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ABSTRACT

This study presents the dynamic behavior of the seabed due to the interaction among seabed, structure and waves
and proposes a liquefaction countermeasures. This paper consists of the following five topics, i.e., (1) An analytical
solution to vibration pore water pressure in seabed for the partial standing wave fields with arbitrary reflectivity.
(2) An analytical solution to vibration pore water pressure in seabed under coexisting currents and partial standing
waves with arbitrary reflection ratio. (3) An analytical solution to vibration pore water pressure in seabed under
coexisting currents and progressive waves. (4) Numerical analysis on the dynamic responses of the seabed with the
submerged breakwater under regular and irregular waves. (5) Numerical analysis on liquefaction countermeasure of
the seabed around the submerged breakwater under regular and irregular waves.

In the first topic, a new analytical solution to the dynamic wave-induced soil response in a porous seabed
of finite thickness was derived based on Biot's theory (Biot, 1941) and elastic foundation coupled with linear
wave theory. The newly developed solution for wave-seabed interaction can be widely applied as an analytical
solution because it can be easily extended to the previous analytical solutions by varying water depth and
reflection ratio. The analytical solutions were verified by comparing with the previous results for a seabed of
infinite thickness under the progressive and standing waves derived by Yamamoto et al.(1978) and Tsai &
Lee(1994).

In the second topic, an analytical solution to the dynamic responses of the seabed with finite and infinite
thicknesses including shallow was developed under current and partial standing wave coexisting field with

arbitrary reflection in constant water depth condition. In the analytical solution, reflection ratio was converted
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to 0 or 1 for progressive-wave and current coexisting field or for fully standing-wave and current coexisting
field, respectively. Meanwhile, based on the Biot's consolidation theory, the seabed was assumed as a porous
elastic media with the assumptions that pore fluid was compressible and Darcy law governs the current. The
developed analytical solutions were verified by comparing with the existing results. Using the analytical
solution, the variation characteristics of seabed deformation, pore pressure, effective and shear stresses were
carefully examined with respect to the various values of reflection ratio, current velocity, incident wave's
period and seabed thickness.

In the third topic, the errors pointed out in the existing analytical solutions for the estimation of residual
pore-water pressure accumulation weree examined and a new analytical solution using a Fourier series
expansion and separation of variables is proposed. The new analytical solution was verified by comparing
existing analytical and numerical solutions and available experimental data. Since there was no need for
numerical integration for deep soil thickness. the newly developed solution was much simpler than the previous
analysis solution. The solutions of the residual pore-water pressure for finite, deep, and shallow soil thickness
revealed that it is possible to approach from finite to shallow soil thickness, but not possible to deep soil
thickness because there is discontinues zone between finite and deep soil thickness. Furthermore, from the
viewpoint of the total pore-water pressure, which is the sum of oscillating and residual pore water, the
variation characteristics of seabed response and liquefaction depth due to waves, soil and currents were
discussed. As a result, when the currents travel in the same directions as the progressive waves, the
dimensionless oscillating pore-water pressure increases and residual one-decreases as the flow velocity increases,
and consequently the total pore-water pressure and dimensionless liquefaction depth also decreases.

In the fourth topic, the dynamic responses of the seabed where the submerged breakwater was installed were
numerically investigated with regular and irregular waves. To estimate liquefaction potential quantitatively, the
time and spatial series of the seabed response including displacement of the structure, pore-water pressure
(oscillatory and residual components) and pore water pressure ratio were investigated based on the numerical
wave tank model and the finite element elasto-plastic model. Numerical results revealed that a safer design for
liquefaction can be obtained by applying the regular wave condition corresponding to the significant wave
height of irregular waves.

Lastly, in order to prevent liquefaction that can occur around the submerged breakwater, a countermeasure
covering the seabed with the concrete mat mainly used for scour prevention in a river was proposed. In
addition, the displacement of the structure including the submerged breakwater and the concrete mat, the pore
water pressure and the pore water pressure ratio were investigated and compared with those without the
concrete mat. From the numerical estimations, it can be concluded that the concrete mat increases the relative
density of the seabed so that liquefaction is greatly attenuated in regular and irregular waves. Furthermore, it
was confirmed that applying the regular wave condition corresponding to the significant wave also obtained the

safer design for liquefaction even in case of covering concrete mat.
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Photo 1.1. Failure of quay walls at Malaga and Barcelona in Spain(Jos¢ & Vicente, 2011).
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Photo 1.2. Concrete mattresses(Godbold et al., 2014).
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in the infinite soil thickness(t/ 70). stresses in the infinite soil thickness(t/ 7°=0).
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Fig. 2.5. Progressive wave-induced pore water pressure, effective and shear stresses under the different finite
soil thickness(t/ 7-0).
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Fig. 2.6. Progressive wave-induced pore water pressure, effective and shear stresses in the finite soil
thickness under the different wave period(t/ 7-0).
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Fig. 2.7. Standing wave-induced pore water pressure, effective and shear stresses under the different finite
soil thickness(t/ 7-0).
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Fig. 2.8. Standing wave-induced pore water pressure, effective and shear stresses in the finite soil thickness
under the different wave period(t/ 7=0).
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Fig. 2.9. Partial standing wave-induced pore water pressure, effective and shear stresses
under the different finite soil thickness at a/L=0(t/ T-0).
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Fig. 2.10. Partial standing wave-induced pore water pressure, effective and shear stresses
under the different finite soil thickness at x/Z=1/4(t/ T-0).
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Fig. 2.11. Partial standing wave-induced pore water pressure, effective and shear stresses
in the finite soil thickness under the different wave period(t/ 70).
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Fig. 3.1. Definition sketch of the combination of flow and partial standing wave
in a Cartesian coordinate system.
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Fig. 3.4. Flow and progressive wave-induced dynamic responses of seabed according to flow velocities
under given conditions of x/Z,=0 and t/ 7;=0.
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Fig. 3.5. Partial standing wave profiles according to flow velocities under a given condition of ¢/ 7}=0.
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Fig. 3.6. Flow and partial standing wave-induced dynamic responses of seabed according to reflection ratios
under given conditions of U,=90cmvs, z/L;=0 and t/7;=0.
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Fig. 3.7. Flow and partial standing wave-induced dynamic responses of seabed according to flow velocities
under given conditions of A,=0.7, x/L,=0 and t/7}=0.
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(c) Non-dimensional vertical effective stress

Fig. 10. Flow and partial standing wave-induced dynamic responses of seabed according to wave periods
under given conditions of K,=0.7, x/L,=0, t/7,=0 and U,=100cm’s.
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(c) Non-dimensional vertical effective stress

Fig. 3.11. Flow and partial standing wave-induced dynamic responses of seabed according to seabed
thicknesses under given conditions of A=0.7, z/L,=0, t/7,=0 and U;=60cms.
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Fig. 3.12. Flow and partial standing wave-induced dynamicresponses of seabed in infinite thickness
according to flow velocities under given conditions of A,=0.7 and t/7;=0.
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at z/L,=0 (d) Non-dimensional shear stress at x/L;,=0.25

Fig. 3.13. Flow and partial standing wave-induced dynamic responses of seabed in shallow thickness
according to flow velocities under given conditions of h=3m, A=0.7 and t/7}=0.
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Table 3.1. Positions of node according to flow velocities.

Uy (cns) Minimum values of z/Z; for n=0
0 0.2500
30 0.2492
60 0.2471
90 0.2429
120 0.2372
150 0.2295
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Fig. 3.14. Standing wave profiles according to flow velocities under a given condition of ¢/ 7;,=0.
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Fig. 3.15. Flow and standing wave-induced dynamic responses of seabed according to flow velocities under
a given conditions of x/Z,=0 and t/7,=0.
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Fig. 3.16. Flow and standing wave-induced shear stress of seabedaccording to flow velocities under a given
conditions of Table 4.1 and t/7}=0.
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Fig. 3.17. Comparison of dynamic responses of seabed for the flow velocities of U,=0cm/s and
U,=150cnv/s under a given condition of ¢/ 7;=0.
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Fig. 3.18. Flow and standing wave-induced dynamic responses of seabed according to wave periods under a
given conditions of z/ L,0, t/ 7,70 and U,=100cms.
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Fig. 3.19. Flow and standing wave-induced dynamic responses of seabed according to seabed thicknesses
under a given conditions of z/L,=0, t/7,=0, T;=13s and U,=60cms.
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Fig. 3.20. Flow and standing wave-induced shear stress of seabed according to seabed thicknesses under a
given conditions of x/Z,=0.2471, ¢/ 1;=0, T,=15s and U,=60cm’s.
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(f) Non-dimensional shear stress

Fig. 3.21. Flow and standing wave-induced dynamic responses of seabed in infinite thickness according to
flow velocities under a given conditions of x/Z,=0 and ¢/ 7;=0.
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Fig. 3.22. Flow and standing wave-induced shear stress of seabed in infinite thickness according to flow
velocities under a given conditions of Table 4.1 and t/7;=0.
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Fig. 3.23. Flow and standing wave-induced dynamic responses of seabed in infinite thickness according to
wave periods under a given conditions of x/Z,=0, t/7,=0 and U, =100cm’s.
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Fig. 3.24. Flow and standing wave-induced dynamic responses of seabed in shallow thickness according to
flow velocities under a given conditions of x/Z,=0 and ¢/ 7;=0.

Collection @ kmou



AL ehlle Fig 32309 4% 771 T,7F Zo50 A8 o a7 Bt 48S e,
AAZ Uehiis 2/1,9 go] SAAM Eo] A9k ¥, 2/L>.01 ¢ Wl = Avkge o
040] 7,7} Zol5w oA AL el TR,

347 SE ANTEMSIUS] STt &2 FMHI SHAA|E

304 o ARbASIE 53 W Q1A B F05] FAE 5 oS AR A Wt B, Suig)g)
BEETE A2 4849 v} JeRts, dsle sE4we) Wael] UE 2ol Ae) e
SRt ARG A RS Ml HolZ A2) UERiA ¢, A dole] ket 417 W5
= O

ik 91 to] WlelA] AEIol] mhEel ghe) SR Ak ke FA9) Sl b 2 A

Ei 79 R R Skska, Sgde) wsel mhe Aol7k Agl UehiA eherhs 2 slg ¢
o

M

30

0
\
\
02
| U,=0cm/s
04 VL l====- U,=30cnv/s
\ — - — Us60cms
§ = U,=90cm/s
0.6 — — - = U=120cm/s
\\ — — - - U=150cm/s
\
-0.8
\
\
a1 )
0 0.2 0.4 0.6 0.8 1

[TVp,

Fig. 3.25. Flow and standing wave-induced shear stress of seabedaccording to flow velocities under a given
conditions of Table 4.1 and ¢/ 7;=0.
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Fig. 4.1. Mechanisms of wave-induced oscillatory and residual excess pore water pressures
(Jeng et al., 2006).
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Fig. 4.3. Residual pore-water pressure head obtained from Eq.(4.41) presented by Jeng & Seymour(2007)
for deep soil thickness.

