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~Relijability Design Method of Composite Breakwater.

using Expected Sliding Distance
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Synopsis
In the conventional design process of a composite breakwater, the sliding stability of the caisson is evaluated by the sliding
safety factor (S.F)). When S.F. is less than 1.0, the caisson is considered to be in an unstable condition. - In the present
design method, S.F. must not be less than 1.2 considering fluctuation of wave force, friction coefficient, caisson weight, etc.

However, even if the caisson slides, the breakwater can still maintain its function providing the sliding distance is small.  In

order to optimize the design from an economical standpoint, we must determine the expected siiding distance occurring in the

lifetime of the breakwaters. :
In the present study, characteristics of the sliding phenomena and a method to calculate the sliding distance using a Monte

Carlo simulation method are described, and the new reliability design method using expectedlsliding distance is proposed.

The main conclusions of this paper are as follows: .

(1) The stability of the breakwater against the sliding is grcatly dependent on the ratio of wave height and water “depth H/h, and
the degree of instability of it cannot be indicated quantitatively by the sliding safety factor.

(2) A practical physical model to estimate the sliding distance of the breakwater caisson was derlved and was extended to
calculate the expected sliding distance during its lifetime using Monte Carlo simulation. In the proposed method, the
statistical deviation of the offshore wave height, tide, shoaling, wave breaking, wave force, friction coefficient between the
caisson and rubble mound, and wave drrection were taken into consideration.

(3) A series of model experiments_ were conducted to verify the proposed calcrllation method as well as to clarify the
characteristics of the slldmg phenomena Good agreement exists between the calculated results and the expenmental ones.

(4) Prototype calculations based on the proposed method were also conducted to reveal the characteristics of the expected sliding
distance; i.e., the sliding distance for a non-breaking wave is larger than that for a breaking wave.

(5) The allowable expected sliding distance during its lifetime is 30cm in the proposed reliability design method.  The new
design method gives a more economical cross section of the breakwater than that by the present design method especially in

a shallow water area.

Keywords : expected sliding distance, reliability design method, composite breakwater, Monte Carlo method, caisson
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SELTSH, BRREZIIESRE CBELRY. L
780 T, FEAREEROLB/RMEDOE X FIZHLD
MENH-TH, HEVRERPBIIA. ZHIHL
T, HIFEHENPREVEEIE, BHEL2FEDODLTH
REIC L > CEBESKE BT B0, B
DERFOBBREECKEL RHOTEERLET 5.

5 MFBBREFAV-EEEREORR

5.1 s RDHREAV-REE
(1) HFBRHEOHFAE
INETCORMMIESE, HIFEBRL AV EHLL
REEXRETS. TRbL, BITREINEIIRIT 588
LR SF=12 IZXbAF L WEEL LT, HFED
BOFEMEL 30cm & L, HAHBMPOMRFBEDENS £
NUTERBEDICHEERET DRETHD. 20
BHEERVWB ZLICLY, KERCKIREFOEWICHE
B2, BICRAURSMERRT DI LB THEE 25,
¥, BITREEL ORGSR L D70, REHKICK
THEBRPELRIT 10 UEEZERTILOLTS. 2
L, B-32 »bbbrbdkdic, ERKIIBHEELSE
2 1.0 AT CTHFBEIED 30cm LT L2 K 52 &H
ARFEAE R
S ERRERT ARHEICRNT, HFRHIBROHFRES
30cm & L EREEEUTOLE) ThHD.
DIREBEOHEEBRZEZNS/PE W
T TR~ L 9, HIFFREIRAS 30cm BE &
INEWBEITIE, BEBREERELERLTH, #H
BRHBRIIZTNIZERELSELLRY. T2bb,
4.1 TRELEEEOEEBHEDOMERZEIZLDE
BROENNEL, SPORERENH>THE
DEBITNED. THICH LT, HISEBHRSAX
ileBE, DTPREEREILL > THFHESHED
KELEHRLTLESD. LizXoT, THREDH
ERER+ITROBRIZBW T, #MFRGED
HAEEIIIOmBELTIONEYTHS.
@y — Y BEOREEEZBA<
RIZT— Y R 1 EHIETRE LICEE, BBLL
Dofor—Y U ORIENEHL, £IICbENBME
BATaZtichs. TDOHE, r— Y AEORE
ZBWTREHNOEERZBE I TV WD, Al
BENE AN A WHEENRB V. BFE D — Y T,
BIEEEDE &3 30~50cm BEDEEMNEWV. L
BoT, ECHEZHT-HIZIX, HMFHEBHED
FEAMEIT 30em BRE L THOMNZEE LU
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&, —RRIZ 30ecm BETHD. LizhisT, ZOE
PHFBHRBROFREOBELREBZX DI LENTED.
() BEtOT7o— A :
E—33 i3, HFBRHELAVEZRHEO T n—%R
L7=bDTHD. £, BATRENELFERIZ, BHERED
MAERFRETS. KRz, HREXLE UHFRLML
FORHEAREL, BBLLE SF=10 L25L5
REEERETS. £7-, 4.1 THRR-HFBHREOEH
Bl SHERERNE, FEREROLEHERSECOVWT
F—1 ITRLEEZSEBCRELTEL. KiZ, A%
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(1) HEREHEH

A TR A, KE =20m OF—RAEXRL
LT, B-3307o0—ZL7d> TRARHEITD.

