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‘Synopsis

Unusual tide, which is defined as the tide deviation from astronomical tide not caused by storm surges or.
tsunami waves, is recently observed in many places. Some studies on the cause and the occurrence situation
of the phenomenon have already been conducted. However, about influence on the stability of port and
coastal facilities, only qualitative evaluation was worked out. A reliability analysis based on probabilistic
and statistic method is necessary to evaluate of quantitative influence on the stability of facilities by the
uncertain phenomenon such as unusual tide. ' /

This stu_dy aims at evaluating the influerice of unusual tide on external safety of caisson-type breakwaters
by using reliability theory. First, we carried out the statistic analysis using 97 records of tide stations
located all over Japan (longest observation duration is 29 years) ‘As aresult of this analysis, the probability
distributions of unusual tides are deduced as normal distributions and the standard deviations were found to

be large and increasing year by year in the Pacific Ocean side from Kanto region to Nankai region. Secondly, ,

we evaluated the influence of unusual tide on stability against sliding and overturning by First-Order

Reliability Method (FORM) using 76 cases of breakwaters constructed all over Japan. As a result, it was
shown that the influence of unusual tide is small because of the low sensitivity of the unusual tide on the
stability against sliding and overturning compared with other parameters such as wave force and friction

coefficient.
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) 0.13 -0.59 -0.03
EH#RZo 8.65 3.50 6.13
R R 48.0 14.0 27.6
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—10IZ R X 5 IZHREEE L R OBER A LY
EREDEEBNLTWA2E2TTRETHD, 1KIER
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s
Z=g(R,8)=0

safe zone

Z>0

failure zone

SR)

B—12 2ZEEOHE OEEZER

SERDOBREICIBTIE L ~UL 2 BL_E ORERFCEHEAT A8
VETHBE, REEICL T, BE SR
FAVTRI R ERTIE LV DS, EERERI T
EVEE LRV, LES-TLUV 1 REER, SHIE
W R R HIETH 5.

4.2 —RISHEHER (FORM)
ET, ERBRRRERRICL o TEHO0, H
R ICERT 5.

(3

PUFTH, XX » TREND SR B A 2o & 1F
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Lo TERSNDHE, EBCEMICE T MEHE
P AEEMISE B & OBIFIE, B—120k 510K SN 5.
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ERThD. WEEE (2<0) TBT 5 R-AREENE
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(Z=0) iZxt U CEEAEENER T 5 & 5 I EELE BT 5

TRk oT, RQMBEMND. LERoT, [EHEkE
EBRRQICRT EEERBERSHEEORALERT
HBHE b, EBEEEMICBONCIIEST b5 T
EIOHESE COEMERT. BEERECEH FIE
i, FEER Y OBIALEEICE-S < Comell (1969) #
A7 L, BWEAR Y OBRFEALEEIZ £S5 < Hasofer-Lind
(1974) # A FIZ KB &N 5. FiEIZFOSME (First-Order
Second-Moment method) HHVMEI2RE—A L M iELE D
X4, % & I3 AFOSM ¥ ( Advanced First-Order
Second-Moment method) & HFEIN 5. FEEREEE LT
X, ESBETOILHEE % & D= Hasofer-Lind Z 4 7D
FEREEEOFNEEE S ERICETMTEs2 2 L 8mb
NTEY, ERREERMICHRERAZVHEITITRRIC
LoTREEIND (B - BH, 1986) .
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a. =| %1 |.%x
ol ax, v ) Oz

Oy
= (6b) %, EHEZEMIZE T D EREREZEOSHEER

&)

. (6a)

(i=1,2L n)

(6b)

BB~ OF PR ER L, HEEESZ = g(R,S)
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DEFHEF DR S BENT (R—4) &b LI, FORMIZ
#-J%, Hasofer-Lind # 4 7OFEMRBELEH TS,
PO BVIL, TNENEEEDR O CEBE,/ FritE) ,
EBEE (BERE/THE) ThHY, VWTROREE
FHERSHEREL TV 5. BETIHEE— FiT,
B —14 1257 LR 0BBHR L OEEKETH Y, #
BERIBUE, [MBOMBROBR LORERE] GEHEES
REHE, 1999) eV, K(T), QWL TEHTS.

(VRENViE)

Z=f{QW,-P,-R}-P, )
() |
Z= (aIZW,. -a,P, —asPUj—a4PH (®)

ZZIT, .
Fo RIS & AR L OBEBRITK
Wi REEMRT SR @RIFIL Y — b,

a7V — bk, HED) OEE (KN/m)
DS ERT 3 (KN/m)
D RRICER T ABES (kN/m)

Pp
Py

-14 -

-4 MOBRHEF O HENT

B 14
1Py, Py) .
MR S EREE 1.00 0.10
BRERHERBE ;
KL LAE 0.97 0.04
REELE 1.06 0.08
AR ERE 0.87 0.10
BN (wi)
Fu=1.5 1.00 0.20
Fu=2.0, 2.5 1.00 0.40
BEERE () 1.06 0.15
HAAHER W, w)
B2V — b (W) 0.98 0.02
Mgy ) — k(W) 1.02 0.02
HEERD - (Wsanp) 1.02 0.04