Table 4.1. Wave and soil conditions(Cheng et al., 2001).

Waves and soil conditions Values Waves and soil conditions Values
wave period 7(s) 1.76 porosity 77’ 046
wave height H(m) 0.2 shear modulus G(kN/m?) 5,600
water depth d(m) 05 permeability A(m/s) 40x10~ 8
soil thickness A (m) 0.088, 0.84, 1.73 conmpressibility of pore-water ¢ 0

Poisson’s ratio / 049 unit weight of soil ~y, (V/m?) 18,306
unit weight of water coefficient of lateral
(Y /m3) 9,806 carth pressure 04
consolidation coefficient . « 0.246
¢, (m?/s) 115710 3 -0.165
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Fig. 4.4. Comparison of analytical and numerical solutions of residual pore-water pressure.
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Table 4.2. Wave and soil conditions.

Waves and soil conditions Values Waves and soil conditions Values
wave period 7(s) 1.76(casel), 2.02(case2) porosity n’ 046
wave height H(m) 0.22(casel), 021(case?) | shear modulus G(kN/m?) 5.6x10°
water depth d(m) 05 permreability K (m/s) 40x10~ 8
soil thickness /. (1m,) 0.84 compressibility of pore-water ¢ 0

unit weight of soil
Poisson’s ratio 1 049 3 18,300
v, (N/m?*)
unit weight of water coefficient of lateral
3) 9,306 04
7, ( N/m earth pressure &,
consolidation coefficient a 0.246
5 0.0001165
c,(m?/s) 3 0.165
0 — 0
_, ﬁ LI ) ;::g et3(2006) L
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Fig. 4.5. Comparison of analytical and experimental solutions of residual pore-water pressure.
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Fig. 4.6. Comparison of residual pore water pressure heads according to flow velocities for infinite seabed
thickness.
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Fig. 4.7. Residual pore-water pressure head.
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Fig. 5.1. Definition sketch for coexisting fields of flow and progressive wave on seabed
in Cartesian coordinates.
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Fig. 5.2. Oscillating, residual and total pore-water pressures in seabed for Uj,=0Om/s, /7=0.2m,
7,=2.0s and h=0.84m.
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Fig. 5.3. Liquefaction depth with vertical distribution of oscillating, residual and total pore-water
pressures for. U,=0Om/s, H=0.2m, 7;=2.0s and h=0.84m.
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Fig. 5.4. Oscillating, residual and total pore-water pressures in seabed for ;=0m/s,z = 0.9h,
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Fig. 5.11. Oscillating, residual and total pore-water pressures in seabed for z=0.9h, H=0.2m,
1,=2.0s and h=1.73m.
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Fig. 6.1. Schematic sketch of the numerical wave tank used in 2D-NIT model.
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Fig. 6.2. Schematic diagram of multi-spring model(Towata & Ishihara, 1985).
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Fig. 6.3. Schematic diagram of liquefaction front, state variable S
and shear stress ratio(lai., 1992a, 1992b).
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Fig. 6.4. Schematic sketch of the numerical wave-soil tank used in 2D-NIT & FLIP models.
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Fig. 6.5. Comparison between measured and calculated free surface elevations.
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Fig. 6.6. Comparison between measured and calculated pore water pressures.
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Fig. 6.7. Schematic sketch of the numerical wave-soil tank used in 2D-NIT & FLIP models.
(P1~P15: Calculation points of pore water pressure, and El, E2: Calculation points of
submerged breakwater displacement)

Table 6.2. Soil properties for silty-sand in this numerical analysis.

Shear Bulk Poisson’s Porosi Internal friction
modulus(kPa) | modulus(kPa) ratio v angle(®)
Seabed N=3 3.554x10* 9.270x10" 0.33 0.45 37
N=5 4.840x10* 1.262x10° 0.33 0.45 38
Submerged \ 5
brealowater 247710 6.461x10 0.33 0.45 45
Parameters for liquefaction characteristic ¢,(°) : Phase transformation angle
©,(°) S, w, | p s ¢ S, & Ultimate limit of dilatancy
w; : Overall cumulative dilatancy
28.00 | 0.005 | 4070 | 0.5 | 1.073 | 1.161 p, Initial phase of cumulative dilatancy
28.00 | 0.005 | 4.634 | 0.5 | 1.037 | 1.548 p, : Final phase of cumulative dilatancy
- - - - - - ¢, : Threshold limit for dilatancy
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Fig. 6.11. Maximum deformation(x50) of submerged breakwater and seabed
for N=3, H=3.0m, 7=10s.
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TH(Yasuda, 1988).
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Fig. 6.17. Time history of pore water pressure ratio at the point P14.
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Fig. 6.20. Pore water pressure ratio of the seabed under wave loading at ¢=599.0s
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Fig. 6.21. Pore water pressure ratio of the seabed under wave loading at ¢=599.0s
for N=5, H=3.0m, 7=10s.
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Fig. 7.3. Time history of horizontal displacements according to variations of
significant wave height and period for V=3 and 5.

WA, SsS A WA A9 35 AE ADE OREH QBT B,
95 PARIE AR (OAEH) AR S 2 ek, olele Raslel vt
WA 20 A7) H)31, ofef AT Ngle] 4855 WAsbA vhehdel, 12l Ere] B2t

- 145 -

Collection @ kmou



e}
s E ST

Fomch. o= E19] &
£ b, o= v 3

oAEo] Rk o] harrh =] FH4a)7] wiEelu) weba, Adrja o

Elold 2 W97} vhE= Aow =49}

SAFH(Figs. 733} 74014 14F2] A717} 7ol wet th=A] 32750

ollA ikt HukE 7] A

ke miel skt 571

Vertical displacement (m)

Vertical displacement (m)

I I "
I I I
I I I
I I I
T i & o T
H,=0.5m, T,;=10sec | | L H,,=0.5m, T,;=10sec | | Lo
0.05 H,;=0.5m, T,=18sec | | . | ot ) 001 - H,,=0.5m, T,;=15sec | | | S T T N
Hy5=3.0m, T ;=10sec | } . ! Hy=3.0m, Tys=10sec | || Lo
H,=3.0m, T, =15sec ! ! ! ! | H,,=3.0m, T,=15sec | ! ! ! ! ! !
- | Il Il Il Il - Il Il Il Il | Il
06 — T TR \ TP I e e R R B B B
0 50 100 150 200 250 300 350 400 450. 500 550 600 0 50 100 150 200 250 300 350 400 450 500 550 600
Time (sec) Time (sec)
(a) Point E1
0.0004 . — ——— 0.0004
I I I I I 4 I I I
| | | | | | | | |
I I I [} I I I I I
0 [ > gy L g 0
~ ™ ! ! ~
E I I I E
-’ | | -
B R R 2
g 5 -0.0004 — " 4
E E I
8 00008 — PP b~ - 3 ;
= - 4| 1 ;
) = -0.0008 ‘ A b
~£ 0.0012 ——-JL-tLER L Wladt, . AL . ] J S ~E I I [ I
= -0 T | -] | | ! |
— I - I I I I
g ! 5 00 - b ol ol B
< -0.0016 — = x | | | | I |
; H,,:=0.5m, T,,=10sec “ ; Hy=0.5m, T,,=10sec | | | | | | |
02— H,=0.5m, T,=15sec LS I 1 0.0016 — H=08m, T8t [~ dormd oo omiid o
Hy=3.0m, Ty;=10sec | | ! | ! } H,=3.0m, Ty,=10sec | | ! : ! ! ;
H,#=3.0m, T ;=15sec | ! ! ! ! ! H,=3.0m, T, =15sec | ! ! ! ! ! !
A —— 0002 S B R s s
0 50 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250 300 350 400 450 500 530 600

Time (sec)

(1) N=3

(b) Point E2

Time (sec)

2) N=5

Fig. 7.4. Time history of vertical displacements according to variations of
significant wave height and period for /V=3 and 5.

A 2] A QoA FLA f
THHAE AA 2, o]egt H
thale] Elox= |

FolF717} A5E Agkgo) A1
B AR 31, e 2] el

Collection @ kmou

7} BE55E, RS

FrelF71el dhal] o) #kare) ¢
stapl Uik, 1
SRR
=T WAREO] S71E ], E19]
= kel UVéLTJrZéﬂW oiA|aAte] #AA7] whizolth: %9]3%—19}

Fe Nglol 3252 7

L, FEF7 17  E

- 146 -

=
g

3%S dESH folvrt A
(SN{e] yi

el Elst frojmke]
517k epleh e

el T



e
2
2
N
E
do
it
o
K
2
N
B
Ao
Ir

. A A 45 R Ot ek
A7 T Fah SAEE, A ARe] 4507} 9S00t 2 Felere ekt olejd Aske
S A v o] A A8 S A5 2 sk 9s] el
e, Nglol Z7bhe RS- 5EMee) o] AWML Aok AFS ekt
Figs. 759 7.6 1A Reke] 9 A1) B9 R0l Al #se) i o) b2 sho]
whE EAASNS) 5 W AR TSk Sl o] ), MRS NSBOR B, A
T3] A9 Sl HBm 7] Tel0la, EEske] A% frelstan 7 ,=m 59 1),7100]
o, WA, FHASIE AR Bl TS 397 B2 ARk el ek 2t ste)
797} 217} 2 WSS ehiIch SARSICHSHE SRALIeNA G} FASPA ELeIA TE1e] 297,
E2o= AR wet Bipste] Z97h o 2 WelE UehiAR, Wele) Ahs 1ok 24
¥k, o)y} o] BT b} T shele] MEEA HIELEE] Sumer & Cheng(1999)°] 4| 213t 9)=
Hkz Aol e Zi7te) WS AL hAlE UAlstel, ARRg o] el Ekeks Attol
FHshC 1A 408 3, AVEIN AERYES], AapAgIol )] TFHTharkE ] ekt
TH25e] 900k 3ol 2717k S o] SIEKs Chenetal 2008)) Ao XI5 H= 2% o4 Slk

0.003

. |
N=3 | [

Regular wave(H=3,0m, T=10s) i ; !

Irregular wave(H,=3.0m, T ,=10s) | '

0.0025 —

0.002 —

0.0015 —

0.001 —

0.0005 —

Horizontal displacement (m)
Horizontal displacement (m)

04

Regular \vaw(H-S Om, T=10s)

Irregular wave(H ,=3.0m, T,;=10s) | | |
A6 — T T+

-0.0005
0 50 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250 300 350 400 450 500 550 600
Time (s) Time (s)

(a) Point El (b) Point E2

Fig. 7.5. Comparison of time histories of horizontal displacement
between regular and irregular waves.

