS CHANNEL settings'n");
printf{"message: %os'n", ErrorString);
CsFreeSystem(hS ystem)); goto Stop;

h

ChanCfig u32Term= 1; ffuses DC coupling condition

ChanCfig u32InputRange=10000; Hin millivolt, from -5vito 5v

InputRange A=ChanCfig u32InputRange;

ChanCfig u32Impedance=1000000; ffinput impendance, in ohm

ChanCfig u32Filter=25000; {/channel bandwidth, in khz.

ChanCfig.i32DcOffset=0; ffin millivolt

/the following are for channel 2 configurations

ChanCfig u32Channellndex=2; {/specily channel 2

i32Ret = CsGet(hSystem, CS_CHANNEL,  CS5_CURRENT_CONFIGURATION,
&ChanCfig);

if (CS_FATLEDVi32Ret))

{

CsGetErrorString(i32Ret, FErrorString, 255);
printi"Cannot get C5 CHANNEL settings. message: %os'n”, BErrorString);
CsFreeSystem(hS ystem); goto Stop;

¥

ChanCfig u32Term= 1; {DC coupling condition
ChanCfig u32 InputRange=20000; Min millivolt, from -10vto 10w
InputRange B=ChanCfig u32InputRange;

ChanCfig u32 Impedance=1000000; Mfinput impendance, in ohm
ChanCfig u32Filter=23000; {/channel bandwidth, in khz.
ChanCfig i32DcOffset=0; ffin millivolt

Fig. 3-6. Details on setup of channel configurations.
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Setup trigger configuration

TrigCfig u325ize = sizeof{f CSTRIGGERCONFIG); /ll in the size field
TrigCfig w32 TriggerIndex = 1; {fuse the lst trigger engine

[ffor this spplication, only needs one
[/Get the current valies for the trigger so we don’t miss anything
132Ret = CsGet(hSystem, CS5_TRIGGER, CS5 CURRENT CONFIGUBRATION, &TrigCfig);
it (CS_FAILED{i32Ret))

d

CsGetErrorString(i32Ret, ErrorString, 255);

printf{"Cannot get C§ TRIGGER. Setting. Message: %os'n", ErrorString);

goto Stop;
¥
TrigCfig u32Condition = 1; Mftriggered when rising, positive slope
TrigCfig.i32Level = 20; lfin % of the trigger signal range
TrigCfig.i32S0owce =2; //set Channel 2 as the trigger source
[Trigger source will be changed back & forth between external(-1) & channel 2
TrigCfig u32ExtCoupling= 1; {MC coupling
TrigCfig u32ExtTriggerRange=10000; /full scale of Ext signal in millivolt
TrigCfig u32ExtIlmpedance=2000; it is fixed at 2k Ohm

Fig. 3-7. Details on setup of trigger configurations
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Chapter 4. Discussion and Conclusions

Details of the data acquisition program for X-band radar wave observation
system have been reieved. The possible improvements on hardware, the
limitations of X-band radar wave measurement systems, and the other features
that have not been addressed yet are presented in this chapter. The conclusions

of this study are presented at the end.
4.1. Improvements needed on hardware

Most of the understandings of hardware requirements are given in Chapter

2, and others are discussed here.

Stability of Antenna Speed: In theory, successive radar images should have
each pixel representing exactly the same physical locations. In other words,
the location of any pixel in one image should be the same as the location
of the corresponding pixel in other images. Marine x-band radars, however,
may not have this kind of accuracy, and one should aware of this fact

when using radar data.

Minimize Hardware Interference: As pointed out early, the interference
between other computer software (e.g., graphics, audio, netweoks, etc.) and
the PCI or PCI-Express ADC device may cause problem on radar data
acquisition. This problem happened in our early study (Ma and Ha, 2006).
To address this issue, all unnecessary software and hardware should be
deleted. In a PC’s BIOS setup, there are options to turn off devices. It is
recommended that all the unnecessary devices, e.g., video, audio, USB,
parallel, serial ports, and keyboard, should be off, and unnecessary
hardware should be removed.

Select the Minimum Radar Operation Range: As mentioned in Chapter 2,
the burst duration should be as short as possible to reduce echo image
distortion in the radial direction. One should set this option back to
minimum domain, e.g., 2500 m.

4.2. Limitations

A major limitation is caused by the antenna rotating speed of marine
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X-band radars. The maximum rotating speed determines the temporal resolution.
Because the Nyquist frequency is about 0.3 Hz (Fnq = 1/(2At), and At = 1.42
s), any signal that is larger than 0.25 Hz cannot be trusted.

The spatial resolution of radar images limits the selection of a sub-domain,
which should not be too far away from the antenna. A reasonable radius
distance would be between 0.6 and 2.5 km, if the antenna elevation is high
enough. If the antenna elevation is low (e.g., less than 10 m), then the radius

distance will be reduced significantly (e.g., 0.2 to 0.5 km).

4.3. Other Features

It is documented that tidal current fields and the bathymetries can also be
measured by this remote sensing technique (Bell, 1999; Prandle et al., 2000;
Kobayashi et al., 2001; Gangeskar, 2002; Lee et al., 2005; Wu et al., 2005).
Studies of the dynamic of nearshore bar crest locations using a marine X-band
radar was conducted by Ruessink et al. (2002). A study on sand bar movement
by using a small radar (6 kw) is under developing by McNinch (personal
communication). The above statements demonstrate that there is a great potential

of this remote sensing technique.

4.4. Conclusions

1. Using marine X-band radars for wave measurements and others is a
promising remote sensing technique.

2. A new data acquisition software that using Gage Applied’s new
high-speed A/D card, Oscar 4227, has been developed. This card, run on a
PCl-express 8 slot, is much powerful when compared with the old A/D card,
Compuscopel2100. The function library and function calls are also complete
new.

3. The output of this data acquisition software will produce four output
files for the purposes of automatic data analysis.

