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2. Wave-induced Liquefaction in Seabed
—Field Observation and Analysis—

Kouki ZEN*
Hiroyuki YAMAZAKI**
Yasushi SATO***

Synopsis

The purposes of the study are 1) to observe the wave-induced liquefaction in the oceanic
seabed, 2) to verify the liquefaction theory proposed by the Authors and 3) to propose a
method to evaluate the liquefaction potential in the seabed.

This study consists of the field observation, laboratory tests and theoretical analysis of
the field data. In the field observation, the sea bottom pressures, the fluctuating pore pres-
sures and stresses in the seabed and the changes of the water depth are observed for tow
years. The necessary data for the theoretical analysis are determined from the laboratory
tests executed with Hazaki sand obtained from the site. The liquefaction theory proposed
by the Authors is verified by comparing the caluculated fluctuating pore pressures with those
observed in the field. S

The major conclusions obtained in this study are as follows:

1) The effective vertical stress in the seabed varies in accordance with the propagation of
water waves.

2) The variation of the effective vertical stress is identical to the difference between the wave-
associated bottom pressure and the fluctuating pore pressure in the seabed.

3) The wave-induced liquefaction in the ocean bottom is confirmed by the field observation

4) The basic equation proposed by the Authors explains the behaviour of the fluctuating
pore pressure observed in the seabed very well. The theory can be applicable to the
irregular waves in the breaking wave zones as well as the linear waves,

5) A method evaluating the liquefation potential is proposed on the basis of the afore-
mentioned results,

Key Words: Coast, Field Observation, Ocean Soil, Liquefaction, Pore Pressure, Wave
Propagation

* Chief of Soil Dynamics Laboratory, Geotechnical Engineering Division.
** Member of Soil Dynamics Laboratory, Geotechnical Engineering Division.
*** Trainee of Soil Dynamics Laboratory, Geotechnical Engineering Division. - *
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2 X5, vk, BEOBB|REMGLCRET VL, T
HERAKENEDHS, BFI LEEOBEHI A
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B1-261(b) & AL EEY LIt DTH S, F-26(b), H-
26 ()X IR T B &, E-26(C)DFYRIEHITRTLES
BREMBAKEXMOBEVERCENTE Y, BEHED
B4, SIENLTENRGEREREOCEERBRMBAK
EXBHEIZR TR, Z0X5IE, BEEI ST
2, AHREcKEOTRC TG Ui BB R F BB ED
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BT LT B,
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Bo TDIZ &it, T 2.2 TRNTWBA, MiEER
BReHL, EHLPII-ThTFhhTwv53, £2 7T,
TR, REVRVCTHEEMBOBRRILORE LT
EHRIBIC KT B RRILREDEHEL RN, E-27 11,
FORBHRRLILDDT, TITR, 1HETEDOELN
BIGHDORAEE) B oy’ = (po— pmduiy (ADEI 25D
L BRFEDELREILT] 0w’ (BRI NIFIHE ov'=
0.0969z (kgf/cm?), =21z DB m, * B\ 2
2, E-13 RRLICEEDEN KR TFHZERTE 25
FEIERAINRBEENIV) P HEELTWS, FH-27
@13, B-19@RLCEAY Y — X1 0£HE (7H)
COVWTORRTHEH, ZOHE, WThd o)/ 12
o’ L TEDLT, BRRIEABEL TS EIE L
W oL, TIZTEERC &I, i 2BRIEESIZ
FREL TV LD, DHBORAMMI 7 1L, 7=
(6—u)-tan ¢’ (Z I, o: RAMEDEESLS, ¢
BAMENA, «: BFHERKET, EEBFMBRKE
—(pp—pm) THRHIELTWV3) TEIRZND, MO
BAW S SEHBEERKEDS (BRILHOEHE
M) KOEELTWBZ D,

B-27 (M) 12, BI-19(b) @R LAHT > Y —X 2 D103
COWTRBEREBEY T cERTHB, H-27(0) &F
UK (po—pmduin 13, HBFOIATLAIE LA
{, ZhOLEEBTHEALERYHICTWDA, il
&L FE 15am BRD (pp— pmduiv DAL ETDTY
RETHEEZDRDZ EMD, BE 15an L& T,
BIFEREEHEF—HKLTUWBERELTHRVISC
Bbhb, c0Z &3, BEMBORBTMECIWT
BRICBEENEE LTV A THEEY REBL TV %,
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BRETE D BEREOKELB I, E-18, e
BI-19 1R L e & 5 CRRAIEIH & > Tl oo BT EY : :
TR R BOTRARE R EBLT, RODERHERY