() SHHP| [t FMAHES

A A Bl % 2430l AP 8 W A R Fojrl SAHAAERS wAlE)
W th9] Figs. 7.7~7.107 2tk N=3, M, ;,=0.5m, T, ,=10s, 15s°]] oot G2~ ES vhepd

- 147 -

Collection @ kmou



Figs. 7.7(573 )7} 7.8 Q2N E 2R £<0.02 HzollH Tl 9T RS et
i, BRI M T, 5=10s0] B97) E2AR oS T4 4=1588) 7397 242t & 3hs Lt o2
§F A¥k= Figs. 739 749 AAIGRRE 3449 5 Qlar, B=5E fAlel] &gk sigdAlolelA frelF717}
G5 RS- Aol a1 dggro] AR, A #H5H-0] BAPRelA FA = v ake)
Hup 2yl elalf star) AR E AP EFE 53] 52 T ATk o714, AkA oz 21E/dEo]
- 2R FhOZ FoR= ZE A o o] wike- 2 ks 77 e |E AL A9
TS THE & WIAToRE 3] AEidEo] A UEREA 7] wiitolt.

:

Vertical displacement (m)

S
=
;_
|
t
1
|
A S—

Vertical displacement (m)

-0.05 —

Regular wave(H=3.0m, T=10s)
Irregular wave(H,=3.0m, T,;=10s)

Regular wave(H=3.0m, T=10s)
Irregular wave(H,=3.0m, T, =10s)

A1 1 T T T I B B e o e B I B B
0 50 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250 300 350 400 450 500 550 600
Time (s) Time (s)
(a) Point El (b) Point E2

Fig. 7.6. Comparison of time histories of horizontal displacement
between regular and irregular waves for /V=3.

7E-006 7E-006
N=3 N=3
Hy:=0.5m, T,;=10s H,,:=0.5m, T,;=10s
6E-006 — U3 ] 1/3 6E-006 — U3 ] 13
H,,,=0.5m, T,,=15s H,,,=0.5m, T, ;=155
I - T T T 1 ] T
SE-006 — e SE-006 .
| | | | | ] | |
I I I I I | I I
~~ I £ I I I ~~ 1 I I
S 4E-006 — il e S 4E-006 — e e it
2 | | | | | 2 | | |
- | | | | | - ] | |
E R T E Ll
5 3E-006 | -L--b--L--L_- e i o 3 E006 —\h-Lo-LoLob__ Ll Lovad e ls
R R S R oo
2E-006 — U S S SN S - 2E-006 — . S T -
| | | | | I | |
I I I I I 1 I I
I I I I I 1 I I
1E-006 — e e e 1E-006 — e ——
I I I I I I I I
| | | | | ] | |
I I I I I I I I
¢ I B B — L —
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
F(Hz) r(Hz)
(1) Point E1 (2) Point E2

Fig. 7.7. Horizontal displacement spectrum at points E1 and E2 according to variations of
significant wave height, period and position on submerged breakwater.

- 148 -

Collection @ kmou



2 2 sl Y
& 2 | s m & @ | | | | | ] 01_ ﬂ\fl n_AIO
TRl L = 3 i R SN DR U S I~ o e
3 B | = = 2z | | | | | P Gy HLL OT o
S | < = r e S A T N A - )
m m\\ﬁl M - p— m m\\,\\\,\\\\,\\\\,\\\,\\\AA‘M 12} a\ ‘q ﬁ
AN @ k-1 | | | | g =
TTTL_L 3 [ O T T S SO N O N . < HL o)
7 35 | o o Z S 3 | | | | | s = OT
-] | ==l==] I I | | I o . A%c A
L «a m . SR YRS (NN | NN R Q| . m . ﬁo
| Py N | | | | | o > Mu — 1)
| S S Lo -3 g B = o Nk
v sH H R N \\,\\\,\\\\,\\\J\\\,\\\\\&m\ e} A ‘Alu” o] -
, T o m | | | | | 5 Y 4o an o~ =
\\\\\\\\ I %rl a2 S m et e b el el sl el 18 = = =) ml
T s 3 = T s 3 B K S
| H 2 =N L L _d__ o __L___1i___flg =N 5 = N& = ‘ul
\\\\\\\\ 3 Q | | | | | | = o9 Rl ~
! ! = S on w8 I I | | | | N Q O [ . ﬂw
! ! - o8 NS U G ¢ 1 | ¥ AN G ~ < &0 %h
e e < .m | | | | I | =] mﬂ.v WUHL o ‘u'
” ” = «m | I I | I I ~ m m (&) .
s BT | AL AN R
T = g5 NN a Lws ER G B
, , s ~ , , , , , ! = 8 4 )
£ & & A% g g oz z g g g0 — S PWoE o AR
= S = - O = = < 2 < < 2 Mo m ™
B g g S B e Hgimaeesct Rl B » .8 w| ol
& 7} .w I ~ — 1= m ﬂ&l 0 — ‘hlu\_
= o A R
= N
»n O = oF %R
= 8 = X 7o) O#E
@ @ I I | | | 2 m m PN | | | | | M m ‘m_u\_ dﬂ UD J_/JA
e ] I I | | | . I I | | |
2 ® e = = =L
T S S Y A U H- =g norq.  Tewmn YA B TR (e = o < W NE
=8 I I I | wn .
I e e R R m & |l DA - by om X
) e e SR 2 | AN 1 g2 p 7
EECTT TG £ |.Y%%, 14T 7. = 8 AR
BL gt = E WA 7 AV § £\ 7 & 5 P
Bl L 1 s 22 |2z PN G | - 23 T m OB S
i lessl] el b el sl 8 Q a 2]
: n = oL JYEL Y R e | o o < A T
| | | I | =] | | I I | S Q — ﬂ N
I | I | | = = Q S O ,I‘Vl
- N o o | | | | | \ﬂ_/ — = = N EO I
s e e e =AM ISR S S N NS = B~ & & kL
Ll |le=e §E N B R S &= S RT g
\\\\\\\\ Bt mmmimln wmrlom —mr w8 .8 g .2 i ___i___1___L & .8 - Il DT_
” ” ” ” ” ” < o S D | | | | | | = o = m gy Q
\\\L\\\\r\\\p\\\L\\\\F\\\k\\\“\% ~ m..h ! ! ! ! L ! o ~ m 5] T_l Q ﬂ_% Q
| | | | | | =] —~ . ) il waal e e e R ) —~ m = o~ o]
I : = © 2 T S £ % N o
S I - — N PO T R R e e - T
o A ¥ g = e e A - L 3 S 5 R’ F
\\\\”\\\\ﬁr\\\p,\\\\”\\\\,F\\\k\\\\M h = S R R S R (R (RS . S - . I . ,H 7
o ? N o — ~
| | | | > | | | | | = N R mwu ~
| | | I < | | | | o~ — o= ]
— 1 . T . I — P - ) T OE KNe g
o 2 o 3 o 2 o ) 00 , , , , , , on — Sl
s s = = = 5 3 e~ 5 g g 3 38 g g8 -=° ) of MW Mo
=] =) =] (= =) =] (=]
g 8 # 8 # &8 # - s s & & & & 3 % = ol
(008 ;u)g &) (395 . ,u)g Mﬂ L/OI <
o~

ARkl A 2] 2]

o

5ol

S

A

o2 UEhi

1
H

_04?5

ol
H

A7
- 149 -

=

(3) AR =R MRS

Collection @ kmou



=)
%Oo]"l‘

HE5 P,

P8 W 9= P158] 7% a4 e 71 OR o Rk R 2=0.75me} 2.25mellA

N, Hy ;g BT,y RSIAA 5940 A DS vekd Zlo] t29] Figs. 7.113} 71201 AlA 5o

0]

ATE.

N=3
Hy:=3.0m, T,;=10s
H,,;=3.0m, T,,=15s
[ I I [l I
| | | | |
B i [ i il R ol
| | | | |
| | | | |
I I I I I /;\
_— = k- - - — - =
| | | | | %
| | | | | -
| | | | |
,,,,,,,,,,,,, Lo Brsm ol colbor rocdle e E
| | | | | wn
I I I I I
| | | | |
| | | | |
-0 - r——r--r-Tr-°—
| | | | |
I I I I I
| | | | |
B e e e
| | | | |
| | | | |
| | | | |
Tt
0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

s(Hz)
(1) Point El

3.5E-005
N=3
Hy;=3.0m, T,,=10s
3E-005 — 3 s L1/3
H,;=3.0m, T,,=15s
[l [l [
2.5E-005 — SN -
| | |
| | |
I I I
2E-005 — i e s
I I I
| | |
| | |
1.5E-005 —5 ——F - -k e sl S
I I I
| | |
1E-005 — el e e
| | |
I I I
| | |
SE-006 — S S SR,
! | |
| | |
| | |
0 1
0 0.02 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18 0.2
J(Hz)
(2) Point E2
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Fig. 7.16. Comparison of time histories of pore water pressure ratio between regular waves and
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Fig. 7.17. Spatial distribution of pore water pressure ratio under regular wave loading at ¢=599.0s
for N=3, H=3.0m, 7T=10s.
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Fig. 7.18. Spatial distribution of pore water pressure ratio under irregular wave loading at ¢=599.0s
for N=3, H,;3=3.0m, T} ,5=10s.
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Fig. 8.1. Time history of horizontal displacements according to variations of wave height, period
and the length of concrete mat for /V=3.
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Fig. 8.2. Time history of vertical displacements according to variations of wave height, period and
the length of concrete mat for /N=3.

AA L] e H=05m, T=10s2] 789~ A 32%elA Hl 40%7H4, H=05m, 7=1559] 745

- 164 -

Collection @ kmou



# 4 32%MA ol 38%7FA], H=3.0m, T=10s2] 73-F- #H A 17%14] Helf 229%7k4] A7, 43 <
] 7-9-9F FAksHAl AR EHIES] Zo]7} Aojda= AW 7ol Tk A, H=3.0m,
T=15s01A1= #HA 8%0llA F 329% 7k A= AL =3elM e} fakstAl At Aok g
FABEHES] Holof nlgshs A7kgo] UehtA] o= As & 4 Qlrk

Table 8.1. Reduction ratio of displacement according to the wave conditions
and the length of concrete mat for /V=3.