4. A batch file that is used to automatically doing the radar control, the
data acquisition, data process, result transfer, and shut down the operation every

30 minutes has also been developed.
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X S TEY = AUtk ot XTEE RS KNEEE ZASHK| f= AITIHEQ
SHSALRIO| CHSHO] AZAEIAF EMTZ 491 ArcGIS, ERMapper, ERDAS EE+= Global Mapper
S8 AME830 geo-rectification 7|H& MEZA|ZICL O|f X|2|MEE EESI= Geo-tif It &
oz BiR= MYS AL ZEALl §EE 9I5t0] UTM ZtEA 2 B2tottt S EX|27F
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gtof gt §2& & & ULk 22 ZEMOIEUIOH, tF) A SSAE XS AO|ESO
ME o 2SS & = UL

ZAXY O FFV[EHE2 FEXZIF LR (http//www.ngii.gokr/)o| I7t7|EHEEA
H| £ (http://nbns. ng'lgok/QCPZ/)E ot MY & Ut sg+THe % =AM0| Er-A
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m 2O 25 E € ¢t EO[CH7F O 0|20 400 m' O|g2= XY HX|= As: =
= QICt. EEBE RTK-GPS backpack system| MA| QX}Ql +2.6 cm0f CHst HZA X 780 m’
(500 m x 30 m x 0.052 m= 780 m’) EC} HX|A =IC} [FEtA SHOHMO| =EITH RAISF ML
A2 60 m OILHE ot} ol sHEIX|Ynt SHMA|E ZLEHE M2 StLie| ety
HETF LIS = AA LXIStEE A=l et 6HOHHI TX el ZAFMO AT

£ Z0|1 berm crest, beach cusp S1f Z2 st EAsH X|ge| HalE H#IF57| 2[5t
of

SHOFAM O Talol =M A =S X AFSHOETH BhC}.

7t

r

EMO|E2 UJSLO1t Z0o| 2F F A= A[FHO| Chet AX2 H7|SID " "2 FLET
< 4 0[EZ OA|Q} &0| ®7|THC]
1200
1000 *
= 800
E
= 600D
& ——Case 1
E- o —W—case 2
® —
200 —d—case 3
0
200
0 20 40 60 80 100
SMIH

A Hatof Chet ZLEHE2 2d¢ 7|=0 et Haetg 8
N RLEHES 3% Of Hlurtset 7[=F0| QAO{OFEE SICh offlo] B2 SA|ygz Ho}
A Ee BEIAEZ = AH S)& FHo AIHE2E X[Fst] sfelX|Ho tiet 7|[E82
Z AMERL) o3t |EH2 BE FUMM 2850 5= A0| FELt MR 32 A
ZAOM Oieret =3 HEX[GE ELEHY 7|ed2z 2850 FHE A=Soh o oA
g A Al 7IZ5ME o2 Ad 5510 2 A8 siMXdets 430t 28%t=
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3. HOIX|Y BLIEIZ AlAY Y KRS

1 QIXIHE AlAH

SHEIXEE Z=ANE W ZAES AXHEKX )& 2Sot7| fI5t0f Futr| L= GPS(Global

£ 7HY HO| Argettt. mr|ol F2 SHEIXH=AR 7Hs5tH M AY

ZMOME A0l E27ts5tLE 2 im0 e sHMAIEa sjeiX|d ZLEE0| & Lt 7ts

5tH, GPS =2F7|7| 7}& 52 ™STE 71X J+= RTK-GPS(Real-time Kinematic Global

Positioning System)E O| &3t E S}ZICt RTK-GPSE = cm EH|o| "= E X1 U o
MR ZLEZ0M RTK tide EF#E AFEE + UL

Positioning System)

3.1.1 RTK-GPS 7iQ

RTK-GPS= 7|Z0| DGPS (Differential GPS)ELC Hetst QX|HEE EES & Q= =27
7|0|C}. RTK-GPS& 7|2H2 2 7|&F=1t Ola=2E e JACHAY 7). 7|22 Hst
XEE (x, y, 228 €1 U= ZIXFHO 2X[7t k[0, GPS QHHLI=RE =AE YX|FHEL}
71X YK|FERL| XIO0|E RR-E S50 S4I5t= I&¢2 it ol 7|E=0A S4lE
BEUZ Ola=0AN =ASHA &[0, O|s=2| GPS QHH|LIOIAM =4 E XFEE EE5Y

O|ls=2l d=tot AXZEEE A =L

s

Number of carmar cycles from the satelida io

this user equipment s determined and used -~ A © GNSS Satefite
lo calculate thi range d
r
"
ol i S Cormection data fiom
e —— - [l
L'j Carrier wave, for example Coidion ] 1 the base 3!=||r¢:| is
L1 &t 157542 MHz, which da f\ transraitied lo the
I:‘lll has a wavelength of IJ. | rover station for use
about 19 cantimeires \ in real time, or s used
|.l' Il"l Iater in past
I/ ,:‘. }‘ ‘ processing
Fovet Stalicn Basa Station
W 7NI==2
o L

el 7. RTK-GPS9| 7|&==1 0|5= R AL (http://www.novatel.com/)
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J8 82 RTK-GPS 7|E=1t 0|5=2 #+d& LIEtd AOICh z=29| 7|&=8 EH 7[XH
EE7I=8)0 A4ttt =25 30 Al HYRO| RTK-GPS 7|&= QFH|L7F UL,
CHEILE &EHol= EFMUSE EWFes 28 L7 ZAEO QUL O[S MOost7| figt 7|
== dEEH= o400 HAXlstn Uttt 25F2| Ols=2 2¥L=E 45 2 HH|L
o ?lgil=2E #4dt= RTK-GPS O|s= CtH|LIZL U2, 0|52 HO5ts Ole= WESH
2 g0 ALt

a8 8 RTK-GPS2| 7|&=(Z=) 0|5=(%F) +4

3.1.2 RTK-GPS 7|&=2 A%

RTK-GPS 7|&E=2 23U E 4 = U= 80| A28 =2 =AX|Fe| FF Y0 2
Xote AO| 7ty F20, FH MO|L} A= S Yl=0| 2l5t0] S4410] JESA| X
= UA2B=2 7t &2 X0l 2XGHorRt ottt 7|E=2| fIX= XNZYES EE AHRot= &
gt AYS FooioF SCh Ol2fst =A0| S X0 FZFVIEFO| ACLHH IEX 2| ZLR0
M DAeh S AFESHH =T SEX[ZF Of2{eh =S THFEAF|X| XetCHEH XS =X
2| Sot0f 7|8 S US0{0f oot
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ZIEEE MR7| RIst EXSHE RTK-GPSE HA|IZ7F £[0] e & 20 =52 &1 Z
A 2A[ZtE0E FAIRIZE MESHOFDE SICE O|FHA 2053 ARz HEXE Z20/:ME O
10 AU MSkle SAZ|K= IERIEte| XtgH|IE mm £HRo] F=EE 7HX|= AR
£ ¢S = YA ot olf 25ke AEe =y, d=(x d2[1 EREMI(297t EICL

