ooocooOoooooao

0480 B 00O 170 40

Annuals of Disas. Prev. Res. Inst., Kyoto Univ., No.48B, 2005

odobubbuooooobobugoooobod
gooooobod

gboboooooooooowooboo~goboboobo~gbobo=~pobon =

*OOUOOOOooOoooooooo
*ODOooooooooooo
**O0OUOOOOOOoooooo
**>* 00000000 0O0O0O0O0OO0O0OUOOOUOOoOo

g o
gboooobobobooooobobobooobobooboobooboonbooDn

OooooooOoooooogoovor-FEMODOOOODOOOODOOOOOO
ooooboobobooboooobooboobooooooooboboooooooDooon
oboobobobooooooboobooboboooooobobooooooonoon
ooobobdoboobooobooboboboooooobobobooooonoon
obooobOobobooboooooboobobobooooooboobobooooooon
obooobOoboobooboooooboobooocoooooobooboooooooon

ooooocoboobooon

O0000: 0000000000000 0O0VOF-FEMODODODO

1. 0000

goooboobooboooooooooo
ooboobooobobobooooooooooobo
ooboobooboooooooooooboooooooon
go199501997vtnooooooooaoooon
goboboooooooooobooooobooooo
oboobobooboobobooooooomooon
O0ooooooooDoobO FiglODOODO
gboooobooobooooobobooobooboooo
oobooooooooboooooooooooon
oboboooobooooooooooooobooooon
oobooooobooobobooOooooooooo
oboooopooboooboboooooooo

oboooooooooboooooobomo
oooobooboooooogoboooobooon
ooboooobooboobooooooooobooon
goboboooooboooooobooooooon

gbooooobooooooooooboooboooobo
goboooooooobbooobooboboobo
ooboobooooooboooooooooooon
gboboooooobobooobooboooon
obobooooobooobboooobobooobo
oobooobooobobooboooooooooon
gobobooooooooboooobooooooon
gobobooooooooboooobooooooon
oboooobooooooboooooon

ooooooooooooooooooo20030
oboz2o0040000000000000000O
gbooobooobobooooobbooooooboon
obooooooobooooooooooboooobo
00000000000 (2002) 00000 VOF-
FEMOOODODOOOOOOoOOooOoooooooo
oobobooobobooooboooooobooooo
gbooooboooooobooooooon

O



Cor
SELISREIEERERI RS

Settlement

/ of blocks

Under storm

Seouring

Piping

Fig.1 Destabilization of the seabed and settle-

ment of breakwaters during a storm

2. 00000DbO0OO0O0O0bDOoon

21 0000

oo00D00 Fig2000D0000000DODOOOO
gooooooobooobooboooOoouooago-30
mOO0O0O0O0ONOWPHASOOOOOOOODOO
ooooogo

22 0000
(1) 0Dooooo

Fig2 0000 No.1DDOOOOOO (POO)O
No.200000000000MOO0000 (P1
00)00DO000000 (P200)00000000
0 (P300)00000000 (P400)MOOO
00000000000000000000000
00000000000000000000000
0000 Fig30000

POD0DOO0OO0OO0ODO0OO00 05mO00000
000000000000 30000000000
00000-0.67m0-1.0m0-2.0m00000000
00000PIO0O0000000000 0.5m0O
00000000000 2000-0.6m0-2.0m00
00000000000000000000000
0000000000000000000000
0000000000000005mO00000
OO0D0P20P30PA00O0O00000000 300
0-0.6m0-1.0m0-2.0m0000000000000
(20 ODooooo

0000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000 ON/OFFOO
00000000000000000000

23 0000000000
(1) 0DD0DO0O0oO0OO0OO0Oo

Kochi New Port

™\

/ 1:
/

4
4 ;
N0.2 5 East First
{ Breakwater

Under Breakwater

rh—':;_

South Breakwater /

Fig.2 Observation site

Jan 2002 = |
.Jan.ZDﬂS —i

Observation room | %
\

Pressure gauge

i,
0.5m . / \\

-0.6m

-1.0m
-20m
Und er wave
bsorbing blocks

Toe of foot
\| protection

Under scou nng
protection

]
]
‘
/

Fig.3 Measuring gauge installation

gobobooooboooooboooooooo
oooooooooo+30000o0o0o00 1500
obO3ooooboboobooobobooronog 2
obbooooooooboooobooooboooobo
oooosHz20000000000 1000100
ooo0o0o0O0sHzO0DOODOOODOODOOODOO