We.l\.]e Concrete mat(L=6m) Concrete mat(L=9m) Concrete mat(L=12m)
conditions
Hm) | 7Ts) Horizontal Vertical Horizontal Vertical Horizontal Vertical
(%) (%) (%) (%) (%) (%)
05 10 26.09 32.14 31.30 38.10 33.04 40.48
’ 15 25.56 32.31 30.00 36.92 31.11 38.46
30 10 19.11 17.31 21.62 19.41 2445 22.35
) 15 35.21 3291 17.78 8.27 18.40 8.27
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Fig. 8.3. Time history of horizontal displacements according to variations of wave height and the
length of concrete mat for /V=5.
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Fig. 8.4. Time history of vertical displacements according to variations of wave height and the
length of concrete mat for /V=5.

Table 8.2. Reduction ratio of displacement according to the wave conditions
and the length of concrete mat for /V=5.

Wave

.. Concrete mat(Z=6m) Concrete mat(L=9m) Concrete mat(Z=12m)
conditions

Hm) | 70 Horizontal Vertical Horizontal Vertical Horizontal Vertical

(%) (%) (%) (%) (%) (%)

0.5 10 17.02 26.92 19.15 26.92 19.15 26.92
’ 15 17.07 2273 17.07 22.73 17.07 18.18
30 10 21.48 19.47 24.14 21.39 26.28 23.56
) 15 29.16 28.83 3291 31.63 34.85 33.09
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Fig. 8.5. Time history of pore water pressures according to variations of wave height, period and
the length of concrete mat for 2=0.75m, /N=3.

1A, 2=0.75m, N=3¢] Fig. 8.5Z45E LA EMES] Zol7} AoA4E Mgi= vl
75 ZEARE AR A7 17 B AHAE AL Fig. 8.5(0)9] - S EMES] o] wet
HRETEE AREARE Z27|A R A vl EZo]o)] whE FRag iy} HEs] vep ] d=th 12
a1, L3 Mol thal] Z1o)7} TR Figs. 8.6%) 8.55 Hlwahd dAA|4 07 Fgaaeo] S7ehs

- 167 -

Collection @ kmou



3ol W WEITGRE 1]
& v, s,

Zo] T
==

20.0

17.5

15.0

12.5

10.0

0.0

Pore water pressure (kPa)

25

-5.0

-7.5

%S e

)\
T%L

=0}

THe] @l A7 o
2=0 5m°ﬂ7\1 N=5°] Fig. 877 N=32| Fig. 85| A7} vlushd
LFERAARE XHT@%*OW N=59]
2=225meA N=59] Fig, 8.8(a)2] 73
mEL] AR Qlete] AR 2719 IF=¢t ST A5 E,

o NS

2=2.25m
N=3, H=0.5m, T=10s
Original

Concrete Mat(L—=6m)
Concrete Mat(L=9m)
Concrete Mat(L=12m)

0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

Pore water pressure (kPa)

-10.0

-20.0

-30.0

Fig. 8.6. Time history of pore water pressures according to variations of wave height,

50 100 150 200 250 300 350 400 450 500 550 600

Time (s)

(a) HA=0.5m, T=10s

[

Il

7=225m
N=3, H=3.0m, T=10s

Original

Conerete Mat(L=6m)

Conecrete Mat(L=9m) |__|

Concrete Mat(L=12m)
I

0

50 100 150 200 250 300 350 400 450 500 550 600

Time (s)

(c) H=3.0m, T=10s

Pore water pressure (kPa)

Pore water pressure (kPa)

O%L—amuv7%%ﬂ
It

20.0

=
0

o 9e

z=225melx= 2o Zlee

RERISUISE

A 2 AT

9= N=39] Fig. 86(2)2] -3l vlaf ZA2E

A7¥e] Aol W} -1 2jol7}

17.5

15.0

12.5

2=2.25m
N=3, H=0.5m, T=15s

Original
Concrete Mat(L—=6m)

Congrete Mat(L=9m)
Concrete Mat(L=12m)

10.0

7.5

5.0

281

0.0

2.5

—
——

-5.0

-7.5

0

70.0

50 100 150 200 250 300 350 400 450 500 550 600

Time (s)

(b) H=0.5m, 7=15s

60.0

50.0

40.0

30.0

20.0

10.0

Yoy

0.0

-10.0

7=2.25m
N=3, H=3.0m, T=15s

-20.0

-30.0

Original

Conerete Mat(L=6m)
Concrete Mat(L=9m) |__|
Concrete Mat(L=12m)

0

50 100 150 200 250 300 350 400 450 500 550 600

Time (s)

(d) F=3.0m, T=15s

the length of concrete mat for z=2.25m, N=3.

Collection @ kmou

- 168 -

period and



20.0 70.0

z=0.75m 2=0.75m
17.5 N=5, H-0.5m, T=10s 60.0 N=5, H=3.0m, T-10s
Original Original

~ 150 Coner ete Mat(L=6m) ~ 500 Conerete Mat(L=6m)
é: Concrete Mat(L=9m) n‘: . Concrete Mat(L=9m)
'5 125 Conerete Mat(L=12m) é 40.0 Concrete Mat(L=12m)
g 100 2
Z 2 300
g 15 s
s 5 200
& sob it ! LA y “ l H i I I ““ I IH l“ I
% 2t 2 100 |

S
z 2 o
g o0 2
g L

235 -10.0 HEH

5.0 -20.0 T

5 -30.0

0 50 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250 300 350 400 450 500 550 600
Time (s) Time (s)
(a) H=0.5m, T=10s (b) H=3.0m, 7=10s

Fig. 8.7. Time history of pore water pressures according to variations of wave height and the
length of concrete mat for 2=0.75m, N=5.
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Fig. 8.8. Time history of pore water pressures according to variations of wave height and the
length of concrete mat for z=2.25m, /N=5.
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Fig. 8.9. Spatial distribution of pore water pressure ratio according to the length of concrete mat
in case of z=0.75m, N=3, H=0.5m, 7=10s.

i e §§§ 3 | 2=0.75m
0.9 S ‘t N=3, H—3 Om, T=10s
g 08— ) 1[4 %e o e a
£ o7l 0 A T o O g Y i g /A0 T G—E—9 Concrete Mat(L=9m)
g 4 &>—6—© Concrete Mat(L=12m)
0.6 =
2 b SR = i
g_ 0.5 -1 I ? /gy_/—’
: 73l N el
2 04— i i ’\\ L B
i i i R S
= : ) : i
g 03 T~
S i T~ o
= 02| — i~
0.1
i

0 a 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 93 96 99 102 105
X-distance (m)

Fig. 8.10. Spatial distribution of pore water pressure ratio according to the length of concrete mat
in case of z=0.75m, /N=3, H=3.0m, 7=10s.
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Fig. 8.11. Spatial distribution of pore water pressure ratio according to the length of concrete mat
in case of z=0.75m, N=3, H=3.0m, 7=15s.
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Fig. 8.12. Spatial distribution of pore water pressure ratio according to the length of concrete mat
in case of z=2.25m, N=3, H=3.0m, 7=10s.
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Fig. 8.13. Spatial distribution of pore water pressure ratio according to the length of concrete mat
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in case of z=0.75m, N=5, H=3.0m, 7=10s.




TIME=599.0sec

Fig. 8.14. Spatial distribution of pore water pressure ratio under regular wave loading at ¢=599.0s
for N=5, H=3.0m, 7=10s when the concrete mat is not.
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Fig. 8.15. Spatial distribution of pore water pressure ratio under regular wave loading at ¢=599.0s
for N=5, H=3.0m, 7=10s when the length of concrete mat is 12m.
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Fig. 9.1. Time history of horizontal displacements according to variations of significant wave height,
period and the length of concrete mat for /V=3.
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Fig. 9.2. Time history of vertical displacements according to variations of significant wave height,
period and the length of concrete mat for /V=3.

Table 9.1. Reduction ratio of displacement according to the wave conditions
and the length of concrete mat for /V=3.

Wave Conditions Concrete mat(L=6m) Concrete mat(Z=9m) Concrete mat(L=12m)

Horizontal Vertical Horizontal Vertical Horizontal Vertical
fll/ii(m) TI/3(S) 0 0 0 0 0 0

(%) (%) (%) (%) (%0 (%)

05 10 22.81 29.33 27.19 34.67 29.82 37.33

’ 15 23.08 31.25 25.64 3542 26.92 3542
30 10 32.57 29.49 34.19 30.69 3598 3242

) 15 31.79 29.27 32.63 29.67 3451 3141
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Fig. 9.3. Time history of horizontal displacements according to variations of significant wave height
and the length of concrete mat for N=5.
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Fig. 9.4. Time history of vertical displacements according to variations of significant wave height
and the length of concrete mat for /V=5.

Table 9.2. Reduction ratio of displacement according to the wave conditions
and the length of concrete mat for /V=5.

Wave Conditions Concrete mat(L=6m) Concrete mat(L=9m) Concrete mat(L=12m)

Horizontal Vertical Horizontal Vertical Horizontal Vertical
[{1/ 3(m) Tl/ 3(8) 0 0 0 0 0 0
(%) (%) (%) (%) (%) (%)
05 10 16.39 24.24 18.03 27.27 19.67 27.27
' 15 15.38 21.05 15.38 21.05 1538 21.05
30 10 28.84 2837 31.76 30.21 33.84 32.06
' 15 29.62 30.29 33.87 34.98 35.94 37.39
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Fig. 9.5. Comparison of time histories of displacement between regular and irregular waves
according to concrete mat(Z=12m) for N=3.
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Fig. 9.6. Horizontal displacement spectrum at point E1 according to variations of significant wave
height, period and the length of concrete mat for N=3.
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Fig. 9.7. Vertical displacement spectrum at point El according to variations of significant wave
height, period and the length of concrete mat for /V=3.
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Fig. 9.8. Horizontal displacement spectrum at point El according to variations of significant wave
height, period and the length of concrete mat for /V=3.
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Fig. 9.9. Vertical displacement spectrum at point El according to variations of significant wave
height, period and the length of concrete mat for /V=3.
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Fig. 9.10. Time history of pore water pressures according to variations of significant wave height,
period and the length of concrete mat for z=0.75m, /N=3.
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Fig. 9.11. Time history of pore water pressures according to variations of significant wave height,
period and the length of concrete mat for z=2.25m, /N=3.
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Fig. 9.12. Time history of pore water pressures according to variations of significant wave height
and the length of concrete mat for 2=0.75m, /V=5.
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Fig. 9.13. Time history of pore water pressures according to variations of significant wave height
and the length of concrete mat for 2=2.25m, N=5.
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Fig. 9.14. Pore water pressure spectrum according to variations of significant wave period and the
length of concrete mat for 2=0.75m, /N=3.
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Fig. 9.15. Pore water pressure spectrum according to variations of significant wave period and the length of
concrete mat for z=2.25m, /N=3.