%) AEEILAR, & . WEEAER 1/30 k5, UL
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b) Overturning failure
H—14 EERL HEE—F

Py REITERT 5KFEES (KN/m)
a;~ay: FWEDT — LK (m)

KEVBALPRE DT, BEMUEIZ OV TIIAFESA
DHDHEEWIT L - T, BEIREIZ OV TR EFTREE
DDE—AL FDOFBEWIZEL » THEREEZERL TV
5. £, EEEBRZOHBEIZBWT, KEEABIT
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m m s ° — m — — m m m m m m
1 13.4 750 13.5 15| 0.0077 0.5 2.5 0.75 21 16 10.6 5 22 1.5
2 16.68 9.4 14 10.3 0.01 0.5 2.5 0.75 21.5 17 12.6 6.5 26 1.5
3 14.05 9.8 14 0 0.009 0.5]. 2.5 0.75 17.5 13.5 11.5 6.4 24.5 0
4 12.5 7.1 13.5 0 0.008 0.7 2.5 0.6 21 16 12.5 5 24 0
5 6.73 3.74 14 20 0.005 0.5 2.5 0.6 13 8.5 9 4.5 11.5 0
6 13.07 8.5 13.5 25 0.013] 0.5 2.5 0.75 16 ’ 13 7 6 19 0
7 14.3 8 13 7 0.014 1.5 1.5 0.6] 22 16.5 8 6 24 0
8 14.3 8 13 0 0.005 1.4 1.5 0.6 27.5 18.5 33 6 20 2
9 13.3 7.4 13 0 0.005 14 1.5 0.6 26.5 16.5 28 6 20 2
10 133 7.4 11 0 0.023 0.4 2.5 0.6 14.7 12.5 13.5 5.5 21 0
11 14.36 8 14 7 0.002 14 1.5 0.6 23.2 16.5 10 6.2 25 2
12 6.4 3.5 13 23 0.01 1.5 1.5 0.6 12.7 9.5 10 5 10 1
13 5.9 3.3 7 0 0.01 0.8 1.5 0.6 19.5 10.7 6.5 2.8 7.5 1.5
14" 594 3.3 7 5.5 0.01 0.8 1.5 0.6 19.5 10.7 6.5 2.8 7.5 1.5
15 59 3.3 7 0 0.01 0.8 1.5 0.6 19.5 10.7 6.5 2.8 7.5 1.5
16 9.6 5.5 12 12 0.009 1.6 1.5 0.6 13.1 10.5 12 5 18 0
17 13 8.4 12.5 -0 0.01 1.3 2.5 0.75 18.5 13} . 15.8 6 19.3 1.5
18 13 8.4 13.5 0 0.02 3.5 2 0.6 13.5 10 15.5 8 22.5 1
‘19 13.05 8.5 14 0 0.01 0.9 2.5 0.75 14.5 12 11 55 19.6 1.5
20 13.05 8.5 14 0 0.01 0.9 2.5 0.75 15.6 12 15.6 5.5 20.2 1.5
21 13.05 8.5 14 0 0.01 0.9 2.5 0.75 17 13} 15.6 5.5 19.3 1.5
22 8.64 4.8 10.8 30 0.01 1.67 1.5 0.6 12 9 7.5 4.5 14.2 1.5
23 4.95 2.8 5.9 30 0.005 2.2 1.5 0.6 17.2 10 6.5 4.8 5.5 1.5
24 4.1 2.3 7.5 43 0.004 2.1 1.5 0.6 12.6 9 11.1 3.5 9.5 0
25 4.5 2.5 7.6 42 0.004 2.1 1.5 0.6 12.2 9 7 3.5 9.5 0
26 6.6 3.7 14.8 0 0.01 3.1 - 1.5 0.6 13 9 8 5.5 13.5 0
27 7.5 5.1 11.1 38 0.01 13 1.5 0.6 8.6 6.5 5 9.2 12.5 0
28 12.7 7.7 13 0 0.003 1.5 1.5 0.6 17 14 9.6 6.5 24 0
29 5.3 29 11 43 0.02 0.4 2.5 0.6 6.6 5 9.4 3 8 0
30 10.5 - 5.8 11 15 0.01 0.4 2.5 0.6 18.7 13.5 13.65 4 19 2
31 10.6 6 15 0 0.01 1.5 1.5 0.6 14.1 10 13.2 6.5 19.5 2
| 32| 10.8 6 8.7 25| 0.0091 0.9 2.5 0.6 18.4 13 10.1 4.5 18 2
33 12 6 113 7. 0.0167 0.9 2.5 0.75 18.5 12 9.6| 4.5 19.5 .0
34 5.4 3 7.3 0 0.01 0.8 2.5 0.6 19 11 6 2.6 7.5 1
35 10.08 5.78 13 40; 0.0346 1.42 1.5 0.75 12.1 9 10 4.9 16 -0
