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Notation

@ Stream Function

n porosity(Volume of Void/Iotal Volume)

(Tot)max Seabed maximum shear Stress due to Wave

A Cross sectional area of the soll body involved in breakout
ALY Area of Vertical failure line on top of pipeline diameters
AdY Area of Vertical Failure line at side of pipeline diameters

a, Compressive Coefficient
c Wave Celerity
Coo Wave Group Velocity in Degpsea

Effective vertical stress modification factor( = 0.77Log(200/0

V), ov'=(ton/m2))
cn(zm) Jacobi elliptic cosine function

C, Soil Cohesive

C, Consolidation coefficient

d Water Depth

db Breaking Water Depth

i Grain size of 10 %Passing due to Sieve analysis
dis Grain size of 16 % Passing due to Sieve analysis
dsp Grain size of 50 % Passing due to Sieve analysis
s Grain size of 84 % Passing due to Sieve analysis
dn(zm) Jacobi Elliptic Function dn

D. Soil Relative Density

ax Water depth in slope seabed

E(m) Complete elliptic integral of the second kind

& Intial Void Ratio

E Constrained modulus elasticity of structure skeleton of
K medium

F Pipeline Buoyancy Unit Weight due to dynamic excess pore
pressure
A7 Hydrostatic component of the uplift force
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FS( d
FS(S)

TTTH®

k = 2n/d

K'(m)

Hydrodynamic component of the uplift force
Hydrostatic component of the uplift force
Gravity Acceleration

Specific gravity of the soil

Design Wave Height

The equivalent deepwater significant wave height.
Breaking Wave Height

Drainage Distance

Maximum Wave Height

The deepwater significant wave height
Equivalent Significant Wave Height

Significant Wave Height

Significant Wave Heigth

Pipeline Inner Diameters

Hydrodynamic vertical Hydraulic gradient

Wave Number

Complete elliptic integral of the first kind
Complementary elliptic integral of the first kind
The coeficient of random wave diffraction

The coefficient of random wave attenuation due to bottom
friction

Permeability coefficient

Cefficient of lateral earth pressure at-rest

The coefticient of random wave refraction
Shoaling Coefficient

Design Wave Length

deep sea wave length

Wave Length in breaking zone

Consolidation Constant=n(2m+1)/2, when, m=0 to o
n(2m+1)2, when, m = Constant

Volume compressibility coefficient

Standard Penetration Test Value

Moadification N(=Cn x N)
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Cn x N + 7.5 for Silt or Silty Sand with dyp < 0.15mm

Pipeline Outer Diameters
Wave pressure on seabed
Mean Effective Stresses
Plastic Index

Effective Overburn Pressure

Max crest particle velocity
Comypressive Strength

Radius of Slope Failure Line for Seabed Line
Ratio for resistance shear strength of liquefaction
Ratio for Cyclic Shear Stress

Safety Factor
Jacobi elliptic sine  function

Degree of Saturated
Wave Period

Consolidation Time
Anti Corrosion thickness

Weight Concrete Coaating Thickness
Vertical component of shear forces
Vertical component of soil suction forces
Time Coefficient

Ursell Number

Water Particle Horizontal Velocity
Dynamic Excess Pore Pressure on Center of pipeline

Dynamic Excess Pore Pressure on top of pipeline

Total Volume
Volume of Skeleton Soil

Volume of Void

Volume of Water

Resultant Vertical Force due to Wave
Pipeline total unit Weight in air
Pipeline Submerged Unit Weight
Pipeline Content Unit length Weight
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Anti Corrosion Coating Unit length Weight

Weight Concrete Coating Unit length Weight
Pipeline Unit Length Weight

Weight of Soil Skeleton

Effective weight of the soil body involved in breakout
Weight of the soil body involved in breakout
Effective Soil Pressure on Pipeline within Failure line
Weight of Water

Distance of x-direction

Distance of z-direction

Vertical distance in seabed

Vertical Distance from top of seabed to center of buried
depth

Maximum Ground Acceleration(g)

Angle of tangent for General Failure Line at Seabed

Angle for Horizontal line of Pipeline to Point of General Failure
Line at Seabed

the slope of the seabed
Coefficients for Hoy

Concrete Coating unit weight
Soil dry density

Steel Pipe unit weight
Saturated Soil density

Water Weight

Wave Steepness
Excess Water Pore pressure

Wave Profile
Crest Wave Elevation

Trough Wave Elevation

Wave Setup Amplitude

A second approach to the dynamic wave setup
Coefficients for Hy s

Soil poisson’s ratio
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Iribarren Number
Sea Water Density

Seabed Horizontal Stress due to Wave

Total stress in Sand Layer(ysat x Depth )

Initial effective stress in Sand Layer(y.» x Depth )
Seabed Vertical Stress due to Wave

Average Cyclic shear stress
Veerticalcomponentoftheresultantshearforce 1: W+,
Soil Resistance Stress

Vertical component of the shear stress acting along the slip
surface

Seabed shear Stress due to Wave
Internal friction angle of soil
At-rest (initial) stress angle

Wave Velocity Potential
Water Particle Vertical Velocity
moisture content

= 2n/T Angular Velocity
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A Case Study on The Effect of Seabed
Liquefaction and Slope stability for Submarine

Pipeline due to Oscillation of Wave Profile
Choi, Byeong Ryeol

Department of Naval Architecture and Ocean Systems Engineering

Graduate Ph.D of Korea Maritime and Ocean University

Abstract

In this study, the liquefaction and slope stability of seabed at
nearshore is discussed, which is divided with none breaking and
breaking wave based on the viewpoint of marine geotechnical and
pipeline engineering.

A submarine pipeline buried in sandy seabed could be floated
since sandy seabed is easy to be liquefied and unstabilized on the
slope of seabed resulting from the change of the effective stresses of
pipeline due to hydrodynamic pore pressure induced by oscillation
of wave profile, which can cause the unstability of submarine
pipeline during its life.

Also, the seabed slope stability should be analyzed due to various
wave profile. If seabed could not secure the stability of certain
section, structural and external stability of submarine pipeline cannot
be secured due to the movement of seabed, which brings out many

issues from the aspect of environmental and functional.

Therefore, the effect from the view of stability of the seabed
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should be reviewed regarding the stability of seabed.

Accordingly, the stability of environmental and structural of
submarine pipeline should be secured, by securing and reviewing
the submarine pipeline flotation and the stability of seabed slope at

the initiatory stage.

In deciding waveform, applying the profile of Airy, Cnoidal,

H
Stock’s Solitary and Stream function, it shall be based on Log( TQ)
d
vs Log( ).
9

In the wave profile theories mentioned above, by analysing the
hydrodynamic pressure and calculating the pore pressure that acts
depending on the depth of the ground, the seabed soil liquefaction,
flotation and slope stability will be reviewed. In addition, the
flotation should be reviewed as an effect done on the buoyancy of
submarine pipeline induced by the pore pressure even if the

liquefaction does not happen of the seabed.

There is no impact on the submarine pipeline induced by the
collapse of seabed, as long as there is no problem of the overall
stability of slope even if there is a sectional problem of stability in

the review of seabed stability of slope.

Therefore, this study is to confirm the effect and additional
measure to consider so as to secure the flotation of submarine
pipeline and slope stability of seabed, and liquefaction of

seabed-related, by explaining the essential hydrodynamic load.

KEY WORDS: Surface Elevation, Seabed Slope Stability, Soil Liquefaction

due to wave, Pipeline flotation due to wave, Submerged Soil Unit Weight.

— xXxi —



1. A &

=

g R 24

= A A ATl thete] ALE A HAlo] izl whet
o &85Vl 943 FUHE Jeon, 53 dfy A S

st S FEHES TV AKEHORE FUHEE FAolt. AIFEHA
THE T2 HidAes 142 PlatformoZ4 A F Al Platform¥}
Upstream@A| 2] GA| AJAE<] A4 Platforme.E F25H 1, AsfolA= 4
3l A Al Platform%] Subsea Well Head Platform3} F--f2 A 2-A] A
¢l FPSO(Floating Production Storage Offloading)’} =& °]F1L 3T}

Nt

U
ol
-
oY
of
N

N
i
ol
L
N
1o

ol
mln

(m
o

4
)
Kl
S
v
rols
24
i
(it
r{o
Jo
R
2\
re
_\,L
[>
i
Ho
o

AA ZHE AALR o]
F= sl ok “V‘ﬂ], FRAA G} AAANL] e F FWELLSY A
7F 2A8Y B AAH Upstream© A S AA| A1 A4t Platform T+
B2 A4 ARl FPSO°Al sl A vl &S &3+ Downstream® 574

A ZHE ANEZE o]FS 3ot

620, A2 4 Platform 3 Platform % Subsea well head 2}
Well head, F+2] FPSOE A& dZstd A=d AFHE olFsie A=
sl A ujde] gl Aol

=S4 AA SHE AL fAAGH " Al e A

o
VLCC(Very Large Crude Oil Carrier)?l ®#7 A& o] &3t dF&E %



%t %, Loading and Unloading Arm< AR83te] 402 o|$s & 4

A EHE AL o7t WA, i 4 FB0mA1% 2] SPM(Single

= =
. =
g A HS St S AA FHER Soivls WS Addth

TEU FTAEG Jetty® ST A9TE SPM 2 SAAMBE o 8@
wach FAIZE oF 26} Jb7ko] Bo7bmE FE SPM B HAHMBL o
g3 A7t w5

83 A2 34 Platform¥ Platform ¥ SPM3¥ S4 A ZHE

o A T 7tEE olFsts AAVF A HolH, o] S
Aol iAo HAAE A s B o3 2 Ao ALoE A
Hhof] &A= (Hydrodynamic Pressure)ol]l 2J3siA] 3iA x|t ol <
skl B w A AINe] R FR] A Al o] 2] w
2} s A A ukel] AF3E7E BAsAY vl E sfA o] S RAHEH A ¢
gk AdE W F/A Y5 (Hydrodynamic Excess Pore Pressure).

2 Qgle] REE A4l 1R Loyt

=3 AN BA sighol] ofstel HEo] oFd Aut ol T
Soeqre] A gate] Auke] ABYL FaAg)m, A FFoz 9
# SRAGH] WSkl A e ANEHE Ao = Uk



wEbA s A El v ARGl theke] S A X HEY] Y AFSH(Liquefaction),
A Te] R4 S (Flotation of Subsea Pipeline) % 3 A AH G-
(Seabed Slope Collapse) @S2 3f 4 ulj & o J/P_:_??_ Y dyo=w
<2 A5 dAmAe 2= Ay 72T FEEHY G s 84
Lol AT = A

o)z atod AFBAL Al Aol FAE As) ALst BAIsIo] A
87, AAF &4 v go] FhFOR olF Aol FAF] fiste] A
ko] Sgs), A uEe] PP, AR B A4 PE B 2
ahelof T,

ghor s Aulko] Wl s Ao A D AW Aol BAATH
W, siAue] WA HolE 2ASAY SAANT R olHT AL
PAF LA S Fahte] A Aw BRAZHEE ATstedok Ft

AT PAA A ol T A A g, sy
we B@y, AAAEY BN FHAL, olo] WE A 7| 2A N
Y A Bao) mepds AN AAY F3 B e 9y

Ll A A e B3 A B FHH %



53] sl duTe wzrlx, FntY Mr|x, §4 AS5EY AdE7]x
eto= A3 e ANz A 7HA FH Sol NEEH
AbgStaL Yoy ol ulg- IHF FIHoA o] Fo| X 7] Wzl AS], 7
AA &4 v&S Has st FHA EY L5 (Sand Compaction Pile),
AHA 5 (Gravel Compaction Pile), DCM(Deep Cement Mixture)s 2] &
Hoeg FXHA T

AR Al(Seismic) WA sHE AWke] Y4B Seed & Ibriss(1982)7F FH
St olaal shsAol SeHE AAES AR AuE B oS3

2l
o o B A(11)< ol&ste] I & < Utk

R, i 0.65 i 1.1
.—J,— . g '0" "Yd (')

, 9= A& E(08Im/sec?), o,=FE FAU(r55 x z) ton/m?

a, =R EHA A HU7MEE(g), 0,=A FAY(., X 2) ton/m’, =



A71 A7 =otan(p)ola, ¢ = FviRztomM Aw =
SPTY N#HLo2ZRE 4149 2(44) 2 A@45)< ol&std O #& 7

% gtk

TEUY AFAE BAY B4 NAL N =y - Vo2 dehye], Oy
& FEAANSHE FAAFEAC, = 07Tl0g(20) 2 BAHAH, 0,5 FE

FALE o Z &= ton/m*E VERATEH

mebA Auke] Aol gk st b
L4o% e @ %

fto
o
i
rlr
u)
mlo
1>
-
=
We
1>

R
SF=1< ffg L5(AB AW AR (1.3)
SF=-"L=15z9% A8) (1.4)

Ty A el gk sfA A HE 3B offet 22 F JHA AAxA

50 : 0.075 mm < dsp < 2.0mm
- U7 5p olEke] <15 %

- BASHA LL < 35%

= &4H] 0 > LL x 90%

» Modified Mercalli Scale®l] 93 X = (Intensity) I MM > 6



o

o7 % X]‘E'l-"/] HQFsE 1HYE des je
824 722 Ao 2XH+= GBS(Gravity Base Structure)?l 7
Aol et st el W)X, Wikl wrt SolA A

B2 T2 AREStY sl o7 A Ak A3, A A S

wekA HZolE slAA Nl thate] J) e Fog WAFE B
FAFEL ) AHAE g3 @Y D SAANE B FRE 2ol
Aol & ke Aol Wby Yoz oo tg vhgol %7 5

ofof Fh},

=g A ue] s AFs T AU fE5Y WEe o
Moz FrH6 o2ojAT glon], S5
© 2+ Lee & Focht(1975), Rahman, M.S, Seed, H.B and Booker(1977),
DS. Jeng, M.S. Rahman(2000), Ishihara & Yamazaki(1983), Hattori &
Sakai and Hatanaka(1992), 45(1992), Zen & Yamazaki(1993), Cha & Jeng
and et al(2005), Sawicki & Mierczynski(2005)5°] AT 3tRoH, FE-F

o ;o (Gs—1)
Aol st o, =7 « 2 MY =y

:[o
oo
1
rE
ol
=2
Lo
£
ol
g

ol kgl elg A
o MAE PIFYL AT FELSHL T o, =q « 2y, 02

sttt

\:l:l

gy 719 pe Rl ok A e Fgske dEela, o,



Qh
rlr
“r
e
o
2
zd
1
W
%
)
R
=
=
N
lo
EN
o
o
_|_|>i
ofo
ﬂ
rr
“
m
d
1
u
1o
Wi
=

A TS ol AAA e EHE A% mEste] AgsE f

B0 Uael A3 ATHECY HBE ARV Ul Log( )
g
S Log(—T5)el Web A& S gl MR Airy wave, 22l W
g

& 32l Cnoidal wave, Stock’s wave, Solitary wave 2 Stream
Function wavesd o2 IS AL & JEF A FUs B
ot et = AR o] EF HESHA 7% T3
Mol thste] wre melstel sl ANkel G AT Stk

oL
o
QL
=&
H

AA s FolA TS FPF 2 A SZHAE FREEHY, ol A A

whol WX BRAGCIA AolE B 4 glof HY AAA el A
38 ATsE e we BAY dvtn At

A7 o] EAL DT
TABhE S AALE EAA AT WH O EE Henkel (1970), Wright and
Dunham (1972), Mitchell & Tsui and Sangrey(1972), Mitchell &
Hull(1974), Field & Edwards (1980) and Watkins and Kraft (1978),
Marsaglia and Klein (1983), Hance (2003), Morgan & Hawlader and et

al(2005)%5°] ©<=3] A Airy WaveTt-S 183t 3|4 =|qte] AbA



olg gk o 7A Aol st x, AAARJ] Log(

of thsted H&g el Fejoll wet AR Hel #HEst= FRAUH] F=
Zpol7 Vil JEHE A7AE AP gt dste] FES %
A= 3t s AArE ] b A Re] AT AL ST

E3F siAu o] wjAH FEol i siAuid A AE] tisho
A A qEe] A3t 2 A Y] RFAALe i ATEA Sumer &
Hatipoglu(1999)= sl A x| ko] 337} dAystls 4 Ay &
f FALE At AHke] &g FAY HE ATt A Ee FoF

o

N

123 Magda & Maeno and Nago(2000) % Chang & Chien(2004)-

g gFoz A 5 AT o2 HAstE FasEdAs 9 AdG
T AR ko] sfAuj#e] HFHo g QI% =52 A¥k 93, HH vt
o de= siAme FSFHG disted AFE 33, Sumer &
Hatipoglu and et al(2006)= & 2H-8 22 s A x|Hte] 433tz Agk A
Hho] gl FAl s A e A FAZ A3t 5 s uje] RS

& a7tk

Gao & Wu(2006)> siAmjge] wjdd ALEE 13T 4 #
o WEe uHT sAARt] i FHe WIS AT 53
Shabani & Jeng(2007)+ Ir=do= A% FESY
2 bl st A4 ATE ST A S0l 9



A71¢9] o8 AFto]| tiste] AurRd AWt oz E=gA9E o3
49k AstE Auke] fE8Y A 9 siAuTe By To=E A
BF3A, o2 A%k wiAdd AT AHES] AGAE So2 F)A

Ake] gt Bl A e B gl tety ATE Ay

aHY 7|2 AT EAFoZE AA gyto] FU|E VA @AYSH
FAoly gharel wel ZF gy el W e (nda 9@ Ha) = Y 9
Fo TRl st sAAREY WG} AT FFEd R A AL

o] kgl thsted &S| A shA @sk= ERF ofyEl, A[Rbe] <|F
Z 9 otdogroz WA HAFT5ete] 424S 1EE AMASF T,

FHSY % AGSHL Weisto]
A3 AR WA =W, HED R PEY Aue] YU I,
FI0), ANNSAS, GEAS GUAS, F5AF Fol wE AN )



olg)dt A¥E EUE AT wj XA thak A3 5 & u)] T
BordA) S AHBA G FHAAH AAHAPL o =3}
Z71& JNAds

A, yobrh s A Ak

{
K
5

F710l wE sfgute] FFol thated oFef Figure
Fa zb Aol mE 93de

o =

off

%)

ooz Yt

Shallow

Transitional Deep
15 — - -

| Stokes 4th order

-25 —

| Stokes 2nd order

Log H/gT2
(%]
I

-3.5 —

Linear(Airy) Theory
45 —

| | | |
35 :

-2.5 2

- -1.5 -1
Log d/gT?