BEEEMEL TRV, DL XOBEEmMTOERSE - I

tz, BHERCEShE p DT F 8 77— Z %20 He Bk B OB E & &’ 8
0.05s) G5z Ll, ZhbOfExEL TV (BRI k) (HATEMFRR - M)
P, X0 EEEEEALERSAIIS, &7 Y5 Ml ‘ —
Bl% S SIS B LTV 5, ERREKERETO ’*iﬁﬁ?ﬂﬁm
B, REKESEHE, REERETE b ok ;
DT, BEOCEEY W OIELTENLEEOHN: P éf%g;% """ :
WEEEL L, CO& XO@EE, [=230an TH5, L (REFE o OED) |
A B SRR, BSRARIRE 4:=0.05s, (ZER N R
B dz=5cmThbe 0o KOWTiL, BHMATOLER = MK E R R
1B oh ek BAGRERD S, 0,'=0.0969z kgf/cm® (ﬁif’eﬁﬁﬁmf@ﬂﬂ@
(;E;;g¥f2§é73£§?tbé° ; | EBERAED L% (8) moRD |
< Bt » TUBERANERRESTFRH C, Sawrerg | R (@) pEED
LERFEB a THBA, ThDIL, 7.2 TRNDEAR Lk atmEME i i
BRIC X b BRE Lo [ ]
1.2 ERRBICLBANEBORE @]
BARTEA O Dk T, WADLOK, EEE 290 FEHfHS I CEERHORET =
HOEERRIRED ANERERDBLEN DD, H-
290, BATRRLIBBRE =h DOEEER Relative Density Dr (%)
FELl7r—2HWidDTHD, EEREK Co i3, % » 50 776 100
NZhBECTbh b BARR L — K TERRR, 55 xI0 I ; ,
BB BREE b AREMGE m ¥AVTHESH
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BRILEER LB ON 2 ETREHMBRAKEE R 7 4 » 7
AV ITHZERIVEREFRaERDB, ORO1H
BETDHE : n/my, Mus, Sry pgm D, RO Z A
Ta®RDB, 2D L5 LTHLIIfER, HBERN
F— 2 OBHBTMTAVCLREM, DTZzoREMT:
RERCOWTHERT B,

(1) FHAREGE

HARBL, TBI¥E T X 5 [E0FEKRRHE
(2] (A-1218, T-1978) CHE LT iTo T, HRAKOE

Coefficient of Permeability k (m/s)

BT, BEab s LEEHE TO AEEE L, E-8012, 1.0 N
ZThODRERYTRLILDDOTHD. FAGRE, HNE | | N
EOMKRCEALTNE {5, k=(1.0~2,4)x10™* [ 1.5 1.6
m/s TH 5o Dry Density £ (g/cm?3)

(2) GREMGE E-30 HERBE L EKERE

AR 305mm, & 350mmaOffile — A NIty
- 50 —
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E - UBEZ - £ OF

x4 THEE-E
Test | BMRWEE Kb B ARER | RKRL | BRR | ENEE| BARR | AREGRE | EERK n/my
No. |pa(g/cm®)|  r'(gf/cm®) e n | D(%) | k(cm/s) | mo(cm?®/kgf) | Colcm®/s) | (kgf/cm?)
1 1. 407 0.884 0.911 | 0. 477 54 2.407x1072| 1.975x107® | 1.219%10* 242
2 1.478 0.928 0.817 | 0. 450 72 1.571 1. 757 0.894 256
3 1.509 0. 948 0.782 | 0.438 82 1. 354 1.682 0. 805 261
4 1.563 0.982 0.720 | 0.419 94 1.087 1.565 0.645 . 268

s, PREFAOCHEY BT mL CEMBEYRIEL
T2 WMMH LOBRME 5 EFE DB LI, BE-81 1%, &R
O—FRRLIHDTH B, 1 +4 7 VEDOEMHRIT,
FOBDEHREHBELTELLAEL L>TW3, 2
4 7 VEPDIRRACEMSEL DD, WMEROMR
RIREREREAERL TS, 20X 5 BEsb,
REMGRE my=4dey/do,) (Z 21, dey ZEFHOT
%) TRDONADH, EHEEERATE m, OEIRE
B. =TI, BIEOHBE? LA EE/ND m, &
BuvTunb, B-32 13, S0 X5 LTRDA m, &iF
NEEOEREI LD TH BN, HMIYBEINAEL
B E mylZNEL s TEY, my=(1.5~2.0)x1072
cm?/kgf &lco> T 5,

(3) EEHRE

B1-33 X, FBKGEE CREMRSRE, D EERE Cy
YEELLERYHEABECH LTS ey F LALDT
Dho B-331 LB E, Cold, HABENKE LB
DHTEALTHBH, SEORRTIT - HENEED
P TIE, Cy=1(0.6~1.2)X10*cm?/s DHEEILH 5o