RTK-GPSZ2 T O|AM S54 BZ0| 2 ~ 3km O[22 T 92F 0| 7|&=2] =ZHE QHH|Lt
Cjalof S=7|18 EX[5H0 At8St= A0| Lt SF7|E AFESHH x[0f BtF 10 km 7HX| &
Z=410] 7hsSte}

~'RTK-GPS
- |E2

JlE=1 FF7|17F AX|E = 7|
of ciot SEE
IHHZ SN, =
20| Hgo| 7

RTK-GPSO| O|ls&g Al M= MU0 Z 10mm+1lppm(parts per million)O|H, ==
Bt5ko 2 20mm+1ppmO|Ch(Leica Geosystems, 2009). StX|0t 7|&=1t 0| 5=0| QtH|Lt F

o
240 et dees ekl AS FOISHO{OF otot

0

e 1A
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3.1.3 RTK-GPS O|s= &7

SHM X ab siEIX|d 2LE{Z20|M RTK-GPS O|3=2| HX|= &YSIL}. RTK-GPS QHHILIE
AXg S0 StH|Lt EEAM D =48 2 StHILIE AX|otCHE 10). 28 102 siEIXd
DLEHZO AtEL|&= RTK-GPS backpack A|ABIO|AMC| O|&= Z&O|CE O|ls= ZHAEEZE
0|83t0f 7|==0|M &2t Ant OIILXIZ2 ALY ZtEAE UTMRZE 473t}

242 NMEA Aoz MEHS SO O|Mf GGA, VTG, ZDA 42 UWEWES 27EoH)

o
O|f 0= AtZ= RTK-GPS 7|7|0f [j2t XtO|7} ALt RS232 70|58 E& =FF2L2 ARH
(o]

C}.

o HZO| & ArE EHE +

212l 10. RTK-GPS O|&= (SHEIX| Z=ALC| RTK-GPS backpack A|AHl)
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HYPACK Z23oz M MNG|of o= B2 Al8T X|2|d M™HE2 3= Geodetic
parametersO|CH( 12! 10). SHEIX|Y@A SMHX|E ZLEZ WA E RTK-GPS HEEZOAM HEHM
H UTM ZEAE HEHSIEE St st=22 129°7F &M ZAEQl 52N zoneO|2E UTM zoneg
Zone 522 MEHSICE EtIM= WGS84 EtAME MEHSID, Distance Unitdl Depth Unit2
meter2 3tC}E RTK Tide correctionOf CH3SE 222 iKY DLIEZ AAH MM CHE
EE S7iCH

0 Hypack - Geodstic parameters i =
File Tools C|:'$_% hé" .ﬂ E_I“
et o= sm=mm==c_ EFRIH| M
Grids ( ‘LLT:J,DT e _.;-b Ellipsoid (|:::‘;G5'34 :) Praojection |Trans‘-.'erse Mercator _J

-
-

—— 2
(.. - - Semi-Major Axis 6378137.000 Central Meridian 129d00°00.0000°E
z Zone 52(126E-132F

one | Zone 52( ) =3 Reference Latitude

- —
bl LT 1 Lk UTM Zone ﬂE_Hl.EST-‘EEES-SE Scale Factor
Distance Unit |ME1Jer

-

Datum transformation parameters

DepthUnit  [same as horizontal | Deltax [0.00 Dekta rx [0.00000
False Easting (X)
Deltay |[0.00 Delta r¥ |0.00000 | M
. False Morthing
Vertial Datum | L= Deltaz |[0.00 Delta rZ |0.00000
Elevation Mode (Z-axis positive goingup) v Delta Scale |0.00000 r

Natim skiftfla | ;
RTK tide QJ=ddftd MEH
T

f; using RTK tide \\ Geoid Madel Orthometric Height Correction |0,000 m

F (KN) from KTD file >

Iy from geoid model, K from KTD file ‘l KTD File | _XJ
" N from geoid model, K from voatum
X N from geoid model, K from user va% Chart datum | _]
%—N}l from user value V4
\‘ ‘,’ Height of geoid above chart datum 0.00

e T L

12l 10. Geodetic parameter AlEl

Cteezs 24 gl Silnt AP0 2HE Hardware £2O0[CHAE 11). GPSE AESH

7| 9|3jM= Add MobileS S| GPSdll S2IO|H{E AIRSIEE siCh. 12|D Serial port

number, Speed, Data bite & serial parameter=2 RTK-GPSO|A A3t 41t S SHH =

OICE Test HES =2 HZ RFE =QotH, Setup HES =8 AFEE 7|52 2ottt

_14_



HYPACK Hardware - C:WHYPACK 2013%ProjectsWRTKW20131007 uj¥survey32.ini

File Edit Options Help

= B8] ® |
Add Device pddMobie | 0%ce | Advanced |
Hypack Configurstion Functions .
o B v ion
F @oataps s‘::h Starboard [0.00 o Yaw [000 deg
v
3:-?35? Fowad  [0.00 m Rl [000 deg
Verical  [0.00 m Fich [0.00 deg
Vertical Postive Downward
apb:tr ———r Latency |o.tm s8C.
[ F'\f'c'::; ?;ldr.'ll:nl:;‘zf; ;
¥ Flecard quality data
¥| Record raw messages
¥/ Record device specific messages
Connect |SefidPuet v|
s | Test | SemPammegim = = =TS =SS
el = Pm,pﬁm Speed  [115200 W,
~Mobile Assignment I
bis |8 Stop bt T | M
Installed on [Boat - Df’ ’ 1 Eﬂ Exo-l
P}mJNm ~|  Flow Conticl [Nene ’-!’
(ﬂm@‘-— --..-\ """-._-___‘.-"
@T_‘E______,_p’
cajo|
2l 11. Hardware AlEl
Setup 2 20|A =%t 242 Advanced tabOf| Al Used sentencesO A GGAR} VIGE HE
OFFt GPSOA NMEA HAloz HIfFE= 4 = GGAR VIGO| CHSH MEE AT 4= QA
CHaE 12).