36 8.02 4.71 13 59;  0.0033 1.33 1.5 0.6 10 7.5 8 4.2 10 0
37 8.02 4.71 13 59| 0.0033 1.33 1.5 0.6 10| 7.5 8 4.2 10 0
38 4.21 2.34 4.7 14 0.01 4.05 1.5 0.6 15 7 7 5.6 5 1.5
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1 9.1 5.3 12 0 0.01 0.5 2.5 0.6 11.50 ' - 85 — 4 12 0
2 8.60 53] 12 0 0.01 0.5 2.5 0.6 10.5)° 8 - 4 11.5 0
3 - 8.7 5.8 12 0 0.01 0.5 2.5 0.6 10.5 8 - 4 11.5 0
4 12.85 7.9 13 54 0.011 0.5 2.5 0.75 16.5 12.5 — 7 15.5 0
5 12.40 7.5 12.5 52 0.011 0.5 2.5 0.6 15.5 11.5 — 6.5 14.5 0
6 7.50 4.2 13 0 0.007 1.5 1.5 0.6 12.3 7 — 4 10.5 0
7 12.8 7.1 13 13.5 0.005 1.5 1.5 0.75 16.5 i1.5 . = 5.8 16.5 0
8 12.7 7.2 13 28.5 0.005 1.5 1.5 0.6 153 11.5 — ' 5.7 17 0
9 11.2 6.3 13 20 0.002 1.5 1.5 0.6 19 13 — 5.3 15 1
10 9.96 6.01 14 0 0.004 1.33 1.5 0.6 k 12.6 9.5 = 5 14.5 0
11 8.4 4.8 12.5 14.6 0.033 1.1 2.5 0.6 14.5 10 — 3.6 9.8 1
12 7.5 4.9 10.5 8 0.01 0.8 2.5 0.6 10.6 7 — 3 8.9 0.5
13 11.3 8 12 0 V0.009 3.6 2 0.75 11.5 8 - 71 136 1
14 5.7 3.5 7.4 0 0.01 44 1.5 06 - 72 4.5 = 5.7 6.6 0
15 11.6 8 12 0 0.01 3.6 2 0.75 11.5 8 - 7 13 0.5
16 11.6 8 12 0 0.01 3.6 2 0.75 13 . 8 — 7 13.5 1
177 - 124 9.5 16 0 0.006 2.1 1.5 0.6 13.4 9| — 7.6 15 1.5
18 15.5 9.4 17.4 35 0.01 2.2 1.5 0.6 21.1 12 — 8 16.7 1.5
‘19 12.7 8.1 12 3 002 ., 15 1.5 06 15.7 13 —| 7 64 16.5 “1
20 8.2 4.8 il.5 58 0.01 0.4 2.5 0.6 11.3 9 — 32 10 0
21 9.3 5.7 12.1 40" 0.01 1.2 1.5 0.6 12.1 10 — 5.8 14 0
22 9.8 5.9 11 0 0.01 0.5 2.5 0.6 14.2 11.5 — 4.1 13.5 2
23 11.5 71 1 0 0.02 0.4 2.5 0.6 16.3 12 — 4.6 14.5 0.75
24| 7 5.4 10 0 0.01 © 03 2.5 0.6 84| 5.5 - 5.2 6.5 0.5
25 6.4 49 13 25 0.01} 0.3 2.5 0.6 6 4 -1 4.5 11 0
26 8.7 5.9 12 9 0.01 0.3 . 2.5 0.6 11.3 6.5 — 5.1 9 0
27 3.7 2 11 0 0.01 0.5 2.5 0.6 5.3 3.5 - 2.3 4.5 0
28 11.63 7 14 0 0.01 0.5 2.5 0.75 14.5 10 9.4 6 15 0
29 8.8 5.2 12 15| 0.0091 1.6 1.5, 0.6 11.8 9.5 5 4.8 13 0
30 9.9 5.6 12 20| 0.0091 1.6 1.5 0.6 12.8 10 7 5 13.5 0
31 6.6 3.7 13 34 0.01 1.5 1.5 0.6 10.5 7 19 4 8 1
32 10.02 5.83 13 0 0.002 1.7 1.5 0.6 12.1 9 239 5.2| 14 1.5
33 11.51 7.36 15 15 0.002 1.4 15 0.6 4l 10 8 6 17 0
34 20.09 12 16 0 0.001 35 2 0.75 17 8 14 7 24.3 0
35 14 105 16 2.5 0.01 3.5 2 0.75 14.2 10 17 7 17.3 0
36 10.8- [3 16.5 0 0.01 3.5 2 0.75 v 17.2 - 12.5 31.5 6 13.9 13
37 4.39 2.44 5 0 0.01 4.05 1.5 0.6 7 5 19.3 5.6 5 1.5
38 4.39 2.44 5 0 0.01 4.05 1.5 0.6 15 70 0 193 5.6 S 1.5
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