(20 DOOOOOOOOO0

00000 po00(a)000000 pe O (b) D
0000000000 py0000(c)00000
noooop’oooooon
(2) 000000 po

ooooboobooboobo ppooooboon
b0 1wooobooooboobooooon

(b) 0DOOOOO py

gboobOoboobobdp Oob0OobDOon
UOp: 00000000000 0O0O0O0O0O0O0O0O
ob4000000000000000O0DO000OO
obooooboooooboobooooon

(o ooooooopl?

0000000000000000000000
0000000000000000 p, 00000
000 p,, 0000000 p, 0000000000

(3 DOUOOOOODODOOOO



Pore pressure P, (kPa|

o 00 00 900 1200 1500 1800
Time [s]

o I

Pressure vanation component 0 +
PortPy [KPa] o}

Time [s]
3oy
2 +
10} " i
Oscillation com ponent o1 .
P00 [kPa) 10}
20t
10 " PR LR Y G SRS TR
i 00 G 900 1200 1500 1803
Tume [s]
> +

Residual component sb/
7.8 [1Pa]

900 1200 1500 1801
Time [s]

Fig.4 Component of measured pore pressure data

0000000 p. 0000000000000
00000 p, 0000000 pp0000000
000000000000 p/0 (a)0000 pi?
ooo boooo ) ooooooooooo
00000Figd000000000000000
000
() oooop?
00000000000000000000 p.O
00000000000000000 p,00000
00 py0000000000000000 pot+po
00000000000000000000000
00000000000000000000000
00000000 /0000000000000
000000 p/000000000000000
040000000000000000000000
00000000000000000000000
0ooo
() oooopt!
000000000000000p/00000
0,2 0000000000000000000
00000000000000000000
(4) 0O0O0DOO0OO0O0O0
0000000000000000000000
00000000000000000000000
00 ()0000000000000000000
00000000000000000000000
000000 (b)000000000000

() 0O0DODOOO0O
000000000POOO PIOOOOOOO
00000000000 pY 0300002000

00 p’0000000030000000000
ooooooop’ 030000200000 pt
oo pM/pY0000000POPA0DO0O0
00000000000000-0.6m000000
0000 p),0000000000000000
oM, 00000000000000000
00000000000000000000000

oooo
() DODOOOODO
0000000000000000000000
ooooop®Pooooooooooo p?, . O
noooop?, ., 00000000000000
000, 0000000000000000000
00000000000000000000000

gboooooooooboobooboooon

3. oooobooooooo

31 00000000

200300000000 031000 0Fig.5(a) 00
ooooosbo2103000000bo0ooo0an
gboboobbooobooooboobooosa 8o
210000000000000 90hPab0OO00O0
20030 80 70O 1100080 110800000
400000000000000000

200400000000 041600 0OFig.5(b)00O
obogoogsogonooooobooooooon
obooooooobboowooooobooo
goboooooboooboobooobooobooon
oboobooooooobooooosno 300 1800
OO00oDooDoOO0O0O0D 90hPal0OOOO2004
080270900080 31019000000 4.5
gboooooooooobooog

20040 0000000000000 o0423000
Fig.5(b)0 000000200 1300000000
oboboooboooobooono423000200300
gbosiooobooobooooooooobooon
gboooolon 200 150000000000
000 9%5hPaddOO0d20040 100 200 130
ob 100220 13000000 20000000
gbooooooooo

32 0000000
(1) Dooooo



120'E 140°E 160°E 120'E 140°E 160°'E
S ——— — —
. B . 3

WP |
40°N & ¢ 40N 40N & T " T 40N

20'N 20n 20N 24915k 20°N

S DT Ot i

o 2 " ——2F 0 [ . . o
120°E 140°E 160'E 120°E 140°E 160°E
(a) T0310 (b) T0416 and T0423