9.3.3 SHAAJEIY =42

Figs. 916920 PI~P27] thall o] 2=0.75m®} 2.25mell] Ngke] 2z} 33} 59w frofufar, 25
7] 9 ZAEME Zo|e] wste] ke I o] SRS AXEE Slofok o7 1A, il
A& Ao AR} LA 10, /0, = FAE 1, T3 ARtdsle] 375 U
C(Yasuda, 1988). 7+ 180l 72 AP S QANEe] 44, =4 A7) 5 = Zo] eme] 232 E
E, 3t 4875 o] ome] FAEME, AN nlERY| S o] 12me] FAEMET} 217
FAE A5l gk Aajolrt.

:E‘f—r’

—

- 187 -

Collection @ kmou



A, 2=0.75m, N=3, H,;;=0.5m, T;,,=10s] Fig 9.16:= Ao HH ZAZEMES X1 ok
YAREE] 735 =l FH ] 0382 ek, FA2EE} 4 E o] T19] Holrt dojA|
THEm7E Zol50] FHu| 026714 A7FECh B3h AnEe] p=30mell A UER 9] 371497}
FAYEMES] Zol7} Aol A Adi-o] nlgHo R Y sS5o% olFHe e gl
T Stk o2 ZATEMES] TRkl ofg) siAARe] Ard =t Sk L, v EL] Hojrt sj50 %
oS Ayt S7HE = 997t si5 0% Holx7] dizoltt webr, ZAYEES
Aot o)z FHeh= 735 dAle] Adwi-al sAx el st 7hsAdo] AdTiA 0= FefEol
FAleA Fg7d ST 7Teiank B3k JAle] T W sk s ARl = EAEES]
dofl whE BIP7F A9 ERA] b A & 5 Qlek o= A2 A5l el 2711 on] ARk
S =7t S7H Aol AR o]AHe] IHEE FAREMES] FHARI SRke] gt
ta o] W37} vjA|= Gl A4 7] witolm, FAE vz A Hdske] s ARkl &=
FAZEMEZL AA 0 = TS gol ojAr o] FAWY] uige] =rstu]el] niA= G Bg vhg-
nju] g 2107 ke,

Fig. 9.17:% 2=0.75m, N=3, H,;;=3.0m, 7} ,=10s°] 73-%-%, AANtelA A= Fig. 9.16 5Tt A
st A A HkelA =4zt 0.90 o) o) PR ek, st 7sAdo] vl 52 730l
wbA, fo]ukae] S7Rs WSl 7he e #ole T88 9l ZLo R i o]l ZIEME
AT A folle AAA S D57 0470 FolEt 218 ER1E = Qltk o714, mjEZo]

Al &5 IS as s g elo] BlolrAe FHYEMES F8% - A g
HEZ QoA AR vhe A9 =7 AV dsshe ddo] vt webA, o5 ]
7] SeliMs Al dwe] Ay Teas EaREES TS o F3iA sy 250 v
SH= A% ahke] PR 210 % gty of7|A, ZHEMESLS] A AN elA= Vsl 7
o] mif- Fo1EaL, 11 9]9] sliSelr= W3t 7hsAdol Tl FAEARE, st 7FEs o AlAlE
] o] o]Axo] Yehpr] wiel] A FgAel mixl= 2F A1 3R A9 gle Zlow w
ok

Fig 918 %18t Fig 9.173} L3 238}l 725718 T 5=10s9lM 7 =155 A7 & 792
Ayjo|tt. A EMES o] uie} I=r4H7F 0470 AAshs 22 Fig 9.179] 739-2F fAkst
Ak v ESES] HehA|7} Bt s, =il AVdsshe ddel 19 gk ek A
UrERdIc): olefst A= f-2l5712] Wslel] ke WA Losada, et al,, 1996)°] Afolol] 7]Q18k= Z210%
Fhckech

Figs. 9.199.20:2 P1~P27°]| thal] Z10] 2=0.75mox N=32] 73-$-ofl A EviE f7o uf 2w}
S} Bt ule] 73S tiulakar Q) Fig. 9.19004 7R3k H=0.5m, 7=10s0]1, B2 uh=
H, ;s=0.5m, T},,=10s°1™, Fig. 920914 72| ¥h= H=3.0m, 7=10s°]2L, &2k H, y=3.0m, 7},

=10so]t}. 7+ T elx] T 437] 5= ZAREMET} EAER] e A5, AA v |sE

ox

oz

(M)

=
=
=
=
il

- 188 -

Collection @ kmou



12m8] FIHEMEZ} EAE A5 oujsitt T7l 0w Y i uke] B97t EtAluhEn & 1=
TS v, szl Adugle]l 22 EME 24 whet 1=l AZaart vl
Ok 53k ErA kR R el U5 52 ISz vek L, SaEEZE £4E A
SLsHA YERsth o714, e Aajel ARk, @ﬂlé}-ﬂ AR R el A Wk} sB7HA] Bt ke
frelatare] aidehs s 7= R RE sXshs 2] HE ARl AR Ak

Figs 921~9.22= N=3, H, ;;=30m, T} ,=10s°] tha] ZA2|EvES] fiel uhz 7===si] o] 53k

0], Fig 923 11213 H=3.0m, 7=10s2] 7350l I=12m2] A EMET} 32% Z-9-9] 15
o] FFHEEE YRl Zlojtt T1RlelA Wikl Tk WSt 7hs/do] a1, stk
TV WS 7o) dthes A ofn|Eith

Submerged breakwater
.

30m
10 ]
H H 7z=0.75m

i ] ] N=3, H,;=0.5m, T, ,=10s
g o8 ; 4 +——+——+ Original
i 07 i i —#A—A Concrete Mat(L=6m)
i H G—6—=© Concrete Mat(L=9m)
2 06 : Concrete Mat(L=12m)
3
g 05
b
2 04 ;
£ s A
@ & o
£ i ! o
50 PARARARN i A PanCRABERE ERREN

- ; i NS N i il

01 ; 174 i p =N oo PN b s - P

. \ i R\er G b gy

00 [ ! \Mi -lli i i [ i i

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 8 90 93 96 99 102 105

X-distance (m)

Fig. 9.16. Spatial distribution of pore water pressure ratio according to the length of concrete mat in
case of 2=0.75m, N=3, H, ;;=0.5m, 7] ,;=10s.
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Fig. 9.17. Spatial distribution of pore water pressure ratio according to the length of concrete mat in
case of z=0.75m, N=3, H,;3=3.0m, 7,,,=10s.
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Fig. 9.18. Spatial distribution of pore water pressure ratio according to the length of concrete mat in
case of z=0.75m, N=3, H,;3=3.0m, 7,5=I5s.
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Fig. 9.20. Comparison of Spatial distribution of pore water pressure ratio between regular and
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TIME=599.0sec

Fig. 9.21. Spatial distribution of pore water pressure ratio under irregular wave loading at ¢=599.0s
for N=3, H,;;=3.0m, 7),,=10s when the concrete mat is not.
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Fig. 9.22. Spatial distribution of pore water pressure ratio under irregular wave loading at ¢=599.0s
for N=3, H,/;=3.0m, 7],,=10s when the length of concrete mat is 12m.
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Fig. 9.23. Spatial distribution of pore water pressure ratio under regular wave loading at ¢=599.0s
for N=3, H=3.0m, 7=10s when the length of concrete mat is 12m.

94 EHA
1 Aolxes A Adryal Vs Ay 0% shxloA AlEA RO E A s FEME
2 A1)0] A RReIN WAL 7154 S T} AEEol 0 REE e AlsEe] Al
71&6}0% Ao wARE B sHE Aol Folsh A4 HED-NITE S & FLIPY ) O 2 5E] 21
EES] f5 0 HlEo] o] W] mkE AAle] BRI, AR 1Rk} Mol o
AT AR o9 2 BASHS ST, el B Auke] EAwg] 0
QM B3RS o] 2RE ol Q3 AFFS Thge] Qoky|&),

(1) B ENES TUF 97 FAS] 2 ALASI7E A ehta, S8 iEe]} Potd

- 192 -

Collection @ kmou



% s7h RHashe 20% Uit oleld Avke maEnEe) wAe) mE AR
At S ot weo] Qlk ARARIA Ae] M A A0 919l Ago] 1Ay
AT UeRA) 9gteh ol Biste] 497} FAntel A 9wnch
HbHgo] kA2 i, ek Fuste] wels) uje] $1X17F A o) Wkl Ao whakein

ol
F{F
E{E
o
kit
3o 2
2
N
l—fﬂ

Q) ZAYEMES FAT 79 g5 At A7 WskEA) A9, Rt=ate] e

H, weh Ao 1] Zans A7k ek,

(3) SAYEMES ¥dsks 4 vIES] F7HQ] TR0 % ANk A st S7kE, viEZ
olE ST 735 ARte] AU} Sk 9 HSI7E WolA PR At st ThsdE
Bt = = Qo) 3, wiEAd ol wel qf 2wt Z-e-wuk ARk A Zd Al z-s)
A7} AVdsshs 7397k 3lom, ol9] A= SAUEMES] THe wolu 250 AT et

ATt

=2
Y
[-‘\l
X
_1

A

S
ru
H
AC)
T
=
\
—-
s
ot}
N
rII.
=
N
4
&
2
NE
N
l
=
&
4o,
14
offt
=2
.
j{;
j‘i_l,
=
rir
rlu
fo (
o
=)

(5) AP Vb sRRkEzel Aglol dldsl tiRTow A EMES] f84e S0l

References

- Biot, M.A.(1941), General theory of three-dimensional consolidation, J. of Applied Physics, Vol.12,
pp.155-165.

- CDIT(2001), Research and development of numerical wave channel(CADMAS-SURF), CDIT library, Vol.12.

- Goda, Y.(2010), Random seas and design of maritime structures, World Scientific.

- Godbold, J., Sackmann, N. & Cheng, L.(2014), Stability design for concrete mattresses, Proceedings of
24™ International Ocean and Polar Engineering Conference, ISOPE, pp.302-308.

- Hirt, CW. & Nichols, B.D.(1981), Volume of fluid(VOF) method for the dynamics of free boundaries,
J. of Computational Physics, Vol.39, pp.201-225.

- Hsu, T.J., Sakakiyama, T., & Liu, P.L.F.(2002), A numerical model for wave motions and turbulence flows
in front of a composite breakwater, Coastal Engineering, Vol.46, No.1, pp.25-50.

- 193 -

Collection @ kmou



- lai, S., Matsunaga, Y. & Kameoka, T.(1992a), Strain space plasticity model for cyclic mobility, Soils and
Foundations, Japanese Society of Soil Mechanics and Foundation Eng., Vol.32, No.2, pp.1-15.

- Jai, S., Matsunaga, Y. & Kameoka, T.(1992b), Analysis of undrained cyclic behavior of sand under anisotropic
consolidation, Soils and Foundation, Japanese Society of Soil Mechanics and Foundation Eng,, Vol.32, No.2,
pp-16-20.