GPS Setup

Generall Alarmsl GPS Status Codes  Advanced |

[™ Use only for heading (OTFGYRO) [~ Show debug messages

[~ Report antenna elevation as depth [~ lgnore checksum

USE AT YOUR OWN RISK!

Unless specifically instructed by HYPACK Technical
Support leave these tems UNCHECKED!

[ Use GP5 time when not synchronizing (special configurations onty 111}
™ Use MSL height only (NOT RECOMMENDED)

—Usedsentencia_-— .
»PHLGGK ™ RMC [~ GGK [ GLL Iﬁmg
( [~ PTNLGA [ GSA [~ GST [~ GNS [~ Gsv ‘] G
47 VTG [T HDT [ L@ Y
— User M:HMWBS&EQES E——— -
[~ RTA (Odom) = TTTPOS (CeeScope)

GA, VTG A

=0

o | x|

2l 12. GPS Setup
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ST SHEIK|E DLIE{0| AFRE|S AtH|= ZI}7|QF RTK-GPS O|CHIZ 13 a)). RTK-GPS
of Z&toh ZOHE 0|80 Rdt= ZFOM 5= RTK-GPS
RTK-GPS QtH|ILIE FASH0] Z20f CL BN A&5Hoz Fot=
QICt W& X|d& ZASIXE ATV (All-Terrain vehicle)
Mol= RTK-GPS ATVEIO| QUCHOEZ! 13 d)). O|F et

282 Hudl= HAEE st At & 10| Lot UL (Lee et

of B9 oHELIE HEtRE
X&5EaE 13 b)dt Hi o
RTK-GPS backpack &t
0ff RTK GPSE Zt&tst
of cieh TH =
al, 2013)

0

_'__QII

p=gti RTK-GPS ®X|=H

)| RTK-GPS backpack RTK-GPFS ATV
: e

ad 13 SiERY ZLHE Y
a) 27| b) RTK-GPS X=X ¢) RTK-GPS backpack d) RTK-GPS ATV
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. e =) an | EAN0 e 2w | saa
A A s A= "‘(:ﬂn) ZR/A9 /A 200
F3}7] +00l cm | #120 cm | 121 cm 5/1 2/=10 4/2
RTK-GPS | 1050 em | 050 cm | +1.00 em 10/3 2/=10 2/1
A=A
RTK-GPS _
backoace | 100 cm | 160 cm | 260 cm 10/3 60/=58 2/1
RTK-GPS | 100 em | %050 em | +1.50 em 15/15 60/=167 21
ATV
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M2t S8lQte] A= RTK-GPS backpackO| H$HsICE sHHIX|E ZLEHZ A|AHOM=
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0
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= = g&[0] Att AHRES AFH= A= {0 X
of #IXIE EojFH, A=lE SUS LEH S SA0 H522 RTK-GPSOMS| XYL S

322 SfHIX|E ZLEY MH % T2y 4

SHEIXY HLHE FH A =2z A¥2 et RTK-GPS O|ls= 2380 SLoHot
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HdetaMo 2 Hgkg AA|stCt d2|10 RTK-GPS backpack ZH]
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XA 33| O|a ZAMSICE HX|EHSH XHEQ backpacke 2 =3t AtZE H|WSHY Q|
LiQF X|HALO|Q| =0|E TotC} of2f{ot HE 2 ZAS Mol =2 SH YU 2ot LAE %[
otstn HEZE2{O|AM QtHLIaZE (S0 LIEHE = Us LFE oge = Aok 28 142
XA

BXZMOA RTK-GPS H™X|E™ 4= Height of reference line@Z HA|SIR D, RTK-GPS
backpacke 2 ZAtet A2 HXFMO| £0| o S0 EFs A2 T

k=3
=
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Hﬁ""’\/f ——Test1

(R\V/4 N/ Test2
——Test 3

gl 14 EEXZE M0 RTK-GPS backpackdt RTK-GPS HX|Z7H2| XO|

EFH|QF X|Q0|E0| AH2 mYUZ L1 RTK tide HAHS =}
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3.23 SjEIX|d EL|EHE KRS
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H7F LESCOR2 FE0| £|0f HYPACKOA ZtEZES = + JUCE offIXd ZLHEHES & &
HIZt Bt & ZOICL Ol HYPACK survey H& |9 Aol AX|7t LIEtLIE K| ZHRISICE A}

MEAPO 7Y XES HYPACKO] B{ZI1ES2 WEOid SHIE HEAE ASSIZSM
RTK-GPSOf| Mo Xtza=410] MUZE =0 U=X| =2Q10| 7hsSHEt EESH HYPACK surveyOf| M=
UE AL ZHS Ko 20| BOS £ YO0, TAY ZHS XHHH ZMK| 9 7z
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HOZ 0| Z survey & AL
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Chart  Vessels Mabrix Targets Tide Options Window Help

o
{2lnl Blole) || 2] 4
LLoaginE On/Off

5[l 3| | 132 Data Display(1) =10]x]

Settings Output Yiew Makrix Fork... Configure... Style

CYJYASE] Range [Hone o By Time 20:33:01

FE _J_’I Y 1 East 454872 19
North 4944505 37
Depth 69.30
Tidecorr. 38,65
Heave 0.00
Draft’Squatcorr. 1.30
Corr. Depth 109.25

Status Logging
. | Curs North 4944591.35
.| Curs East 454433 63
I ] 1|
A= 45987 3.1, T-99999380.3
5D= 1519.7, HAZ=330.9, dep = 69.2
| ®= 454872.2, ¥=4944505.4
8D= 1526.2, HAZ=330.9, dep = 69.3
= 454869.0, Y=4944511.0
5D= 1532.8, HAZ=331.0, dep = 69.4
| H= 45486862, Y=4944518.1
| D= 1538.3, HAZ=331.1, dep = 69.5
¥= 454867.4, Y=4944525.1
5D= 1543.7, HAZ=331.1, dep = 64.5
N : ] ®= A54865.2, Y=4944528.9
- - T S0= 1548.0, HAZ=331.1, dep = 69.5
45443363 | 494459135 44d39.1943' N 063d34.4811°W | 44d391943' N | %= 454863.2, Y=4944532.7
«— Left/Right Indicator{1) ) i 5 |

e Expand Cirl¥  Font. Floating Text
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2!l 15. HYPACK survey window
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33 HXKE DUEE AlAH