Figure 1.1 Applicability Ranges of Various Wave Theories



Fulo] FFol mWe} Velocity Potential, U= 7]

(e]
[¢]

3

a3 7

b 21 (15)3% o] ek %

S

(BBO)< ©]&

e

N
T

!

7

Al

skof A

=

(1.5)

Al ZZ(KSBC)o A= 21(1.6)

B
2

(1.6)

o] Bernoulli

71 %18

(1.7)

v
v +gz+—

Pu

(u2+w2) +

ZAMDSBO)= 1T B¢ 2(1.8)3% #Hol et

(1.8)

=0, z

'
(u2+w2) +gz+8—

1
2

(DSBC)

Al

Ae] FAEEE 4193 2ol ek

22

?:1]

o
<k

(1.9)



T2 F9 AAZA(MDSBO)! AF A(1L10)e2 FdH] At

gm=—=0, 2=0 (1.10)

weba ol g A& Il Airy wave, BB Q] Stock’s wave, Solitary
wave, Cnoidal wave % Stream Function wave®| Velocity Potentialql ¥
< o] &3t A & HF n & Fote AR FEste s HAY

A ulE] AS IRkH oz Al oF 1~2mol wjAdE lermz p =
o #ZH&sh= AN, B AR G FE

A Oy TP SAMBEEL] Foll ZEat=

0>~
o
)
Y

]
ok
A
gtlru
é
Y
22
ot
Y
;{>
ins
Ay
)
;{>
N
l-']I.
lo
e
ox
)
-
)
|

I

A, A A FFASe AESAA

o]# T o ZHA sF vl whetd olEs AHst o7 HF
Z}

Wate] slAA T a3k FHALE B0 A Yol Hgehe e B
FYRFEe] BHRA OB BT BIHS AFHu, 24UFE A
F4NE o8 BIUFS T WEAYNILAL ASH F, 7 A
Bl tg Aol FHshy AAl SMel 44 b AAA ) vl A
TE Sk



st @t

s AA

H}

?_

A

ol
=

=

A Z1%7nEe] 7]

ks

Sl



2. y}Fo] F 5 shAEe] FHAAEH

Joll whe} sl wte] 9ol W

843, o2 A% AAA Dol gk FAALGH] AR Aol BT

kA ol gk sffell el o2 7hA] 3¥(Wave Profile)e i1z 3}o]
A A XD A5 S AARS] HFE g siA ] FSdd g
oL s Aol miAdE Ao} siAAME G ATl AHEE & Ak

ox
k1
ol
4z
-
o))
o
o
=
=
N
Ho
9
mi
jﬁ
rlr
%
2
jus)
== 0
r d|
rlo
il
o
=
il
o
ol
ok

olzigt wjAd siAujHoz 4 3 =
o] A3l HAAo 7 F A H|Te] Bk W SAAIHe] B2 2Qld)y
Al Ee] Aol B2 =A

{1
@
rlr
N
o
=2
&
o
o

it
i
o
>
Al
k] N
30
u

=3 Rl 73—%, 5 EJr%@l =u 42T FY7F4gbo] Au



E3F M3 (Shallow water) E+  d|7H(Near shore)o] 33t
(Breaking wave zone)oll= 3 (Goda’s method, 2000) °©]&& 283}
o] oS AbYste] AAE AAAS AE stFgon 1 ojie] 4l
Ae w4 3 g F7]o ek Ay £ Bdd g olEe 2835t

Bk
o YT At Ay Bde FESHAT

(—

21 "3t F2heAM 9] 3
o2 Fal9 Y olg2oRE HAH ALPHA H21)E

Rl
o] st & 4 AT} (Streeter & Wylie 1986)

8% W 9w
+ 82 + 2
Y 07z

=V WU(z,y,2,t) =0 (2.2)

T3 Bernoulli(1738) WA 42 ths A(23)2= YE ¥ + 3

lzsz+o)+ 2 o _

Q(U +uv +w)+p+gz+ at—() (2.3)

B Q7o E 24U A BFe AN Aok 2L 1, 202 @
At Laplace A4S 2(24)= vl ¥ 5 Ao, Bernoulli 744



(2.4)

8w

822’

0w

83:2

= VQW(:U,z,t) =0

(2.5)

-
-

A o] Velocity Potential®]™, p

[e)
T

}

k<]
pul

A7 tol] o

T
-

vebiith aga v

J|J
N

A o= Foll A9

2] ot}

Fd Z3A

= T A

=
=

3f

Bl

AH&

=
=

73 Al 271 (DSBC)

[e]
25

4

al

a8 ER A AAZABBO)NAY 7R 7HELe £EE 00

T AAZAKSBO)ANA = A-frEE A 2

AZZA(DSBO)ANA &= AFEHLS dES 7HA=

)
&l

T

bol shepo] o

S

=

FH 2 2.6)3 o] A AR Ao FA

S

A\ AAZA(BBC)S ©]&

(2.6)

o]

o
=

(KSBC)

e
N
T

B
22

7

Al

Hol Ao 32 &5 wEA AQ7)E THH

T

—_—

-
st

Aol A

sl &

&
=



w=—=%tu—, z2=7 (2.7)

S F4d357] Y5+ Bernoulli A4S 9]
g3, 714 & EW AAZADSBO)S 1HET A 2(28)E e
w

4
(u2+w2)+gz+8—= 0, z=n (2.8)

eba F58HA AFEd AAZHKSBC)H T X}%EL A=A
(DSBC)= A &3} st¥l, KSBCY AAIZAE o|&3td, =7] FHAAY
A F2 £2E 2292 YE E F A

_on __
W= 2 0 (2.9)
e2]a DSBCO AAIzAS A8 A% (210022 YE E F U
1, 0w
n(z,t) E(E)_ ; 2=0 (2.10)

+g—=0 (2.11)

A719] A8 7HA AARAE o83t Airy Wave, Stock’s wave,
Solitary wave, Cnoidal wave % Stream Function waveol T3 Velocity
Potential & T3t 7 #¥¥ o FFE S 4 glon, 7 3P

P2 211489 Airy Waved A FE 21589 Stream Function WaveZ}



A ZAIE AR sk

21.1 Airy Wave

o

obe Figure 212> LREAR] A@HR] Airy Wavedl] thit Zo|th

z

Bottom, Z=-d

| T

Figure 2.1 Profile of Airy Wave

b
o)
S
N
— N
P
rr o
S
ot
=)
k)
o
b
o

Sk Ayl A 2 QAL WA AR
= NA om A ARE e YA T
Astel 2 Aol7} Q7] WS F2 Al Hele Tal

Bl of
2 o
o ok
R
X,
o .

Ir
=

juf

d
o
bs
0
o

83 Airy Wave?] Velocity Potential, U&= T 2](2.12)3 Zo| YEf

d g STk

= gHeosh(kld+ z)) sin(kx — wt) (2.12)

v 2wcosh (kd)



oq7|M, H= 33, w =

54, 2= wel FRAAY FHRE, dE 4, ok FHAM FHH

#, t = AlZtolt}.

H
n(z,t) = Ecos (kx— wt) (2.13)
- 27T AN 1A~ - L= 27T by =
o714 He 331, w= T= A5, T 9571, k= 7 345 YEF
Ao

2.1.2 Stock’s 2™ Order Wave

t}2-2] Figure 2.2+ Stock’s 2™ Order Wavedd S UeR L Ut

L crest

$ wave height

H

trough

Vv
d water depth ’ Wave period T
C
u

Figure 2.2 Profile of Stock’s 2™ Order Wave



Stokes &= Airy ol Hls] & YA =5 ¥ BFA Uehd
S B Jacket = Jetty$} 22 Y FREY HHS

AT

Stock’s Second order Wave®| Velocity Potential, ¥+ T 2](2.14)3%
2ol yet d 5 Ao

U@ + 37TH(7TH cosh (2k(z+d))

©8kT L sinh*(kd)

sin(kz — wt) (2.14)

2
o 71A, ¥ = Airy Wave®] Velocity Potential, H+= 331, w = —;—E Zr

2
Lok= 5, L v, e vl FRdMY A%

I
b
H
rlr
i)
Y
N

%, de £4, o5 FAcA Y FHAE, t & At

7hgstd, vERY FHEAE o A td A5 A U
271 221005 ol&3te] 2(214)& AZF to] thete] mlESE o A
(215 .= ye d 4.

n(x,t) =n, + (2 + cosh 2kd)cos2 (kx — wt) (2.15)

H
A71M, n& Airy Wave®] A1 %O]?cos(kzx—wt), H= 3,

£ A&, TE BF), k= 9, LS 9, s 0ol £

e
|
Sk



~

Aol #A2E, dE 4, ot FHAMY FHRE, ¢ = Agolth

£ A "ol AAEd 7

—o
>
g
o
>
RS
i
K
AN
ol
£
+
o>
ftlo
(g
ot

ANA, d,=d—z « tanf, B T AEF stoforgiet

2.1.3. Solitary Wave

Figure 2.3+ Solitary Wave# &2 UWEIHIL UoH, Solitary Wavet:

Tsunami®} 2 33 S T34 & ¢ AFE3TH

\'
d water depth

Figure 2.3 Profile of Solitary Wave

w
o,
&
H

<

i)
r

=)
—o
+
o>

o

p\W

rlo

)

12

N dHEo] MK A L v
BRs A s F717F Faod stugel olEsts dEo® yehd &
UEE 224w op Z2 oy 1, HefjolAe 3}, Aol A Steepness7t
- & 3 S A& X

Solitary wave®] Velocity Potential, ¥+ Tha 2(216)% #Zo°] &

=
& glo



2

92 2 912 6 93 (2.16)

oY,
A71A, %z—d%;%— #7) Aieel WYse] ThAl Jeriw 4

(217)3 o] yE & U

W=@+ e ot .

00, 0%0, ¢ 20,

oz ot 2 ot
7} zFo] Velocity Potentialell théte] HEF2 oz Ue i = r}

olm g ol A7) 2(217)d LA, 2](2.18)

2 4 2 4
0%y Py 0y 20 g o',
2 4 4

W= — 3 .
y — dz > o >, (2.18)

ox 2 ax

v, .
o T Ty (2.19)
‘92% Wy on 500
ox” - d oo (2.20)
83% Wy 6277

5 d 4.2 (2.21)
ox d ox
‘94% wy 9%y

Y (2.22)
ox d ox
A7 wyt wy = m A Shel A4ER ERH



)U
o
T
=)
5
filo
)
.
ol
v .
o
i
4
o/
o

Cc

12K
= =3(1—c) 2.24
4k —1 (2.24)
E3 9 diaEE, cE U 242253 Zoh
I S 1 3, H
c=0 = (1—4k2)— Vod(1+ 26 206 ), € pi (2.25)
93 538 39 AAZAMDSBO)Y AFREHLS dHEAS 7HAE AL
7EASHE, vEEE FHHE 9 AZE tY A9 AFFEE =], nt)=
F71 A(210)S o] &3t 2](2.23)S AlZE toll Wigte wESH Ts 2
(226)0.% yE E o 4.
H H
n(x,t) = Hsech? (q) — 377 sech?(¢)tanh(q) (2.26)
3H oH
. B d d 1
oq7|¥, He ularojal, g = ¥ (1— 3 Wax—ect), &<l
c=Ved(l4Je- o) e= 0 v A%E, T A3, 9%

2
1 1
k=5 yf0-2) B, Lo 94, ok wel $RdAAY SARE, dE 5



2.1.4 Cnoidal Wave
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dyg
K, (m/sec) =0.00745d2, (- y Y0945 Darcy Fquation) (3.7)
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k,w (m/sec) =0.01 (dw) (BoltonEquation)

o714, Sieve Analysisd¥ EEEF4(Particle size distribution
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Table 3.1 Coefficient of Volume Compressibility in Soil

Classification, m, (m?/kN)

Classification Coefficient of Volume Compressibility,
m, (m?/kN)
Plastic Clay 2.0x10% ~ 2.6x10™
Hard Clay 2.6x10™ ~ 1.3x10™
Medium Clay 1.3x10™* ~ 6.9x10%
Loose Sand 1.0x10™ ~ 5.2x10™
Compacted Sand 2.0x10™ ~ 1.3x10™
Compacted Sand 1.0x10"% ~ 59510
and Gravel
Clastic Rock 6.9x10" ~ 3.3x10%
Rock 3.3x10" o] 3}




Table 3.2 Soil Characteristics in

Soil Classification

Constrained Soil Soil | Soil Dry | soil It Soil
Soil Classification Elasticity Permeability Vgid Den31ty3 Porosity Value Poigson’s
E, (kN/m?) k(m/s) Ratio e 'yd(kN/ m n ratio, v

A Silty Clay 2x10%-5x10° 1x10°-1x10°® 2.4 14.6 02-06 | 3~7 0.4
5 Clay 5x10%1.5x10* 1x10%-1x10” 7.2 13.7 03-0.7 | 1~6 0.4-0.5
Colloidal Clay 8x10%-2.5x10* | 1x10™"-1x10™"° 12 13.2 0.4-09 | 0~1 0.4-0.5

Sandy Silt 5x10* 1x10°-2x107° 1 14.6 0.2-0.5 19 0.4

& Silt 5x10* 1x107-1x10° 0.9 15.2 0.3-0.5 14 0.45
Clay Silt 5x10* 1x10°%-1x107 0.8 16.2 0.1-0.4 7 0.45

Very Fine or Silt 5x10*-1x10° 1x10°-1x10* 0.43 18.5 0.3-0.5 24 0.45

Fine or Medium 5x10*-1x10° 1x10*-2x10™* 0.49 17.6 0.3-0.5 16 0.40

0 Medium 5x10*1x10° 1x10” 0.57 16.7 0.2-0.5 19 0.30
5 Medium or Coarse 5x10*-1x10° 1x107-3.9x10” 0.52 17.3 0.2-0.6 37 0.30
. Coarse 5x10*-1x10° 3.9x107-5x10” 0.6 16.4 0.3-0.5 27 0.30
Very Coarse(Micaceous) Sand 5x10*-1x10° 5x10°-5.9x10" 0.65 15.6 0.3-0.5 16 0.30
Sand and Gravel 7x10*1.5x10° 3x107 0.41 19.0 0.25-0.5 | 30 0.25

Good Particle(2% 4 #}) Coarse 1x10°-2x10° 5.9x10” 0.22 21.7 0.2-0.5 33 0.15
Good Particle Medium-Coarse | 1.3x10°-2.5x10° 7.5x107 0.28 20.4 012-02 | 21 0.15

X Good Particle-Loose 1.6x10°-3.3x10° 9.7x10° 0.36 193 012-04 | 12 0.15
5 | Bad Particle('z <+ 4 #H)-Coarse 1.5x10°-3x10° 8.9x10” 0.33 20.0 012-02 | 44 0.15
~ | Bad Particle-Mediumé&Coarse | 1.8x10°-3.5x10° 1x10~ 0.39 18.8 0.12-0.2 | 33 0.15
Bad Particle-Loose&Coarse 2.1x10°-4.3x10° 1.3x10 0.47 18.0 0.12-0.4 24 0.15
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F'(2)=—B*F(z) (3.15)
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Table 4.1 Failure Line under Seabed due to Floating of

Pipeline(Pipeline Diameter, Dy=1.0m)
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Table 5.1 Characteristics of Pipeline Data for Theoretical Analysis
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Table 5.2 Data of Environmental Condition for Soil Liquefaction

and Floating of Pipeline
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Table 5.3 Theoretical Results of Airy Wave for Liquefaction and
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Table 5.5 Theoretical Results of Solitary Wave for Liquefaction and
Floating of Pipeline under the Seabed in Fine Sand Layer
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Table 5.6 Theoretical Results of Cnoidal Wave for Liquefaction and

Floating of Pipeline under the Seabed in Fine Sand Layer
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Table 5.7 Theoretical Results of Stream Function Wave for Liquefaction

a) Theoretical Analysis at None Breaking Zone

and Floating of Pipeline under the Seabed in Fine Sand Layer
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Table 5.8 Theoretical Results of Airy Wave None Liquefaction and

Floating of Pipeline under the Seabed in 20mm Gravel Layer
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Table 5.9 Theoretical Results of Stock’s 2" Order Wave None

Liquefaction and Floating of Pipeline under the Seabed in 20mm Gravel

Layer

None Breaking Zone

Distribution Hydrodynamic
Pressure on Pipeline Due to Wave

Pressure for Floating and Soil
Liquefaction

Pressure on Sea Bed and Pipeline

Soil Liguefaction and Pipeline Floating Phenomenon

0.0 1200
s00 EL:@ — & -WavePressure on Seabed é"ﬂ
ie - Vel pressure ontopofpbe ) 1000 — P EOTETEEG
400 CE Vi Passore wn center ol e 8" Bgg
o e B Beg
- \ @ ~ B -Excess Pore Pressure on top of pigie’ €5°-° ECEE S
? ’ m \'Ej _’ <+ - Excess Pore Pressure on centeg ‘/D,V“r'“i ‘EE,
< T 600
T 200 2 B T 7 5
5 s o B £ H —& -Soil Liquefaction
- ¥ j
i 100 2] A = g & 400 s GCr Cror Or € | Foe Pipeling-floatation X
& T 7y =o=0 = = i e =
é ol e : x4 > y &< Limitation Lifis
S wnEReAREE s e o nnBAdatead
0.0 YR 5 g I ey i g 3 5 ==
10 20 301,40 50 60 70 80 {30 100 110 120 200
-100
& s N . bt - " -
& o 00 . L & = —
2200 i S—— 0 10 20 30 40 50 &0 7.0 80 90 100 110 120
-30.0 Period[sec] Period(sec)
Breaking Zone
Distribution Hydrodynamic Pressure for Floating and Soil
Pressure on Pipeline Due to Wave Liquefaction
Pressure on Sea Bed and Pipeline Soil Liquefaction and Pipeline Floating Phenomenon
1000 1200
~ & - Wave Pressure on Seabed
80.0 Ei\ ~% - Vertical Pressure on top of pipe /é' 100.0 £ B T SER=] o ]
¢ 7 & B-g.oad T,
00— e 5| e i O
@ / — 800 D — & - Soil Liquefaction D
T w0 W — 8 - Excess Pore pressure ontop of pipe %, E / o 3@ - Pipeline Floatation IE] -
' r- v 3
\E Q — & - Excess Pore pressure oncenter of pipe & 5 A b - & - Limitation Line il
g 2] 3
T % 2
7 : 0-m £ 6-0 o o-G00-60
§ & 200 feres 0 - IS e e W - a S~ ] -G 35 e
a
200
0.0 = < R ARV VIR VR v VA e
0 10 20 30 40 50 60 70 80 980 100 110 120
600