B-33 76, ThTh, ERRRIEERC ST 2 EE,

I~ (pm/po)
-1.0 -05 [o)
T ] T 1 1 7T ] T 1T
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Test No.l Stage 4
Cv= 1.152x10% (cm?/s)
a=20

Po= O.211 {kgf/cm?)
T=8/(s)
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BE-34(a) 74 974 v/ICIBIEE
B (A7 —2 No. 4)

B R 2 BERRETS C, kD5 &, BERNER
DEIRTE 1.41g/cm® R LT, C,=1.152%10*cm?®
/s, BHOEREE1.54g/cm® CR LT, C,=0.718X
10* cm?/s 2 b, :

PUEo+BEHEEY —ERCLICLDONER4 THD,

(4) {EEFRE

HARRILERD OB LN A EBMRKES T & EiR
B, B34 ©RT IO 749 T4V LT, BAT
— S EREERE a ¥ RO, TOIN, BEAELI
Y, Co=1.152X10'cm?/s & LTV3%, HAF
— oD RB LR a DEXEFR-5ITRTA, BORAE
T iENRD D, e, BEON AT -1,
2BIVATF—26, 7TTRIRDKRELELL>TW
o THIL, EIMMIERLIE7 4 v T4 VIREER
3 EELM Y S, BEHEBKESRORRME, &K
RO THECERC > TR LT (Thbd, HE
BENEL, HERESESERSH 0pn/02=0 iHER
LTEDLT), 74974V I7DRBENETLLEZ S
IBbDEELONRD, LEM-T, ZhHDOfEXa®
RECERB LAV ERTB E, =2,0~2.2, FH ag,

1= {pm/po)
-1.0

l’llln

-05

L B R B

05 1.0

Test No.| Stage 7 B
Cv= 1. 152x10% (cm¥s) L
a=50

Po=0062 (kgf/cm?) ] R
T=3(s) A

Measured : ~=—~~~ \
Calculated:
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B-34b) 74 o974 VIRIBIERE
¥ (25— No. 6)




HEEMB ORI X 5 BRIE—F BT L L OFifi—

2.1 &7%%,

—%, EEFEHRERIVEXBABETHEY,
nfmy, ROEREER muwo, FBNE S, BHEHTERLE
RIRKE pmg BN 35T EIND, S 12, B9
RU-SHRERDERN HFE9.45%8 038R TE Y,
BHD Sy ATh3IRA U E &R Lice myo X 4.8X107°
cm?/kgf, pmg i3, BRERTIZ 0.5 kgf/cm® DEKE
ML TCWBIERERLT, FHERKESZERT
5E pmg=1.533 kgf/cm® GEXRIE), 7 BHEHREIBRAK
EHowBETMOKELRESN po BELVEEETS &
pmg=1.322kgf/cm? (A7 —No.4 D po=0.211 kgif/
cm?) E7ch, n/me it, X-HBIRLALBEHOERZLD
b, ThABERALT a #5EHTHEE6 DIH5T
D, T6 KRdnicalrl.86~2.120FML7s->T
WhHh, FHLTMMIE I Then s a=2.0 L7
B, chIT, 74974 Y IREBEEBZIFELL,

FRO20oDHETCRDIat b, BRCAVAESE
GHEELTa=2.0 xFATHZLCTEH, BHREIMC
Auv2 e BETHHELCOVWTL, I HITKRHFHOKM

FD T4 o744 VIRIBEERK

Ay—v| KEEBRE | B 8 | RERE

No. Po (kgf/cm?) T (s) a
1 0.068 3 3.5~4
2 0.116 5 2.6

3 0.159 7 2.1

4 0.211 8 2.0

5 0.159 7 2.2

6 0.114 5 3.1~3.2
7 0. 062 3 5~6

£6 RO IHEERER

BAEE |MRS/REGRY | g | BERNa
Dy (%) | n/mo(kgf/cm®) | S:(%) | @ ®
54 242 99.451.86 | 2.00
72 256 1.91 2.06
82 261 1.93] 2.09
94 268 1.96 ] 2.12
B MRAE GemER |79 «s20

@ pmp=1.533(kgf/cm?) @ pmg=1.322 (kgf/cm?)