331 S|MX|E ELIEZ AlA"EH M

SIMX|Y ELHEZ AAHLS QXHE 2= RTK tide EHYH ME2E |5t RTK-GPS, XA
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—

HHISO| TSt XtM|S| A7§% O20|Ct
a2l 17 a)= 7|&9| echosounderOA A=l ZH4OZ 5E9 & HZZE 7iX|1 Y1
USB Moz =Zt=stH, NMEA formate 2 Xg7F LEE£o0=z2 HMUE=CH 12 17 b=
heading, pitch, rolle] AXtM|HEE X|&5t= motion sensorO|Ct. RTK-GPS= & 17 )0 EA|
o] QL o] REHE XEQ Z7|gE st PPS (Pulse Per Second)ASE &&= &= QILCL
a8 17 d)ys gh470| &&= toughbookl 2 A HE e ol
PPN HS0| 7tss SESCZ Z FH|Q| XAEE S50 NYSts 9ES oo O
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* Beam width : 5° @ 450kHz
= 5V USB, NMEA output
* Depth : 0.15~100 m

(a) Single-beam echosounder

= RTK-GPS
* PPS output

(c) RTK-GPS

a2 17, siMX|™ ELH

RTK-GPS
Antenna

July 14, 2011
(KOSE’s Bi r'ﬂuldj.' )

= Pitch/roll/heading
= Static pitch/roll accuracy : 0.5 deg
= Static heading accuracy : 1 deg

(b) Motion sensor (Heading, Pitch, Roll)

= Toughbook (HYPACK)

(d) Toughbook

o

| A|AEIO| KbAF EbH|

MRU box

Dry Cabinet
| for Electronic
ol parts
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3.3.2 RTK tide E7dH
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2 SMOX Rot ke HOICE 1S B 74 3A @S T A2 ZMIB 3 of+
olo] %Yoz ShRAHU f3t ABM2INA I S 20| ZMEHOICL HHT AT
of et ZAZHO| BSDR IMEHS SHYAIZIO| ZARSH SABOIA SHFO{OFBH BHTh A
Moz ZYTZAO BEZUS MHLE ZAHAOIA tide gaugeS HFot0] P2 K22 XA
2YS SWHCH AHEY DUEHZAN JIZLHS ABY FS F JHRlol 2XHO| Ly

Ch A WRRE EMO| Cheh 2HDHS S8R B Z0f ofd) LAE|E dynamic draft
r

= U2 &2 mEof| oot heavel| H70| Ot EICH= ZO0|C} HeaveE #= cm tHR|2 E7
2 3= %= Q= motion sensorZt Q71 SHX|TF O D7t0|H ZHAMO| 2|5t0] heave 2
ooz Aot K- HBH0| 2Pt heave HSIE ZX|SHX| RotCt & HME SHEIX|H 0t Xtz
AL GOICE SiElIX|d RLEZC FR XRO|ELE ALES St=0l MK ZLEHZNM =
MEFEDEZ StH KXol 7|2+FH(YAN NEH)E 7|E2E =0|7t HHXEE 41 oY
oMo =% 7|EHO| Ct2A EICL o|3fst & 7IX| X E 250 ZAMEEE dAlztez
7H5 81 sf= 0| RTK tide H A O|LC}

Bathymetric Sonar Systems

Tide, draft, wave....

seasurface

-

Measured
Sounding

~ seafloor i .

*.“

swath single beam

multibeam http://coastal.erusgs.gov/

A8 19 MR A AR
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RTK tide E™H0| CHSE 7{E =2t

&Lt
T : Tidal correction
A:
H : Antenna Height
B

: Measured sounding
CS : Chart sounding
D : Dynamic draft

AL o
FAl2 38

K : Height of geoid above chart datum

N : Height of geoid above reference ellipsoid

RTK-GPS antenna

Height of the RTK-GPS antenna Above the ellipsoid Reference

" Agane T D: Dynamic draft
Offset ' =
|- - Water Line ~ CT)*N-K=A-(-H)+D
Echosounder -T: Tide correction T=N-K-A-H-D
A: RTK height — Geoid CS+(-T)=B+D
K
: " Chart Datum CS=B+D+T
N
: L EllipsoidiRef, | <S=B+N-ICA-H
CS: Chart Sounding