Period(sec)

Period(sec)




Table 5.10 Theoretical Results of Solitary Wave None Liquefaction and
Floating of Pipeline under the Seabed in 20mm Gravel Layer
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Table 5.11 Theoretical Results of Cnoidal Wave None Liquefaction and
Floating of Pipeline under the Seabed in 20mm Gravel Layer
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Table 5.12 Theoretical Results of Stream Function Wave None
Liquefaction and Floating of Pipeline under the Seabed in 20mm Gravel

Layer
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Table 5.13 Seabed Soil and Environmental Parameter for Seabed

Slope Stability Analysis
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Table 5.14 Theoretical Results of Seabed Slope Failure under the
Seabed in Fine Sand Layer due to Wave
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Table 5.15 Theoretical Results of None Failure for Seabed Slope

under the Seabed in 20mm Gravel Layer due to Wave
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Table 6.1 Dimension of 2-Dimensional Wave Basin

No. Description Size Remarks
1 Length(m) 25 Test Basin
2 Width(m) 1 Test Basin
3 Height(m) 1 Test Basin
H : 0~20cm Wave Height
4 Wave Maker Tp : 0.5~2.0sec Wave Period

f1e A H R A EA 20L& o
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Table 6.2 Test Parameters for Pipeline Characteristics for Test of

2-Dimensional Wave Basin

No Description Case-S1 | Case-52
1 PVC Pipe OD(m) 0.042
5 PVC Pipe Wall 18
Thickness(mm) '
Unit Weight of PVC
3 Pipe(ke /cm) 0.00359
4 Buried Depth(m) 0.03
Seabed Soil Parameter Case-S1 Case-S2
Grain Size of Soil(mm) 0.012 0.028
SPT, N 3 4
Constrained Modulus
5
(KN/m?) 1226 1226
Permeability(m/sec) 1.202x10° 1.528x10°
Porosity, n 0.38
Soil Specific Gravity, Gs 2.65
6 Seabed Slope, B 0.05
@ % e TSI lste] 24A5 24 TS Table 637 2ol
B xAe At Add<= sk

Table 6.3 Data of Wave and Grain Size for

Wave Basin

Test of 2-Dimensional

Water Wave Grain Seabed
Depth, Period | 1 |14 | 15| 18 | 2.0 S Slope,
ize
d(m) (sec) B

0.3 10 | 10 | 10 | 10 | 10
0.5 Wave | 10 | 10 - 10 | 13 | 0.012mm
0.7 . - 10 | 22 18
03 Height — : i 10 0.05
0.5 (cm) - T 13 | 0.028mm
0.7 - - - 18
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- TN TN
Wood Plate \-/

: Back fill ) Water Depth
silty sand omm
150 m”ﬁf -

Buried Dept

iameter E > - . Wood Plate

of RVC Pipe

1000mm 2000mm 1000mm

a) Incase of Seabed Slope, [=0.05

Back fill
(silty sand)
’
Clear of
Surface Wood Plate Wood Plate &
S
S
2
150mm Wood Plate — Clear of
50mm Surface
1000mm 2000mm 1000mm

b) Device of maintain the Seabed Slope, [=0.05

Figure 6.1 Device of maintain the Seabed Slope for 2-Dimensional Wave

Basin
ot & Figure 6.2v EFAAS AT 2xLdF=x & Figure 63 AT
S A AR A=At
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Figure 6.2 2-Dimensional Wave Basin
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Figure 6.3 Excess pore pressure Gage for Test of 2-Dimensional Wave

Basin

6.2 siA A2l HA3] gt o]&F s dFFH FHnin

B Aol e MBS WA F AR Awe] s 2 A
Bk ofNo] Y AT o|EL AZFE7) skl 1 ARNE 62140A
6224 24zt 2 Y7l 0.012mm % 0028mm°ﬂ tsted Table 62«]

2R34TI B3] g ol &4 H*—*.Oﬂ EH?'S}Oq 4T Hla 3 HE A3

6.2.1 Case S1°| TJ3 o]& 2 Adx EXMu|a

2 Case S1AHNANE =ee] ¥7e] 0.012mmol 1-41—5—}04 o)z &4
I 2z Aol tie FJES st tigk Bl Z 339
M, AHte] EFAFE 1.202x10°(m/sec) 2 3o, SPT«] N#<
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st 8 sl ar, sA AR FARR]D Br = 0.055+ AAAIHE ol Table
2 Ay E 3¥Y o™, Table 6.4.191 4 Table 6.8.3 44 d=03m % 331
H=10cmZ 1A% S F7]E 27 1sec, 1.4sec, 1.5sec, 1.8sec, 2sec®l

st 23tz AFEAHAE YERIUH.

Table 6.9.1°]4] Table 6.12.32 4 d=05m % 3}31 H=10cm=Z I14 3k
oS F7|E 22 1sec, 1.4sec, 1.8sec 183 33 H=13cm¥ A5, F7]

£ 2secE 15l Wl st 2xtdrx AFEAAE 44 YERATH

718]3l Table 6.13.19]4] Table 6.15.3& A d=0.7m=Z 1A31 I

H=10cm, F7]& 14sec, =3+ 331 H=2cm¥ A$, F7]1E 15sec &L ¥
2 H=18cm¥ 3%, F7]5 2sec® 9 S v 2134z Ad4dy 4 A
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Table 6.4.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.3m/T=1sec/3;=0.05)

Condition | Values Excess Pore Pressure(kN/m?)

Water

Excess pore pressure, Aub+rp

Depth, 0.3 040

d m) 0.35 © 0| 2 pressure(0.3m/10cm/1sec) O A Pressure(0.3m/10cm/1sec)

Wave 10 % 00
Height(cm) 030 —o-g §0
Period(sec) 1 025 . .

Buried 0.03 020 8 8
Depth(m)

0.5 o o
0.10 0 o
0.05 0] ®
Seabed 0'00 .__J_l_l_l.__l__l__ﬁ 1 1 1 1 1 1 1 ‘ 1 1 1 1 1 1 1
S%E};e 0.05 og M0 008 017 025 033042 050 080067 075 08 052 100
f 0 e
0.10 00
L5 Period|(sec)
As per above graph shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 8% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.4.2 Comparison of Wave Surface Elevation between Theoretical

and Test Results for Seabed of dsp=0.012mm(d=0.3m/T=1sec/3;=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
Water Water Surface From Seabed
Depth, 0.3 035
‘i]m) B 0|2 Water Surface Height(0.3m/10cm/1sec) 0 A& Water Surface Height(0.3m/10cm/1sec)
ave 030
X 10 ] N
Height(cm) " - I
. 70 O
Period(sec) 1 025 . L.
. al "0
Buried 0.03 om 10
Depth(m) 0.20 o u i
Egguht LN | ppgl
dso(mm) 0.012 s Opppo0OD0OpgpO
0.10
Seabed
Slope 0.05 0%
(B
0.00
000 008 017 025 033 042 050 058 067 075 08 092 100
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
_ and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 11% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.4.3 Test Picture of 2-dimensional Wave Basin for Seabed Grain

Size of dsp=0.012mm(d=0.3m/T=1sec/ 3=0.05)

Water Wave Period(sec) Buried dso(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, B
0.3 10 1 0.03 0.012 0.05

300sec(Soil Disturbance :

2cm x 1lcm)

Time Phase \

Time Phase |

1200sec(Soil Disturbance : 2cm x 1lcm)
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Table 6.5.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.3m/T=1.4sec/[3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘)/\é ?’[e]ff, 0.3 050 Excess pore pressure, Aub+rp
d m) ® O[2 Ppressure(0.3m/10cm/1.4sec) 0 Al pressure(0.3m/10cm/1.4sec)
Wave 040 ¢ ’
Hei 10 . 0
eight(cm) o .o
Period(sec) 14 030 o S
Buried : :
0.03 0 0
Depth(m) 020 ‘ ‘
010 8 8
0 0
0-00 1 1 L 1  — 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0
Sseﬂ) beed 0.05 000 012 023 035 04 058 070 082 0§ 105 117 128 140
I3 ‘ 00000
(By) 0.0
040 Period(sec)
As per above result shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 15% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.5.2 Comparison of Wave Surface Elevation between

Theoretical and Test Results for Seabed of ds=0.012mm

(d=0.3m/T=1.4sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
]‘)A]attelf 03 030 Water Surface From Seabed

epth, . |
d m) i ’-.l [ 2 Water Surface Height(0.3m/10cm/14sec) O A& Water Surface Height(0.3m/10cmH.4sa)_‘
Wave 10 025 [~ .
Height(cm) o u n"
Period(sec) | 1.4 om n "

: 020 " O
Burled 003 DD.lll....l.;D
Depth(m) UppgpoooooO
dsomm) | 0012 | *°

010
Seabed ol
Slope 0.05
(Br)

0.00

1

!

000 012 023 035 047 058 070 082 093 1.05 117 128 140

Period(sec)

Conclusion

As per above result shows, it is verified that the wave

surface elevation on the seabed, by theoretical analysis

and actual 2-Dimensional wave basin test, has a margin

of error of within about 9% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.5.3 Test Picture of 2-dimensional Wave Basin for Seabed Grain

Size of ds5p=0.012mm(d=0.3m/T=1.4sec/[3=0.05)

Water Wave Period(sec) Buried dso(mm) Seabed
Depth(m) | Height(cm) Depth(m) | ~° Slope, B
0.3 10 14 0.03 0.012 0.05

e

Time Phase | 300sec(Soil Disturbance :2cm x 1lcm)

Time Phase | 1200sec(Soil Disturbance :2cm x lcm)
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Table 6.6.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.3m/T=1.5sec/3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘S\é atte}f 0.3 050 Excess pore pressure, Aub+rp
d m) o ® 0|2 pressure(0.3m/10cm/1.5sec) O A Pressure(0.3m/10cm/1.5sec)
- Wave 10 040 g g%
eight(cm) " N
Period(sec) 1.5 030
Buried 6 6
0.03
Depth(m) 020 -
0.10 ) 9
4 wr 1 . 1 1 1 1 1 1 1 1 1 1 1 ’ 1 1 1 1 1
0.00
Sseﬁ)beed 0.05 000 013 025 038@050 063 075 088 1000113 125 138 150
(BS ' o) 8 0000800"°
;20 Period(sec)
As per above graph shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 5% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since

measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.6.2 Comparison of Wave Surface Elevation between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.3m/T=1.5sec/[3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
[‘)Aé atte}'f’ 03 Water Surface From Seabed
d m) ’Elﬂ% Water Surface Height(0.3m/10cm/1.5sec) [0 A& WaterSurfaceHeight(0.3m/10cmH.Ssm
Wave 10 d 5
Height(cm) g -
Period(sec) 1.5 o =
g =
Depth(m) ‘ Oopooooogo®@
Seabed
Slope 0.05
(B
000 013 025 038 050 063 075 088 100 113 125 138 150
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 5% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.6.3 Test Picture of 2-dimensional Wave Basin for Seabed Grain

Size of ds5p=0.012mm(d=0.3m/T=1.5sec/[3=0.05)

Water Wave Period(sec) Buried dso(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, B
0.3 10 15 | 003 0.012 0.05

Time Phase | 300sec(Soil Disturbance :3cm x 1lcm)

Time Phase \ 1200sec(Soil Disturbance :3cm x 1cm)
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Table 6.7.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.3m/T=1.8sec/[3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘S\é atteﬁ 0.3 050 Excess pore pressure, Aub+rp
d m) l 0 0 0| Pressure(0.3m/10cm/1.8sec) O A¥ pressure(0.3m/10cm/1.8sec) F
- Wave 10 040 o 0
elght(cm) ° °
: 0 0
Period(sec) 1.8 030
Buried 9 0
0.03 0 0
Depth(m) 020
0.10
0 0
0'00 J — L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sseﬁ)];eed 0.05 000 015 030 085 050 03 © 0% ®1g 10 185 150 165 180
(Br) 0,10 08 9 ¢80
320 Period|(sec)
As per above graph shows, it is verified that excess pore
p grap p
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 10% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.7.2 Comparison of Wave Surface Elevation between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.3m/T=1.8sec/[3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
[‘)Aé atte}'f’ 03 035 Water Surface From Seabed
‘i]m) B O 2 Water Surface Height(0.3m/10cm/1.8sec) O Al 8l Water Surface Height(0.3m/10cm/1.8sec)
ave 0.30
Height(cm) 10 .] " st ;
Period(sec) | 1.8 025 8 P
. al W
Buried
dso(mm) 0.012 s Oppgpoo000ggqpO
0.10
Seabed
Slope 0.05 R
(By)
0'00 1 1 1 1 1
000 015 030 045 060 075 00 105 120 135 150 165 180
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion o _
of error of within about 11% as time goes over 50second,
which is presumed as effect of expanding reflected wave
height and scouring of seabed during test periods.
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Table 6.7.3 Test Picture of 2-dimensional Wave Basin for Seabed Grain

Size of ds5p=0.012mm(d=0.3m/T=1.8sec/[3=0.05)

Water Wave Period(sec) Buried dso(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, B
0.3 10 1.8 0.03 0.012 0.05

Tim Phase

Time Phase | 300sec(Soil Disturbance :4cm x 1.5cm)

Time Phase | 1200sec(Soil Disturbance :6cm x 2cm)
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Table 6.8.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.3m/T=2sec/ 3;=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘S\é atte}f, 0.3 060 Excess pore pressure, Aub+rp
d m) ® 0| £ Pressure(0.3m/10cm/2sec) 0 A¥ pressure(0.3m/10cm/2sec)
Wave 10 050 &5 5
Height(cm) J o
Period(sec) 2 040 . .
Buried
Depth(m) 0.03 030 . .
d50(mm) 0.012 0.20
010 o o
Seabed 0.00 _J._l—l__l_. /. 1 1 1 1 . ! . 1 1 1 1 1 . 1 1 1 1
Slope 0.05 000 017 033 050 067 o 100 1% 133 150 167 18 200
@ @
(£3 f) -0.10 vE e
020 Period(sec)
As per above result shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 9% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since

measuring excess pore pressure gage is installed at 3cm

below the seabed only.

— 120 -




Table 6.8.2 Comparison of Wave Surface Elevation between Theoretical

and Test Results for Seabed of dsp=0.012mm(d=0.3m/T=2sec/ 3;=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
[‘)Aé atte}'f’ 03 035 Water Surface From Seabed
‘i]m) B O 2 Water Surface Height(0.3m/10cm/2sec) [0 A!& Water Surface Height(0.3m/10cm/2sec)
ave 0.30
Period(sec) 2 025 n 5
i n o
Buried 1 o3 g :
Depth(m) 0.20 i L 5
LR 1L
d50(mm) 0.012 ots
0.10
Seabed
Slope 0.05 IR
(B
0.00
000 017 033 050 067 08 100 117 133 150 167 18 200
Period(sec)
As per above result shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 3% as time goes over 50second,
which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.8.3 Test Picture of 2-dimensional Wave Basin for Seabed

Grain Size of dsy=0.012mm(d=0.3m/T=2sec/ [3=0.05)

Water Wave . Buried Seabed
Depth(m) | Height(cm) | Leriod(sec) | pephm) | dso(mm) | gjone g
0.3 10 2 0.03 0.012 0.05

Time Phase |

300sec(Soil Disturbance :5cm x 2cm)

Time Phase |

1200sec(Soil Disturbance :36cm x 4cm)
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Table 6.9.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.5m/T=1sec/3;=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘S\é atteﬁ 05 030 Excess pore pressure, Aub+rp
d m) 0 0| 2 pressure(0.5m/10cm/1sec) O Al Pressure(0.5m/10cm/1sec)
Wave 10 025
Height(cm)
. Pe0 Oef?
Period(sec) 1 0 o
0.20 ® v
Buried 0.03 . .
Depth(m) 05
dso(mm) | 0.012 8 8
0.10 8 8
8 8
Seabed P 8 8
Slope 0.05 8 8
(Bf) 000 1111 1L11.ééé.111111111
o.To 008 047 025 033 042 050 058 067 075 083 092 LTO
005 Period|(sec)
As per above graph shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 3% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.9.2 Comparison of Wave Surface Elevation between Theoretical

and Test Results for Seabed of dsp=0.012mm(d=0.5m/T=1sec/3;=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
Water Water Surface From Seabed
De(pth, 0.5 060
d m) B 0| 2 Water Surface Height(0.5m/10cm/1sec) [0 48 Water Surface Height(0.5m/10cm/1sec)
Wave 10 050 g —
Height(cm) | o
Period(sec) 1 om (i
Buried w0 DE'-..----....'EE
urie 0.03 "opooooooooo®d
Depth(m)
030
020
Seabed oo
Slope 0.05
(B
0.00 1 L 1 1
000 008 017 025 033 042 050 058 067 075 083 092 100
Period(sec)
As per above result shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
. and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 7% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.9.3 Test Picture of 2-dimensional Wave Basin for Seabed

Grain Size of dsy=0.012mm(d=0.5m/T=1sec/ [3=0.05)

Water Wave . Buried Seabed
Depth(m) | Height(cm) | Leriod(sec) | pephm) | dso(mm) | gjone g
0.5 10 1 0.03 0.012 0.05

| Time Phase |

300sec(Soil Disturbance :2cm x 0.2cm)

Time Phase |

1200sec(Soil Disturbance :2cm x 1cm)
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Table 6.10.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.5m/T=1.4sec/[3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
Water
Excess pore pressure, Aub+rp
Depth, 0.5 035
d m) 030 Q ® 0| 2 Pressure(0.5m/10cm/1.4sec) O A pressure(0.5m/10cm/1.4sec) Q—%
Wave 10 PO Q
Helght(Cm) 0.25 ° 0 o) o
Period(sec) 1.4 ¢ B B ¢
020
Buried 0.03 ¢ ¢
Depth(m) ‘ 0.15 9 g
d50(mm) 0.012 0.10 (.\ 9
0.05 ¢ §
0'00 Il Il LI ok Il Il Il ' Il Il Il Il Il Il Il ' Il Il Il Il Il Il Il
Seabed 000 012 023 035 047 4058 070 084083 105 117 128 140
Slope 0.05 0.05
(By) 89 y0l
0.10 oo
L5 Period|(sec)
As per above graph shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 8% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.10.2 Comparison of Wave Surface Elevation between