YHDEEDNhBN, a DEIFEHERCRETRER
DT, 7.3 THRET S, vk, BREEDIARTS
HEOER T, a« DFBMEIZ 1.90~1.92 Lit> Ty
5o

7.3 BAELBBREOHE

Ei-35 i3, BHlv ) — X2 kT 2BHER L BAR
HBRELYHRLICLOT, BEMEREDOKEEE po
B OFEEL5ecm, 65an, 115an i si; 2B EHRHBRK
FE pmn BIVZTHASOBEECET BENH 0//00 OB
RIIRRLTVB, BRFEHCHAGCCAINL 1.2 Th
NIcEERN D, EHHRE Co=0.718X 10" cm?/s, {REH
Ha=2.0& L1k, ¥, EREEL LU, BEMBER
H (FE 2=0) OKEEE pp PEIEZ AL, TEK
BERLLT, WEEY 1=230an £ LTW5, [-35 %
A5 e, AATEINCHRIELER CRINHRE
12, BEELORARZEHLD TR —F LTI, #
ERML, FRUTHBREOKEEHTHL TS, #
BhOTEHMMAEY 5 ¥ { BHTEL LAHLNLT
D55, T, RO, ~RTEBHTHDAH, LELDOHK
BER»OHET S L, BEGERECHEDEDLW
BEMBRYEXIHACE, BO_KRTHEEIL
REERELBBEWEELTIWVWLD B3, ik
DI &, MOBEER,LLIERIN TV,

E-36 12, B35 CRLEEDS L, EOBS 7R
TBKREWR pu/ps % pp DEHOBELT B\ THE LI
bOTHD, BRfEL, FRCHTRRRIDOMEEL
foTWBA, Thil, 6.2 TR~ L O EBEHRE
RIELI-EEBLEXORS, B-3712, E-36 L&HESD
AUECOWT, 194 2 A hOFHENOBRRABRVE
(po—pmduixy D FES/FXHELILEDOTHD, O
Be, BREIGIEZBE-RLTWD I L5595,
WEOHRIL, KEDPHTERIETEINCIBID
THBHD, BRIEORH L LOEANKBETIE, ENE
ETHHIERERTHE, BRERSANEYR(HB
LT3 ERRBLTHIVWEELZLRS,

713, E-35~B-37 OBBREN TR, GERE a=
2.0 L LTWAY, aBHERCRETRESNZT
SlciERE D B-36, B-37 ©RINTWB, ZDEED
al LT, 2.6 #AWT\W3, E-36, BI-37 &5
L, a DBBRECRETRERTAREAE (W
E, ¥, a=2.0 OBBRENIVEIBRE-RKLT
WHBIENEALLTH D,

Lk, BE-35~E-3TcoWTEBLTERLLI, &
ELORKXL TV HEBHEMAKECE T BH, BE
FHEARTHTS L5 AR LERCRLTD, +0%84
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8. HRBICLIHKEOFALE
BRIEDOFRBIZOWTIL, BREREROERIZY
EOCTHREEARTHEH, SET- BB TD -
BFREE B FEHRE Lic HED ZUEN RIEI R
Too R, FIEORKHEY LABETHY, T
T, ZD7 r — T OWTHRIZBT S,

CERIbI TR BRZ, BERBREO KELXH

bo BEMRHOEBHEBRAE pn HREOEDLH
DEE o THEME, Shbn 320 BN BHhh

SEOHE (BRlvY) —X2: a=2.0)

iF, BRIEDHENTEETH 5,

O BEMBEEOKEES p oWTid, FHd
TRLE X S RBEHE X SIBENTH S, —BN
i, BRIEFEETOZD X 5 kBHlF— s %B5
iV REETHD, i, AHACKEEELE
FETHLAARTETHD, LicdiaoT, T TR, &
YEMRER EEXTTFUETI>30E T2, CORE
12, EEBRRIBAC—BTHELAVORTED, EH
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Series No.2
(88/5/11/20:00)

[ wavé: No.7

T
Depth: z(m)
I L L 1
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T e (=1 I
B1-86 KEHDHER

BIS & LT HEMBBIRDOLND, —RTEEMTE L
BE, poHRDBIDEHER AT 2 — 2%, B H,
B Ty, KB hi, KOBGGRER 7o TH52 B
WOBEBERNGRLEND, EE, APrFHE po b
RHbRD, LiedioT, po b pp bBbhD,
® BEBEBOZEBMRAE pn i3, RO L DE
BIhoht, AHER C(=Cor T/IB); a&DW\TIL,
7.2 TRARAEFETED DI B, BEREHFOWTUL,
AEXBECODBEI I XFELRFRER bW
2, ChRITEFAERE»LELA LEHERCLIE
RBERENDLED D, LEBRBEZEENBOALVWEE
2, I B35 BEN RS EEEEN | OS8R
e ERFIALCHEYCHBE | 2BET5, BRI
IBHRMBS, BEMBEBMCRET 2 &b
B, DX FEYACTLEBHCEHEILS D
DEEZBNRD, C, @, | ¥AVWTRW*ELE pm
BEONDN, pn LETRDL pp 20H, BEREFIM
BRAE—(po—pm) HEHHEHIN S,

® BEEOBEHLIEIEoo 12, BEBBOKPHE
MHHEER r »HORETEEINS,

@ WRIEDOHTZ, @L@®TRDI—(po—pn) &
oo 6, REFEALTHRITFTS ZEMNTES,
® LiEows:, EOENIEDLETHEN, E
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