Bottom

72l 20. RTK tide E™MHO| O 7jE =

a8 200M2e =45 2B dynamic draft0f Lot &=0] 7|24FBO| Cfeh +d(CS: COf

M B RIA 2Lt O|A2 sl=Eel oot 2300 2 =42l Hate 2T o0 s FX

e AS 2Oethh 7|2 =HEZYHUA 2F5HA| Rt s dot2s0 2t 4zt
£ 28" =+ Us AOILt

SLEM0 =MAHE OEA 5to] ¥t sMAAzAL 20| 7|E =MEF-D RTK

tide 2YES HEAZCL 8 210M= 5 S0 CHoto] & 7HX| B s HEAZ 18

O|tt. Zt=2 =PIZUS MEY ZMEFHO ot JMAES EH S5 YU XO| 7}



°F 20 cmZt L= AS & 5 ALK D2|2 63 1Y ZAMOAM IHEof oot =29 Btz HO|
= 7 M 229 X¥o| EHO| EX| AUSES el = AL O[of Bty LHFE0|N
= ZMAIEO| CHE F NXAd Ao S5t =2 QAL of 3 em@E & == UL
H| @S of <
ZQIAUE 0|88 ALY RTK tide 274¢0] 0|3t =A%
Single Beam Overlap Section Single Beam Overlap Section
E E
£ £
a (-3
a -5 .
B TR T T T R T T e 320 3:|32 3‘.I?4 3II!$ 3:I*s 33|u 3;;2 :salu 355 35* M0
Distance [m] Distance [m]
Single Beam Overlap Difference Value Single Beam Qverlap Difference Value
PO NS U R SO S N N SO S PO U OO SRS SO SUUUE U OSSO SO
& &
8 S 02} T N S
5 c : : : : : :
£ : g ' . : i ' B
E V \ ° . ) ' . '—g 0 I '
o : : = c =]
T 3i22 3;4 326 328 dsl?ul Q_ssfl- 33?1?321 338 340 3 Ci_;l Q_I} 003m 34
20 322 34 3% 328 330 332 3 N6 1B M0
Distance [m] Distance [m]
. J/
17 21 XQIHL 018 TABYEH)I RTK tide Y HE(2Z) of
€2 HAEE JH OfE SHUETX HUE sHEH 8 2200 2= HiQb 20| TS
ol gt =4EHe] B A= 10 cmO|H ?F.ll:HQIl-E 32 cm@e & £ QICtk gLt RTK
tide EHES H8% Z2 BE A= 3 am, H{Xt= 10 cmz B2 O FEot diE &
g + 98g ¥ + Yrt
Z2 X7 H|; \
E2a=2 0|28 TAHTY RTK tide R Ho o|st TART
04 = 04 =
E E®
E Eoz—_
: : | F|CY 2%
2 20]_ -—— -—— 010m
0 =
0 20 40 60 80 100
Count
"o @A 0.03m
. S
a8 22 =92 0|8t =M EF(ZHS)1 RTK tide EH(R%F)2| A H|W
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RTK tide 2RO L} &0 get 7|E LEe & HH EMT et AS i Z

T A=A OtE7| oty =ZICH X0 M LIDARE 0|8t & X f RTK tide E"*ﬁ

HE XS Husty 2k 3 2t & Azol A= 2 cm

8 cmZ ZHEQUCL O|ZM RTK tideo| HE L= RTK-GPS7} ZHX|Z @l
onf, sfElx|gue] g2 4 7|EH2RE 80| 7tsoite AS & + ULk LY 2

LEZel d% oftlX[ynt sjXX|gde| HZO| Of SR FE0|22 HIEA| RTK tide 27

O|8dHoF2h Shet.

;9 rr mo et

mjo
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a2 23, SjHIX|EDF RTK tide B S M2 s|MK| SO X

333 SMX|E TLHZ RH U ZE2IOW MY

RTK-GPSO| FH| 4He QoM HYsh ATt SYSHCh RTK-GPS Li£o| £0|TE(Q 22
A MESA YE2 MYBCh GGASH VTG 32 SHz O[3t LELI=S St Motion
sensoro| Z2 Hio| X Yo Chstol HCiet e MEE Fof DR Y He ZHUAS
2 FH|S Aot 20| BCI SRR WSSEQ} B0 YOO MSHEY ZHUAS X

M5 xYStE Zd0| EQGICt Echosounders= ZTAF CHAMEO| SHA =4 range, $=AMZEA}
interval, TVG, TX length & ZHA$IC}t 2t ZH|E MH0| ELIH ES0 AZE0 HYPACK

m2IYg TS
SHYIX|Y RLEZ 220N A 240t 20| Geodetic parameters A0 A RTK-GPSe| A
M} 252 UTM EQH, 52N zone, WGS84 EFIK|S MEHSICHIZ! 10). 12| 47| =
[t RTK tide 23S MEHSICE O|A2 SHEIX[HEu siXX|d ZLEHZOAM £Z0| HEot
Ct. RTK tide 28HE 0|88t X|Q0|EM E& J7|2FHO| it =42 LAXt SHCHH £
B0 M2 EFANLE X|20|E AtO]Q] A2| = Et@EMet 7|l=+=H
0
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o] 2EX| ML

oM MEots XEO0EE EF 1 km BT XOA X|20|=17F ©F 3
cm XpOIZ LhE As & =+ ALk BHEA| KTD mtgs S0 RTK tide 2 RS
C}.

geg= H8ofiof o

Easting (UTM)

Ot0| X|QO0|ED BX (ZEX|Z|HER)

RTK tide ®#EMO| A CHS S7HX|o] A4 e Me

— 1

ot

= ULCH
1) (K-N) from KTD file (22! 25)

) N from geoid model, K from KTD file (2 & 26)

3) N from geoid model, K from VDatum (O|=2| A%

) N from geoid model, K from user value (& 27)

5) (K-N) from user value (2! 28) (#M%&SIX] E2)

OI)

O
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File- Tools Options  Help

Predefined
UTM North vl | elipsod  [wos-84 B R S emrs—
Semi-Major Axis 6378137.000 Central Meridian
Zone |Zone 52(126E-1326) -l

Reference Latitude

Crala Exrpnr

H

Distance Unit [Meter

DepthUnit  |same a5 horizontal s

A
n
[
iy
o
2 |
ks

False Easti
Delta¥ [0.00 o as::\g{x;}
_ False Morthi
Vertical Datum | ] ks [
Elevation Mode (Z-axis positve goingup) [ Delta Scale |0.0§f000 B
Datum shift file |
RTK Tide Calculation
(" Not using RTK tide Geoid Mode! | orthometric Height Correction [5.000  m

% (K-N) from KTD file
N from geoid model, K from KD file pde | i X]
" N from geoid model, K from VDatum

(" N from geoid model, K from user value Chart datum I :I“

" (K-N) from user value

| Height of gecid above chart datum 0.00

KTD (Kinematic Tidal Datum)
o« | concel |

o
ae

A& 25 KTD mhLoM K-NZts Al4st

rr

File- Tools Options  Help

Predafinad
UTM North ~1| | Elipsod  [was-a4 ~| Projection e o=
Semidajor Axis 6378137.000 Central Meridian
Zone |Zone 52(126E-132E) |

Reference Latitude

Flattening (1/f) 298,257 563 €eala Factor
IS 1CS=B+N-K-A-H
Dot [amesshormmal Ao
False Easti
Delta¥ [0.00 Qelta ry [0.0M00 5 as::g&:n
) False Morthi
Verbcaloau.m| ,LI Deltaz [0.00 Celta r2 [0,0000¢

o

=

Elevation Mode (Z-axis positive goingup) [

RTK Tide Calculation

€ Not using RTK tide I‘“MM l—___ﬂl.)mnmeh'ncl-lagh orrection [0.000  m
£ _QCN) from KD file

| & N from gecid model, k from k7D fie | pide | o x|

" N from geoid model, K from VDatum
" N from geoid model, K from user value Chart datum I :I“