Theoretical and Test Results for Seabed of ds=0.012mm

(d=0.5m/T=1.4sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
]‘)Aé attel’f, 05 060 Water Surface From Seabed
‘i]m) B O 2 Water Surface Height(0.5m/10cm/1.4sec) O A& Water Surface Height(0.5m/10cm/1.4sec)
Height(cm) 10 LI LR
Period(sec) 1.4 - " " -
, 0.40 By - N
Buried 0.03 S LN RN
Depth(m) ' HOppoOH
dso(mm) | 0.012 00
020
Seabed N
Slope 0.05
(B
0.00
000 012 023 035 047 058 070 08 09 105 117 128 140
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 5% as time goes over 50second,
which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.10.3 Test Picture of 2-dimensional Wave Basin for Seabed

Grain Size of ds=0.012mm(d=0.5m/T=1.4sec/ [3=0.05)

Water Wave . Buried Seabed
Depth(m) | Height(cm) | ¥ eriod(sec) | pepihm) | dsomm) | gione g,
0.5 10 14 0.03 0.012 0.05

Time Phase |

300sec(Partially Soil Disturbance :1cm x 1lcm)

Time Phase \

1200sec(Partially Soil Disturbance :5cm x 1.2c¢m)
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Table 6.11.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsp=0.012mm(d=0.5m/T=1.8sec/[3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘S\é atte}f 0.5 0.40 Excess pore pressure, Aub+rp
d(m) 5 gl
0.35 ® © 0| £ Pressure(0.5m/10cm/1.8sec) O A Pressure(0.5m/10cm/1.8sec)
Wave 10 0
Height(cm) 030 b—5w LY
Period(sec) | 1.8 025 . o
Buried ©
0.20
Depth(m) | O ; 3
0.15
0.10 8 8
0.05 8 o
R R S Y N Y W S [ | I Y N R N
Seabed " ¢
Slope 0.05 o0 015 030 045 060 075 090 105 180 135 150 165 10
(B ® o 0"
010 o0
L Period(sec)
As per above result shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 13% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since

measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.11.2 Comparison of Wave Surface Elevation between

Theoretical and Test Results for Seabed of ds=0.012mm
(d=0.5m/T=1.8sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
]‘)Aé attel’f, 05 050 * Water Surface From Seabed
d(m) m :
0.45 m o r Surface Height(0.5m/10cm/1.8sec) [0 48] Water Surface Height(0.5z/18km/1.8sec)
Wave 10 EWH ﬂ n
Height(cm) 040 DLE . . L EJD
Period(sec) 1.8 035 SORggAR0"T
Buried
030
Depth(m) 0.03
dso(mm) | 0.012 o
020
0.15
Seabed "
Slope 0.05
0.05
(B
0.00
000 015 030 045 060 075 090 105 120 135 150 165 180
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 3% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.11.3 Test Picture of 2-dimensional Wave Basin for Seabed Grain
Size of dsp=0.012mm(d=0.5m/T=1.8sec/ [3=0.05)

Water Wave Period(sec) Buried dso(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, B
0.5 10 1.8 0.03 0.012 0.05

Time Phase | 50sec(Start of Soil Disturbance(Partially) : 2cm x 0.3cm

Time Phase | 300sec(Soil Disturbance :5cm x 1.2cm)

Time Phase | 1200sec(Soil Disturbance :5cm x 1.2cm)
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Table 6.12.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.5m/T=2sec/ 3;=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘S\é atteﬁ 05 0460 Excess pore pressure, Aub+rp
7 . '
d(m) . a8
050 ® 0| £ Pressure(0.5m/13cm/2sec) O A ¥ Pressure(0.5m/13cm/2sec) b
Wave 13 o o
Helght(cm) o e o NI
Period(sec) 2 e o
Buried 030 o o
0.03
Depth(m) 0 0
0.20
0.10 0 0
8 °
0.00 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1
000 017 033 050 067 083 100 117 183 150 167 183 200
Seabed Y 0o, 80
Slope 0.05 o 00T
(‘Bf) -0.20 0 {\‘07(\ 0
2030 Period(sec)
As per above graph shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
onclusion | within abou b as time goes over second, which is
Concl th bout 15% t 50 d, which

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.12.2 Comparison of Wave Surface Elevation between
Theoretical and Test Results for Seabed of ds=0.012mm
(d=0.5m/T=2sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
Water Water Surface From Seabed
Depth, 0.5 0.60
‘i]m) B 0| 2 Water Surface Height(0.5m/13cm/2sec) O A& Water Surface Height(0.5m/13cm/2sec)
ave
; 13 050 - =N
Height(cm) I "
Period(sec) 2 Dom p, 0
) 040 a8 51 - - rE &
Buried 0.03 Do ERARRRRGO
Depth(m)

0.30

d5o(mm) 0.012

0.20

Seabed N
Slope 0.05
(By)
0.00
000 047 033 050 06 083 100 117 133 150 167 183 200
Period(sec)
As per above result shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 7% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.12.3 Test Picture of 2-dimensional Wave Basin for Seabed
Grain Size of dsy=0.012mm(d=0.5m/T=2sec/ [3=0.05)

Water Wave . Buried Seabed
Depth(m) | Height(cm) | L €r0d(5€) | pepihm) | ds0mm) | glopne 5,
0.5 13 2 0.03 0.012 0.05

2cm x 0.3cm

Time Phase | 300sec(Soil Disturbance :6cm x 1lcm)

Time Phase \ 1200sec(Soil Disturbance :16cm x lcm)
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Table 6.13.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.7m/T=1.4sec/[3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘S\é atte}f, 0.7 035 Excess pore pressure, Aub+rp
d m) 030 ® 0| 2 pressure(0.7m/10cm/1.4sec) O A8 pressure(0.7m/10cm/1.4sec)
Wave 10 T 5
Height(cm) 025 . N
Period(sec) 1.4 N °9
00 00
Buried 0.0 * *
Depth(m) 0.03 ' ’
0.15
d50(mm) 0.012 ¢ L
0.0 o 0
0.05 - -
Seabed 000 Q 1 1 1 1 1 ? 1 1 1 1 1 1 1
Slope 0.05 - 0 ©
(B9 000 012 023 035 047 088 g7 QU® 08 105 17 128 140
f 005
L0 Period|(sec)
As per above result shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 13% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since

measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.13.2 Comparison of Wave Surface Elevation between

Theoretical and Test Results for Seabed of ds=0.012mm
(d=0.7m/T=1.4sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
]‘)Aé attel’f, 0.7 050 Water Surface From Seabed
d m) | m 0| 2 Water Surface Height(0.7m/10cm/1.4sec) O 4§ Water Surface Height(0.7m/10cm/1.4sec]L
Wave 10 e n
Height(cm) all, i n nf né
Period(sec) | 14 00 TrgaappEnt
Buried 050
Depth(m) 0.03
dso(mm) | 0.012 o4
030
0.20
Seabed
Slope 0.05 0.10
(B
0.00
000 012 023 035 047 058 070 08 0% 105 117 128 140
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 3% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.13.3 Test Picture of 2-dimensional Wave Basin for Seabed

Grain Size of ds=0.012mm(d=0.7m/T=1.4sec/ 3=0.05)

Water Wave Period(sec) Buried dso(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, B
0.7 0.03 0.012 0.05

E——

10 1.4

Time Phase |

300sec(Partially Soil Disturbance :2cm x 0.3cm)

Time Phase |

1200sec(Partially Soil Disturbance :3cm x 0.3cm)
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Table 6.14.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.012mm(d=0.7m/T=1.5sec/3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
Water
Depth, 0.7
d m) 070 Excess pore pressure, Aub+rp
Wave 7 ‘
Height(cm) 5
€1g 060 6 0 O[2 Pressure(0.7m/22cm/1.5sec) 0 M# pressure(0.7m/22cm/1.5sec) 51
Period(sec) 1.5 9460 09
. 050 . *
Buried 0.03 0 0
Depth(m) - ’ ’
€p 0.40 g g
dso(mm 0.012
2l ) 030 ¢ ¢
020 s e
010 ¢ <
Seabed 0.00 Y S I A e I SO S |
Slope 0.05 000 013 025 038 050 063 075 088 100 113 125 138 150
(B) 040 Lo
¥
< Period|(sec)
As per above graph shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 10% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.14.2 Comparison of Wave Surface Elevation between
Theoretical and Test Results for Seabed of ds=0.012mm
(d=0.7m/T=1.5sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
Water Water Surface From Seabed
Depth, 0.7 0.90
d m) 0.80 ._tl 0] 2 Water Surface Height(0.7m/22cm/15sec) O A WaterSurfaceHeight(OJm/ZZcm/l.Ssei)J_.
Wave 7 - -
Height(cm Hilul ol
g (cm) 0.70 - - - -
Period(sec) 1.5 0" g g U
0.60 0= g LN
Buried O S ggueuinpgguel O
0.03 0 0
Depth(m) 050 U 5550006580

d5o(mm) 0.012

0.40

0.30

0.20

Seabed
Slope 0.05 0.10
(By)
0.00 1 1 1 1 1
000 013 025 038 050 06 075 088 100 113 125 138 150
Period(sec)
As per above result shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 11% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.14.3 Test Picture of 2-dimensional Wave Basin for Seabed

Grain Size of ds=0.012mm(d=0.7m/T=1.5sec/ 3=0.05)

Water Wave Period(sec) Buried dsp(mm) Seabed
Depth(m) | Height(cm) Depth(m) | = Slope, B
0.7 22 1.5 0.03 0.012 0.05

Time Phase |

Time Phase \

300sec(Soil Disturbance :7cm x 1.5cm)

Time Phase |

1200sec(Soil Disturbance :6cm x 1.5c¢m)
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Table 6.15.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsp=0.012mm(d=0.7m/T=2sec/ 3;=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
Water Excess pore pressure, Aub+,
Depth, 0.7 0.60 pore pressure, CUDAMP
d m) 0 ] 0 &
0.50 ‘1— 0 0 0|2 pressure(0.7m/18cm/2seq) 0 QﬁPressure(0.7m/18cm/6ec)
Wave
Hei 18 0 ’
Period(sec) 2
, 030 *-0 o8
Buried 0.03
Depth(m) ' 020 " ot
d50(mm) 0.012 0.10 o L
Y o
0.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 100.0)0 017 033 050 0.@7 g083 100 117 .1.@3 150 167 183 200
Seabed o'o.o'o
Slope 0.05 0.0
) o
'0.30 O
040 Period(sec)
As per above result shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 6% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.15.2 Comparison of Wave Surface Elevation between

Theoretical and Test Results for Seabed of ds=0.012mm
(d=0.7m/T=2sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
]‘)Aé atte}f’ 0.7 080 Water Surface From Seabed
d(m) l B enozw i 44 i
070 | E Water Surface Height(0.7m/18cm/2sec) [0 A& Water Surface nght(OJnHl&/%c)]
Wave 18 R G
Height(cm) on g 10
Period (sec) 2 00 LT T Y L L
: D00ppoo0®d
Buried 0.03 050
Depth(m) '
0.40
d5o(mm) 0.012
030
0.20
Seabed
Slope 0.05 0.0
(B
0.00 1 (] 1 1 1
000 017 033 050 067 083 100 117 133 150 167 183 200
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 5% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.15.3 Test Picture of 2-dimensional Wave Basin for Seabed

Grain Size of ds=0.012mm(d=0.7m/T=2sec/ [3=0.05)

Water Wave Period(sec) Buried dsp(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, Bs
0.7 18 2 0.03 0.012 0.05

Time Phase |

Time Phase |

1200sec(Soil Disturbance :7cm x 1.5cm)
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Table 6.16.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsy=0.028mm(d=0.3m/T=2sec/3;=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
[‘S\é attel‘f, 0.3 050 Excess pore pressure, Aub+rp
d(m) .
0 0|2 pressure(0.3m/10cm/2sec) 0 A pressure(0.3m/10cm/2sec)
Wave 10 00 Py .
Height(cm) 0 0
Period(sec) 2 030
Buried
0.03
Depth(m) 020
010 0 *
0 0
Il 1 1 1 A A A 1 1 1 1 1 1 1 1
oo COVHTM-P 0-S-o
Seabed 000 017 033 080 0@70033 100 1¥7O1®3 1@0‘167 183 200
Slope 0.05 X P e T ol B AR s
(Bf) -0.10 U 9
20 Period(sec)
As per above graph shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 6% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.16.2 Comparison of Wave Surface Elevation between

Theoretical and Test Results for Seabed of ds=0.028mm

(d=0.3m/T=2sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
]‘)Aé attel’f, 03 035 Water Surface From Seabed ‘
d m) B Ol 2 Water Surface Height(0.3m/10cm/2sec) O 48] Water Surface Height(0.3m/10cm/2sec)
Wave 10 030 . i
Height(cm) e " " e
Period(sec) 2 025 5 5
Buried = =
LA Rnnt
dso(mm) 0.028 s
0.10
Seabed
Slope 0.05 QU5
(B
0.00
000 017 033 050 067 083 100 117 133 150 167 183 200
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 3% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.16.3 Test Picture of 2-dimensional Wave Basin for Seabed
Grain Size of dsy=0.028mm(d=0.3m/T=2sec/[3=0.05)

Water Wave Period(sec) Buried dsp(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, B
0.3 10 2 0.03 0.028 0.05

| 503e(Start of Soil Disturbance(Partially) : 1cm x 0.2cm)

Tin;er Phase

Time Phase | 300sec(Soil Disturbance :4cm x lcm )

Time Phase \ 1200sec(Soil Disturbance :16cm x 2cm)
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Table 6.17.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsp=0.028mm(d=0.5m/T=2sec/ 3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
Water Excess pore pressure, Aub+rp
Depth, 0.5 0.80
d(m
) 0.70 &— 0 0|2 Pressure(0.5m/13cm/2sec) 0 M pressure(0.5m/13cm/2sec)
Wave 13 )
Height(cm) 0.60 ’ ’
Period(sec) 2 050 . .
Buried 0 0
040
Depth(m) 0.03 0 0
030 Q Q
d5o(mm) 0.028 . .
020 G 5
0.10 B 8
Seabed 0.00 1 1 1 1 1 1 ‘: ® Al 1 1 1 1 1 1 1 ‘ 1 1 1 1 1 1
Slope 0.05 o007 033 050 0f7 (08 100 11718 150 167 183 200
(Br) ) 0
0.20 Yee0f
430 Period|sec)

Conclusion

As per above result shows, it is verified that excess pore

by

2-Dimensional wave basin test, has a margin of error of

water  pressure, theoretical analysis and actual

within about 3% as time goes over 50second, which is
presumed as effect of disturbance of seabed soil since

measuring excess pore pressure gage is installed at 3cm

below the seabed only.
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Table 6.17.2 Comparison of Wave Surface Elevation between

Theoretical and Test Results for Seabed of ds=0.028mm
(d=0.5m/T=2sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
Water
Water Surface From Seabed
Depth, 0.5 0.60
‘i]m) B 0|2 Water Surface Height(0.5m/13cm/2sec) [0 A& Water Surface Height(0.5m/13cm/2sec)
ave
. 13 050 B =
Height(cm) 108w 'LEL
Period(sec) 2 . E n B E .
. 040 5 g
Buried 0.03 DDEEE"'EEEDD
Depth(m) ' Hoa
030
dso(mm) 0.028
020
Seabed 0.10
Slope 0.05
(B
0.00 1 1 1 1 1
000 017 033 050 067 08 100 117 133 150 167 18 200
Period(sec)
As per above result shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
_ and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 6% as time goes over 50second,

which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.17.3 Test Picture of 2-dimensional Wave Basin for Seabed

Grain Size of ds=0.028mm(d=0.5m/T=2sec/ [3=0.05)

Water Wave Period(sec) Buried dso(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, B¢
0.5 13 _ 0.03 0.028 0.05

Time Phase \

300sec(Soil Disturbance :7cm x 1.5cm)

Time Phase |

1200sec(Soil Disturbance :9cm x 1.5cm)
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Table 6.18.1 Comparison of Excess Pore Pressure between Theoretical

and Test Results for Seabed of dsp=0.028mm(d=0.7m/T=2sec/ 3=0.05)

Condition | Values Excess Pore Pressure(kN/m?)
Water Excess pore pressure, Aub+
Depth, 0.7 0.70 poTe prassure, DR
d m) 0.60 l'— 0 0|2 Pressure(0.7m/18cm2sec) 0 M pressure(0.7m/18cm/2sec) #L
Wave 18 | 0 : . : . 0
Height(cm) 050
Period(sec) 2 ¢ ¢
- 040
Buried 0.03 . ’
Depth(m) ' 030 o o
d50(mm) 0.028 0.20
0 0
0.10
0 0
0‘00 | jemml e | 1 1 ; 1 1 1 1 1 1 1 ; 1 1 1 1 1 1 1
Seabed 000 017 033 050 067 08 100 117 133 150 167 18 200
Slope 0.05 010 0 Y
0 6
(B9 020 8-¢-8
030 Period|sec)
As per above graph shows, it is verified that excess pore
water pressure, by theoretical analysis and actual
2-Dimensional wave basin test, has a margin of error of
Conclusion | within about 1% as time goes over 50second, which is

presumed as effect of disturbance of seabed soil since
measuring excess pore pressure gage is installed at 3cm

below the seabed only.