- Jeng. D.S., Ye, J.H.,, Zhang, J.S. & Liu, P.F.(2013), An integrated model for the wave-induced seabed
response around marine structures : Model verifications and applications, Coastal Engineering, Vol.72,
pp-1-19.

- Losada, LJ., Silva, R. & Losada, M.A.(1996), 3-D non-breaking regular wave interaction with submerged
breakwaters, Coastal Engineering, Vol.28, pp.229-248.

- Mitsuyasu, H.(1970), On the growth of spectrum of wind-generated waves (2)-spectral shape of wind waves
at finite fetch, Proc. Japanese Conf. Coastal Eng., pp.1-7.

- Mizutani, N., Mostafa, AM. & Iwata, K.(1998), Nonlinear regular wave, submerged breakwater and seabed
dynamic interaction, Coastal Engineering, Vol.33, pp.177-202.

- Morita, T., lai, S., Hanlong, L., Ichii, Y. & Satou, T.(1997), Simplified set-up method of various parameters
necessary to predict liquefaction damage of structures by FLIP program, Technical Note of the Port and
Harbour Research Institute Ministry of Transport, Japan, Vol.869, pp.1-36.

- Sakakiyama, T. & Kajima, R.(1992), Numerical simulation of nonlinear wave interaction with permeable
breakwater, Proceedings of the 22nd ICCE, ASCE, pp.1517-1530.

- Sekiguchi, H., Sassa, S., Miyamoto, J. and Sugioka, K. 1.(2000), Wave-induced liquefaction, flow deformation
and particle transport in sand beds, ISRM International Symposium, International Society for Rock Mechanics.

- Sumer, B. M., Dixen, F. H. & Fredsee, J.(2010), Cover stones on liquefiable soil bed under waves, Coastal
Engineering, Vol.57, No9, pp.864-873.

- Yasuda, S.(1988), From investigation to countermeasure for liquefaction, Kajima Press, 256p.

- 194 -

Collection @ kmou



Al 0y 2=

= oww M o] 4 EZ}%, kB AN AEAE, FARTEE D AR

oﬂ%} ) s} S 0 el RS A gelch Aol S Asslch skl
= AR 7=l v EE-ANe] T Ag AR, Al L AlSel A TR SRk
%234 AE A A6 AT, TANLT 2 Ve AT e) AEAE- AsE D A
A 2t telglon, TRERE AAS thoR sl
AR = AANARES 2k R Buke gt sAxmte] Ao A8-0 =, Biot?] 32-qtHo]
ol 71%510] YRS Zhe HRFHIbs e} k2 A, 5 T 9 78 9] 2} slAA
oA =AML, 7= frEee W AekeE S APYSE < 9l XS MEA eI o2
B oS 00% b dule} Aukate] Ao 230 18, oS 12 s el
Bt} Aate) AsAgoz 7 A
AN S BE-PANA RS 2k P s Euke el A4 e Ao, Aielr e &
o] Biot®] 33HAGH0] 2] 7)3l0] BB APMIES ZHe HEFute] FEYE T T,

SRR LR BRI PR %@%-?4, AT R —s;—a;ﬂ 1 J_L—O—a—;— ek

o

gfo] Aol A%ek vl Ve e
W S5 AR, o1 DI T VPP 78
3] AR A O A FERT, NN Fouterg T} W S 485
), S Qo P%Q%l” $EERE et ol RE QoS 002 S 5
AEe] AT AGAN AREFUE, YIRS 12 3Pl 58-Sk te] JEagel]

WG AN 5 9lom], 2ol f18 T, Tk T 8 e ool Sk AR

A5l = A2, A3 B Aol A s De=eket AREede] g A8k
Aol obdske Brheic,

Ao gwp A7 dpARETEE ] Fa gl ARl 7153 2DNITE R} frgke i)

7123 FLIPRELS: 2 8alo] sjA=Iuhy 1154k, 1ka4qku] 9l ol 58 Amalolrh o374,

Aegell= Tt kel gAlE dfdow fsb,@, Aol BitAstel A drdow sglck

- 195 -

Collection @ kmou



AT} AL ATV F Y AT ) A5 A el Tt PO, Aled D Aol
AP FU AN A g3j0] 1A Aol WAFsAo] S WS WKal] 98 A
How FAYENES MEE A9E o SN AT Ase Tz EmEe)
59 S oo Gelw, 1ela AgRe EaderEs Bk W 4AE dhke 2 st

ope 7 Aol Fol FaF AR B =] AEOR 1] vl =it

=

10.1 MR7 - oMo RREFEM-SIMAIHMY HORE
VPR R AL A thFOR AN B B IS Frestl
AR e ol 7)€ T8k 9] Astel S Bste) SN Aste) vlastel i ssle) ey
2 QZ3hck 19, A AT, ARG W QAL 2 RREREY
| 22t A1) 1554, 5 AR ol A] ANEEA 2 QA1)
Walel 1k 150 WElES s skl ol=REl 3 A9 sl elA s g
799K v 2018 NSRS Lk S H918h 4 919, gkl s 23Rl
Al ghell 207, FEERIRE eI iRk ol ghark 2, FAlel) kg
ark 2 ghe 2 ANSHERE T BT 5 gloirk
ol WSS S el L slalis bl 717k AiRblolt skl e At
o] T TR o2V S SN Aol A8 4 G2 20 Wk, BA AT
A7 A R ke slefel] B0l AR S ks S skl 28 S} Hie]

=
AR 1 AHgAe] SiE 5 Qs Jlow ddEn):

2

of
sy
e
o
Jdo
{0
olo
S
[
AC)
=
X,

1

102 A7 . oE-YoN2e| BREFEM-SHAA[LIS] Y25t

Ak JENALES ZHe FEEL 9 TR0} BBt TSI A FAS
FH ekl shisle: maslol, 71l aste] et siisle) Agast o sagete) Aazste)
2zt ulmste] & el AXSH: ANee) B S AEsgn ol= e e A, K%
8l e A 2R SRR 283j0] SRS AN Bl 5719 dalel ne Aubas), 25
o

599, J2)7 ARk MESAS =oaj9in), o2 RE| £2H F03 Al3e

I
ol
a
2
N
Jo

(1) Aol B350 EAfsH= A9 Ake] S5
QJere 27l Wy

do
o
r\l
_I

&
2
rlo
o;rz
)
a
o
il
i
kit
1o

- 196 -

Collection @ kmou



THIRE el

=]
fL

@

4.

;OM

| FA ok

9]

7Fell <J3)

=
o

=)

4]

s

599

Ayl
=

H4y=
LN

Q)

& 7] sl 2

Bl o

Q)

7]

=
=

|

ARk 71 2

9|

el Wahe ey

d

ERA) 9, A5 Zlolel wet #g) 14

| 5

4y
=

===
R

©

} 1117

9]

o o

Al
4]

7

I

=
T

Els

I 5719] Ah2gt A

3

Sbe] 9142 STy QAL

At

A
= E

Ao 11, AriA] Aeo]e]

-
R

1

X

Hgte] Ao
A «/L,7} 24

o2 Ak 5

SF0] A
olefM -sAlell 0 %k

8) HFEIF gl

HA ekom, Hzol

S

3

..L__;}\
L

e

O
=

]

H
~I

3l

Z

]

e}

e

il

S

o] ol

INB

s

71, Fdh

wele) 5

]

3%
JO

g 7k

24T
1=

A1) ARk 5

Els

9 SRTEIEZAA

o] =}, QAlste] F717)

Eix

[e}
. T

3

—

%O

- 197 -

Collection @ kmou



sk A 9 AAGESES aste, e 580] EAlR: 4% 8 FI9) Lo] PEy

sho] Wjel s Arkeeo] Wy

00) AT o] b o] Al S5 ﬂd@m A BlAE e s

(1) 50 EAsh= 77 s ivs gt lghysdold Ay S4-852 Aol 22
A oR ulge] Alolw WAEH. =, SITHIREM e s Eo] i) el Wil s
o] §l= w7 gskaL, FEsHuks el Zeuke] S uiru A uje} rliEo] Sl i)t
sk Aol Qo] - Ao M MR vE 45 He] EAE

103 M4% . SE-QIofHINZO| HEFETLSRAHIONN FiSoet
Fourier 33717} W4=2] 225 2-8-5197 Jeng et al.(2006)°] 2]3fl #]4%¥ McDougal et al.(1989)
e OFE % &, et Y !%fal(zl%) T2 A AR A g mto] EAfjsk= ﬁo%@r
S5 Wt FESRe 3EgeA R SS YeRlE sldslE ARPIEISic 53], Feh A
T79] 7= Laplace M3 94@] & Seymour(ZOODi’l gl ote] vl - HE W -7‘*771]94
B 7128 s, A 2 A Aele) nlal - AEETE sl S S
ASNTE 714, F-ah2)E) FA2] B S48 Jeng & Seymour(2007)2] SIS HLHE 422 28 5]

Flo

rSL'

G Best Gl ik e H0% e,

F3h o] A B 71Ee AelM 3 AL Aol AREEAE S oR AA g
749 okS. TR AR AL JFssAulE ARSAE Setao g ﬂﬂ] & A e AR
A B7bsobd, mebA {3 TG F8 FA10] Alolel= A1Q1 ool EAsith= A&
o) 2= o

2 5 Q3tek o1l e o}»u uﬁxﬂj A, 34)011 bl Agkgeol] ¢ kel ¢ o) gL Role

. 83 T Aol Tl

(1) BEEE7} 271842 sjol 550) Sarol ARIE4E AT, ool Aokt

Q) AWEAZL ZA1B5E 5o} BEC) POt YT W ARATEGE P

- 198 -

Collection @ kmou



o
U ﬂl
1o
M
ol
o
s
-
12
ok
o%
[3ul
-
X
%
™
J

5
iAcs
rlo
re
N
ok
o%
b

3) AT 17F eSS vt
Ao 77k KT,

55 A9 aAAe] i
(1) BESE7} 2715 Tlo) 55| Sl AR ok AR, olarol Ao}
() Sheh B350 o)} el B 54 Qe ARG HojA S e,

FiA o efFgelr] HuA7F o Aan, 54 Tl ¥ Ak

- 2 A AR e

(1) BEEEI 2055 519) 550] 2T ARATFTFE b, el Ax

(2) ¥ek 559 gl U BF 54 SISO AREAE H YA E vehg,
daF o el HdA7 ¥ Ao, 54 AT H Ak

10.4 M58 - S5-I 2ot SMAIRILIN dseRe 2 Ayel

= ZolM= A Al AR EEe] Sk el Fole] s, FEEEvt

B S E el ik ENT4) ajel) B B5o] FEah Aol AN dilalE
A g3j0] 215 2 ARATFU} A IFRe T3 BlolE Frhson, 7], st AuE
7 9 BEEEe) Halel B 74 AEEedeh gshgel o MEENS AESITE ol g B

() 7719] el e FARA) 2, AR 1 A (] 217 B obysilols BeE MESA
& VR gk, ARG Shgte] PR ol I A, £ A B e Y
AtelAle] S48 Lhehick

(3) AN} FALSE ik%ﬂ&%m#%% Z7kehe W] PR B A
Zloli= Aotk 1eful, A

FR
L\l
o
f
|
iy
=
o
T
i)
s
K

- 199 -

Collection @ kmou



@) =) BN BERE HES BRI S, BT
2 qasjo] 2 FAHUIEGREE ZolAle], mleb] Fakelopsigol: hadic) |, o
SR ZEET} TS TAMIEHRE sk, PAAITARS F7] 4 Fak
=5 A, 0|2 Qlslo] FAAYsZolE SN
.I__,.KI]II- KI'RII KII:I[-OI I\I'EKI'.Q.
R A R Rk o e L
B S MO R fR ARG Heahe
VS S8 MBI A SNy
.