Fig.5 Tracks of observed typhoons

T
—1D T/

(a)T0310

Hyslml, 7y [s]

time [day |

5[], T, 5]

o
= (rodle
0
o
n

[ 827 bz 0z 8710 oo

time [day |
” —0 T3
wo | ()T0423
Z w
=
= un
E 1]
2 o
-
S 40
in
i ol 1 —
1617 Toris ioie 10/20 Toa 10722
time [day |

Fig.6 Observed significant wave height and
period at Kochi Port

gboo3siooooooooobooobooooon
Fig.6(a) 000000000 20030 80 80 160
000 iomOO00000D0O0DOO0000D0 13s
obobooooobooogb 2000 4mOd0000
gbooobosmiboOOoOoobOoooboboooen
gbooooboooonbo

ooo4ie0D00000DODOOOOODOO
Fig.6(b) 000000000 20040 80 27000
ooooobo280 18000 emO 100000
oooooooooooobo4amOOooOOoOooOooon
290 100DbO0O0bOO0oOooOooobogos3ob 20000
1IomO 200000000000000000AO0
o000 13s0000o0oo00o00obo smdnon
oboooooooo3ooogoon

gbo42300000000000000000

.| (a)TO310

| [kPa]
H 2 2 R a =2

T (1]

o | (BTD416
F o= . e,
P
=, o
il M
1t
’;. | L ! 1 . . L | |
o (e)l0423

2lp, 1 [kPa)

'
time [day|

Fig.7 Observed maximum and average

pressure on seabed at P1

Table.1 Observed wave characteristics

T0310 | Todie | To423
H wax Jm) 5.51 4.80 625
Pl H mean [m] 245 1.94 285
s [m] 392 310 4.56
Duzration time of waves higher than 2m [dayv]| 087 375 040

H s [m] 10,00 10,18 12.50

NOWPHAS T |s] 13.00 11.50 16.40
I 1o time of waves higher than 8m [hr] | 6.00 3.00 2.00

Fig.6(c) 000000000 20040 100 200 12
00000000020 140000 125m000
00000000000000000000 16s0
0000000000 8mO00000000000
0020000000000000000000
0ooooooooo

(2) 0OOOOO

000310000 P1OOODOOOOOOOO0O
000000000D00000 Fig7(a)00000
0000000000 kPa00D0000 [day] O
000000000000000000020030
80800 1500 (00 1.200)0 54kPal 00
0000 55/mO0000000008021000
(00 1400)0000000000000000
000000000090 100 (00 1.600)0
0 20kPa0 00000

0004160000000000000 Fig.7(b)
00000000000000000000000
00002040 80280 600 (00 0.900)
0100000000 41kPa000000 4.2m 0
00000000000000000000 2m0



12

08 |
o8 P
04 —rh i 1 O 20

02

pp, M

12

08 {
o8 P1
04 —_—m 20m

0z

pip 0

n
12

o8

o4
oz

—10m 20m

e
PP

12
— O 20m

D —— e

o8 ])3

™y (0
PP
o
2

bz

12

o8

os P4

PP s

0z

time [day]

Fig.8(a) Vertical oscillation amplitude ratio

on T0310

3mO00000300 180 3000 (0O 3.400)0
200000000 47kPa00O00O0OD0ODO 4.8mO
obobooboobooooboobobobooo3io
130 300000 20kPa0 00000

00 0423000000000000 Fig.7(c) O
gboboobooooooobooooblion 20
01503000 (00 0.1300)00 61kPabd O
obooboe2smO0000000000000OO
gbobooooooboobdobz200 210 30000
O 20kPa000000O

O0003000000000D00000 Table.1
oodstooooooooooooooaooon
o000 To42300000000T031000T0416
oobooooboobooboboog 2mbO0000O
obooooo To41i6e00O 3.75 00000000
o0To4l6 D000 ODOOOOODOODOOOO
O0OFigh(b) 00000000 0ODOOOOODOODO
ooboooooboooboooooooboboooon
gobooooobooboboooobooooon 20
0000000000 00DbDO0ob0b0O0To42300
To3i0oooooOooooooOoooooooono
o000 e6.2m0 TO31000 5.omO0000000O
gboboboooooooooobooobooooo
ooboo40000TO31000 0870 O0ODOO
oooog