" {K4N) from user value
| Height of geoid above chart datum 0.00

o] coce_|

12l 26. X|20|E ZEOAM NZt2, KTD MANA KIS Arste B2
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File- Tools Options  Help
Predefined

Grids [rm™ North ]| | etipsoid [wes-a4 ~| | Projection

Transverse Mercator

SemiMaior A 6378137.000 Cenfral Meridian
Zone [zone 52(126E-1328) = . Reference Latitude
Flattening (1/f) ¢ Factor

Distance Unit [Meter

CS= B+N KAH

Depth Uinit same as horizontal o emx oW S—

— SRS False Easting (X) 500000.0000
Delta¥ [0.00 Qeltary | )Qi it B
Vertcal Datum =l | pete 2 [oo0 deita r2Z [0,00001

Elevation Mode (Z-axis positive goingup) [

RTK Tide Caloulation

" Mot using RTK tide Foodﬁodel I x||:~m:u-ac t Correction [0.000 m
" (K-N) from KTD file

r‘Nfromgeodmodd K from KTD fie Lt | \ =l
" (K-N) from user value

g 27. X(|0|E ZHO|M Ngis, K2 €8¢ ¢ez X

File- Tools Options  Help
Predafined

Grids [l porth =] | | etipsoid [wes-a4 ~] | Pprojection

Transverse Mercator

Semi-Major Axis 6378137.000 Central Meridian
Zone |Zone 52(126E-132E) | S R
Flam {lm - 235 Crala B tor

Distance Unit [Meter

CS= B(KN)AH

th Unit i
Dep! same as horizontal —rEEE e

Delta¥ [0.00 False Easting (X)
y — False Morthing (Y)
Vertcal Datum 2 Deltaz [0.00
Elevation Mode (Z-axis positive goingup) [ Delta Scale |0.000§0 r
Datum shift file
RTK Tide Calculation
" Notusing RTK tide Geoid Model
£ (K-N) from KTD file
" N from geoid model, K from KTD file Vet ) =l

" N from geoid model, K from VDatum

(N from geoid model, K from user value Chart datum =
% (K4N) from user value

Height of elipsoid above chart datum  |0.00

2l 28 K-NZHS 2H™SHA X|H™
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C+22 Hardware 4HZ $HCh S{HIX|Y BLUEYT RTK-GPS £E2 SYsHd, motion

T o
sensor?} single-beam echosounder H&20| F77F E=ICt HYPACKO|A HN&3t= =240 7t
AT FH|FILE & WM siE =2to|HE MEfotCt T8 292t 20| GPSe| L Tide 222

MAstn Z FHE SHEES 7F oA 28et U oA 2L RTK-GPS Qe

5oz BEetn ol Tt el
S 2olol O|ZAZIE YRBICE o1 OFWHO| Yo 22 FCL 2 Fulof Cfet M3
H

Lt, motion sensor Z12|11 single-beam echosounder

i
9

2|
Test HES =2 2 ZHIOM At=7t 2 5021 A=K HEA] Q55 ottt 44
M HEEE0 WMEt Az27F S0E Sl AlZfe J==0| s FE2 HIEA| XH27h
MYE RAW IS EOM 2 Atz SHA SO 2Helotot.
HYPACKO| A X|&3St= PPS boxE AtE3t= AS GPS setupOfA{ Use PPS box for timing
S M35, Utilities-Calibration-ZDA testE AdsI S7|3HE =HOISHCL

B HYPACK Hardware - CWHYPACK 2013wProjectsWRTKW20131007 uji¥survey32ini =B =
Edit Options Help
Add Device AddMobde | Deviee | Advanced o
i S A olad
& H}'DECI;E.WM Functions s ” OI _|7‘I EI = =
s
-~ | Positi \
Danth Slarbord Y] 1 vew J000 e
eading
( e ‘ Fonm-,hi 000 " ot [000  deg
v Tlde
Tide x'“ = Vetticaly, [0.00 ’l Fich [000 deg.
Wertical Mgstive Dowrlwaly
E NI e
= 2
Options Latency  (0.000 $EC.
\If Fiécéid ram tﬁe;saﬁes
+| Record device specific messages
Connect ]Serial Part - I

| Sernial Parameters —————

Pat [ <] Speed [50% <]
S

Setup... | Test

P

o 4
Mobile A k

il ohatis [§ = Swpbits |1 -“ EAIAME
Installed on |Boat - ‘ I = L= o-l

P&K MNone = Flow Control |N one a
- ~ g

e SN S —
qﬁPSd -

""--_—--""

cajo|H

12l 29. HYPACK hardware setting (SHAMX|@ ZLIEHZ)

334 SN Xd 2LHE XREE

SiEIX|Y 2L EE At2E S OFXIEX| 2 Survey ES =9 A==l £M0| w2t Logging

On/OffE &l XtE2E X ZBICL Echosounder display &2 EHA Xt2o| EHZ =HQISHHA

ZANE it

_29_



4. 22|23 RUEHTY UHA =Hdod)
41 o 2UHY
42 =M BL|EZY

43 Qlot=2 BLHZ

5. X2 X 2|

5.1 GlotX|3 BL|E(2 Xt2A 2

SHEIR|E ot SHAMA|Y ZLEHZOA 20T RAW mA2S| O
C}.
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ojo
i
my!
o
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e/,
H-|
I
rot

UJ_SA01_20110101_RTK.RAW (RTK-GPSE 0|&2%t sljHIX|d ZLIEHZEQ AL)

—

UJ_SA01_20110101_SBE.RAW (Single-beamg 0|23+ S HX|H DLIE{2AQ ZHL

—_

Of7|M, Uls X[FB0oj| Lt °fojo|H(07|M= 2%TS 2|old), SA0L2 =4
Ct. 201101012 2L E-I%'%

9=|-
_C'J_I-
e
EE':
IE
mjo
-
AT
_O'_I-
d

wou:r. OFX|2to| RTK®Q} SBE= ZA

Ot
=)
ving
<
MM
n
Ral
oA
1=
|'|JO
1o
o
1]
lo rlo
-
o
=2
Ral
o2t
>
HU
Hu
=
HT
=
N
n
o
o
ne
ret
i=]
ne
o
o
[0 —
HU

