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Abstract : An analytical solution of dynamic responses for seabed in shallow, finite and infinite thicknesses has
been developed under flow and standing wave coexisting field at a constant water depth condition. To do this, based
on the Biot's consolidation theory, the seabed is assumed as a porous elastic media with the assumptions that pore
fluid is compressible and Darcy law governs the flow. The developed analytical solution is compared with the
previous results and is verified. Using the analytical solution the deformation, pore pressure, effective and shear
stresses of seabed are examined under various given values of flow velocity, incident wave period and seabed
thickness. From this study, it is confirmed that the seabed response is quite different depending on consideration of
flow, which causes changing period and length of incident and reflection waves.
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Fig. 1. Definition sketch of the combination of flow and standing
wave in a Cartesian coordinate system.
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Fig. 6. Flow and standing wave-induced dynamic responses of seabed according to flow velocities under a given conditions of x/L,=0 and

t/Ty=0.



126 oY - PES - ek - At - 25
0 [T T T] 716l TAINO] z/h~-0.46 1A |2l/p,~0 Q) w}E]7} HHAIE]

NEEEEE D I 3, 2/hx-02 014 FUAS ke A4S 2 5 ok
02 — - — U~60cmss |_| oo ZHE 5L 7|0 R FFX|Rte]| tjal| gk
N o o AT SN, 575 8l k2ol i
< R ‘\\ — — - U~150cm/s || 07 F G A H 1, 71 35 g8l 3] W
» sh& VR wjite] sAxuke] A Zolo] A sgrbaro.
hd 7 PYolEEE AT} 2 WMEELS Urhls 207 Bt
Hof, 123, 550] Qe Aol S Eake] o] fx]ellA
e N ARG [/, = 0 OJA|TE, BE0] EAR= Aol o
. RN FEIR) wljel = Aekgeo] METh= 2s gRlgh = Q.
b ar o as as 59 Fig. 72 /T, = 08} Table 19] ZAstIA, 221
ITVp, Fig. 63} T3t vl @ 2wk o 2 7E AP A3

9] AR EE YRl Aolth JHORRE] z/h~-055 5

Fig. 7. Flow and standing wave-induced shear stress of seabed
according to flow velocities under a given conditions of
Table 1 and ¢/T,=0.

@iv) Izl/po
(a) Uy=0cm/s

(iv) Izl/po
(b) Up=150cm/s

Fig. 8. Comparison of dynamic responses of seabed for the flow velocities of U =0 cm/s and U, =150 cm/s under a given condition of
t/ T 0= 0.



S5} ghagETlele] gl sl EAs e sa) 127

8(He} 2ol $hFEe] mit]o A s EF&5ES] Wl
2} ke £,
23t 545 0] Wzl AT 37} B mztslvh= 4l

ok = ek o7 |A, A BAVE A ANBHA] AIRE, 5
o] EAlsh= 7 ehdFETe] vt = It 7%
SEo] 002 HX| ¢=ths Z1E Y718 &
Fig. 8 AWh| 5485 ME5 22bda4 o= vepd 3
o2 U, :Ocm/s°1 Fig. 8@} U, =150 cm/s?] (b)e] M|
ZHE S5EH5ES el WE AlolE & s Flolth |
7, 350 9= U, =0 cn/sY Fig. 8(a)5 AHEH x/L,=0
F& THOE Fe7t ds] tiFS ol FaL Jlom, It
¥ g 9 AR [ESH e HAE /L, =-0.5, 0, 0.5
A, 03k x/Ly = -0.25, 025914 21z} A5, o] = ¢
TEIREEelA uie} mhr] o 7—.”—? CQX] g}, 1], Hoj
2|8} Ax]zlol= 7}3}\‘”3] 35 =0 oA, THFES
H2 z/h = -0.2 oA, A& —8— % z/h = -0.65 °IA 2t
Fgsict, Aehe g A= ey % 2 A8

o} uk

o) Wish} UEpdehs 28 918 4= Tk T, o
o

3

2 AAGF

N

0 ,7‘
~+ .Y
- 1.1
-0.2 Y ", /‘
4
, 7
A 1/
'04 /4 P /
=
> / / / |}
7 7 =
0.6 : T=15s|| |
/’ / J 11— T=13s| |
ol _ 1
'/ " i / - - = T/=lis B
0.8 ’I ! = =0=0T =958 |
PR
|
T
E +
-1 !
0 0.4 0.8 1.2 1.6 2
|PVp,

(a) non-dimensional pore water pressure

0
SRNE
0.2 L
€S
R
\\
0.4
T,=15s M
N o e P T 13s X
y — - — Tells :
— T=9s 1)
’ i
/ /
7 7
0.8 /,
A7
4
. y7
0 0.2 0.4 0.6 0.8 1
lo" VP,

(c) non-dimensional vertical effective stress

99 o7 032 x/Ly = -0.5, 0, 0.5%14,

/LO =-0.25, 0.250014] 22} @A, o)<

=1 of|A WA= RS o 5 vk v

150 cm/s2] Fig. 8(b)= A r ™ 1

=8 =207 99U} i3 A

e 7;1% % 20w ‘4’3"’“‘4’ Fig. 8(a)9} chul st
7 1)

(
=

: i)
o0 L

rlr

B X &L oo
N

ot
alf
o
LN
lr
S

<

L}Elr‘/}x] 2= &%E—:}J 75‘—°r1,:_ %
Folel 43 74?47}i°“% Heij x| o] A717} A o
F X]—T: s YEldY, Ad-sE ] A9 x/L,=0 &
O 97 sk S oA, e Sl v
74—4 AR ko] WskE vehdar, Hojx| Ale] €]
| Fom, Hujx|e] 2717} A o® okt Arh= Al

S J@I T Ut} webs, EF0] EAFo R Al &
EH ]E‘ o] a1, HA] Ato]e] =g 7kA0] F
01'741“1 A Az zlolell A FAlel 03k YERlE x/L, 7 &
st °}OU1 HEo] x/L,=0 F& FHOZ #9744

4 2 ?izu]v

=

J%mlo%%}mlow;
olo 4 J o 2
Jﬂofo{ﬁﬁq>

32

S
/]

LN
N L ] \
-0.2 P \ |
o 198 t /
----- T,=13s ; j
-0.4 — - = TI=lls / /4
—_ T,=9s
§ 0 MY
///
-0.6 ot
7
” o
0.8 e
l«ll
-1 —
0 0.2 0.4 0.6 0.8 1
o' Vp,

(b) non-dimensional horizontal effective stress

0
t
-0.2
T,~15s
----- T,=13s
A\l
04 — - — TjFlIs
5 —_ T,=9s
R
06 TN,
‘\ \
WA
084
\‘ S |\
)
1 1 r
0 0.2 0.4 0.6 0.8 1
72

(d) non-dimensional shear stress

Fig. 9. Flow and standing wave-induced dynamic responses of seabed according to wave periods under a given conditions of x/L,=0,

t/Ty=0 and U,= 100 cm/s.
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Fig. 10. Flow and standing wave-induced dynamic responses of seabed according to seabed thicknesses under a given conditions of x/L,=0,

t/Ty=0, T,= 13 s and Uy= 60 cm/s.
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Fig. 12. Flow and standing wave-induced dynamic responses of seabed in infinite thickness according to flow velocities under a given conditions
of x/Ly=0and t/T)=0.
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