4 000000000

P
2

02[ —m 1 m 20m
n

| + 20m

nni Pl

Pip

P\.” .lrpdm- ]
[

0]
2P
-3
4

o | P4

PP e
£

time [clay]

Fig.8(b) Vertical oscillation amplitude ratio

on T0416

41 0O0OODOOO
(1) 0O0O0O0O0O0ODo

ooboooooobooooboooooboooono
gobobooooooooboooobooooooon
00000 () 00000000000 OP1IOO
ooboooooooooooooobooooooon
000000 (h)ooooooooooooooo
goo

() 000000000000
() DOoooooO

00000000000 O0000000 Fig.8(a)
000 (b)D0O0O0O0O0O0000 03100004160
ooooooooooboobooooboboogoo
ooooooooooooooop3oP4000D
ooooooOooop30O0OO0OOoOOOOOOD
obooboooboooooboooobobooPrp3n
oooobooboboooboooobon 20
gb-0.6mO-1.0mO000000000O00O00OOC
oobobooooooooooooooooooon
0-2mO00000000000000000O0OAO

3000000000D0000000000 Ta-
ble20000P300O0O0O00O0OOO0O0O0OOOO
obboooooooooooooboooboooon
oobooooobooooooboooooooooon
oooooooooooboboooooboooP3o
P4OOO-06mO0000-20mO00000O 040
oooprP200008000000000000P30



Table.2 Vertical oscillation amplitude ratio

ToE10 TO416 T0423
1. fiam |t 2.0m .t 1.(hn 2.0m .6m 1.0m 2.0m
P 0.99 0.93 .84 1.4 0.98 (189 1404 0.97 (.59
Pl 0.92 - 0.68 - - 0.74 = - G
P2 - 1.00 0.84 - 100 .84 - 0.96 0.83
P3 - 0.85 |0.25-097 - 0.83 | 0.35-1.10 - 0.80 | 0.30-0.71
P4 - (.94 0.43 - 0,95 0.45 - 0,96 044
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Table.3 Correlation coefficient of oscillation

component
TO310 T416 T0423
0.6m-=1.0m| 1.0m-2.0m | 0.6m-1.0m| 1.0m-2.0m| 0.6m=1.0m| 1.0m-2.0m
Pl Loo 1.00 1.00 1.00 1.00 1.00
Pl - 1.00 - 0.99 - -
P2 1.00 1.00 1.00 0.99 0.99 099
P3 0.97 0.2-0.8 0.99 0.15-0.8 0.97 0.0 - (.86
P4 1.00 0.74-0.97 1.00 0.86-0.97 0.99 0.82-0.97
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Fig.14(a) Frequency spectrum of residual compo-
nent and envelope curve on T0310 (03/8/8/19:30)
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Fig.14(b) Frequency spectrum of residual compo-
nent and envelope curve on T0416 (04/8/28/05:00)
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Table.5 Maximum value of residential pore

pressure

TO310 To416 To416

1.6m 1.0m 2.0m 1.6m 1.0m 2.0m 0.6m 1.0m 2.0m

P 0.93 (1540 .91 0.71 .55 .62 147 (1.32 1.05

Pl - - 0.62

P2 - (1,546 0.94 - 0.95 0186 - 1.7 1.49

P3 - [ 0.95 - (L88 1.21 - 116 1.64

P4 - (159 .92 - 057 1166 - .84 .15
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Field Observations and Numerical Simulations for the Response Properties of Pore Water

Pressures in the Seabed beneath a Composite Breakwater Covered with Concrete Blocks
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Synopsis

The purpose of this study is to clarify the response properties of pore water pressures in the seabed
beneath a composite breakwater. The build-up of residual pore water pressures was found in the sandy
seabed during the storm waves. It has been revealed that the response properties of residual pore water
pressures are closely related to the wave grouping characteristics of the specific wave periods. It was
clarified that the possibility of liquefaction occurrence was extremely small except the free seabed at the

toe of foot protection considering the loading stress of the structures.

Keywords: pore water pressure; response property; field observation; VOF-FEM; liquefaction