'—f7f51 ”‘W”* txt7f FE2 NS ARO|F % Ht2A 2738%t= A0 SSICt

a
HYPACK EEJE”QI 8% =AM YUES BR /UM 80| JtsotEz Ayt o
= ChA

o
Jior

O[5t 2K BIC}

—

_30_



5.1.1 SiHIX|E 2L|EE XM

SHEIX|EXIZE XN2|= HYPACKQ| Single beam editorE O|23tCt S{EIX|HE ZLIHZ ™ 7|
TEMM FFt 242 0[8510] RTK-GPS ¢HH|LIRE X|HO| HE|E oLt O gf2 A& 30
Of| A GPSQ| offset Zfo 2 QestH E=IC}

[z M
[L] Read Parameters

| Selections | Offsets |5urvey Info I Presort I GPS Pre-Filter | Advanced

GPS -
Starboard 0.000
Forward 0.000
Vertical 1.4
faw 0.00
Fitch 0.00
Rall 0.00
Latency 0.00

[ cma |

2l 30. Single beam editor®| Read Parameter = offsets 4

GPS Pre-Filter i@ 2 7tA Accepted GPS ModesE = Ct X =ZSt1 YH2H0| 4 (Fixed
RTK mode) LoD, RTK-GPS RC 2 HS QIX|ME0r2 AFR3S|A EICh DHef
EiZt 225t BEMU=E BA| ZUCE NHRME| M= AFSSHA] QA ElC}

RTK tide 2™ E AL23}7| 2510 Advanced 192 7tA RTK Tide MethodE& M3 SHC} O]
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-
[ Read Parameters M

| Selections I Offsets | survey Info I Presortl GPS Pre-Filter |.l'-\dvanoed
Positions
Accepted GPS Modes 4
[T Minimum Mumber of Satelites 0
[T Maximum HoOP 0.0
[ Maximum Speed Over Ground (Kts) 0
Tides
Accepted GPS Modes 4
[ Minimum Mumber of Satelites 0
[ Maximum HDOP 0.0

[ o [ cma |

ead Parameters | ® |
- P -

| Selections I Cffsets | Survey Info I Presort | GPS Pre-Filter | Advanced

RTK GPS
["|Recalulate RTK Tides Using Project Geodesy
RTK Tide Method

(@) Average Tide Data to Remove Heave (Recommended)

Averaging Period (Seconds) )

Merge Tide Data with Heave

MRU

Apply Heave Correction Apply Pitch and Roll Corrections

Remove Heave Drift

12

Steer Sounding Beam
POSPac
[C|PosPac Adjustments Configuration
Post-Processed GPS Correction
[|Use Post-Processed GPS Correction File Configuration

[ oK ] [ Cancel ]

2l 32. Single beam editor®| Read Parameter = Advanced Ef
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[l Profile Window = = | = 22

2l 33. Single beam editor (SEIX|E XIEXZ])2| Profile window
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Tide Corrections

Tide File

Open File...

Sound Velodty Corrections

SV File

Open File...

(") Use Depth 1 () Use Depth 2 (@ Use Both
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F€3t2=2 Chs HAZ 18 359 20| Z Xt=et YH|IE

o
O| HIZA HZE /JUeXE =ZolstC}t. £E3|, Heading2 motion sensorZ &0 Q1 Tides

=
GPSZ I|of A =lotoy 12
o

=] |21 Depth Conversion2 Invert2 &0 QU1 Invert Tide
ValuesOf| X|=27F &0 J=XE =

Read Parameters

2 |
Selections | Offsets | survey Info | Presort | GPs Preilter | Advanced
Devices
Echosounder MNavigation
SBES - GPS -
Heading Heave, Pitch, Roll
motion - motion -
Tide
GPS -
Depth Conversion
Invert -
Other
[snap to Line Invert Tide Values
[ 1gnore Depth Records Before First Event
[ 1gnere Planned Line Infomation
[T 1gnore Echogram

.

2! 35. Single beam editor®| Read Parameter = Selections &
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12l 36. Single beam editor (S§XX|& XtE2X2|)Q| Profile window
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Motion sensorOfl A X|&St= REMEE Zh(roll, pitch)of 2 -2 CHE 18 3700 49
St QUCEH O] AZEZ rollfh EHEJCED JHFESD RUCE 6k roll gt 2[0[5tH, o=

single-beam?| Zt T O|LC}.

~

Z=Zm COS (Bp-Q/2)

H . Coverage

X = Zy- sin (Bp-¢/2)

J8 36. Rollof oot =49 EHg HE ZAE

Droro W27 6= W A roll ZtTof CHgh 23S E 20 LEEFHASICE

B2 44 roll 2o 2 =¥ (420 622 0f)

Depth Cov?Br:E': (m) Angle (85, °)
™ | widtho=69| 1 | 3 | 4 |5 | 6| 7| 8| 9|10
1.0 0.10 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | Q.00 | Q.00 |-0.01 | -0.01
2.0 0.21 0.00 | 0.00 | 0.00 | O.00 | 0.00 | 0.00 | -0.01 | -0.01 | -0.02
3.0 0.31 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | -0.01 | -0.01 | -0.02 | -0.02
5.0 0.52 0.00 | 0.00 | 0.00 | .00 {-0.01|-0.01 | -0.02 | -0.03 | -0.04
7.5 0.79 0.00 | 0.00 | 0.00 | .00 [-0.01|-0.02 | -0.03 | -0.04 | -0.06
10.0 1.05 0.00 | 0.00 | 0.00 {-0.01 | -0.01 | -0.02 | -0.04 | -0.06 | -0.08
125 131 0.00 | 0.00 | 0.00 {-0.01 | -0.02 | -0.03 | -0.05 | -0.07 | -0.09
15.0 1.57 0.00 | 0.00 | 0.00 [-0.01 | -0.02 | -0.04 | -0.06 | -0.08 | -0.11
175 183 0.00 | 0.00 | 000 |-0.01 | -0.02 | -0.04 | -0.07 | -0.10 | -0.13
20.0 210 0.00 | 0.00 | 0.00 {-0.01 | -0.03 | -0.05 | -0.08 | -0.11 | -0.15
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