10.5 M6 -
= ZolM= 2D-NITE 2
olF 'haHte] et AYF] et
FLIPEe] SIHA| 2 48510 iata(utars} 7))9k %
off A A FAASRA) 2 SAANI =9dw) =eeileVdsh el 22 sA s HE
Lo dgldvtele] vl gl HERTE FA|s| A}
dojxl T oot AFS thaell 2oF ¥l 7|l
o] ofs A, HA ek 55 PR el =
[Sh = R

R E L R C R D
AZalglon], HRel s
71k RSl (EE)2) 29 A Ak

1o ek, AAmelashe] 45
P Ao Ao

TA|E
o] BF= %
(1) FA Aeke] 9= 7|24 0= A
FET AI7EE] A Bl W7E ASA 0%
?:]/\}_L} o] H}/\]_J]_/] Oﬂzﬂ:— ;dx%x%_i Hl= Xl—x—ﬂ ;dq J}i 7].7&]—;],301]/\1‘— = =] 0]_7]_ HL/\gQJﬂ JH_L}
FIFS W= Sk

o iﬂ
gl pE Sol] gt ol RIEAe] ek, FEgh et
&5 R st 22
SH7E a4 ol 2 ghs VbR R a4 3
S717] ol

o]
= Al vt Ees

H2 PRl Qe ipgako s, 952 w9 7
2R, 571
o]

Z_
=

= o [ol=2]
= 27 raed

sk AT
Q) IS SRR A2zl 7}
H3lolli= AthA 0 7 mizker) "oy, 7=
A st e 7hs/de] a1, Hidel] A zlo)7t Zlojd 4
Wl 7L solInk Bgh s ARk Ngko] AR AkA|REE
N3} 7Fs/do] mofxich
3) FA A 7= 7P oA Atd oz 2 o] WAE ) Fa Aw Ao sfxd
TN A3} 7Fsrdo] =tk
10.6 M77 . EqATL-ER-AHL] 43R
1 ol M= 2DNITEDZTE Ag5412] Bzl vfegzl-gste] siaidolr] sk AFgst,
o] kg2 v AL Fo Bel §-a-8934S 7Nke R R34S NS Aase
- 200 -

Collection @ kmou



= H =1
FASHS FA s}Oﬂu} e 2 gl B8 ABE Tl sob e

(1) A AR B-9200) 59 W Ao wRE A 45 o HXwA et
S WSS eIk SE910) A9 SOkt A, Ngte] A el AR w3 24
A HAEPoE AT H, $EFANE FOF717F 7] B9 B AR, A=as)e] B9
A A ) ) 2 U e, o) 2 499 2, Aglel 2 el
Ao}, el Al Ak Aol 0] B9 SRl Hirte] 59
¥slE vehic

ri
)

@ f %ﬂﬁrﬂﬁ S¥ 07} A% Y
o)

/d ZEAHo) 7}21 A ‘/}E]ruru% o= AJuke] QIR Zlo)7} 71 62=2 71astc), Hhse], FA| FoZn
S AN ] 4001 A 0% 9 Aol 2Aeich ol @ Nl
AXE 7] =17)7} ARkA o 7 Ro}lxit)

(3) Ab] 4220017} 2017131, A Ngho) AR vl hawlo] 9pgsh 7ksdol
Zojer} Te, st 73%7} B2 7199 e ARIERle] Belel EYehe
!

4) S AR To R TE 7HA5Ee] sfA AW oA st HI A Bt ke] o) ulel| s
she whaek F715 Zhe AR sAshs Alo] tS A AR ok

10.7 MIgs . 23HEWE-AD-TRAI] YOAZYN AL

2 Aol A ek A el st RS FHsteL BEste] SN Bl
o z¥E T A ATI) ATA 7|20, s PAPYOE AN AFRA G0,
2 A B EWES WA Aniel TASHE Wk AN ool Aegsh A7gelA s}
g AAFHEDNTE S} FUPEE)S 5 §8to] 2az=n=e] 45 9 u=go]e] el ue
AA] RS, AR D50 Vel thet A AgE 1T R BASR
& AN oY FEST ol Qojrl ZaF AR thel Qok7|&F)

- 201 -

Collection @ kmou



(1) ZREES AT 297} S W AAaslzh A ekt i 2Ado)h ol
B WS Fashe Flo] A AP, Ake] AHATOE o5l Wk B9

LTS R 2xdstell AP NAZE S7F8 S el Eofeth ol2fet Avks EAe| v

@ TAENEES TUT B9 DEHTERE A7 WA B, AFIEG0] 7,
kb AR H oz 7&%—?%%1 sl AvE ek ShAR, wiEZolo] wkel x154eke] W
o] .T.ﬁhﬂ]—sl:j ol% Q
7} Sl

ﬁ r

3) ZAYEMES FAHsh= ¢ A1 AuFolr s At ISl vl Y
O AVl ThsAdE Ss] 2 7 Mk offR ol MHES] SRl THOR ANt
FLETE S7RER7] wite e o171, mEZe]E AAl s -i’LELE]EHHEOH &) Ad =t 571
B ] HeI7F WolA B AdtA o ARkl st 7heAd = ek 2 ¢ QAL FAlOl Al
oA o] A QPY3S A 4= ek d, mEo]ol Wt A i AlZRRstel A Zh=aeet
N7} AV 797t 9o, ol A= SAEMES] TS oy 25 o® ¥Ae ATt
ATk

(A

@ AMPger el gAgle] st Bl os FAYEMES] #8492 2RI < 3l

(5) | EREs} A Ak 7ok 9l 7o) o] Qlalstael 7 2 Gake

nx)= 293 9 4otk

10.8 Moy . 2IEWE-SAT-EH-AIRS] FRAZNN Yot

B el A ARe s BB OR Sl AR g0 R A 2R EnE
2 wusto] sl el g ﬁw AEeo 1O 2 TP A ool
712810, IO AR B ASEIN FUT DN S & FLIPRE)O 2] 221
AESES] 1 2 oLEels) WA T 1S S, AN o el
HER A I e BASRE FANNL, FHste Bt BAw 2
IS Bl Ak ol 2 e Sloll FoF AR The] Qoky|dt

(1) ZARENES FU 297 S 3 ALAIZ A ek, g =)t ofd
52 sk gHashs 20w Ul ofefd duks EaeEnEe] R e A1)

- 202 -

Collection @ kmou



17} 7hee w o] gJr}, Aol Aol HARAR) AT R dg)2el o] W
S A9 QAT e YEA ekt ol Bianle) 497 #ue] A9 ur
HiAREo] Qlwb o A7, Bek SRate] njrisl vle) A7} TE) ok wEe) Zlow wekc

Q) TABEMES AT 735 AE=0 A2 AA WskEA] AR o] A

Han, webd JAIF O Z5apsto] Ak AYE vERIt,

() EAREHES ZAske 39 =S 37499 S0z Ae) Jriail Z7b e, e
o1 F7PIZ %% Ake] B} F7be Gee) Wk Wl mE Auepate] H5dg
w29 4 glk g, fEolel nteh 7Hste] ek Ak A AR AN 755
HIZH AP SR B97) GLom, ole] A9 EaTlEEe] $3S oA 250% FUT B

ATk

-

(5) AP Vot Rl AdEglo] st tiF o R FAEMES] 1375 Sl

- 203 -

Collection @ kmou



Wil 2

el AolAl A GmRm) ol aidehs 508 HolSiFHth
oFFAlE o] FA] F3 Yool AHEE =)<l Aert dARE =AY

o

=

ST
g

3]

2

vithebale sl et Ao HEo® ekt Al7E ool AAE el
1987 Jsket %] 4 301do] A} sfql- Sk wAEEY =R AARE X231, o] 25
o, A FHAAN SHFHO R EFAl ofelite] 2o iFt e EeleH, hddt
Zof gt

of
-1

B
mlm

S EYST S R Aol TSk WS MARIE HSSI A S A

Hom AR AuAt mgel alel due) Akt e,

A v SR A e AL W 25, A8 B
kel

i

MpAfo 2 REEG G ow |y o}uu}i HlgolA] Qe7ieh A weksl et & Al of
hdo] ¥ @ telo], o] Aol o] wES Eal AlRkal Ak vk

AFEE FHue] @2 Y] AR SFE FeE syt
Zvsit}. / History desire innovation, always.
2017 12 31

oeled EkE 4 T % =9

- 204 -

Collection @ kmou



	제1장 서론                       
	References                    

	제2장 임의반사율의 부분중복파동장에서 유한두께를 갖는 해저지반내 지반응답의 해석해       
	2.1 서언                       
	2.2 해석해의 유도                      
	2.3 해석결과                   
	2.3.1 무한 지반의 진행파동장                
	2.3.2 무한 지반의 완전중복파동장              
	2.3.3 유한 지반의 진행파동장               
	2.3.4 유한 지반의 완전중복파동장              
	2.3.5 유한 지반의 부분중복파동장              

	2.4 결언                      
	References                       

	제3장 흐름과 임의반사율을 갖는 부분중복파와의 공존장하 해저지반내 동적응답의 해석해                 
	3.1 서언                      
	3.2 해석해                      
	3.2.1 부분중복파동장의 해석                
	3.2.2 지반응답의 해석                

	3.3 해석결과의 검증                  
	3.3.1 완전중복파에 대한 해석해 (흐름이 없는 무한 두께의 경우)        
	3.3.2 진행파에 대한 실험치 (흐름이 없는 유한 두께의 경우)      
	3.3.3 진행파에 대한 실험치 (흐름이 있는 유한 두께의 경우)      

