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4. Wave-induced Liquefaction and Densification in Seabed

Kouki ZEN*
Hiroyuki YaAMAZART"™

Atsushi WATANABE™*

Synopsis

The mechanism of wave-induced liquefaction and densification in a permeable
seabed is theoretically and experimentally investigated. The governing equation on
the fluctuating pore pressure in the seabed is derived by coupling Biot’s consclidation
equation with the change of the effective overburden pressure. The experiments are
carried out with a model tank composed of 16 acrylic cells. The inner diameter of
the tank is 205mm and the length of it is 2100 mm. The model layers are com-
strueted with Toyoura sand and sinusoidal eyclic water pressures are applied to the
surface of the layers. The pore pressures, the settlements of markers in the layer
and the earth pressures at the bottom of the layer are observed.

The results of this study are as follows:

{1} 'The mechanism of the excess pore pressure generation due to ocean waves
is quite ditfferent from that due to earthquakes.

(2) The change of the effective overburden, which is evaluated as the difference
between the pressure on the seabed and the fluctuating pore pressure in the seahed,
causes the liquefaction, the expansion and the densification in the seabed continuously
in a period of time.

(8} The influence factors to wave-induced liquefaction and densification are the
wave height, the wave period, the depth of water, the effective overburden, the
coefficient of permeability, the coefficient of volume compressibility, the thickness of
layer, the porosity, the degree of saturation, the wnit weight of water and the com-
pressibility of water,

(4) Theoretical pore pressures caleulated from the proposed theory taking
account of the influence factors compare well with measured pore pressuves.

(6) The result of the test suggests that the wave-induced liguefaction may
cause the settlement of gravity type offshore structures and the rising of light-weight
structures in thé seabed.

{6) Wave-induced liquefaction is thought to be one of the reason causing the
scouring of the seahed.

* Chief of Soil Dynamics Laboratory, Soils Division.
** Member of Soil Dynamics Laboratory, Soils Division.
**% Trainee, Soil Dynamics Laboratory, Soils Division.
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ISR B 5 RGO b L THHE:
dpp MinE i b &, HREFORBRKEREZY don
ot F ERETHEND, Ve XEBREREE
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Tot6 ik, REOTH&M Y REES 2 & 1F [ L % (SR S 190mm < 6% Amm
L. o miiRRes b T F1708, 0% List XIAFF 69.4mm, T 2502gf, LEHE 0. 052kgf/em®)
BTHd, RRESTOAT ~2F/E 1R, HEIEE AERIT LSRR, REET S, BEOE
MCOREAOEGERER IET 5 70dic, thied EESOBEYEAS D, HESEmmO CVE
0.28m Wi LCERLSEET, A7 - 0HT21, VERPBR LSS THD, M EOENSEE-20),
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Test Stage Po (kgf/cm®) 2 po T lo Dy i s

No. No. Trough Crest (kgf/em®) (s {m) {2 i v
1 —0.080 0.117 0.197 | 7 5 B/ Ly=0.03
2 0,122 0. 203 0.3 9 |
3 —0.187 0. 286 0.473 | 11

3 4 —0.314 0. 408 0.722 1 13 190 £0
5 —0,253 0.302 0,555 11
6 —0,192 0.197 0. 390 g ;
7 —0.105 0.138 0.243 T
1 ~0. 248 0. 255 0.507 | 15 | 2 5o=Const.
2 —0.235 0.274 0. 509 il
3 —0. 240 0. 275 0.515 7
4 —0. 240 0.257 0. 497 3

2 1.90 T e —
5 -0, 361 0. 430 0. 791 15 | 2 5o=Const.
5 —0.383 | 0.410 0. 793 13 !
7 —0.355 1 0.458 0.813 11
8 —0. 365 0.453 0. 818 9 a
1 —0. 104 0.143 0. 247 7 T=Const.

5 2 —0.100 | 0.249 0. 439 7 Leo | om0
3 0,256 | 0,339 0. 595 7
4 ~0.330 | 0.425 0, 756 7
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8 9 —0. 305 0.329 0.634 3 0,28 50
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) H2AF—o D N=500
T 5,

5 ERBERELUEE

5.1 ZEHEHEMAESH
3.1 T, W OTEDEBKE pn 06 E-3

mRahicl sz

TnhT Lt LR

—

T

Fhe, 8.2 Tk, ZOFEREGNETR - R ERMM

KL, o 2Tk

T DRSO 2 ik e 2T

E-15 1%, BE 1.90m OEBRIC L hEbhi4ES
TOEMMBAEO—ARPRLELDOTHES, H-15 0
BTk, EERNAMOEBORBKEEYRLELOTHS
M, EOFTHNT AR ¢ % 2,25 BRSO RBKRE
BRTHD &, ERHMEUEDR —0, 24dkef/cm® 75—
0.190kgf/cm® ¥ C, HHETLL L BEEL L LTET

— 142 —



IRERHIE O PR L B EER(bE L UREEL

LTSI kibhinb, i, EHHEEKECAMNO L
—Z{ED R TH5 Rl HEL L BRTETE
B, KESDHEEEHEER L - THECERIRT
WA ZENWSENTHB, LT, ChBEOEIEHEND
WO LU WO AT NS S HOLE FEKESY po
TERTLLRE /b ZESEH LML TALD
&, H-16apigbhn, E-160)ick\T, @, O,
FRER, BREORESRNON (HOFCHG T —
po) s IUNEADE EOEBICHIE D ) THH, B
~16(2) X D B SAin X 51, HIEBEBO pn/pe EIR1LOLX
DINE e Tv5b, TOD &M, BREOKEOCTER
HATL L F0E EHEROREEH Lk b, RA—

R T,

EREEIOME L b d/hELIRA S ERR

TestNo.2 Stage No.4

N=10, T=3s

;
Gauge No. /\ E
PO © } : : ‘ ; /
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