— 151 —




Table 6.18.2 Comparison of Wave Surface Elevation between

Theoretical and Test Results for Seabed of ds=0.028mm

(d=0.7m/T=2sec/ 3=0.05)

Condition | Values Wave Surface Elevation from Seabed(m)
]‘)Aé atte}f’ 0.7 080 Water Surface From Seabed
d m) %_‘5 El 0| 2 Water Surface Height(0.7m/18cm/2sec) [0 A8 WaterSurfaceHeight(OJnﬁlﬂl/éc)é
Wave 18 0 0n [N =
Height(cm) omy g B0
: 0,60 g =
Period (sec) 2 Dﬁﬂ.......ﬂﬁﬂ
: oDO00poOd
Buried 0.03 0.50
Depth(m) '
0.40
dso(mm) 0.028
030
020
Seabed
Slope 0.05 0.10
(B
0'00 | 1 1 1 1 1
000 017 033 050 067 083 100 117 133 150 167 183 200
Period(sec)
As per above graph shows, it is verified that the wave
surface elevation on the seabed, by theoretical analysis
and actual 2-Dimensional wave basin test, has a margin
Conclusion

of error of within about 5% as time goes over 50second,
which is presumed as effect of expanding reflected wave

height and scouring of seabed during test periods.
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Table 6.18.3 Test Picture of 2-dimensional Wave Basin for Seabed
Grain Size of ds=0.028mm(d=0.7m/T=2sec/ [3=0.05)

Water Wave Period(sec) Buried dso(mm) Seabed
Depth(m) | Height(cm) Depth(m) >0 Slope, B
0.7 18 2 0.03 0.028 0.05

Time Phase |

Time Phase | | 300sec(Soil Disturbance :6cm x 1.5cm)

Time Phase | 1200sec(Soil Disturbance :7cm x 1.7cm)
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7.1 Soil Characteristics for Sensitivity Analysis of Liquefaction

Table
for Seabed
Gs 1.5 2.6 3 4
yd 1.5ton/m3 1.7ton/m3 2.0ton/m3 2.2ton/m3
N 1 5 20 35
k 10"m/sec 10*m/sec 10°m/sec 10”m/ sec
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Table 7.2 Sensitivity of Excess Pore Pressure for Soil Characteristics

Soil Specific Gravity, Gs Soil Dry Density, Y4
700 Excess pore pressure, Aub+rp 700 Excess pore pressure, Aub+rp
60.0 ||.—‘ 4 Gs-15 B Gs26 A Gs3 4 Gs-4 }—.i 60.0 l.—‘ 4 yd-15 B yd17 A yd2 ¢ yd22 }—.i
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Table 7.3 Sensitivity of Liquefaction for Soil Characteristics

Soil Specific Gravity, Gs

Soil Dry Density, Y4

LIQUEFACTION
100.0
H H
sii, gidy
o“j *t.
P ¢ B He @
50.0 ‘m‘
. oo .
& &
00 ————% gy

0.00 1.00‘2.00 300 400 500 600 7.0 800 9.00 10.00‘11.00 12|00

50.0 ¢ hd
& H
‘0 *

-100.0 ‘—‘—‘ 4 Gs-15

*

B Gs26 A Gs3 ¢ Gs4

1500 Period(sec)

-150.0

1500 LIQUEFACTION

100.0

50.0

ol

000 1.00 ‘ 200 300 400 500 600 7.00 800 9.0 10.00‘ 11.00 12/00

-50.0 ‘ ‘

‘ ‘ ¢ yd1s H yd17 A yd2 @ yd-22 ‘ ‘
-100.0 T T

Period(sec)

Standard Penetration, SPT N

Soil Permeability, k

LIQUEFACTION
100.0
Gy ae
4 Y Y ]
50.0 ] 8 3-8 B N
[
" n

w0 R

000 100 200 300 400 500 600 700 800 900 10.00 11.00 12/00
[ | ]

-50.0

100.0 LIQUEFACTION
wo ———————
LR | "l
60.0 . . "
’e N
¢ .
200 ! LA }' e . !
20.0 i ¢
' oA e

L1
4

0.0

| g, |
g

o0 *1.00 200 300 400 500 600 7.00 800 9.00 10.00‘11.00’12100

-20.0

-40.0

" ‘ * N1 B NS A ND o N3 ‘. T *‘ ‘ 1 Ko e K me Lf
1000 B ' ¢ ol -800 A: :A
-IOD.OT T

-150.0 Period(seq) 1200 Period(sec)

? Table 7.3 oA & 4 AXxo] FHol HlF Gso =Z7]d wel 3%~16%
AA Agsie] NAEE RelFR dn, Fo Az BAFF vl OB
NAEE 4%~7%, FEZTJAIEL SPT N#tel HsldAz= W=7}
1%~2%5 YEIHI Aem, 53] A AN FFA5Q 49 d43) Hl
=7 AHEED A 1%14% =S BT louh ARl A¢
500% 179 RAE7F IA TS & 5 AT

160 —



S

|
—_

file)

2}

x

2 st ByAdel o

724 SjAujEe] FFA g

Fed 3 A]

S

3f) ] ui

o] -
AA

ARk w2 = o

s,

AE

wK

ofef &] Table 74°14E Z+ =zd wg}

— 161 —



Table 7.4 Sensitivity of Floating for Soil Characteristics

Soil Specific Gravity, Gs

Soil Dry Density, Y4
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Table 7.5 Soil Permeability k(m/sec)

Case No. | k(m/sec) N
1 1.30E-02 40
2 1.00E-02 35
3 8.90E-03 30
4 9.70E-03 30
5 7.50E-03 30
6 5.90E-03 25
7 3.00E-03 20
8 1.00E-03 15
9 1.00E-04 15

10 1.00E-05 10
11 1.00E-06 10
12 1.00E-07 3
13 1.00E-08 3
14 1.00E-09 2

F71 14714 A5 S Asle] A HE Zolo wE HAkst A
7 |

E3lo] ol Figure
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Soil Liquifaction
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Figure 7.1 Soil Liquefaction at Every Depth of Seabed for Each
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Table 7.6 Soil Grain Size, dso(mm)

Case No. N dss dis dso
1 12 2 0.02 0.0Ilmm
2 12 R 0.02 0.03mm
3 12 2 0.02 0.08mm
4 12 2 0.02 0.15mm
5 12 2 0.02 0.25mm
6 12 2 0.02 0.35mm
7 12 2 0.02 0.45mm
8 12 2 0.02 0.55mm
9 12 2 0.02 0.65mm
10 12 2 0.02 0.75mm
11 12 2 0.02 0.85mm
12 12 2 0.02 0.95mm
13 12 2 0.02 1.05mm
14 12 2 0.02 1.15mm
71 14744 AHE BHEYH < sk XHE Zojo] mE B
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2 AE3 o] oz Figure 727 o] LhehAgich

Soil Liquifaction

Depth (m)

-40.0
@ %A Liquefaction Zone
-200 - -
n .
op L 12 B B 3 40 50 60 70 80 90 100 110
L 8 bl
0wl 3 | ] ™
i I
"5
"3
200 " 5
None Liquefactipn Zone iﬂ B
g O D50=0.01mm O D50=0.03mm B
A D50=0.08mm ¢ D50=0.15mm [ | -
[0 D50=0.25mm B D50=0.35mm [ ]
60.0 §
A D50=0.45mm ® D50=0.55mm [ ] 5
D50=0.65mm ¢ D50=0.75mm ]
30,0 A D50=0.85mm ¢ D50=0.95mm i,ﬁ
B D50=1.05mm B D50=1.15mm
weasece Liquefaction Limit Line ‘
10{).0 I I h A \d B |

Figure 7.2 Soil Liquefaction at Every Depth of Seabed for Each

Grain Size of dso(mm)

#1 Figure 72014 & 4 1=xo] AW¥rY HHYdo] 1.15mmEY & 7
= At Im7HA = st B o] HA| eFal, Imo|F7E 43t LA
o 7 dem, I o= A3}t 3m7tA HAsIE A thete] A st
A

o 2=
NS &+ Ao

i o o

- 167 —



wehA s AR M= 47 A7)0l mE FAsE vlEsiEE 1

o243} Zol7} o 3m7AA WAFE L & rh

— 168 —



8. 8¢ 9 A&

B AL BEe YT ¢ ol whehA

d
= )9} Log( e

Airy wave, Cnoidal wave, Stock’s wave, Solitary wave % Stream
Function waveoll thsl 2§38t sfAx|uke]l 2H-gsl= FAF4 &4

2 B4, dA Awol Aesls WE gL AR

z7] Aol 3t Madsen(1978)2> 34 A|xke] EAo] FdUg AL
<, Ishihara&Yamazaki(1984)= sl A = Fol Zod F

Astgo] A== Aol dlsle] Boussinesq(1883) ¢l & uwiz} &4
Az ZALste 99 ES ol diste HE 3,

re
r o
-
1o
o
rf
=2
)
b
2
ofo
o
filo
2
2

Aol 24 Y5z BgA
sAA kel sl 9 A
ol tid o= gy g

AR 3 A AT O

L 2
¢ lo
o2 o
RN
o_?LE;Fn‘
* o
oM
oo
o il
e )
o
ol
DA
(g
393
ofo
2 s
B g
1% g g

o
)
sl
=
rd
1o
o
Q.
e
o
i
o,
)
=2

— 169 —



olzn ATAAE WA aAANe] B3, 7], 46 g} Wsa
S @abol o)F AAbE, A ujTe] BUEA
o

Oy
Qe 2L FEsET

o Pl
oL
ol
1>
flo
:%
Y
A
=
of\
o
-
ins
=
jiiv
J[m
o,
i)
Yo
o
Al
i
By
;{>
é
Y
s

AR AEsYon, 1 AR IH
2 AFHNY ol 29 BHIHL AZHAL.

S, sl @ st sAmel P Ay @ SAAE <

2) ol we} SjA Aol AHgets WELAYH] A2 T 2§

- 170 —



-
-

3}

o) Zolol Wt 2g

H

Fdo] &2 7]

= Terzaghi(1967)¢]

<t

)

|
~

2 nEstel FEstgch

< Terzaghi(1967)9]

]

%
R

A

WA o] Zojol weh Aol v}

3|

a4

il 4 2] dkol] i

9]

3)

6) S+l 2|

+
o

ol
K

7R AL 93 =

WA gte] A4 wd ol whe}

3

=
a-

SRR

o%

B

—_
file)

—_—

0
o

b 72

S

s g-o] A

i 4 v o] w4

9]

7)
oNA g,

JAmA ok @4 AR Ty

S

bl AA

ol

- 171 -



10) £ AolA Ake o3 25 E AU AR, A
wkel o)y, SAulghe] RFAA 8l SAAEe sty WA o 2

3, F7] 8 Al wel wheel e FASE PEe Ashd,

12) dutd o= szl o], My & FA AeA= AHEEHE BEAE
AT FRo= AARES 24313, npx g o
Aoz Are] A3t sfAMRY] FoF Y, AHH AAEE =

T Roem, F& AZolY AAE ZHAA FEFASFI ulg Fog2 A

A% Wl 2Eshe MEFYNTEge] WA gt

a8y AdeAE B17) Edete )
ou} s Te] RpHe YT 5 oz AselAe] A zﬂﬁ
o] olHgoz AANY Sl FA ZANE HEAE o] 49
A7 A ejob Fi.

rid

- 172 -



E3F Hafd = AAAE 2t wiHete B¢ AR A 4t3)
U s A A EE AFH O a7 dojubA] ko, 3HX13HJ7%°1] 7 50mm-
150mmAEE ZIYE ¥4 FES 3= Aol HAAAL HAL3 F=

AAAL] L Aol

13) & ATM ALF o] 8L HAAN] FHo| HEY EAY FS
A= AT + AT so] AAAME] 4P, AT FFAY

AAARY 3 B4 iR E FASE PP A

14) AAEN A FF BAY e ®
HNsAel BoE AAAE A Aue] S4L

15) SAA el A o] o] ol@ B WAL T 35mololA B
oz AT vl B3 ARE ANE AE FYstelo} Ak

17) AR sjgFaFgel o A AR B33 AEE FASFToE
HE = glor, AR AAF7]A 500, 10008 = 240013 7 3 3}

AA AdF7120 1009 3= 43 XAl g7 W&ol

OEH

e

&, A XAl Tsunami®t 22 Solitary WaveZ} HAE A9, HEHET}
ST

- 173 —



okl AR A
tol el o Moz =o & 7

=
=
S

7} Aol

=il ¢4l H77HA &

£

5719)

S
=

[

29
YUt

= ©
= ——

o

Mgl %o HAERYT

77 4" 4 EE MUSANDAM PJT A Hj A7

W EYd NSRP

_
o

Package C PJTY 48“ x 34.5km - 2Lines A PM<!

sz of

=
=

uhe}A)

K

b
2

1

=

S o]Z7|7FA oH & oA

of

8 ar

AU

mo
AN =

71 ZFALe]

— 174 —



i =

m

Lee, KL. and Focht, J.A.(1975), "Liquefaction Potential at Ekofisk Tank
in North Sea", Journal of the Geotechnical Engineering, ASCE, Vol
101, No. GT.1, pp.1-18.

Rahman, M.S, Seed, H.B and Booker, ].B(1977), "Pore Pressure
Development under Offshore Gravity Structures", Journal of

Geotechnical Engineering ASCE, Vol. 103, No. GT 12, pp. 1419-1436.

DS. Jeng, M.S. Rahman(2000), "Wave-Induced Pore Pressure and
Effective Stresses in a Porous Seabed of Finite Thickness", Canadian

Geotechnical Journal, 37(6), pp. 1383-1392pp

Ishihara, K. and Yamazaki, A.(1983), "Wave-induced Liquefaction in
Seabed Deposits of Sand", Proceeding of the IUTAM’ 83 Symposium,
Seabed Mechanics, pp. 139-148.

A. Hattoril, T. Sakai M. ASCE and K. Hatanaka(1992), "Wave-Induced
Porewater Pressure and Seabed Stability", Costal Engineering, pp.
2099-2102.

Lee, Tk-hyo(1992), "ifiol =@k WichufEsl Woltieol B BI%” It
, BUIERE KEUE, pp.8-10,

Zen, K. and Yamazaki, H. 1990b. “Oscillatory Pore Pressure and
Liquefaction in Seabed Induced by Ocean Waves”. Soil and
Foundation, Vol. 30, No.4, pp. 90-104.

- 175 —



Fred Cha and Dong-Sheng Jeng, Michael Blumenstein and Hong
Zhang, "Prediction of maximum wave-induced liquefaction in porous
seabed using Multi-Artificial Neural Network model", Research Report
No R854, Department of Civil Engineering Environmental

Fluids/Wind Group, The university of Sydney, pp.6-9

Andrzej Sawicki and Jacek Mierczynski, 2005, "Wave-Induced Stresses
and Liquefaction in Seabed According to the Biot-Type Approach",
Archives of Hydro-Engineering and Environmental Mechanics, Vol. 52,

No. 2, pp. 131 - 145,

Henkel, D.J., 1970. The role of waves in causing submarine landslides,

Geotechnique, v. 20, p. 75 - 80

Wright, S.G.,, and R.S. Dunham, 1972, “Bottom stability under wave
induced loading”, Offshore Technology Conference, DallasTexas,
PaperNo. OTC 1603

R. J. MitchelLK. K. Tsui and D. A. Sangrey,1972, "Failure of Submarine
Slope Under wave action", Proceedings of 13th Conference on Coastal

Engineering, Vancouver, Canada, p1515-1541.

RJ. Mitchell and J.A. Hull, 1974, "Stability and Bearing Capavity of
Bottom Sedimentation", Proceedings of 14th Conference on Coastal

Engineering, Copenhagen, Denmark, p.1252-1273.

Edwards, B.D., Field, M.E.,, and Clukey, E.C., 1980. Geological and
geotechnical analysis of a submarine slump, California borderland,
paper presented at 12th Annual Offshore Technology Conference,
Proceedings, v. 1, p. 399-410.

Watkins, D. J.,, and Kraft, L. M., 1978. Stability of continental shelf and

slope of Louisiana and Texas. In Bouma, A. H. Moore, G. T, and

- 176 —



Coleman, J. M. (Eds.), Framework, Fades, and Oil Trapping
Characteristics of the Upper Continental Margin. AAPG Stud. Geol,,
7:267-286.

Braja Das, Brooks, 1983, "Slope Stability Analysis with Total Stress
Analysis and Effective Stress analysis ", Foundamental of Geotechnical

Engineering, p351-368.

Peter R. Holler, 1992, "Consolidation Characteristics and Permeabilities

of Sediments from the Japan Sea(Sites 798 and 799), Proceedings of
the Ocean Dirilling Program, Scientific Results, Vol. 127/128, Pt. 2
p1123-1133

N.C. Evans, 1995, "Stability of Submarine Slopes", GEO Report No. 47,
Homg Kong Government, p.14-16.

Tore M. Loseth, 1999 "Submarine Massflow Sedimentation", ISBN
3-540-65057-1 Springer-Verlag Berlin Heidelberg New York, p.18-31.

Ir. Tan Tean Chin, Ir, Dr. Gue See Sew, 2001, "The Determination of
Shear Strength in Residual Soils for Slope Stability Anaalysis",

Seminar Cerun Kebangsaan, Cameron Highland, p14-15.

James Johnathan Hance, B. S., 2003, " Development of a Database and
Assessment of Seafloor Slope Stability Based on Published Literature",
A National Science Foundation Graduated Engineering Research

Center, p35-38.

Chih-Hsin Chang, Lien-Kwei Chien, and Yao-Hsien Chang, 2004, "3-D
Liquefaction Potential Analysis of Seabed at Nearshore Area", Journal

of Marine Science and Technology, Vol. 12, No. 3, pp. 141-151.

Vincent Morgan, Bipul Hqwlader, Arash Nobahar, Sterling Parsons,
2005, "Project Offshore Deep Slope Phase II', C-CORE, Report Number

- 177 —



R-05-003-158v1.0, p46-50.

K. V. Anjaneyulu, Arindam Dey, P. K. Basudhar, 2008, "Stability of
Submarine Slope Subjected to Wave Forces", 6th AYGEC , Bangalore,
p301-310.

Simeng DONG, Kouki ZEN, Kiyonobu KASAMA, 2012, "Theoretical
and Experimental Study on Tsunami Induced Instability of Caisson

Type Composite Breakwater", Memoirs of the Faculty of Engineering,

Kyushu University, Vol.72, No.2, p56-68.

CR. Scott, B.A. MICE, M.I. Struct.E, 1980, "Soil Mechanics and
Foundation", ISBNO0-85334-873-1, Science Publishers Ltd. p7-118,
p251-288.

Merlin G. Spangler, Richard L. Handy,1982, "Soil Engineering Fourth
Edition", Harper Collins Publishers, -1392-415, p475-503.

e, AAA 9, 1998, bk CEL(MHGm  EE)”7, B TELE,
p189-237, p397-433.

R AR T B, 1997, 7 R4 E” g 1B Algl = 5, Fu) A 3 pl-75

e AR LA, 1997, A k= A A ko] sl A Bl o] M LA AlE= 1,
77| A &, p51-132

Joseph E. Bowles, 1988, "Foundation analysis and Design", Civil
Enginering Series, McGRAW-HILL linternational Editions, p43-178,
p266

Braja M. Das, 1983, "Advanced Soil Mechanics", Hemisphere Publishing
Corporation, pl-64, p65-240, p242-337

Donald G. Jorgensen, 1982, "Relationships between Basic

Soil-Engineering Equations and Basic Ground-Water Flow Equation",

- 178 —



Geological Survey Water Supply Paper 2064, pl16-37.