	3.4 해석결과                    
	3.4.1 흐름과 진행파동장과의 공존장하 유한 두께의 해저지반       
	3.4.2 흐름과 부분중복파동장과의 공존장하 유한 두께의 해저지반      
	3.4.3 흐름과 부분중복파동장과의 공존장하 무한 두께의 해저지반      
	3.4.4 흐름과 부분중복파동장과의 공존장하 얕은 두께의 해저지반      
	3.4.5 흐름과 완전중복파동장과의 공존장하 유한 두께의 해저지반    
	3.4.6 흐름과 완전중복파동장과의 공존장하 무한 두께의 해저지반    
	3.4.7 흐름과 완전중복파동장과의 공존장하 얕은 두께의 해저지반    

	3.5 결언                      
	References                       

	제4장 흐름과 진행파와의 공존장하 해저지반내 잔류간극수압의 해석해           
	4.1 서언                      
	4.2 해석이론                    
	4.2.1 지배방정식과 경계조건                
	4.2.2 잔류간극수압의 원천항                
	4.2.3 흐름과 파에 의한 해저지반내 전단응력          
	4.2.4 해석해의 유도                   

	4.3 해석결과의 검증                   
	4.4 해석결과                    
	4.4.1 흐름이 없는 진행파                 
	4.4.2 흐름이 있는 진행파                 

	4.5 결언                      
	References                       

	제5장 흐름과 파와의 공존장하 해저지반내 전 간극수압의 해석해로부터 액상화의 평가     
	5.1 서언                      
	5.2 해석해                       
	5.2.1 잔류간극수압                  
	5.2.2 진동간극수압                  
	5.2.3 액상화의 평가                  

	5.3. 해석결과                      
	5.3.1 연직깊이의 변화              
	5.3.2 주기의 변화                
	5.3.3 파고의 변화                
	5.3.4 지반두께의 변화               
	5.3.5 흐름속도의 변화               

	5.4 결언                    
	References                      

	제6장 규칙파동장하 잠제 주변지반의 동적거동에 관한 수치해석             
	6.1 서언                    
	6.2 수치해석이론                     
	6.2.1 2D-NIT모델에 의한 파동장해석              
	6.2.2 FLIP모델에 의한 해저지반거동해석             

	6.3 수치해석결과의 검증               
	6.4 잠제의 변위 및 잠제하 해저지반의 동적거동           
	6.4.1 계산조건                    
	6.4.2 동파압의 산정                  
	6.4.3 잠제 및 해저지반내에서 동적응답           

	6.5 결언                    
	References                      

	제7장 불칙파동장하 잠제 주변지반의 동적거동에 관한 수치해석             
	7.1 서언                    
	7.2 2D-NIT모델과 FLIP모델의 개요               
	7.3 수치해석                  
	7.3.1 계산조건                    
	7.3.2 불규칙파랑의 조파                
	7.3.3 잠제의 동적거동               

	7.4 결언                    
	References                      

	제8장 콘크리트매트 피복을 이용한 잠제하 해저지반에서 액상화 대책공법에 관한 수치해석 규칙파 조건                      
	8.1 서언                    
	8.2 2D-NIT모델과 FLIP모델의 개요 및 결과의 검증            
	8.3 수치해석                  
	8.3.1 계산조건                    
	8.3.2 잠제의 동적변위               
	8.3.3 해저지반내 간극수압과 간극수압비             
	8.3.4 해저지반내 간극수압비의 공간분포             

	8.4 결언                    
	References                      

	제9장 콘크리트매트 피복을 이용한 잠제하 해저지반에서 액상화 대책공법에 관한 수치해석 불규칙파 조건                   
	9.1 서언                    
	9.2 2D-NIT모델과 FLIP모델, 모델의 검증 및 계산조건            
	9.3 수치해석                  
	9.3.1 잠제의 동적거동               
	9.3.2 해저지반내 간극수압             
	9.3.3 해저지반내 간극수압비               

	9.4 결언                    
	References                      

	제10장 결론                       
	10.1 제2장 : 임의반사율의 부분중복파-해저지반과의 상호작용     
	10.2 제3장 : 흐름-임의반사율의 부분중복파-해저지반과의 상호작용   
	10.3 제4장 : 흐름-임의반사율의 부분중복파-해저지반에서 잔류간극수압       
	10.4 제5장 : 흐름-파에 의한 해저지반내에서 액상화 평가        
	10.5 제6장 : 규칙파-잠제-지반의 상호작용             
	10.6 제7장 : 불규칙파-잠제-지반의 상호작용          
	10.7 제8장 : 콘크리트매트-규칙파-잠제-지반의 상호작용에서 액상화대책      
	10.8 제9장 : 콘크리트매트-불규칙파-잠제-지반의 상호작용에서 액상화대책   



<startpage>23
제1장 서론                        1
  References                     6
제2장 임의반사율의 부분중복파동장에서 유한두께를 갖는 해저지반내 지반응답의 해석해        9
  2.1 서언                        9
  2.2 해석해의 유도                       10
  2.3 해석결과                    16
   2.3.1 무한 지반의 진행파동장                 16
   2.3.2 무한 지반의 완전중복파동장               17
   2.3.3 유한 지반의 진행파동장                18
   2.3.4 유한 지반의 완전중복파동장               20
   2.3.5 유한 지반의 부분중복파동장               24
  2.4 결언                       28
  References                        28
제3장 흐름과 임의반사율을 갖는 부분중복파와의 공존장하 해저지반내 동적응답의 해석해                  30
  3.1 서언                       30
  3.2 해석해                       30
   3.2.1 부분중복파동장의 해석                 30
   3.2.2 지반응답의 해석                 32
  3.3 해석결과의 검증                   38
   3.3.1 완전중복파에 대한 해석해 (흐름이 없는 무한 두께의 경우)         38
   3.3.2 진행파에 대한 실험치 (흐름이 없는 유한 두께의 경우)       38
   3.3.3 진행파에 대한 실험치 (흐름이 있는 유한 두께의 경우)       38
  3.4 해석결과                     39
   3.4.1 흐름과 진행파동장과의 공존장하 유한 두께의 해저지반        39
   3.4.2 흐름과 부분중복파동장과의 공존장하 유한 두께의 해저지반       41
   3.4.3 흐름과 부분중복파동장과의 공존장하 무한 두께의 해저지반       47
   3.4.4 흐름과 부분중복파동장과의 공존장하 얕은 두께의 해저지반       49
   3.4.5 흐름과 완전중복파동장과의 공존장하 유한 두께의 해저지반     50
   3.4.6 흐름과 완전중복파동장과의 공존장하 무한 두께의 해저지반     60
   3.4.7 흐름과 완전중복파동장과의 공존장하 얕은 두께의 해저지반     65
  3.5 결언                       66
  References                        67
제4장 흐름과 진행파와의 공존장하 해저지반내 잔류간극수압의 해석해            69
  4.1 서언                       69
  4.2 해석이론                     70
   4.2.1 지배방정식과 경계조건                 70
   4.2.2 잔류간극수압의 원천항                 73
   4.2.3 흐름과 파에 의한 해저지반내 전단응력           74
   4.2.4 해석해의 유도                    74
  4.3 해석결과의 검증                    79
  4.4 해석결과                     83
   4.4.1 흐름이 없는 진행파                  83
   4.4.2 흐름이 있는 진행파                  84
  4.5 결언                       94
  References                        95
제5장 흐름과 파와의 공존장하 해저지반내 전 간극수압의 해석해로부터 액상화의 평가      98
  5.1 서언                       98
  5.2 해석해                        99
   5.2.1 잔류간극수압                   100
   5.2.2 진동간극수압                   101
   5.2.3 액상화의 평가                   102
  5.3. 해석결과                       103
   5.3.1 연직깊이의 변화               103
   5.3.2 주기의 변화                 105
   5.3.3 파고의 변화                 107
   5.3.4 지반두께의 변화                110
   5.3.5 흐름속도의 변화                112
  5.4 결언                     117
  References                       117
제6장 규칙파동장하 잠제 주변지반의 동적거동에 관한 수치해석              120
  6.1 서언                     120
  6.2 수치해석이론                      121
   6.2.1 2D-NIT모델에 의한 파동장해석               121
   6.2.2 FLIP모델에 의한 해저지반거동해석              122
  6.3 수치해석결과의 검증                124
  6.4 잠제의 변위 및 잠제하 해저지반의 동적거동            128
   6.4.1 계산조건                     128
   6.4.2 동파압의 산정                   128
   6.4.3 잠제 및 해저지반내에서 동적응답            129
  6.5 결언                     139
  References                       139
제7장 불칙파동장하 잠제 주변지반의 동적거동에 관한 수치해석              142
  7.1 서언                     142
  7.2 2D-NIT모델과 FLIP모델의 개요                142
  7.3 수치해석                   143
   7.3.1 계산조건                     143
   7.3.2 불규칙파랑의 조파                 143
   7.3.3 잠제의 동적거동                145
  7.4 결언                     158
  References                       158
제8장 콘크리트매트 피복을 이용한 잠제하 해저지반에서 액상화 대책공법에 관한 수치해석 규칙파 조건                       161
  8.1 서언                     161
  8.2 2D-NIT모델과 FLIP모델의 개요 및 결과의 검증             162
  8.3 수치해석                   162
   8.3.1 계산조건                     162
   8.3.2 잠제의 동적변위                162
   8.3.3 해저지반내 간극수압과 간극수압비              167
   8.3.4 해저지반내 간극수압비의 공간분포              171
  8.4 결언                     173
  References                       174
제9장 콘크리트매트 피복을 이용한 잠제하 해저지반에서 액상화 대책공법에 관한 수치해석 불규칙파 조건                    176
  9.1 서언                     176
  9.2 2D-NIT모델과 FLIP모델, 모델의 검증 및 계산조건             176
  9.3 수치해석                   177
   9.3.1 잠제의 동적거동                177
   9.3.2 해저지반내 간극수압              183
   9.3.3 해저지반내 간극수압비                188
  9.4 결언                     193
  References                       194
제10장 결론                        196
  10.1 제2장 : 임의반사율의 부분중복파-해저지반과의 상호작용      197
  10.2 제3장 : 흐름-임의반사율의 부분중복파-해저지반과의 상호작용    197
  10.3 제4장 : 흐름-임의반사율의 부분중복파-해저지반에서 잔류간극수압        199
  10.4 제5장 : 흐름-파에 의한 해저지반내에서 액상화 평가         200
  10.5 제6장 : 규칙파-잠제-지반의 상호작용              201
  10.6 제7장 : 불규칙파-잠제-지반의 상호작용           201
  10.7 제8장 : 콘크리트매트-규칙파-잠제-지반의 상호작용에서 액상화대책       202
  10.8 제9장 : 콘크리트매트-불규칙파-잠제-지반의 상호작용에서 액상화대책    203
</body>