TPMAEHRE 50 ELREL, REMELHETS
&, Hp=9.20m, T,,=14.0s BEOND. BRETHEICH
LCHREREHEZIT) &, BEMEBICKIT 2RHES
it H,=894m, H, =1509m &7%25. ZOBRFHEICH
LTERREAVTENZEHAEL, BBXEESF=10
L BEEEERD D L 22.04m &2 5.

wic, SEOHEEZ AV THFRBHRERDD L S,
=852cm & 720, FAEM30m LY HREVWDT, § <
30cm L2 A ETEREELRE LTHHELZEVIRT.
ZOFE, PTEEREKIEIX 23.68mé D, SF=12 DI
5D 895% LB, ZHEE SF=1074 THY, ZD
BrEIC R LT, REHEMRYOEN 1 EER LBE0H
FEEIR 5,135 2.7cm THDH. E—34 1%, 5,=30cm D
LEOWEEARLIELOT, BEOD, BITREIHEI
ESWT SFE=12 ¢85 X R LIBEOB@EIZD
WTHEBRTRLTWS. 2B, SEF=12 058, Hit
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DBEEDHI6 THD.
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Se=30cm D7 —RIZDVWTH, TDLEDREITLE
DEHRLTEY, A<20mTIE 1.2 TV H/EWVA, &4
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6.1 XRLER
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I < AN DWW TTE ROy & EFREORS %
EEBL, EBOEBICEVERIITTVE AV,
r—J o DREBEI, RULEEEOES, EFEED
1E) BRI TKRELL RS, BRELIZESHTT
Mt ERELREBEOENBLIVBEBFELERL
7bOT, BEERZERL LI —HTS.

OBBEFAE L EW, TEryFILnEXRNT, W
BYBRORSESRLHET I FEERLE. ©
vTANTER, HERBICX > TEEEFRESYE,
RB# BV RLAITT2HETHY, EMELERY
BETADICELTWS. /-, 86, MEOHE,
HRER, BH, BREEROESHHENFHEDHAE
IKRIETESIZOVWTRA L, HEICRBWTERL
LTRAWAREEBFREFED

QBRITRHBICE S BHLRLE SF=12BLT 10
OWEICBIT B MFRBRIC OV TR Z1To /2.
SE=12 OBE T, HEKELO/NSIWEBEESE
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BEL2ENRE L THoTH, REMKILEVEHD.
@BATREEDRBEEE SF=12 ZfRL2H LW
fEiEL LTHRBEHELZA, TOHFFMEE 30cm
T AIEEMRHELIRE L. HIFSIBEHEN 30cm
BEMEE, BERISVERIH-> THRBER
HEVEET, BHEBEOHEREN /IS RS.
IOBREHEEAVD ZLICLY, KERPEREHD
BVCEIER L, HICRULLEERRTHZ LM
AEEL 2 B.
OHFBHEDOHFAME 30cm & L TR LIZHED

BB EFERT L &b, BITREELD.

HE T o 7. BIEEEIE % 30cm & L7258, 30cm
LLEDBENNAE CHRERIL 14~2B5%RETHY,
BIBREEH
7o, MFRBHELAVERHECSS, BEER
KBWTIHBITRIHE IR Ty — Y U@ 10%
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6.2 SORHE

(1) EmEDEE

BTRETREREOLTEELEZEL, AR
AENEECB I ERMEL 15° ﬁ&%«ﬁmtrw
5. 7L, ZOMEIIEROZBILT AR, FHIEAT
OEmEBRRLNE, BL 15° OBETHENCRIE
THRLRERRD. ARETHRELEHFLORIETIE,
AT OT R TOEER/RELTVDINT, ZDOX
HSREMEDHIEIIRETHY, i, TEETIHRL
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FZR RLEEEBRIENDZ LILRD.

73, ABE TREEIES R TEAATOHED
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HLOTHDHH, BHOBEIZIISHDr— Y oK
ENTED, r—Vro2fFficl-T, dladt bl
By — VRS T ARERRRD L bEILND.
IOEIZOVTY, BMOERFIZ EESEIL, S
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WZ EBALDIC o, ARFNEIITEREOREMRTS
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