FEfa A, 2000, A Study on Caisson Foundation for Accelerating
Consolidation, [ AEK: KEEE, RIS TERL f-1imSC, pl18-19

Edward Clukey, David A. Cacchione, and C. Hans Nelson, 1980,
"Liquefaction Potential of the Yukon Prodelta, Bering Sea", United
States Department of the Interior Geological Survey , p10-13, p29

Rajaratnam Siddharthan, 1981, "Stability of Buried Pipeline Subjected to
Wave Loading", University of British Columbia, Department of Civil

Engineering, Master Paper, p8-93.

Sjoert Eduard Jan Spierenburg, 1987, "Seabed Response to Water
Waves", ter verkrijging van de graad van doctor aan de Technische

Universiteit Delft, op gezag van de Rector Magnificus, p91-95.

PJ]. de Witl and C. Kranenburg, 1992, "Liquefaction and erosion of
China Clay due to waves and current", Coastal Engineering

Proceedings, p2937-2948

T. Sakail, M. ASCE, H. Mase, M. ASCE, D.T. Cox and Y. Ueda, 1992,
"Field Observation of Wave-Iduced Porewater Pressure", Coastal

Engineering Proceedings, p2397-2410

Kouki ZEN, 1993, "Study on the Wave-induced Liquefaction in Seabed",
The Port and Harbour Research institute Ministry of Transportation,

Japan, p11-95

Kouki ZEN, Hiroyuki Yamazaki, 1993, "Wave-induced Liquefaction in a
Permeable Seabed", The Port and Harbour Research institute Ministry

of Transportation, Japan, p160-192

B. Raubenheimer, Steve Eigar and R.T. Guza, 1998, "Estimating Wave

- 179 -



Height from Pressure Measured in Sand Bed", Jorrnal of Waterway,

Port, Costal and Ocean Engineering, p151-154

Waldemar MAGDA *, Shiro MAENO ** and Hiroshi NAGO, 1998,
"Wave-Induced Pore-Pressure Response on a Submarine Pipeline
Buried in Seabed Sediments(Experiment and Numerical Verification)",

Journal of the Faculty of Environmental Science and Technology.

Okayama University Vol.3. No.1. pp.75-95

B. Mutlu Sumer, Figen Hatipoglu and Jorgen Fredsoe, 1999, '"Pipeline
floatation in liquefied soils under waves", Technical University of

Denmark, MEK, Coastal and River Engineering Section (formerly

ISVA), pl-6

Waldemar MAGDA, Shiro MAENO and Hiroshi NAGO, 2000,
"Floatation ofBuried Suhmarine Pipeline under Cyclic Loading of
Water Pressure(Numerical and Experimental Studie)', Journal of the

Faculty of Environmental Science and Technology, Okayama Vol 5,
No. 1, pp. 81-98

W. Magda, 2000, "Wave-induced cyclic pore- pressure perturbation
effects in hydrodynamic uplift force acting on submarine pipeline

buried in seabed sediments", Coastal Engineering 39, p243-272.

LIN Mian, LI Jia-chun, 2001, " Efects of Surgace Wave and Marine
Soil Parameters on Seabed Stability", Shanghai University , Shanghai ,
China, English Edition , Vol 22 , No 8, p908-910

Lien-kwei Chien, C. H. Chang, C. H. Hsiao, S. C. Chang, Y. H. Chang,
2003, "The Mechanism Analysis of Wave-induced Seabed Liquefaction",
Proceedings of The Thirteenth (2003) International Offshore and Polar
Engineering Conference Honolulu, Hawaii, USA, p445-452

— 180 —



Chih-Hsin Chang, Lien-Kwei Chien, and Yao-Hsien Chang, 2004, "3-D
Liquefaction Potential Analysis of Seabed at Nearshore Area", Journal

of Marine Science and Technology, Vol. 12, No. 3, p 141-151

B. Mutlu Sumer, Figen Hatipoglu, Jorgen Fredsoe and Niels-Erik
Ottesen Hansen, 2006, "Critical Flotation Density of Pipelines in Soils
Liquefied by Waves and Density of Liquefied Soils", Journal of
Waterway, Port, Coastal and Ocean Engineering@ASCE, p252-265

Fu-Ping Gao, Ying-Xiang Wu, 2006, "Non-linear wave-induced transient
response of soil around a trenched pipeline", Ocean Engineering 33,

Elsevier, p311-330

Fuping Gao, Dong-Sheng Jeng, 2006, "A New Design Method for
Wave-Induced Pipeline Stability on a Sandy Seabed", Department of
Civil Engineering, Sydney NSW, p40

T. C. Teh, A. C. Palmer, M. D. Bolton3 and ]J. S. Damgaard, 2006,
"Stability of Submarine Pipelines on Liquefied Seabeds", Journal of

Waterway, Port, Coastal and Ocean Engineering@ASCE, p249-250

Behnam Shabani and Dong-Sheng Jeng, 2007,"Three-Dimensional
Analysis of Momentary Liquefaction near Submarine Pipelines",16th

Australasian Fluid Mechanics Conference, p1083-1090

Shang-Chun Chang, Lien-Kwei Chien, Jaw-Guei Lin and Yung-Feng
Chiu, 2007, "An Ezperimental Study on Progressive Wave-induced
Stresses During in Seabed Soil", Journal of Marine Science and

Technology, Vol. 15, No. 2, pp. 129-140

Behnam Shabanil and Dong-Sheng Jeng, 2008, "3D Modeling of
Wave-Seabed-Pipeline in Marine Environments", The Open Civil

Engineering Journal, p121-142

— 181 —



"

David Bonjean, Cari Erbrich, and Jianguo Zhang, 2008, Pipeline
Floatation in Liquefiable Soil", Offshore Technology Conference OTC

19668, p1-10

Andrzej Sawicki, Ryszard Staroszczyk, 2008, "Wave-induced stresses

and pore pressures near a mudline", Oceanologia, 50 (4),p539 - 555

DeaHo)Fred) Cha, 2009, "Prediction of Wave-induced Seabed Maximum
Liquefaction Depth Using Artificial Neural Network Model", Griffith
School of Engineering Science, Environmental Engineering and

Technology Griffith University, PhD. Paper, p49, p56-58

M.B.C. Ulker, M.S.Rahman, M.N.Guddati, 2010, "Wave-induced dynamic

"

response and instability of seabed around caisson breakwater ", Ocean

Engineering 37, Elsevier, p1527, p1537-1538

J. Ye, D. S. Jeng, 2011, "Effects of bottom shear stresses on the
wave-induced dynamic response in a porous seabed: PORO - WSSI
(shear) model", Chinese Society of Theoretical and Applied Mechanics
and Springer-Verlag Berlin Heidelberg, p899-900

HwWdg, ol g4, uhdal, 2], 2012, "A Case Study on the Effect of
Soil Liquefaction for Subsea Pipeline due to Oscillation of Wave
Profile", $+=13ll %3383 FAg<t) 3| (ISSN 2097-7797), P56-59

HEE, o4, v, FHAF, 2012, "A Case Study of Seismic for
Influence on Submarine Pipeline", =3l &3] FA <o) 3](ISSN

2097-7797), P60-63

Soonbo Yang, 2013, “Comparison Study on the Residual Excess Pore
Water Pressure Observed in seabed”] . Navig. Port Res. Vol. 37, No.
2, p173-179

Tetsuo Sakai, Yuichi Iwagaki, 1978,"Estimation of Water Particle

— 182 —



Velocity of Breaking Wave", Coastal Engineerin Proceedingsg, p551-568

EB Thornton, CS Wu, RT Guza, 1984, "Breaking Wave Design Criteria",
Coastal Engineering Proceedings, p1-19

Jin E. Zhang, 1996, " Run-up of Ocean Wave on Beaches", California
Institue of Thechnology Pasadena, California, PhD. Paper, p15-46,
p55-56

Patrick Holmes, 2001, "Coastal Offshore Structures", CDCM Professional
Training Programme, p10.2-10.3

Department of the army U.S Corps of Engineering Washington, DC
20314-1000, 2003, "Surf Zone Hydrohynamics", CEM 1110-2-1100(Part
1), p 11.4.1 -11.4.18

Zoe Boekelheide, 2003, "Modeling Breaking Waves and Studying
Amplitude Dependent Behavior", ISO 690, p7-14

Deborah Greaves, 2007, " Numerical Simulation of Breaking Wave and
Wave Loading on a Submerged Cylinder", 22nd IWWWEFB, Plitvice,
Croatia, p101-104

FEMA, 2007, "Wave Runup and Overtopping", Guideline and
Specification for Flood Hazard Mapping Partners, p D.2.8.1-D.2.8.4

T. S. Hedges, 2008, " Wave Breaking and Reflection",
Department of Civil Engineering, University of Liverpool, p1-3

Robert G. Dean, Todd L. Walton, 2009, "Wave Setup", Handbook of
Coastal and Ocean Engineering, p13-17

Robert M. Sorensen, 2006, "Basic Coastal Engineering", Springer
SciencepBusiness Media, Inc, p47-48, p54-70

Det Norske Veritas, 2007, "Environmental Conditions and

— 183 —



Environmental Loads" DNV-RP-C205, p24-27

Yu Li, 2011, "Dynamic Response Analysis of an Offshore Wind
Turbine" Norwegian University of Science and Technology Department

of Marine Technology M.Sc. Thesis, p5-10
ilfs, 1989, “HHERGGEY) AR JEsCHi ik, p5-29

Spyros A. Kinnas, 2007, " Foundamentals of Offshore Structures and
Design of Fixed Offshore Platforms", OTRC/UT Austin, p1-9

EM 1110-2-1100 (Part II), 2008, "Water Wave Mechanics", Coastal
Engineering, pll.1.30-11.1.50

Wikipedia, @ the  free  encyclopedia, = 2013,  "Stokes  wave",
http:/ /en.wikipedia.org/wiki/Stokes_wave, pl-21

Niels Mejlhede Jensen, 1977, " Regular Wave", Bogelovsvej, Brede,
Denmark, p19-318

Robert G. Dean, Robert A. Dalrymple, 1991, "Water Wave Mechanics
for Engineers and Scientists", CED Series on Ocean Engineering Vol 2,

p42-185

Garbis H. Keulegan, 1953, “Characteristics of Internal Solitary Waves”,
Journal of Research of the National Bureau of Standards, Vol. 51, No.
3, p133-140

Robert R. Long, 1956, "Solitary Waves in the One- and Two-Fluid
Systems", Tellus Volume 8, Issue 4, p460-471

W Heremant, P P Banerjee, A Korpel, G Assanto, A Van Immerzeele
and A Meerpoel, 1986, "Exact solitary wave solutions of non-linear
evolution and wave equations using a direct algebraic method", Math.

Gen. 19, p607-628

— 184 —



Chia-Chi Lu, John D. Wang, M. ASCE and Bernard Le Mehaute M.
ASCE, 1986, "Limit Waves on Horizontal Sea Floor", Coastal
Engineering Proceedings, ASCE, p537-549

S. Grilli, I.LA. Sevendsen, 1990, The Propagation and Runup of Solitary
Waves on Steep Slopes", Journal of Fluid Mechanics, p1-75

Fredric Raichlen, Jerald D. Ramsden, and James R. Walker,
1990,"Bottom Pressures due to long waves : Laboratory and Field

Measurements", Coastal Engineering Proceedings, ASCE, p1144-1159

Stephan T. Grilli, Miguel A. Losada, and Francisco Martin, 1994,
"Characteristics of Solitary Wave Breaking waters", Journal of

waterway, port, coastal Ocean Engineering, p74-92

Trevor Ross Elliott, 1995, Infiltration Effects on Cross Shore Sediment
Transport", Department of Civil Engineering of Queen’s University,

Master Thesis, p20-85

CR. ChouR.S. Shih and H.M. Fang, 1996, " Deformation of Solitary

wave in Coastal Zones", Elsevier Science B.V., p171-180

Chou Chung,-Ren and Shih Ruey-Syan, 1996, Generation and
Deformation of Solitary Waves", China Ocean Engineering, Vol.10,

No.4, p419-432

S. T. Grilli, Svendsen and R. Subramanya, 1997, "Breaking Criterion
and Characteristics for Solitary Waves on Slopes", Journal of

waterway, port, coastal Ocean Engineering, p102-112

Mark Andrew Walkley, 1999, "A Numerical Method for Extended
Boussinesq Shallow-Water Wave Equations",  University of Leeds,

degree of Doctor of Philosophy, p36-40

— 185 —



Chung Ren Chou, Kwan Ouyang, 1999, " The Deformation of Solitary
Waves On Steep Slopes", Journal of the Chinese Institute of Engineers,

Vol.22, No.6, p805-812

John D. Fenton, 1999, '"Numerical methods for nonlinear
waves",Advances in Coastal and Ocean Engineering, Vol. 5, ed. P.L.-F.

Liu, p241-324

R P Hornby and Mr R ] Smal, 2000, "Predictions of Large Amplitude
Internal Waves in the Ocean", British Crown Copyright 2000/ DERA,
p1-8

W. Magda, 2000, "Wave-induced cyclic pore-pressure perturbation
effects in hydrodynamic uplift force acting on submarine pipeline

buried in seabed sediments",Coastal Engineering 39, p243-272
Patrick Holmes, 2011, "Waves" ,Coastal Defense Systems, p5-1~5-21

Ying LI and Fredric Raichlen, 2002, "Non-breaking and breaking
solitary wave run-up",]J. Fluid Mech., vol. 456, p295-318.

J. G. Wanga, M.R. Karima, P.Z. Lin, 2006, "Analysis of seabed
instability using element free Galerkin method", Ocean Engineering 34,

p247-260

EM 1110-2-1100 (Part VI), 2006, "Fundamentals of Design", Coastal
Engineering, pVI1.5.159-V1.5.242

Chen—Yuan Chen, John Rong—Chung HSU, Cheng—Wu CHEN, and
Ming-Hung Cheng, 2006, "Numerical Model of Internal Solitary Wave
Evolution on Impermeable Variable Sea bed in A Stratified Two-Layer

Fluid System", ( tOcean Engineering , Vol. 20, No. 2, P303—313

Hyin L. Young, Joshua A. White, Heng Xiao and Ronaldo I. Borja,

— 186 —



2009, '"Liquefaction potential of coastal slopes induced by solitary
waves', Acta Geotechnica 4, pl7 - 34

Heng Xiao, Yin Lu Young, Jean H. Prevost, 2010, "Hydro- and
morpho-dynamic modeling of breaking solitary waves over a fine
sand beach. Part II: Numerical simulation", Elsevier Journal, Marine

Geology 269, p119 - 131

Jaya Kumar Seelam and Tom E. Baldock, 2010, "Measurements and
Modeling of Direct Bed shear stress wunder Solitary Waves",
Proceedings of ninth International Conference on Hydro-Science and

Engineering, IIT Madras, Chennai, India, p1-10

Xi Zhao, Benlong Wang, Hua Liu, 2010, "Propagation and Runup of
Tsunami Waves with Boussinewq Model", Coastal Engineering

Proceedings, p1-13

Ayman M. Mostafa and Norimi Mizutani, 2002, "Nonlinear Wave
Forces on a Marine Pipeline Buried in a Sand Seabed", Proceedings of
The Twelfth (2002) International Offshore and Polar Engineering
Conference, p68-75

Jiang Changbo, CHENG Yongzhou, CHANG Liuhong, XIA Bo, 2012,
"The numerical study of wave-induced pore water pressure response
in highly permeable seabed", Acta Oceanol. Sin., Vol. 31, No. 6, P
46-55

Jacobi, "1829,"Elliptic Integrals, Elliptic Functions and Theta Functions",

Regiomonti, Sumtibus fratrum Borntraeger, P2-20

Robert Turner Hudspeth, 1974, "Prediction of Wave Forces from
Nonlinear Random Sea Simulations", University of Florida, Doctor of

Philosophy, p10-14

— 187 —



J.D. Fenton, 1979, "A high-order Cnoidal Wave Theory", J. Fluid Mech.,
Vol. 96, Part 1, p129-161

R. L. Wiegel. 1980, "WAVES AND THEIR EFFECTS ON
PILE-SUPPORTED STRUCTURES", GENERAL LECTURE, University of
California, Berkeley, U.S.A, p1-43

J.D. Fenton, 1983, "On the Application of Steady Wave Theories",Senior
Lecturer, School of Mathematics, University of New South Wales, p1-5

US Army Corps of Engineers, 1984, "Shpre Protection Manual Vol I,
Coastal Engineering Research Center, p 1.2-3.143

J. D. Fenton, 1990, "Nonlinear Wave Theories",The Sea, Vo0l.9: Ocean
Engineering Science, p1-18

Garry J. Tee, 1992, "Continuous Branches of Inverses of the 12 JACOBI
Elliptic Function for Real Argument", Department of Mathematics,

University of Auckland Auckland, New Zealand, pl-14

John D. Fenton, 1998, "The Cnoidal Theory of Water Waves",Chapter 2
of Developments in Offshore Engineering, Ed. ].B. Herbich, Gulf,
p2-32

Didier Clamond, 2003, "Cnoidal-type surface waves in deep water",].

Fluid Mech., vol. 489, p101-120

Michael Brorsen, 2007, "Non-linear Waves", DCE Lecture Notes No. 9,
Department of Civil Engineering of Aalborg University, p1-30

Robert G. Dean, 1964, "Stream Function Wave Theory; Validity and
Application", Proceedings of Conference on Coastal Engineering,

p270-299

Robert 6. Dean, 1970, " Recent Results obtained from a Numerical

— 188 —



wave theory for Highly Nonlinear Shallow Water Waves", Symposium
on Long Waves, pl-22

R. G. Dean, 1972, "Evaluation and Development of Water Theories for
Engineering Application", Coastal and Oceanographic Engineering

Laboratory, No. 14, p1-168

J. R. Chaplin, 1980, "Some Implication of Recent Advances in Wave

Theories", Proceedings of Conference on Coastal Engineering, p31-49

J.D. Fenton and M.M. Rienecker, 1980, "Accurate Numerical Solutions
for Nonlinear Waves", Proceedings of Conference on Coastal

Engineering, p50-69

Y.C. Ouyang, Y.Y. Chen, Frederick L.W. Tang, 1982, "New Equation of
Surface Elevation in Wave Motion", Proceedings of Conference on

Coastal Engineering, p506-522

John D. Fenton, 1985, "A Fifth orfer Stockes Theory for Steady Waves",

Proceedings of Conference on Coastal Engineering, p216-234

John D. Fenton, 1988, "The Numerical Solution of Steady Water Wave
Problems", Computer & Geosciences Vol 14. No.3 P.357-368

John D. Fenton, 1999, "Numerical methods for nonlinear waves",

Advances in Coastal and Ocean Engineering, Vol. 5, p241-324

Stanistaw R. Massel, 2001, "Run-up of dispersive and breaking waves

on beaches", OCEANOLOGIA, 43, p61 - 97

Bob Dean, Ian Collins, 2005, "Wave Setup', FEMA Coastal Flood
Hazard Analysis and Mapping Guidelines Focused Study Report,
p1-18

Robert G. Dean, Todd L. Walton jR, 2008, " Wave Setup", Beaches and

— 189 —



Shores Resource Center Institute of Science and Public Affairs, Florida

State University, p2-26

Federal Emergency Management Agency, 2005, "Wave Setup, Runup
and Overtopping", FEMA Guideline and Specifications fo Flood
Hazard Mapping Partners, pD4/5.1-D4/5.39

Yu-Hsuan Chang, 2006. "Experiments on the Run-up of Solitary Waves
over Sloping Bottoms", Third Chinese-German Joint Symposium on
Coastal and Ocean Engineering National Cheng Kung University,

Tainan, p1-18

Jentsie W. van der Meer, 1987, "Wave run-up and overtopping",

Proceedings of Conference on Coastal Engineering, p1-15

Synolakis, 1991, "Tsunami Runup on Steep Slopes", Natural Hazards 4,
p221-234

Terra System Incorporated, 2010, "Soil Modulus after Ground
Improvement", 39565 Cottage Grove Lane, Lovettsville, VA 20180, p1-5

— 190 —



@A g AHE offjet 22 Table A9 Z

BAIRE ARtz thetd s 6o AdF2 oA Table 62 =3

Table A Data of Wave and Grain Size for Test of 2-Dimensional

Wave Basin

Water Wave )

Depth, | Period | 1 |14 | 1.5 | 1.8 | 2.0 Gsrlin Sifaze%
d(m) (sec) pe, b
0.3 10 | 10 | 10 | 10 | 10

05 Wave | 10 [ 10 | - [ 10 [ 13 | 0.012mm

8:57, Height — 1_0 2_2 - }g 0.05
0.5 (cm) - - - | - ]13]0028mm

0.7 - - -] -] 18

— 191 -



e
=74 8 v s golol uigk b Fr]el ik A3 Table A-11
o 4] Table A-1.120] +% 3l o
A el YA T vFo=
Figure A-1.12°] YEATE.

— 192 -



Table A-1.1 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.012mm with environmental of

(0.3m/10cm/1sec)

Test Results of

Time | Test Resulo of | v Flovaton at %t Kl o
Phase, Pressure(kN/m?2) Mid of Seabed Flat Zone(m)
t(sec) | (0.3m/10cm/1sed) | ,w0P€ Zone(m) (O.3m/10cm}1sec)
(0.3m/10cm/1sec)
0.00 0.3000 0.2649 0.2185
0.04 0.2971 0.2596 0.1984
0.08 0.2783 0.2467 0.1795
0.13 0.2454 0.2287 0.1644
0.17 0.2014 0.2086 0.1546
0.21 0.1501 0.1897 0.1501
0.25 0.0959 0.1747 0.1497
0.29 0.0429 0.1649 0.1514
0.33 -0.0053 0.1603 0.1531
0.38 -0.0458 0.1599 0.1534
0.42 -0.0766 0.1616 0.1531
0.46 -0.0964 0.1633 0.1514
0.50 -0.1041 0.1636 0.1497
0.54 -0.0964 0.1633 0.1501
0.58 -0.0766 0.1616 0.1546
0.63 -0.0458 0.1599 0.1644
0.67 -0.0053 0.1603 0.1795
0.71 0.0429 0.1649 0.1984
0.75 0.0959 0.1747 0.2185
0.79 0.1501 0.1897 0.2365
0.83 0.2014 0.2086 0.2494
0.88 0.2454 0.2287 0.2547
0.92 0.2783 0.2467 0.2494
0.96 0.2971 0.2596 0.2365
1.00 0.3000 0.2649 0.2185
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Table A-1.2 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.012mm with environmental of

(0.3m/10cm/1.4sec)
. Test Results of

me | st Rt of [yt ST, || Tt Rt o

Phase, Pressure(kN/m?) lg/{id onSeabed Flat Zone(m)
t(sec) (0.3m/10cm/1.4sec) o. 3552 Ocn(zl/li.(ggc) (0.3m/10cm/1.4sec)
0.00 0.35 0.2615 0.1533
0.06 0.3389 0.2565 0.1534
0.12 0.3003 0.2446 0.1543
0.18 0.2406 0.2278 0.1542
0.23 0.1690 0.2089 0.1544
0.29 0.0960 0.1909 0.1568
0.35 0.0310 0.1762 0.1631
0.41 -0.0197 0.1662 0.1744
0.47 -0.0537 0.1610 0.1907
0.53 -0.0725 0.1596 0.2106
0.58 -0.0804 0.1604 0.2317
0.64 -0.0826 0.1614 0.2508
0.70 -0.0833 0.1615 0.2649
0.76 -0.0826 0.1624 0.2534
0.82 -0.0804 0.1623 0.2485
0.88 -0.0725 0.1625 0.2365
0.93 -0.0537 0.1649 0.2197
0.99 -0.0197 0.1712 0.2008
1.05 0.0310 0.1825 0.1828
1.11 0.0960 0.1988 0.1681
1.17 0.1690 0.2187 0.1581
1.23 0.2406 0.2398 0.1529
1.28 0.3003 0.2589 0.1515
1.34 0.3389 0.2729 0.1523
1.40 0.35 0.2797 0.1533
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Figure A-1.2 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, dsp=0.012mm(0.3m/10cm/1.4sec)
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Table A-1.3 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.012mm with environmental of

(0.3m/10cm/1.5sec)

Time T%st Res%lts of ngséc ]{Zzleeizlg’:isor?fat WTest ]Iz{lesultt.s of t
Phase, | picessPore | G o Sabed™ | Waye Hevation s
t(sec) (0.3m/10cm/1.5sec) (0.8311311;2 Ocznczl/li.(gggc) (0.3m/10cm/1.5sec)
0.00 0.3955 0.2791 0.1534

0.06 0.3827 0.2734 0.1535

0.13 0.3359 0.2602 0.1525

0.19 0.2631 0.2417 0.1517

0.25 0.1765 0.2212 0.1532

0.31 0.0899 0.2017 0.1588

0.38 0.0153 0.1858 0.1696

0.44 -0.0393 0.1751 0.1854

0.50 -0.0715 0.1695 0.2049

0.56 -0.0845 0.1680 0.2255

0.63 -0.0851 0.1688 0.2439

0.69 -0.0815 0.1698 0.2571

0.75 -0.0800 0.1697 0.2628

0.81 -0.0815 0.1698 0.2571

0.88 -0.0851 0.1688 0.2439

0.94 -0.0845 0.1680 0.2255

1.00 -0.0715 0.1695 0.2049

1.06 -0.0393 0.1751 0.1854

1.13 0.0153 0.1858 0.1696

1.19 0.0899 0.2017 0.1588

1.25 0.1765 0.2212 0.1532

1.31 0.2631 0.2417 0.1517

1.38 0.3359 0.2602 0.1525

1.44 0.3827 0.2734 0.1535

1.50 0.3955 0.2791 0.1534
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Figure A-1.3 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, dsp=0.012mm(0.3m/10cm/1.5sec)
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Table A-1.4 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.012mm with environmental of

(0.3m/10cm/1.8sec)
. Test Results of

me | st Rt of [yt ST, || Tt Rt o

Phase, Pressure(kN/m?) lg/{id onSeabed Flat Zone(m)
t(sec) (0.3m/10cm/1.8sec) o. 3552 Ocn(zl/li.%?gc) (0.3m/10cm/1.8sec)
0.00 0.4163 0.2643 0.1572
0.08 0.3936 0.2590 0.1551
0.15 0.3285 0.2461 0.1553
0.23 0.2341 0.2279 0.1595
0.30 0.1289 0.2077 0.1692
0.38 0.0319 0.1887 0.1843
0.45 -0.0413 0.1737 0.2033
0.53 -0.0824 0.1641 0.2236
0.60 -0.0916 0.1599 0.2418
0.68 -0.0770 0.1598 0.2548
0.75 -0.0517 0.1618 0.2595
0.83 -0.0295 0.1639 0.2542
0.90 -0.0208 0.1643 0.2413
0.98 -0.0295 0.1639 0.2231
1.05 -0.0517 0.1619 0.2029
1.13 -0.0770 0.1599 0.1840
1.20 -0.0916 0.1600 0.1690
1.28 -0.0824 0.1643 0.1593
1.35 -0.0413 0.1739 0.1551
1.43 0.0319 0.1890 0.1550
1.50 0.1289 0.2080 0.1571
1.58 0.2341 0.2283 0.1591
1.65 0.3285 0.2466 0.1595
1.73 0.3936 0.2596 0.1591
1.80 0.4163 0.2649 0.1572

- 199 -




Water Surface From Seabed

0.30
B Wave Elevation at Slope Zone

[ ] m 0O O Wave Elevation at Flat Zone m [ ]
0.25 0 — L
. | 0 0 ||

]
0.20 B0 U
= O |
o = g m

015 £ 005 "sen RRRmeEB pgooog
0.10
0.05
0.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

000 015 030 045 060 075 090 105 120 135 150 165 1.80
Period(sec)

Figure A-1.4 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, dsp=0.012mm(0.3m/10cm/1.8sec)

— 200 —



Table A-1.5 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.012mm with environmental of

(0.3m/10cm/ 2sec)
. Test Results of
Time | Test Rt of |yt ST | Tt R of
Phase, Pressure(kN/m?) lg/{id onSeabed Flat Zone(m)
t(sec) (0.3m/10cm/ 2sec) (0.3‘:}1’710;;‘/62(22)@ (0.3m/10cm;/ 2sec)
0.00 0.5204 0.2831 0.1613
0.08 0.4760 0.2780 0.1598
0.17 0.3774 0.2641 0.1630
0.25 0.2468 0.2442 0.1726
0.33 0.1114 0.2221 0.1885
0.42 -0.0034 0.2015 0.2091
0.50 -0.0799 0.1855 0.2313
0.58 -0.1117 0.1760 0.2511
0.67 -0.1039 0.1727 0.2650
0.75 -0.0705 0.1743 0.2701
0.83 -0.0296 0.1782 0.2650
0.92 0.0018 0.1818 0.2511
1.00 0.0130 0.1831 0.2313
1.08 0.0018 0.1818 0.2091
1.17 -0.0296 0.1782 0.1885
1.25 -0.0705 0.1743 0.1726
1.33 -0.1039 0.1727 0.1630
1.42 -0.1117 0.1760 0.1598
1.50 -0.0799 0.1855 0.1613
1.58 -0.0034 0.2015 0.1652
1.67 0.1114 0.2221 0.1688
1.75 0.2468 0.2442 0.1701
1.83 0.3774 0.2641 0.1688
1.92 0.4760 0.2780 0.1652
2.00 0.5204 0.2831 0.1613
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Figure A-1.5 Test Results of Wave Elevation at Slope and Flat Zone for
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Table A-1.6 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.012mm with environmental of

(0.5m/10cm/1sec)
. Test Results of
Time | Teot Resls of | v Blvation at | 1o Kool of
Phase, Pressure(kN/m?) lg{id onSeabed Flat Zone(m)
t(sec) (0.5m/10cm/ Tsec) (0.5?710&1/(%1(;2 ) | (05m/10cm/1seq
0.00 0.2510 0.4590 0.3660
0.04 0.2396 0.4541 0.3659
0.08 0.2207 0.4414 0.3681
0.13 0.1954 0.4233 0.3703
0.17 0.1657 0.4029 0.3709
0.21 0.1335 0.3837 0.3703
0.25 0.1008 0.3684 0.3681
0.29 0.0698 0.3585 0.3659
0.33 0.0423 0.3542 0.3660
0.38 0.0198 0.3541 0.3704
0.42 0.0034 0.3562 0.3803
0.46 -0.0062 0.3584 0.3956
0.50 -0.0090 0.3590 0.4148
0.54 -0.0062 0.3584 0.4351
0.58 0.0034 0.3562 0.4533
0.63 0.0198 0.3541 0.4660
0.67 0.0423 0.3542 0.4709
0.71 0.0698 0.3585 0.4660
0.75 0.1008 0.3684 0.4533
0.79 0.1335 0.3837 0.4351
0.83 0.1657 0.4029 0.4148
0.88 0.1954 0.4233 0.3956
0.92 0.2207 0.4414 0.3803
0.96 0.2396 0.4541 0.3704
1.00 0.2510 0.4590 0.3660

— 203 —




0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Water Surface From Seabed

‘s

o 0804 I_L

| |
n — Hom
= - - -
[]DDDDH.iiiDllllll .l Ijl:l[]
B Wave Elevation at Slope Zone
[0 Wave Elevation at Flat Zone
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.00 0.08 0.17 0.25 0.33 0.42 0.50 0.58 0.67 0.75 0.83 0.92 1.00

Period(sec)

Figure A-1.6 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, dso=0.012mm(0.5m/10cm/1sec)
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Table A-1.7 Test Results of Excess Pore Pressure and Wave

Elevation for Seabed of Grain Size, ds=0.012mm with environmental of

(0.5m/10cm/1.4sec)

Time T%st Res%lts of ‘F/Fve:‘EeREfg‘};igrfl J\;est Rgiults . of
Phase, | pyclChrenym) | At Mid of Seabed |2 g "7t )
t(sec) (0.5m/10cm/1.4sec) Slope Zone(m) (0.5m/10cm/1.4sec)

(0.5m/10cm/1.4sec)

0.00 0.3123 0.4780 0.3427

0.06 0.3069 0.4705 0.3485

0.12 0.2866 0.4574 0.3566

0.18 0.2531 0.4401 0.3678

0.23 0.2089 0.4207 0.3823

0.29 0.1575 0.4014 0.3998

0.35 0.1029 0.3839 0.4191

0.41 0.0488 0.3693 0.4385

0.47 -0.0011 0.3582 0.4558

0.53 -0.0435 0.3501 0.4690

0.58 -0.0760 0.3443 0.4765

0.64 -0.0966 0.3398 0.4690

0.70 -0.1041 0.3361 0.4558

0.76 -0.0966 0.3398 0.4385

0.82 -0.0760 0.3443 0.4191

0.88 -0.0435 0.3501 0.3998

0.93 -0.0011 0.3582 0.3823

0.99 0.0488 0.3693 0.3678

1.05 0.1029 0.3839 0.3566

1.11 0.1575 0.4014 0.3485

1.17 0.2089 0.4207 0.3427

1.23 0.2531 0.4401 0.3383

1.28 0.2866 0.4574 0.3346

1.34 0.3069 0.4705 0.3383

1.40 0.3123 0.4780 0.3427

— 205 —




Water Surface From Seabed

0.60
B Wave Elevation at Slope Zone
[0 Wave Elevation at Flat Zone
00 o O [ |
| m . . 0 a a 0 . . m |
m 0 O _ g !
040 oo Eg O gl
m O - "ngggueet® " Dopggogn
0.30
0.20
0.10
0'00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

000 012 023 035 047 058 070 082 093 105 117 128 140
Period(sec)

Figure A-1.7 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, ds5p=0.012mm(0.5m/10cm/1.4sec)
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Table A-1.8 Test Results of Excess Pore Pressure and Wave

Elevation for Seabed of Grain Size, ds=0.012mm with environmental of

(0.5m/10cm/1.8sec)

Time T%st Res%lts of ‘F/Fve:‘EeREfg‘};igrfl J\;est Rgiults . of
Phase, | pyc Chrenym) | At Mid of Seabed |2 g "7t O
t(sec) (0.5m/10cm/1.8sec) Slope Zone(m) (0.5m/10cm/1.8sec)

(0.5m/10cm/1.8sec)

0.00 0.3000 0.4628 0.3905

0.08 0.2927 0.4592 0.4023

0.15 0.2655 0.4504 0.4166

0.23 0.2219 0.4374 0.4322

0.30 0.1675 0.4221 0.4475

0.38 0.1087 0.4065 0.4605

0.45 0.0519 0.3922 0.4694

0.53 0.0019 0.3804 0.4729

0.60 -0.0385 0.3717 0.4694

0.68 -0.0683 0.3658 0.4605

0.75 -0.0883 0.3623 0.4475

0.83 -0.0998 0.3604 0.4322

0.90 -0.1041 0.3595 0.4166

0.98 -0.0998 0.3604 0.4023

1.05 -0.0883 0.3623 0.3905

1.13 -0.0683 0.3658 0.3818

1.20 -0.0385 0.3717 0.3759

1.28 0.0019 0.3804 0.3724

1.35 0.0519 0.3922 0.3705

1.43 0.1087 0.4065 0.3696

1.50 0.1675 0.4221 0.3705

1.58 0.2219 0.4374 0.3724

1.65 0.2655 0.4504 0.3759

1.73 0.2927 0.4592 0.3818

1.80 0.3000 0.4628 0.3905
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Figure A-1.8 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, ds=0.012mm(0.5m/10cm/1.8sec)
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Table A-1.9 Test Results of Excess Pore Pressure and Wave

Elevation for Seabed of Grain Size, ds=0.012mm with environmental of

(0.5m/13cm/2sec)

Tme | Test Rl of | v Fiovation | 5 Resuls of
Phase, Pressure(kN/m?) at Mid of Seabed at Flat Zone(m)
t(sec) (0.5m/13cm/2sec) Slope Zone(m) (0.5m/13cm/ 2sec)

(0.5m/13cm/ 2sec)

0.00 0.4996 0.4585 0.3769

0.08 0.5012 0.4566 0.3890

0.17 0.4647 0.4473 0.4050

0.25 0.3945 0.4322 0.4234

0.33 0.2999 0.4142 0.4414

0.42 0.1933 0.3958 0.4565

0.50 0.0876 0.3798 0.4658

0.58 -0.0065 0.3677 0.4677

0.67 -0.0824 0.3601 0.4658

0.75 -0.1380 0.3566 0.4565

0.83 -0.1751 0.3560 0.4414

0.92 -0.1973 0.3570 0.4234

1.00 -0.2082 0.3585 0.4050

1.08 -0.1973 0.3570 0.3890

1.17 -0.1751 0.3560 0.3769

1.25 -0.1380 0.3566 0.3693

1.33 -0.0824 0.3601 0.3657

1.42 -0.0065 0.3677 0.3652

1.50 0.0876 0.3798 0.3662

1.58 0.1933 0.3958 0.3677

1.67 0.2999 0.4142 0.3662

1.75 0.3945 0.4322 0.3652

1.83 0.4647 0.4473 0.3657

1.92 0.5012 0.4566 0.3693

2.00 0.4996 0.4585 0.3769
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Figure A-1.9 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, ds5p=0.012mm(0.5m/13cm/2sec)
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Table A-1.10 Test Results of Excess Pore Pressure and Wave

Elevation for Seabed of Grain Size, ds=0.012mm with environmental of

(0.7m/10cm/1.4sec)
. Test Results of

me | st Rt of [yt ST, || Tt Rt o

Phase, Pressure(kN/m?) lg/{id onSeabed Flat Zone(m)
t(sec) (0.7m/10cm/1.4sec) (0'71252 Ocn(zl/li.(ggc) (0.7m/10cm/1.4sec)
0.00 0.2914 0.6546 0.5567
0.06 0.2764 0.6514 0.5622
0.12 0.2511 0.6427 0.5706
0.18 0.2177 0.6299 0.5821
0.23 0.1787 0.6148 0.5961
0.29 0.1370 0.5993 0.6116
0.35 0.0954 0.5853 0.6267
0.41 0.0566 0.5738 0.6395
0.47 0.0229 0.5654 0.6482
0.53 -0.0039 0.5600 0.6514
0.58 -0.0226 0.5568 0.6482
0.64 -0.0329 0.5553 0.6395
0.70 -0.0350 0.5546 0.6267
0.76 -0.0329 0.5553 0.6116
0.82 -0.0226 0.5568 0.5961
0.88 -0.0039 0.5600 0.5821
0.93 0.0229 0.5654 0.5706
0.99 0.0566 0.5738 0.5622
1.05 0.0954 0.5853 0.5567
1.11 0.1370 0.5993 0.5536
1.17 0.1787 0.6148 0.5520
1.23 0.2177 0.6299 0.5514
1.28 0.2511 0.6427 0.5520
1.34 0.2764 0.6514 0.5536
1.40 0.2914 0.6546 0.5567
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Figure A-1.10 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, ds5p=0.012mm(0.7m/10cm/1.4sec)
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Table A-1.11 Test Results of Excess Pore Pressure and Wave

Elevation for Seabed of Grain Size, ds=0.012mm with environmental of

(0.7m/22cm/1.5sec)
. Test Results of

me | st Rt of [yt ST, || Tt Rt o

Phase, Pressure(kN/m?) lg/{id onSeabed Flat Zone(m)
t(sec) (0.7m/22cm/1.5sec) (0.71?532(:137%(;2&) (0.7m/22cm/1.5sec)
0.00 0.6245 0.7240 0.4987
0.06 0.6004 0.7129 0.5105
0.13 0.5516 0.6864 0.5328
0.19 0.4822 0.6490 0.5655
0.25 0.3975 0.6070 0.6055
0.31 0.3039 0.5670 0.6475
0.38 0.2078 0.5343 0.6849
0.44 0.1157 0.5119 0.7114
0.50 0.0333 0.5002 0.7225
0.56 -0.0344 0.4968 0.7114
0.63 -0.0839 0.4982 0.6849
0.69 -0.1129 0.5003 0.6475
0.75 -0.1207 0.5002 0.6055
0.81 -0.1129 0.5003 0.5655
0.88 -0.0839 0.4982 0.5328
0.94 -0.0344 0.4968 0.5105
1.00 0.0333 0.5002 0.4987
1.06 0.1157 0.5119 0.4953
1.13 0.2078 0.5343 0.4967
1.19 0.3039 0.5670 0.4988
1.25 0.3975 0.6070 0.4987
1.31 0.4822 0.6490 0.4988
1.38 0.5516 0.6864 0.4967
1.44 0.6004 0.7129 0.4953
1.50 0.6245 0.7240 0.4987
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Figure A-1.11 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, ds5p=0.012mm(0.7m/22cm/1.5sec)
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Table A-1.12 Test Results of Excess Pore Pressure and Wave

Elevation for Seabed of Grain Size, ds=0.012mm with environmental of

(0.7m/18cm/ 2sec)
. Test Results of
Time | Test Rt of |yt ST | Tt R of
Phase, Pressure(kN/m?) lg/{id onSeabed Flat Zone(m)
t(sec) (0.7m/18cm/ 2sec) (0.7‘:}1’718;;;‘/62(22)@ (0.7m/18cm;/ 2sec)
0.00 0.5204 0.7084 0.6004
0.08 0.5438 0.7019 0.6291
0.17 0.5323 0.6852 0.6577
0.25 0.4852 0.6608 0.6821
0.33 0.4063 0.6323 0.6988
0.42 0.3031 0.6036 0.7053
0.50 0.1854 0.5780 0.6988
0.58 0.0637 0.5579 0.6821
0.67 -0.0521 0.5439 0.6577
0.75 -0.1538 0.5354 0.6291
0.83 -0.2353 0.5312 0.6004
0.92 -0.2921 52200 0.5749
1.00 -0.3203 0.5284 0.5547
1.08 -0.2921 0.5293 0.5407
1.17 -0.2353 0.5312 0.5323
1.25 -0.1538 0.5354 0.5280
1.33 -0.0521 0.5439 0.5261
1.42 0.0637 0.5579 0.5253
1.50 0.1854 0.5780 0.5261
1.58 0.3031 0.6036 0.5280
1.67 0.4063 0.6323 0.5323
1.75 0.4852 0.6608 0.5407
1.83 0.5323 0.6852 0.5547
1.92 0.5438 0.7019 0.5749
2.00 0.5204 0.7084 0.6004
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Figure A-1.12 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, dso=0.012mm(0.7m/18cm/2sec)
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Table A-2.1 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.028mm with environmental of

(0.3m/10cm/ 2sec)
. Test Results of
Time | Test Rt of |yt ST | Tt R of
Phase, Pressure(kN/m?) lg/{id onSeabed Flat Zone(m)
t(sec) (0.3m/10cm/ 2sec) (0.3‘:}1’710;;‘/62(22)@ (0.3m/10cm;/ 2sec)
0.00 0.4163 0.2839 0.1620
0.08 0.3605 0.2785 0.1606
0.17 0.2688 0.2644 0.1640
0.25 0.1641 0.2443 0.1737
0.33 0.0685 0.2219 0.1898
0.42 -0.0019 0.2011 0.2105
0.50 -0.0406 0.1851 0.2329
0.58 -0.0502 0.1754 0.2530
0.67 -0.0403 0.1720 0.2671
0.75 -0.0227 0.1734 0.2725
0.83 -0.0075 0.1771 0.2671
0.92 0.0003 0.1805 0.2530
1.00 0.0013 0.1816 0.2329
1.08 0.0003 0.1805 0.2105
1.17 -0.0075 0.1771 0.1898
1.25 -0.0227 0.1734 0.1737
1.33 -0.0403 0.1720 0.1640
1.42 -0.0502 0.1754 0.1606
1.50 -0.0406 0.1851 0.1620
1.58 -0.0019 0.2011 0.1657
1.67 0.0685 0.2219 0.1691
1.75 0.1641 0.2443 0.1702
1.83 0.2688 0.2644 0.1691
1.92 0.3605 0.2785 0.1657
2.00 0.4163 0.2839 0.1620
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Figure A-2.1 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, ds50=0.028mm(0.3m/10cm/2sec)
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Table A-2.2 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.028mm with environmental of

(0.5m/13cm/2sec)
Time Test Results of ngséc ]{Zzleeizlg’:isor?fat Test Results of
Phase, Excess Pore , Mid of Seabed Wave Elevation at
| ol | S0y || T Zone
(0.5m/13cm/2sec) (0.5m/13cm / 2sec) (0.5m/13cm/ 2sec)
0.00 0.7078 0.4777 0.4553
0.08 0.6551 0.4729 0.4696
0.17 0.5603 0.4604 0.4882
0.25 0.4386 0.4422 0.5092
0.33 0.3073 0.4212 0.5302
0.42 0.1824 0.4002 0.5484
0.50 0.0760 0.3817 0.5608
0.58 -0.0052 0.3673 0.5657
0.67 -0.0602 0.3576 0.5608
0.75 -0.0921 0.3520 0.5484
0.83 -0.1065 0.3493 0.5302
0.92 -0.1090 0.3483 0.5092
1.00 -0.1041 0.3477 0.4882
1.08 -0.1090 0.3483 0.4696
1.17 -0.1065 0.3493 0.4553
1.25 -0.0921 0.3520 0.4455
1.33 -0.0602 0.3576 0.4400
1.42 -0.0052 0.3673 0.4373
1.50 0.0760 0.3817 0.4363
1.58 0.1824 0.4002 0.4357
1.67 0.3073 0.4212 0.4363
1.75 0.4386 0.4422 0.4373
1.83 0.5603 0.4604 0.4400
1.92 0.6551 0.4729 0.4455
2.00 0.7078 0.4777 0.4553
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Figure A-2.2 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, ds50=0.028mm(0.5m/13cm/2sec)
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Table A-2.3 Test Results of Excess Pore Pressure and Wave Elevation

for Seabed of Grain Size, ds=0.028mm with environmental of

(0.7m/18cm/ 2sec)
. Test Results of
Time | Test Rt of |yt ST | Tt R of
Phase, Pressure(kN/m?) lg/{id onSeabed Flat Zone(m)
t(sec) (0.7m/18cm/ 2sec) (0.7‘:}1’718;;;‘/62(22)@ (0.7m/18cm;/ 2sec)
0.00 0.6037 0.7103 0.5964
0.08 0.5898 0.7039 0.6220
0.17 0.5423 0.6872 0.6507
0.25 0.4665 0.6627 0.6793
0.33 0.3700 0.6342 0.7037
0.42 0.2623 0.6054 0.7204
0.50 0.1530 0.5798 0.7268
0.58 0.0502 0.5597 0.7204
0.67 -0.0393 0.5457 0.7037
0.75 -0.1116 0.5373 0.6793
0.83 -0.1643 0.5330 0.6507
0.92 -0.1966 0.5311 0.6220
1.00 -0.2082 0.5303 0.5964
1.08 -0.1966 0.5311 0.5762
1.17 -0.1643 0.5330 0.5622
1.25 -0.1116 0.5373 0.5538
1.33 -0.0393 0.5457 0.5496
1.42 0.0502 0.5597 0.5477
1.50 0.1530 0.5798 0.5468
1.58 0.2623 0.6054 0.5477
1.67 0.3700 0.6342 0.5496
1.75 0.4665 0.6627 0.5538
1.83 0.5423 0.6872 0.5622
1.92 0.5898 0.7039 0.5762
2.00 0.6037 0.7103 0.5964
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Figure A-2.3 Test Results of Wave Elevation at Slope and Flat Zone for
Seabed of Grain Size, ds50=0.028mm(0.7m/18cm/2sec)
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Table A-3 Comparison of Wave set-up between Theoretical and Test

Result

Water Wave set-up

Depth | Hos | Br | Tp | Fu | Fr | Fy | Fsope | Synolaki’s DIM’s Test
(m) Equation | Equation | Results
0.3 01 |005| 1 |0.01]| 03 1 | 138 0.008 0.006 0.010
0.3 01 |005| 14 {0.01]035| 1 | 1.38 0.008 0.007 0.008
0.3 01 [ 005| 15 {0.01|035| 1 | 1.38 0.008 0.007 0.016
0.3 01 |005| 1.8 {0.01 038 | 1 | 1.38 0.008 0.007 0.005
0.3 01 [005| 2 |0.01] 04 1 | 138 0.008 0.008 0.013
0.5 01 (005| 1 |0.01]| 03 1 | 138 0.008 0.006 -
0.5 01 [005| 14 | 001035 | 1 | 1.38 0.008 0.007 0.002
0.5 01 [{005| 1.8 {0.01|038| 1 | 1.38 0.008 0.007 -
0.5 013 | 005 | 2 |001| 04 1 | 138 0.010 0.010 -
0.7 01 | 005| 14 | 001|035 1 | 1.38 0.008 0.007 0.003
0.7 022100515 [002]035| 1 | 138 0.017 0.013 0.001
0.7 018 | 005 | 2 |002]| 04 1 | 138 0.014 0.012 0.003
0.3 01 [{005| 2 |0.01]| 04 1 | 138 0.008 0.008 0.011
0.5 013 | 005 | 2 |001]| 04 1 | 1.38 0.010 0.010 -
0.7 018 | 005 | 2 |002]| 04 1 | 138 0.014 0.012 -
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1993 d eI EATE HuAox dF HP3 HORF(Hazaki
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ASAH &= O Table A-4.19} 2t

Table A-4.1 Site Test Measuring Equipment at HORF in Japan

Measuring .
. Type Capacity Accuracy
Equipment
Pore Pressure o )
Digital AB-50 3.5kgf/cm 0.5%
Gage
Soil Pressure Kyowa Electronic )
2.0kgf/cm 0.5%
Gage BE-2KM
, Sanyo Sokki
Sand Resister 3m range 5cm
SPM-V
Wave
. Keisoku Giken
measuring 10m max S5cm
) UHT 2-10
Iinstrument
Arec Electronic
Inclinometer 170 degree 11 degree
ACO-200
Current
. Arec Electronic
measuring 600cm/ sec 0.5cm/sec
) ACM-200PC
Instrument

w3 HAAR| W] )3 24 ARE ol 9} Zo] Table A-4.22 ERE

T AT
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Table A-4.2 Seabed Condition for Site Test at HORF in Japan

Classification Description Remarks
Water Depth 10m
Wave Height 5m
Wave Period 7 sec
Sand Specified Gravity, Gs 2.689
Sand Dry Density, yd 1.54ton/m’
Permeability k 2.8x10* m/sec
Coefficient of Volume . 2
o 9.94x10"m"/kN
Compressibility, mv
Porosity, n 0.444
Degree of saturation, Sr 99.67 %

O & AFddA FA-4S Adkge] AJtF4%del disted o
Table A-43% YERJSITH
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Table A-4.3 Excess Pore Pressure under Seabed from This Research

Seabed Excess Pore Pressure(kN/m?)
Depth Seabed Seabed Seabed Seabed
(m) Pressure . Pressure . Pressure . Pressure .
Po=31.4kN/m~ | Po=23.5kN/m* | Po=15.7kN/m Po=9.8kN/m
0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0 0.0
3.0 0.1 0.1 0.1 0.0
4.0 14 1.0 0.7 04
5.0 41 3.1 2.1 1.3
6.0 74 5.6 3.7 2.3
7.0 10.6 7.9 5.3 3.3
8.0 13.3 10.0 6.7 4.2
9.0 15.6 ULV 7.8 4.9
10.0 17.5 13.1 8.7 5.5
11.0 19.0 14.2 9.5 5.9
12.0 20.2 15.2 10.1 6.3
13.0 21.3 15.9 10.6 6.6
14.0 221 16.6 11.1 6.9
15.0 22.8 171 11.4 7.1
16.0 23.4 17.6 11.7 7.3
16.5 23.7 17.8 11.8 7.4
17.0 23.9 17.9 12.0 7.5
17.5 24.2 18.1 12.1 7.5
18.0 244 18.3 12.2 7.6
18.5 24.6 18.4 12.3 7.7
19.0 24.7 18.5 12.4 7.7
19.5 249 18.7 12.5 7.8
20.0 25.1 18.8 12.5 7.8

83 o} Table A-440A4E A AZ=3 2wl
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7}

Table A-4.4 Excess Pore Pressure under Seabed from Site Test

Results at HORF in Japan

Excess Pore Pressure(kN/m?)

Seabed
Depth Seabed Seabed Seabed Seabed
Pressure Pressure Pressure Pressure
(M) | Po=31.4kN/m? | Po=23.5kN/m? | Po=15.7kN/m? | P0=9.8kN/m>
0.0 0.0 0.0 0.0 0.0
2.0 0.4 0.3 0.3 0.3
4.0 1.4 1.1 0.9 04
6.0 7.1 5.8 4.0 2.2
8.0 125 9.8 6.7 4.5
10.0 16.9 12.9 8.9 6.2
12.0 20.5 15.2 10.7 6.3
14.0 22.3 16.9 11.6 6.7
16.0 241 18.3 12.0 7.0
18.0 24.5 18.3 12.0 7.2
20.0 24.5 18.3 12.0 7.2
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Table A-4.5 Excess Pore Pressure under Seabed from Zen and

Yamazaki(1991)
Seabed Excess Pore Pressure from Zen and Yamazaki(1991)(kN/m?
Depth Zen, Yamazaki's | Zen, Yamazaki’'s | Zen, Yamazaki's | Zen, Yamazaki’s
Theory Theory, Theory, Theory,
(m) Po=31.4kN/m? | Po=235kN/m? | Po=15.7kN/m? Po=9.8kN /m?
0.0 0.0 0.0 0.0 0.0
1.0 12.5 9.8 6.2 3.6
2.0 19.6 15.2 9.5 54
4.0 214 16.1 10.7 6.7
6.0 214 16.1 10.7 7.0
8.0 214 16.1 10.7 7.0
10.0 214 16.1 10.7 7.0
12.0 214 16.1 10.7 7.0
14.0 214 16.1 10.7 7.0
16.0 214 16.1 10.7 7.0
18.0 214 16.1 10.7 7.0
20.0 214 16.1 10.7 7.0
metx] o 71A ol 23 dA A ot A HlwE ot Figure

A-4E HE3) ¥ HE &

<

& ol &2
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Test Results for Excess Pore Pressure Aub

Depth (m)
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

— & o, Po=31.4kN/m2 2 97, Po=23.5kN/m2 & 3, Po=15.7kN/m2 £ 7, Po=9.8kN/m2
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Figure A-4 Comparison for Excess Pore Pressure between Site Test and

Zen, Yamazaki’'s Theory and This Research
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